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Abstract
The Benue River Basin (BRB) is a major tributary of the Niger River Basin (NRB) and the second-largest river in Cameroon. 
It serves many water resource functions including irrigation, hydroelectricity production and navigation. Previous research 
has indicated that recent climate change (CC) has had significant impacts on local and regional hydrological regimes of this 
watershed. In this study, CC scenarios were integrated with a hydrological model to evaluate the influence of CC on water 
resources in the BRB. Historical and projected scenarios of dynamically downscaled temperature and precipitation from the 
REMO regional climate model (RCM) forced by the boundary conditions data of the Europe-wide Consortium Earth System 
Model (EC-ESM) and the Max Planck Institute-Earth System Model (MPI-ESM) general circulation models (GCMs) were 
used. The historical runs of the REMO simulations were first evaluated after which downscaled temperature and precipitation 
data were used as input for the HBV-Light hydrological model to simulate water balance components. The mean climate and 
hydrological variables for the historical (1981–2005) and the two future periods (2041–2065 and 2071–2095) were compared 
to assess the potential impact of CC on water resources in the middle and late twenty-first century under three greenhouse 
gases (GHGs) concentration scenarios, the Representative Concentration Pathways (RCPs) 2.6, 4.5 and 8.5. Our results 
show that (a) the HBV-Light hydrological model could effectively simulate the streamflow change in the BRB; (b) annual 
precipitation will decrease between 1 and 10% while both annual temperature and potential evapotranspiration (PET) will 
increase between 8–18 and 6–30%, respectively, under both scenarios, models and future periods; c) the combination of 
reduced precipitation and increase of PET results in a significant decrease in streamflow in the BRB (up to 51%) and this will 
move the basin to a much drier environmental state. Therefore, CC adaptation strategies and future development planning 
in this region must consider these important decreases of discharge.

Keywords Climate change · Water resources · REMO model · HBV-Light hydrological model · Dynamical downscaling · 
Benue River Basin

Introduction

Cameroon contributes significantly to the economy of Cen-
tral Africa (CA), its water resources being a major source of 
this importance. However, within Cameroon, water is also 
recognized as the most important impediment for socioeco-
nomic development because more than 70% of the popula-
tion practices rainfed agriculture, which occupies about 95% 
of the land use (Molua and Lambi 2007). Other activities are 
also dependent on water resources: hydroelectricity produc-
tion represents more than 95% of electricity in Cameroon. 
Additionally, Cameroon has the second-highest hydropower 
potential in CA after the Democratic Republic of Congo. 
However, in Cameroon, water resources are unequally 
distributed between the northern and southern parts. The 
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southern part (up to 6°N) experiences a wet sub-tropical 
climate with annual precipitation ranging between 1500 and 
4000 mm. In the northern part, the climate is semi-arid to 
arid Sahelian with annual rainfall less than 400 mm in the 
northernmost (13°N) part (Kamga 2001) and where many 
rivers dry up a few months after the rainy season. The Benue 
River Basin (BRB), the second-largest river in Cameroon, 
is a perennial river in Northern Cameroon and holds huge 
water resource potential including hydropower, irrigation, 
and navigation due to the construction of the Lagdo dam and 
its hydropower plant in 1982.

Northern Cameroon experiences water-related disasters 
such as floods (Sighomnou et al. 2013) and droughts (Molua 
and Lambi 2006; Gao et al. 2011). Additionally, water short-
ages in northern Cameroon are also the result of popula-
tion growth, which naturally increases the water demand, 
poor water resources management (WRM) and changing 
environmental conditions (Cheo et al. 2013). Recent stud-
ies (Fotso-Nguemo et al. 2017a, b; Mba et al. 2018; Sonk-
oué et al. 2018; Tamoffo et al. 2019b) have shown evidence 
of decreased precipitation and increased temperature over 
the Sahelian region. According to the Fifth Assessment 
Report (AR5) of the Intergovernmental Panel on Climate 
Change (IPCC 2013), the risk of water disasters such as 
flood, drought and water shortage will be exacerbated due 
to CC. Many authors show that water discharge and qual-
ity are strongly controlled by rainfall events (Khan et al. 
2015, 2016a, b; Sakho et al. 2017); therefore, under CC 
proper spatio-temporal water resource planning is essen-
tial to develop robust WRM solutions and development 
projects in the country. It is also important to build tools 
that can help decision-makers better manage regional water 
resources (planning, design, operation and management of 
water resources systems).

