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Abstract. Nowadays, special attention is paid to hydroelectric production because it is an efficient, reliable, and
renewable source of energy, especially in developing countries like Cameroon, where hydropower potential is the
main source of electricity production. It also represents a useful tool to reduce the atmospheric greenhouse gas
concentrations caused by human activities. However, it is the most sensitive industry to global warming, mainly
because climate change will directly affect the quality, quantity of water resources (streamflow and runoff),
which are the important drivers of hydropower potential. This study examined the response of hydropower po-
tential to climate change on the Lagdo dam located in the Benue River Basin, Northern Cameroon. Hydropower
potential was computed based on streamflow simulated using HBV-Light hydrological model with dynamically
downscaled temperature and precipitation from the regional climate model REMO. These data were obtained
using the boundary conditions of two general circulation models (GCMs): the Europe-wide Consortium Earth
System Model (EC-Earth) and the Max Planck Institute-Earth System Model (MPI-ESM) under three Repre-
sentative Concentrations Pathways (RCP2.6, RCP4.5 and RCP8.5). The results suggest that, the combination of
decreased precipitation and streamflow, increased PET will negatively impact the hydropower potential in the
Lagdo dam under climate change scenarios, models and future periods.

dam was built. The dam is 308 m long, 40 m in height and
9m thick with an area of 586km?. It has an installed ca-
pacity of 72MW and the entire northern part of Cameroon
is currently supplied with electricity from Lagdo. Given its

1 Introduction

The Benue River Basin (BRB) is the Cameroonian part of the

Niger River Basin (NRB) and occupies 4.4 % of the overall
basin. The BRB lies between latitude 7 and 11° N and longi-
tude 12 and 16° E (Fig. 1), and constitutes the second-largest
river in Cameroon. It is the only perennial river in northern
Cameroon and the neighboring areas where most of the rivers
are seasonal (Olivry, 1986). The basin provides huge poten-
tial for development of water resources services that include
hydropower, navigation and irrigation. In 1982, the Lagdo

capacity on hydropower, there is a proposal to increase hy-
dropower and irrigation capacity of the Lagdo dam with the
objective to supply electricity to other countries such as the
Chad Republic, the northern Nigeria and part of the Central
African Republic (IRAP, 2015).

However, BRB experienced water related disasters such
as floods and droughts (Molua and Lambi, 2006; Sighom-
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Figure 1. Study catchment: basin drainage area and rainfall and hydrological stations.

nou et al., 2013). In addition, recent studies showed the neg-
ative trend on rainfall and positive trend on temperature in
the Northern Cameroon (Cheo et al., 2013; Dassou, 2019),
while another studies revealed the increase of drought mag-
nitude and intensity in the Northern Cameroon and in NRB
(Guenang and Mkankam, 2014; Oguntunde et al., 2018) un-
der changing environmental conditions. Nonki et al. (2019)
also found that the BRB will move to extreme environmental
drier conditions due to a decrease in excess water and an in-
crease in evaporative demand under climate change. As key
components of the hydrological cycle, any change in climate
that affects rainfall and temperature will have proportionate
impacts on the hydrological system in the area especially at
the basin scale. According to Pal and Al-Tabbaa (2011), any
change in the hydrological cycle due to global warming is
likely to affect the distribution of water resources and conse-
quently agriculture and hydropower production in the region
as well as the availability and quality of freshwater. There-
fore, climate change impact assessment on hydropower po-
tential of this important watershed is highly important to sup-
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port projects and develop new strategies for adaptation in this
watershed.

The only existing study on this watershed (Grijsen et al.,
2014) was based on General Climate Models (GCMs). Ac-
cording to Chou et al. (2014), climate change impact assess-
ment at the regional and local scale needs higher resolution
spatial data and GCMs with a coarse horizontal grid resolu-
tion do not capture these local and regional effects (Deb et
al., 2015). In this context, the COordinated Regional climate
Downscaling EXperiment project (CORDEX; Giorgi et al.,
2009; http://www.cordex.org, last access: 17 October 2021)
equipped African continent with many downscaled climate
data from regional climate models (RCMs) that have down-
scaled many GCMs from phase 5 of the Coupled Model
Intercomparison Project (CMIP5). Although several studies
have assessed the impacts of CC on hydropower potential
around the World and especially in Africa by using down-
scaled climate data, none of the above-mentioned studies as-
sessed the climate change impacts on hydropower potential
on BRB. Then, this study uses the downscaled precipitation
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and temperature data to assess the impact of climate change
on hydropower potential of the Lagdo dam, BRB.

2 Materials and methods

2.1 HBV-Light hydrological model and data

The HBV-Light hydrological model (Seibert, 2005) used in
this study is the modified version of HBV (Hydrologiska
Byrans Vattenavdelning) hydrological model, initially devel-
oped in the Swedish Meteorological and Hydrological In-
stitute (SMHI) by Bergstrom and Forman (1973). It is a
conceptual-lumped model working in the daily time step and
simulating discharges using daily precipitation and PET as
input. This model was chosen due to his flexibility and ro-
bustness in simulating discharge in African context (Kwakye
and Bardossy, 2020; Nonki et al., 2021a). More explanations
of the model structure can be found in different studies (Seib-
ert, 2005; Nonki et al., 2019, 2021b).

Daily measured weather data (precipitation) and poten-
tial evapotranspiration (PET) computed with Penman for-
mula (Penman, 1948) from 1961-1978, used to calibrate and
validate the model was obtained from the Direction of the
National Meteorology of Cameroon (DNM), while the daily
streamflow data measured at the available hydro-metric sta-
tions (Riao) located in the basin, were obtained from the
Hydrosciences Montpellier — Systeme d’Informations Envi-
ronnementales database (SIEREM; Boyer et al., 2006; http:
/Mhydrosciences.fr/sierem, last access: 17 October 2021).