One way to study the impacts of CC on water resources 
is to force hydrological models with input data (temperature 
and precipitation) that come from general circulation models 
(GCMs) (Kamga 2001; Obeysekera et al. 2011; Sahoo et al. 
2011; Tshimanga and Hughes 2012). According to Chou 
et al. (2014), CC impact assessment at the regional scale 
needs higher resolution spatial data. As impacts and vulner-
abilities of a given region are linked to regional and local 
forcings, GCMs with a coarse horizontal grid resolution 
do not capture these local and regional effects (Deb et al. 
2015). It is therefore important to downscale the input vari-
ables for a hydrological model to the spatial and temporal 
scales that resolve the local climate features and are needed 
by the hydrological model. In this context, the Coordinated 
Regional Climate Downscaling EXperiment project (COR-
DEX; Giorgi et al. (2009); http://www.corde x.org), spon-
sored by the World Climate Research Program (WCRP; 
http://www.wcrp-clima te.org/), has produced many down-
scaled climate data for Africa derived from several regional 

climate models (RCMs) that have downscaled many GCMs. 
The data derive from a set of dynamically downscaled mod-
els, forced by GCMs from phase 5 of the Coupled Model 
Intercomparison Project (CMIP5). Downscaled climate data 
have been used to analyze the impact of climate change on 
water resources globally (El-Khoury et al. 2015; Leta et al. 
2016; Meng et al. 2016; Bajracharya et al. 2018; Nilawar 
and Waikar 2018; Saidi et al. 2018; Mohammadzadeh et al. 
2019; Sada et al. 2019; Xu et al. 2019) and over West and 
Central Africa (Cornelissen et al. 2013; Bossa et al. 2014; 
Aich et al. 2014, 2016; Roudier et al. 2014; Mbaye et al. 
2015; Yira et al. 2017; Aloysius and Saiers 2017; Alamou 
et al. 2017; Oyerinde et al. 2017; Coulibaly et al. 2018; Stan-
zel et al. 2018) by driving hydrological models with down-
scaled precipitation and temperature data.

Although downscaled climate data have been used to 
drive hydrological models in other regions in Africa (e.g., 
Tramblay et al. 2013; Li et al. 2015), to date, no study has 
assessed the impact of CC on water resources over this 
important watershed by using downscaled precipitation 
and temperature data. Existing studies were based on GCM 
data (Kamga 2001; Sighomnou 2004). In this context, 
our research aims to evaluate the impact of CC on water 
resources in the BRB using dynamically downscaled pre-
cipitation and temperature data from the REMO RCM to 
drive the HBV-Light hydrological model. The specific objec-
tives of this study are to: (1) evaluate the performance of the 
HBV-Light hydrological model to simulate streamflow in 
the BRB; (2) evaluate the ability of REMO model to simu-
late present-day climate over the BRB; and (3) evaluate the 
potential impact of CC on water resources in the BRB. We 
do this by comparing the mean climate and hydrological 
variables for the historical (1981–2005) and the two future 
periods (2041–2065 and 2071–2095) under three green-
house gases (GHGs) concentration scenarios, the Repre-
sentative Concentration Pathways (RCPs) 2.6, 4.5 and 8.5. 
This paper is divided into four sections. After the introduc-
tion, the materials and methods are presented in the second 
section. The third section is devoted to presenting and dis-
cussing the results, while the mains findings and conclusion 
are presented in the fourth section.

Materials and methods

Study area

The study area is the BRB, located in the Northern Cam-
eroon between latitudes 7°N and 11°N and longitudes 12°E 
and 16°E (Fig. 1). It is part of the Lower Niger River Basin 
(NRB) and considered as the main tributary of the NRB 
(Oguntunde and Abiodun 2013). The BRB has its source in 
the Adamawa plateau, from where it flows toward the west 

http://www.cordex.org
http://www.wcrp-climate.org/
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and crosses the city of Garoua and Lagdo Reservoir, into 
Nigeria South of the Mandara Mountains (Chisholm 1911). 
It is characterized by Savanna vegetation and elevations vary 
from 220 to 2260 m with the highland of Adamawa Plateau 
located in the southern part of the watershed (see Fig. S1). 
The BRB holds huge potentials for water resources, includ-
ing hydropower, irrigation and navigation. It is therefore 
important for the entire northern Cameroon and the neigh-
boring areas.

The BRB is located in the transition zone between the 
tropical/equatorial climate in the center and south of Cam-
eroon and the Sahelian climate in the far north and enjoys a 
tropical humid climate (Sudanese climate). Seasonally, the 

dry season stretches from November to April and the rainy 
season from May to October. It is a unimodal rainfall region 
(maximum in August) with annual rainfall ranging from 600 
to 1500 mm (Molua and Lambi 2006; Cheo et al. 2013). 
Daily mean temperatures in the dry and rainy seasons range 
from 25.8 to 33 °C and 25.5 to 30.9 °C, respectively. Daily 
mean relative humidity ranges from 19.8 to 82.6% with an 
annual average of 51.2% (see Table 1).

Fig. 1  Study area: basin localization (left), basin drainage area (right)
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Data used

Hydrometeorological data

Daily measured weather data (precipitation and mean 
temperature) from the National Meteorological Service of 
Cameroon (NMSC), recorded at the different weather sta-
tions located in the basin and the neighboring areas, was 
used in this study. Rainfall data of some of those stations 
have been used to calibrate the Yates hydrological model 
in BRB (Kamga 2001), to divide Cameroon into different 
climatic zones (Penlap et al. 2004) and to investigate the 
onset, retreat and length of the rainy season and drought 
occurrence over Cameroon (Guenang and Mkankam 2012, 
2014). The potential evapotranspiration (PET) was esti-
mated using the Hamon (1961) method (refer to “Method 
to estimate Potential Evapotranspiration”).

The daily streamflow data measured at the available 
hydrometric stations (Buffle Noir, Garoua port and Riao) 
located in the basin were obtained from the Hydrosciences 
Montpellier database (Boyer et al. 2006, SIEREM, http://
hydro scien ces.fr/siere m). The streamflow data of Riao 
gauging station was used by Kamga (2001) to investigate 
the performance of Yates hydrological model in the BRB.

Climate model description and CORDEX simulation design

In this study, CORDEX precipitation and temperature 
data derived from REMO model, which has been used in 
other studies over the region (Fotso-Nguemo et al. 2017a, 
b; Vondou and Haensler 2017; Tamoffo et  al. 2019b), 
were used to drive the hydrological model. Two GCMs 
(EC-Earth and MPI-ESM-LR) were downscaled by the 
REMO model over the CORDEX African domain (Giorgi 
et al. 2009) and are termed, respectively, REMO–EC and 
REMO–MPI. REMO is a hydrostatic and three-dimen-
sional atmospheric model based on the “Europa-Model” 
system (Jacob 2001; Jacob et al. 2012; Teichmann et al. 
2013). The model setup included a land surface scheme 
(Hagemann 2002), radiation scheme (Morcrette 1991) and 
a semi-Lagrangian advection scheme as well as the param-
eterization of sub-grid scale processes such as convec-
tion (Tiedtke 1989), cloud microphysics (Lohmann and 

Roeckner 1996) and turbulent vertical diffusion (Louis 
1979). The horizontal grid resolution was 0.44° × 0.44° as 
specified by CORDEX. More information about the model 
physics and dynamics is available at the REMO website 
(http://www.remo-rcm.de/).

The historical experiments of the GCMs are downscaled 
for 1950–2005 in which observed (GHGs) concentrations 
were used. The GCM projections are downscaled from 2006 
to 2100 and three RCP scenarios are considered, namely, 
RCP2.6 (Van Vuuren et al. 2011), RCP4.5 (Thomson et al. 
2011) and RCP8.5 (Riahi et al. 2011).

To evaluate the capacity of REMO model to simulate 
the present climate (1983–2005), the output of REMO is 
compared to available observational and reanalysis datasets 
that include:

• Climate Research Unit data (CRU) version TS3.22 
beginning in 1901 from the University of East Anglia 
that includes monthly precipitation and temperature at 
0.5° × 0.5° latitude–longitude resolution over land areas 
(Harris et al. 2014).

• The National Center for Environmental Prediction/
National Center for Atmospheric Research (NCEP/
NCAR) Reanalysis data (NCEP1) spans from 1948 to 
present and includes 6 hourly daily precipitation rates 
and 2-m temperature at 2.5° × 2.5° spatial resolution 
(Kalnay et al. 1996).

• The National Center for Environmental Prediction 
(NCEP) of the Department of Energy (DOE) Atmos-
pheric Model Intercomparison Project (AMIP-II) reanal-
ysis data (NCEP2) spans from 1979 to 2016 and includes 
6 hourly daily precipitation rate and 2-m temperature at 
a 2.5° × 2.5° spatial resolution (Kanamitsu et al. 2002).

• The ERA-Interim Reanalysis data from the European 
Centre for Medium-Range Weather Forecasts (ECMWF) 
that includes daily precipitation and 2-m temperature at 
a 0.75° × 0.75° spatial resolution (Dee et al. 2011).

To assess the performance of the REMO simulation 
against observational and reanalysis data, we compute the 
root mean square error (RMSE), the coefficient of determi-
nation ( R2 ) and the mean bias (MB) (Fotso-Nguemo et al. 
2017b).

Table 1  Long-term mean 
monthly temperature ( T  ), 
precipitation ( P ), relative 
humidity ( RH ), day length 
sunshine ( n ) and Penman PET 
during the period (1979–2004) 
in Garoua region

Months J F M A M J J A S O N D Annual

T (°C) 25.8 28.5 32.2 33.1 30.9 28.2 26.8 26.5 26.7 28.1 28.1 26 28.4
RH (%) 24.2 19.8 22.6 40.5 58.7 70.5 78 82.6 80.4 67.9 43.2 25.8 51.2
n (h) 2 8 2 6 3 0 4 6 4 4 8 8 5.4
PET (mm/day) 4.7 5.6 6.8 7.4 6.3 5.3 4.6 4.3 4.4 5.0 5.1 4.6 5.4
P (mm/month) 0 0.2 4.6 43.3 104.1 134.9 178.2 206.4 160.7 78.9 3 1.1 915.4

http://hydrosciences.fr/sierem
http://hydrosciences.fr/sierem
http://www.remo-rcm.de/
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Hydrological model