In order to predict the climate change impact on hy-
dropower potential, historical and projected scenarios of dy-
namically downscaled temperature and precipitation from
the REMO regional climate model (RCM) forced by the
boundary conditions data of the Europe-wide Consor-
tium Earth System Model (EC-ESM) and the Max Planck
Institute-Earth System Model (MPI-ESM) general circula-
tion models (GCMs). REMO is integrated over a contin-
uous period of 151 years, from January 1950 to Decem-
ber 2100 with 31 vertical levels and a horizontal resolution
of 50km (0.44°). REMO showed a strong ability to simu-
late the present climate in Central Africa in general (Fotso-
Nguemo et al., 2017) and in the Northern Cameroon in par-
ticular (Nonki et al., 2019).

2.2 Calibration, validation and HBV-Light model
performance assessment

In this study, the split sample test (Klemes, 1986) and the
Monte-Carlo simulations (MCS) (Robert and Casella, 2013)
were used for model calibration and parameter optimization.
Our data time series were separated into two sub-periods
(1961-1970 for calibration and 1971-1979 for validation).
The model performance was then assessed by using dif-
ferent statistical techniques such as Nash and Sutcliffe Ef-
ficiency (NSE), Percent Bias (PBIAS), the ratio of the root
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mean square error (RMSE) and standard deviation of mea-
sured data (STDEVobs) (RSR) and the coefficient of determi-
nation (R?). More details and descriptions of those statistical
techniques can be found in Moriasi et al. (2007).

2.3 Assessment of the hydropower potential

The hydropower potential is the total energy from all nat-
ural runoff at stream gradient over the entire domain. It is
achieved by converting the potential and kinetic energy of
the water into electrical energy by electro-mechanical means
(Turbines and Generators). Hydropower potential is esti-
mated based on the streamflow, hydraulic head i.e. elevation
gradient in this case and the total plant efficiency, as shown
in the following equation (de Oliveira et al., 2017):

Np =0 X H X pyXxXgxn (1)

where N, is the hydropower potential (W); Q is the stream
flow (m3s—1), H is the water head of the turbine (m), Pw 18
the water density (kg/m>), g is the gravitational acceleration
and 7 is the total efficiency of the turbine (%).

Through that equation, reference and future streamflow
simulated with the calibrated HBV-Light model were used to
estimate the reference and future hydropower potential. The
potential changes of hydropower potential by the near (204 1—
2065) and late (2071-2095) of the twenty-first century under
RCPs 2.6, 4.5 and 8.5 relative to the baseline period (1981—
2005).

3 Results and discussion

3.1 Hydrological model evaluation

Figure 2 shows the measured and modeled hydrographs as
well as the flow duration curves at the Riao outlet during the
calibration and validation periods. The model reproduces the
timing and magnitude of the observed streamflow well al-
though some small bias (PBIAS less than 15 %). The flow du-
ration curves also revealed that the model reproduces the low
flows more accurately than the high flows. Based on the sta-
tistical criteria analysis, the model performance is very good
according to Moriasi et al. (2007) classification (with NSE
of 0.86 and 0.78, RSR of 0.38 and 0.47 obtained during the
calibration and validation periods respectively). There is also
a strong relationship between modeled and observed stream-
flow (with R% = 0.90).

3.2 Projected changes in monthly, seasonal and annual
hydropower potential

Figure 3 shows relative changes in monthly, seasonal and an-
nual hydropower potential under the scenarios, models and
time periods. The impact of climate change on hydropower
potential is similar to the pattern of changes in streamflow
(Nonki et al., 2019). In general, hydropower potential of the
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Figure 2. Comparison between observed and simulated hydrographs and flow duration curves at the Riao outlet during the calibration

period (a) and validation period (b).

Lagdo dam is projected to decrease. During September, the
signal is strong under all scenarios, models and time peri-
ods, with the maximum decrease observed in the REMO-
MPI combination during the late of the twenty-first century.
The dry months do not exhibit a change signal which can be
explained by absence of rainfall, thus very few streamflow.
The seasonal and annual hydropower potential will decrease
under both scenarios and time periods. The magnitude of the
signal should vary according to the scenarios and time pe-
riods. This finding is consistent with that of Grijsen (2014).
The similar negative trend was also reported in several stud-
ies in African catchments (Cole et al., 2014; Lumbroso et al.,
2015; Falchetta et al., 2019).

4 Conclusions
The main focus of this work was to evaluate the influence

of the projected temperature and precipitation change on hy-
dropower potential of the Lagdo dam in the BRB, Northern
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Cameroon. Streamflow used to compute the hydropower po-
tential was produced by coupling dynamically downscaled
precipitation and temperature from the REMO model and the
HBV-Light hydrological model under three (GHGs) concen-
tration scenarios (RCP2.6, RCP4.5, and RCP8.5) during the
future and baseline periods. The results showed that the op-
timized model parameters highly performed the HBV-Light
model in the BRB during the calibration and validation stage.
Based on climate scenarios, models and future time periods,
the hydropower potential of the Lagdo dam will decrease,
which is the result of the reduced precipitation and increase
of PET, thus decrease in streamflow in the BRB. One major
caveat of this study is the use of only one RCM with two
GCMs models. Therefore, further works with a multi-model
ensemble from CORDEX-Africa matrix are needed to quan-
tify the range of uncertainty in this signal.
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Figure 3. Projected monthly (top), seasonal and annual (bottom) changes in hydropower potential of the Lagdo dam under the three scenarios
(RCP2.6, RCP4.5, RCPS.5) for the two future periods (2041-2065 and 2071-2095) relative to the baseline period (1981-2005).
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