HBV‑Light hydrological model concept

Initially developed in the Swedish Meteorological and Hydro-
logical Institute (SMHI) by Bergstrom (1976), the HBV 
(Hydrologiska Byrans Vattenavdelning) model is a lumped 
and conceptual model for watershed which simulates dis-
charges using rainfall, temperature and PET as input. The 
model consists of three main routines: snowmelt and snow 
cover routine, soil moisture and evaporation routine, runoff 
routine represented by two mains reservoirs. All these main 
hydrological processes in the HBV model are simplified by 
the model parameters (Table 2). More explanations of the 
model can be found in various works (Seibert 1999; Abebe 
et al. 2010; Aghakouchak and Habib 2010; Seibert and Vis 
2012; Zelelew and Alfredsen 2013). The version of the model 
used in this study is the one developed by Seibert (2005) called 
HBV-Light. It provided an easy to use Windows software ver-
sion of the model for research and education. The model used 
a “warming-up” period during the calibration.

Given that the watershed is snow free, the rainfall (P [mm]) 
is divided into water infiltration and surface runoff depending 
on the relation between the water content of the soil box (SM 
[mm]) and its largest value (FC [mm]). The second compo-
nent, usually known as effective precipitation ( Peff [mm]), is 
given by Eq. 1:

where a parameter β determines the relative contribution 
to runoff from a millimeter of rain at a given soil moisture 
deficit.

Actual evapotranspiration (AET) from the soil box equals 
to the PET if SM/FC is above LP [−], while a linear reduction 
is used when SM/FC is below LP (Eq. 2):

(1)Peff = P ⋅

(
SM

FC

)�

,

where LP is a parameter that controls the shape of the reduc-
tion curve for PET.

Surface runoff is added to the upper groundwater box 
(SUZ [mm]) and streamflow from the groundwater boxes is 
computed as the sum of two or three linear outflow equations 
(K0, K1 and K2  [day−1] depending on whether SUZ is above 
a threshold value, UZL [mm], or not (Eq. 3). After adding 
percolation rate from the upper to the lower groundwater box 
(SLZ [mm]) with PERC [mm day−1] as maximum, the final 
streamflow is transformed by the parameter MAXBAS [day] 
(Eq. 4) to give the modeled streamflow [mm day−1].

where C(i) = ∫ i

i−1

(
2

MAXBAS
−
|
||
u −

MAXBAS

2

|
||
×

4

MAXBAS
2

)
du , 

SUZ and SLZ are the water level filling the upper and lower 
reservoirs, respectively.

Model calibration, validation and performance assessment

Since the main hydrological processes in hydrological 
models are simplified by the model parameters that can-
not be determined directly from field measurements, their 
calibration is required. Calibration is a technique that 
allows one to choose the best parameter set of the model, 
by adjusting manually or automatically their numerical 
values to more reproduce the response at the outlet (Mad-
sen et al. 2002; Wu et al. 2012). The calibrated model 
parameters should necessarily be validated. Validation is 

(2)AET = PET ⋅min

(
1,

SM

FC ⋅ LP

)
,

(3)
QGW(t) = K2 ⋅ SLZ + K1 ⋅ SUZ + K0 ⋅max(SUZ − UZL, 0),

(4)Qsm(t) =

MAXBAS∑

i=1

C(i)QGw(t − i + 1),

Table 2  HBV-Light model parameter definitions, units, reasonable ranges for variables which were calibrated in this study and calibrated value

Parameter Definition Units Min value Max value Best value of cali-
brated parameter

Fc Maximum value of soil moisture storage mm 50 500 380.43
LP Fraction of FC above which AET equals PET – 0.3 1 0.69
β Shape coefficient – 1 6 3.16
K
0

Recession coefficient (upper box) day−1 0.05 0.5 0.47
K
1

Recession coefficient (upper box) day−1 0.01 0.3 0.10
K
2

Recession coefficient (lower box) day−1 0.001 0.1 0.09
UZL Threshold for surface flow mm 0 100 94.09
PERC Maximum rate of recharge between the upper and lower 

groundwater boxes
mm day−1 0 6 3.38

MAXBAS Length of triangular weighting function in routing routine day 1 5 1.94
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the process to check the reproducibility of the results by 
the calibrated parameters. A new dataset different from 
that in the phase of the calibration is used. In this study, we 
followed the split sample (SS) technique recommended by 
Klemeš (1986) and the Monte Carlo Simulations (Aghak-
ouchak et al. 2013).

The model performance in the BRB was assessed by 
using performance criteria including Nash–Sutcliffe effi-
ciency (NSE, Nash and Sutcliffe 1970), the coefficient of 
determination ( R2 ), the ratio between the root mean square 
error and observations standard deviation (RSR) and the 
percent bias (PBIAS). More details, equations and descrip-
tions of those statistical techniques can be found in ASCE 
(1993; Legates and McCabe Jr 1999; Krause et al. 2005; 
Moriasi et al. 2007; Tegegne et al. 2017).

Method to estimate potential evapotranspiration

PET represents the evaporation capacity of the mass of the 
air when water is not a limiting factor. It is usually estimated 
by using air temperature, relative humidity, radiation and 
wind speed. But, in the data-scarce regions, these data are 
often not available in sufficient quantity over time. Several 
different mathematical formulas varying from temperature-
based to physically based process methods have been devel-
oped, tested and applied to estimate PET for various types 
of land cover, water and vegetation (Thornthwaite 1948; 

Penman 1956; Federer et al. 1996; Allen et al. 1998; Irmak 
et al. 2003).

In this study, the Hamon method (Hamon 1961) was used 
to estimate PET. Several studies found the Hamon method to 
well reproduce PET in different climate conditions (Federer 
et al. 1996; Vörösmarty et al. 1998; Lu et al. 2005; Legates 
and McCabe Jr 2005). This method was also used in recent 
CC impact studies (Yira et al. 2017; Tall et al. 2017). In the 
Hamon method, PET (mm day−1) is estimated as:

where es
(
Ta

)
 is the saturated vapor pressure 

(
KPa

)
 and N 

the daylight hours. Their equations can be found in Allen 
et al. (1998).

Results and discussion

Hydrological model evaluation

This section focuses on the ability of the HBV-Light hydro-
logical model to simulate the streamflow in the BRB. 
Observed versus simulated hydrographs and statistical crite-
ria obtained during the calibration and validation periods are 
presented in Fig. 2, while the best set of model parameters 

(5)PET = 715.5
N

24

es

(
Ta

)

(
Ta + 273.2

) ,

Fig. 2  Observed and simulated hydrographs (left panel) and scatter plot between the observed and modeled streamflows (right panel): calibration 
period (a) and validation period (b) in the gauging station Garoua
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obtained during the calibration can be found in Table 2. The 
model captures some important characteristics of stream-
flows in the BRB well such as the timing and intensity of 
high and low flows, although some bias still exists (Fig. 2). 
Figure 2 also shows that NSE and R2 values are greater than 
0.80 and 0.90, respectively, while RSR and PBIAS values 
are less than 0.50 and 20% respectively, during the calibra-
tion and validation of the model. According to Moriasi et al. 
(2007), the results reveal that the HBV-Light hydrological 
model simulates the daily streamflows in the BRB well. 
Thus, the optimized model parameters are representative 
for basin-scale hydrology of the BRB and can be used in 
the context of CC.

Remo model evaluation

This section describes the performance of the two outputs 
termed REMO–EC and REMO–MPI generated by the 
REMO model in simulating the present climate within the 
reference period 1983–2005. The annual cycle of precipita-
tion, 2-m temperature, and estimated PET is shown in Fig. 3, 
while Table 3 summarizes the values of the different statisti-
cal criteria used. The reanalysis and observation data have 
similar variability of the annual cycle of monthly rainfall, 
2-m temperature and PET over BRB, even though there exist 
some errors in time and magnitude. Most notable errors are 
found in the ERAINT and NCEP1 during the rainy season 
in which there are an over-estimation and under-estimation 
of rainfall respectively. When the magnitude of uncertain-
ties in the observation and reanalysis data are taken into 
account, the REMO model represents the seasonality of 
temperature, PET and rainfall well with a unimodal char-
acter of rain (maximum obtained in August). Although the 
peak of rainfall intensity in all the two REMO simulations 
is lower compared with CRU and NCEP2 observation and 
reanalysis datasets, the REMO results sit within the spread 
of the combined reanalysis and CRU data. The annual cycle 
of 2-m temperature and PET do not exhibit a large variability 
between the different datasets (simulations and observations) 
as in case of mean monthly precipitation. In summer, the 
two REMO simulations overestimate the PET, while there 
is a stronger under-estimation of both 2-m temperature and 
PET during the September–October–November (SON) and 
December–January–February (DJF) seasons when compared 
to ERA and NCEP1. These results are reinforced by recent 
studies (Fotso-Nguemo et al. 2017b; Vondou and Haensler 
2017; Tamoffo et al. 2019b), which demonstrated the abil-
ity of the REMO model to simulate well various aspects of 
the present climate such as daily, seasonal and annual cycle 
of precipitation over CA. In addition, Vondou and Haensler 
(2017) found that REMO model captures the variability 
in precipitation anomalies between different events asso-
ciated with El Nino/Southern Oscillation, while Tamoffo 

et al. (2019b) show that REMO adequately simulates the 
frequency of wet days, the threshold of extreme rainfall and 
the cumulative frequency of daily rainfall over CA.

Effect of climate change on the hydrological 
parameters of the BRB

This section focuses on the potential changes of pre-
cipitation, temperature, PET and streamflow by the near 
(2041–2065) and late (2071–2095) of the twenty-first cen-
tury under RCPs 2.6, 4.5 and 8.5 relative to the baseline 
period (1981–2005).

Changes in precipitation

The rainy season over the BRB extends from May to Octo-
ber with a maximum in August (see Fig. 3). Under RCP2.6 
and RCP4.5, rainfall changes for the months May–August 
is uncertain as results are both weakly positive and nega-
tive depending on the driving GCM and future period 
(Fig. 4). However, under the RCP8.5 scenario, decreases 
in rainfall are projected in both the near and late future for 
these months. During September, large decreases in rain-
fall are projected under all scenarios in both time periods. 
The signal is strongest in the REMO–EC combination 
under RCP2.6, although in RCP8.5 both models show a 
strong decrease. During October, large increases in rainfall 
are projected by the REMO–EC model combination espe-
cially in the far future under RCPs 4.5 and 8.5. However, 
the REMO–MPI model combination projects effectively no 
change to a small decrease in rainfall in October rainfall. 
The projected change in October rainfall is, therefore, more 
uncertain than in September.

Seasonally, the signal changes with changing RCP. In 
RCP2.6 there is a projected decrease in MAM rainfall, an 
increase in JJA rainfall and a decrease in SON. In RCP4.5, 
there is a near-term increase but far-term decrease in MAM 
rainfall, smaller magnitudes in JJA changes than in RCP2.6 
and a mixed signal of change in SON in both time slices. In 
RCP8.5, both near and far future show general decreases in 
rainfall in all seasons by most models. However, the SON 
season needs to be interpreted in the context of the monthly 
changes in September and October, particularly for the 
REMO–EC model combination that shows large, opposite 
signals in each respective month.

In summary, with increasing RCP, rainfall is projected to 
decrease during the rainy season with the largest impact dur-
ing the key rainfall months of August and September under 
RCP8.5. The large projected increase in rainfall during Octo-
ber is only evident in one driving GCM (EC) so it should 
be interpreted with caution. A similar negative trend was 
reported by Mbaye et al. (2015) in the Upper Senegal Basin 
and Oguntunde and Abiodun (2013) in the NRB by using 
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REMO and RegCM4 RCMs, respectively. These results are 
also consistent with future dry conditions previously pro-
jected over CA (Fotso-Nguemo et al. 2017a, b; Sonkoué 
et al. 2018; Mba et al. 2018; Tamoffo et al. 2019a, b).

Changes in temperature and PET

Projected monthly, seasonal and annual temperature 
changes over BRB for the near and late twenty-first cen-
tury under RCP2.6, RCP4.5 and RCP8.5 scenarios simu-
lated with REMO–EC and REMO–MPI are presented in 
Fig. 5. In general, the temperature is projected to increase 

Fig. 3  Climatological annual 
cycle of mean monthly pre-
cipitation (a), 2-m temperature 
(b) and PET (c) in all observa-
tion and reanalysis datasets 
(ERAINT, CRU, NCEP1 and 
NCEP2) and the REMO model 
simulations (REMO–EC and 
REMO–MPI) over BRB
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in all months and seasons under scenarios, models and 
future periods. In particular, under RCP2.6, the increase 
is lower than under RCP4.5 and RCP8.5, while RCP8.5 
gave the highest value (up to 5 °C), as expected in higher 
equivalent CO2 concentrations. The highest temperature 
increases were projected in the late twenty-first century 
under RCP4.5 and RCP8.5, whereas under RCP2.6 the 
highest temperature increases were projected in the near 
future with REMO–EC data. This feature is common 
to all multi-model ensembles studies performed in this 

region (Kamga 2001; Oguntunde and Abiodun 2013; 
Fotso-Nguemo et al. 2017b; Mba et al. 2018).

The influence of CC on PET is similar to the pattern 
of changes in temperature with potential increase among 
scenarios, models and future periods (see Fig. S2). This 
result was expected given that temperature and PET are 
strongly correlated (Kamga 2001).

Table 3  Summary of 
statistical evaluation of 
monthly precipitation (a), 2-m 
temperature (b) and PET (c) 
(REMO–EC and REMO–MPI) 
with the ERAINT, CRU, 
NCEP1 and NCEP2 data for 
the current 23-year period 
(1983–2005) over the BRB

ERAINT CRU NCEP1 NCEP2

MB R
2 RMSE MB R

2 RMSE MB R
2 RMSE MB R

2 RMSE

Precipitation
 REMO–EC 0.96 0.97 1.48 0.05 0.97 0.64 – 0.52 0.90 1.43 – 0.43 0.95 0.95
 REMO–MPI 1.17 0.98 1.72 0.26 0.98 0.65 – 0.73 0.96 0.95 – 0.22 0.93 0.98

2-m temperature
 REMO–EC 1.95 0.54 3.03 0.88 0.88 2.18 0.86 0.57 2.34 – 0.15 0.96 0.77
 REMO–MPI 0.62 0.52 2.42 0.51 0.87 1.32 − 0.47 0.54 2.26 – 1.47 0.95 1.67

Potential evapotranspiration
 REMO–EC 0.43 0.69 0.64 0.24 0.95 0.31 0.18 0.71 0.48 – 0.03 0.97 0.17
 REMO–MPI 0.13 0.66 0.53 − 0.06 0.94 0.24 − 0.06 0.69 0.24 – 0.12 0.97 0.50

Fig. 4  Projected monthly (top), seasonal and annual (bottom) changes in precipitation over the BRB under the three scenarios (RCP2.6, RCP4.5, 
RCP8.5) for the two future periods (2041–2065 and 2071–2095) relative to the baseline period (1981–2005)
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Fig. 5  Projected monthly (top), seasonal and annual (bottom) changes in temperature over the BRB under the three scenarios (RCP2.6, RCP4.5, 
RCP8.5) for the two future periods (2041–2065 and 2071–2095) relative to the baseline period (1981–2005)

Fig. 6  Projected monthly (top), seasonal and annual (bottom) changes in Streamflow over the BRB under the three scenarios (RCP2.6, RCP4.5, 
RCP8.5) for the two future periods (2041–2065 and 2071–2095) relative to the baseline period (1981–2005)
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Changes in streamflow

Figure 6 shows relative changes in monthly, seasonal and 
annual streamflow under the scenarios, models and time 
periods. Although there were some differences between sce-
narios, models and future periods, in general, streamflows 
are projected to decrease. During September, large decreases 
in streamflows are projected under all scenarios, models and 
future periods. The signal is strong in the REMO–MPI com-
bination under RCP8.5 during the late of the twenty-first 
century. The dry months (November–April) do not exhibit 
a change signal which can be explained by the absence of 
rainfall during the period.

Seasonally, the sensitivity of streamflows to CC differed 
between the wet and dry seasons. In particular, a consider-
able decrease in streamflows is found in SON. Under those 
scenarios, seasons and time periods, the streamflow change 
is larger in the REMO–EC combination than that of the 
REMO–MPI combination, except under RCP8.5, which 
REMO–MPI predicted a larger streamflows change in SON. 
This can be explained since REMO–MPI projects a large 
change in rainfall than does REMO–EC in the same season 
(SON). The ranges of relative changes in annual streamflow 
are smaller than those in seasonal streamflow.

Although the decrease in annual streamflows increases 
with increased GHGs concentration scenario, the stream-
flow change under RCP2.6 is larger than that of RCP4.5 
with REMO–EC in the two time periods. This result was 
expected because streamflow is usually very sensitive 
to changes in precipitation (as shown in Fig. 7) and the 
rainfall change under RCP2.6 is larger than the change 
under RCP4.5 with the same model. The results also reveal 
that the relative change in annual streamflows in the two 
time periods are relatively larger with REMO–EC under 
RCP2.6 and RCP4.5 than that of REMO–MPI, while under 
RCP8.5, the maximum annual decrease in streamflows is 
obtained with REMO–MPI simulations (Table 4). The pro-
jected late twenty-first century change in annual stream-
flows is larger than that in the mid twenty-first century 
under all scenarios and models except REMO–MPI under 
RCP2.6. This can be explained by the increase of pre-
cipitation in the near future with REMO–MPI under the 
same scenario and the change in streamflow is strongly 
correlated with the change in PET (Fig. 7) with the same 
model under the same scenario.

In summary, with increasing RCP, streamflow is projected 
to decrease during the rainy season with the largest impact 
during the key high flow month of September. The similar 
negative trend of streamflow was also found in several stud-
ies using the REMO model in Upper Senegal, Térou and 

Ouémé catchments, respectively, by Mbaye et al. (2015), 
Cornelissen et al. (2013) and Bossa et al. (2014).

Compared to previous studies of the BRB (Kamga 2001; 
Sighomnou 2004), we produced opposite results. This can 
be explained given that streamflow can strongly relate to the 
combined change in precipitation and PET (Fig. 7). Kamga 
(2001) and Sighomnou (2004) found the increase of pre-
cipitation in the BRB by using HadCM2 and ECHAM4/
OPYC3, respectively, which naturally project the increase 
of streamflows.

These findings demonstrate the importance of forcing 
hydrological models with higher resolution climate data 
for impact studies, and the need for regional climate infor-
mation over Africa (Lennard et al. 2018) because Fotso-
Nguemo et al. (2017a) found that GCMs (EC-Earth and 
MPI-ESM-LR) predict an increase of rainfall over CA, 
while the REMO model forced by those GCMs predict a 
decrease. A similar result was also reported by Oguntunde 
and Abiodun (2013) when comparing the RegCM3 RCM 
with ECHAM5 GCM.

Ecohydrologic analysis of the watershed

The ecohydrologic status of the watershed, known as a con-
cept of water-energy budget (Tomer and Schilling 2009; 
Milne et al. 2002), is used to test the validity in assessing the 
interaction between increase PET and precipitation change 
as projected by the RCM-GCM model. It is determined by 
plotting the unused water ( Pex ) against unused energy ( Eex ) 
in the watershed (Yira et al. 2017). The shift in this status 
relative to the reference period detects the climate change 
signal, while the direction of the shift indicates whether the 
catchment experienced water stress or increased humidity. 
Figure 8 shows the ecohydrologic status of the BRB for time 
periods, models and scenarios. Figure 8 implies the drier 
environmental conditions of the watershed due to a decrease 
in excess water (precipitation) and an increase in evaporative 
demand. This led to a decrease of streamflow in the water-
shed and denotes an increase in PET higher than the increase 
in AET as reported in Table 4.

Drier environmental conditions of the watershed will 
be more evident under the RCP8.5 scenario than under 
the RCP4.5 and RCP2.6 scenarios, respectively. This can 
explain the important decrease of streamflow under the 
RCP8.5 scenario as shown in Fig. 6 and Table 4. The result 
also reveals that the REMO–MPI projects an extreme drier 
environmental condition than REMO–EC under RCP8.5. 
The same result was reported by Fotso-Nguemo et  al. 
(2017b) over the CA region. This result can be reinforced by 
those found by Guenang and Kamga (2014) and Oguntunde 
et al. (2018). Guenang and Kamga (2014) have assessed the 
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Fig. 7  Change in the inter-annual streamflow as a response to pre-
cipitation and PET change under emission scenarios RCP2.6, RCP4.5 
and RCP8.5. Projected precipitation, PET and streamflow changes 
are calculated comparing period 1981–2005 to periods 2041–2065 

(first and second lines of the panel) and 2071–2095 (third and fourth 
lines of the panel). REMO–MPI [first column of the panel (a–d)] and 
REMO–EC [second column of the panel (e–h)]
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drought occurrences in Cameroon over recent decades and 
found that the drought magnitude and duration increased 
with time for both short and long timescales in the North of 
Cameroon, as a response of a reduction in precipitation due 
to CC. Oguntunde et al. (2018) have studied the impacts of 
climate variability and change on drought characteristics in 
the NRB and found an increase in drought intensity and fre-
quency over the NRB as a result of statistically significant 
correlation between runoff and drought indices.

Summary and conclusions

In the area where rainfed agriculture is the most impor-
tant socioeconomic activity and where hydropower is the 
major source of electricity production, impact studies of 
future water resources are highly important for adaptation, 
or for inclusion in the design of new systems purpose. The 
main focus of this work was to evaluate the influence of 
the projected temperature and precipitation change on water 
resources in the BRB, Northern Cameroon. Streamflow was 
produced by coupling dynamically downscaled precipitation 
and temperature from the REMO model and the HBV-Light 
hydrological model under three (GHGs) concentration sce-
narios (RCP2.6, RCP4.5, and RCP8.5) during the future and 
baseline periods. The main findings of this research are:

1. The best set of optimized model parameters of the HBV-
Light hydrological model obtained by using the Monte 
Carlo simulations during the model calibration was 
found to be representative for basin-scale hydrology of 
the BRB. Therefore, the HBV-Light hydrological model 
could effectively simulate the hydrological components 
change in the BRB.

2. The ability of the REMO model to simulate the present 
climate was evaluated prior to future climate change 
impact assessment. The REMO model was found to 
reproduce the annual cycle of rainfall, 2-m tempera-
ture and PET well, although some relative low biases 
still exist (MB less than 1 mm/day). The correlation 
coefficient between the REMO model and reanalysis 
(ERAINT, NCEP1, NCEP2) and observation (CRU) 
datasets are around 0.95 for precipitation.

3. Annual temperature and PET are projected to consist-
ently increase under all scenarios, models and future 
periods. Although there is some uncertainty, annual 
precipitation is generally projected to decrease in the 
BRB up to 10% under the RCP8.5 scenario in the late 
twenty-first century. This potential increase of both tem-
perature and PET and a decrease of precipitation may 
lead to a decrease in the soil moisture (Fig. S3) and the 
increase of water stress of the plants. The agricultural 
production is likely to decline and with the decline of Ta
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vegetation cover, the amplification of desertification in 
this area will increase.

4. The combination of reduced precipitation increased 
PET and reduced soil moisture, resulting in a decrease 
in streamflow in the BRB. This important decrease of 
streamflow will also negatively affect the hydropower 
potential of the Lagdo Dam, water irrigation and naviga-
tion in both future periods and importantly will move the 
region into a drier environmental conditions as shown 
by ( Eex)–(Pex ) plot.

One major caveat of this study is that only one RCM has 
been used. Likewise, results indicate that rainfall change 
in October is uncertain with contrasting runs’ signal. 
Therefore, further works with a multi-model ensemble 
from CORDEX-Africa matrix are needed to quantify the 
range of uncertainty in this signal. Nevertheless, this study 
highlights the importance of using RCMs instead of GCMs 
for impact studies. Moreover, results might be useful for 
decision makers and planners in developing adaptation 

strategies so as to limit the risks associated with global 
warming.
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Fig. 8  Plot of excess precipitation ( P
ex

 ) vs. evaporative demand ( E
ex

 ) 
for the reference period (1981–2005) and emission scenarios RCP2.6, 
RCP4.5 and RCP8.5 [2041–2065 (diamond) and 2071–2095 (filled 
circle)] for the REMO–MPI and REMO–EC. The shift in RCP dots 

compared to the reference period’s dot indicates the effects of climate 
change on the catchment hydrology. P

ex
 and E

ex
 for each period are 

calculated from the annual average rainfall, PET and AET
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