hydrology
Article

Mid-Century Daily Discharge Scenarios Based on
Climate and Land Use Change in Ouémé River Basin
at Bétérou Outlet
Lawin Agnidé Emmanuel 1 , Yèkambèssoun N’Tcha M’Po 1,2, * , Chabi Angelbert Biaou 3 ,
Kossi Komi 4 , Rita Hounguè 1 , Kouassi Benjamin Yao 2 and Abel Akambi Afouda 3
1
2

3

4

*

Laboratoire d’Hydrologie Appliquée, Institut National de l’Eau, Cotonou 01 BP 4521, Benin;
ewaari@yahoo.fr (L.A.E.); hurita4@yahoo.fr (R.H.)
Laboratoire des Procédés Industriels, de Synthèse, de l’Environnement et des Energies
Nouvelles (LAPISEN), Institut National Polytechnique Félix HOUPHOUËT-BOIGNY (INP-HB),
Yamoussoukro BP 1093, Cote d0 Ivoire; beyao@yahoo.fr
Laboratoire Hydrologie et Ressources en Eau, Institut International d0 Ingénierie de l0 Eau et de
l’Environnement, Ouagadougou 01 BP 594, Burkina Faso; angelbert.biaou@2ie-edu.org (C.A.B.);
aafouda@yahoo.fr (A.A.A.)
West African Science Service Center on Climate Change and Adapted Land Use, Institut National de l0 Eau,
Cotonou 01 BP 4521, Benin; kossik81@yahoo.fr
Correspondence: ntcha_mpo@yahoo.fr; Tel.: +229-979-579-25

Received: 6 November 2018; Accepted: 3 December 2018; Published: 13 December 2018




Abstract: This study evaluates the impacts of land use and climate changes on daily discharge in
Ouémé river basin at Bétérou outlet. Observed rainfall and temperature over 2002–2008 and land
use data of 2003 and 2007 were used. Corrected rainfall and temperature data, under RCP4.5 and
RCP8.5 scenarios from regional climate model REMO were considered. Two land use scenarios
from RIVERTWIN project were used. The first one, Land Use A (LUA), is characterized by stronger
economic development, controlled urbanization, implementation of large-scale irrigation schemes,
and 3.2% population growth per year. The other one, Land Use B (LUB), is characterized by a weak
national economy, uncontrolled settlement, and farmland development as well as 3.5% population
growth per year. Four climate and land use combined scenarios (LUA + RCP4.5, LUA + RCP8.5;
LUB + RCP4.5, and LUB + RCP8.5) were used for forcing LISFLOOD hydrological model to estimate
future discharges at 2050. As a result, during calibration and validation, the LISFLOOD model showed
high ability to reproduce historical flows of Ouémé River at Bétérou outlet with Nash–Sutcliffe
efficiencies greater than 90%. Future discharges simulations show general increase for all land use
and climate combined scenarios for all time horizons until 2050. The increase is more exacerbated
under the combined scenarios using LUB than the ones using LUA. Increase of river discharge
varies between 7.1% and 52% compared to the mean of the reference period 2002–2004. These
findings highlight growing challenges for water resources managers and planners. Moreover, they
emphasize the need to address potential climate and land use changes’ impact on water resources.
Then, developing water management plans, strategies to reduce flooding risks must be considered.
Keywords: discharge scenarios; land use scenario; LISFLOOD; hydrological modeling; REMO;
Ouémé basin

1. Introduction
Managing future fresh water resources under a changing climate with vastly uncertain future
atmospheric greenhouse gas emissions is an important challenge faced by human society today. One
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of these challenges is riverine floods management which is the second highest death-causing natural
disaster worldwide [1]. Previous studies have indicated that increased exposure of people and assets, as
a result of population increase and economic growth, has caused more damage due to weather-related
natural disasters, including flooding [2,3]. For Africa, the number of flood-related casualties affected
people and associated economic losses have significantly increased since the middle of the 1990s, due
to an increase of human settlements in flood-prone areas [4]. Furthermore, the long-term observational
records and climate projections provide abundant evidence that freshwater resources are vulnerable
and have the potential to be strongly impacted by climate change, with wide-ranging consequences
for human societies and ecosystems [5]. These consequences are more severe in regions dominated by
an arid and semiarid climate such as West Africa [6]. The high vulnerability of West Africa is not only
the effects of global environmental changes on the water cycle, but also the high population growth
and its high exposure and low adaptive capacity.
With an annual freshwater availability of 4000 m3 per capita, Benin is far beyond the water stress
threshold of about 1700 m3 [7]. Nevertheless, Giertz et al.’s [8] investigations show that water scarcity
occurs at the local scale at the end of the dry season [8]. Furthermore a significant decrease in water
availability (surface water and groundwater) due to a decrease in rainfall and significant increase in
evapotranspiration was showed by [7]. According to previous simulations based on IPCC scenario B2,
Giertz et al. [8] estimated a decrease of renewable water resources of about 55% for 2025 compared
to the period 1993–2003 in Ouémé basin at Bétérou. Bossa et al. [9], combining climate and land use
change, showed an increase of the annual surface runoff of about 6% to 42% under four climate and
land use/cover combined scenarios for 2029 compared to the period 2000–2009 for Ouémé basin at
Bonou. Hounkpè [10] analyzed effects of land use change on flood regime in one of the tributaries of
Ouémé basin. He showed that the magnitude of flood event would increase for most return periods
with greatest changes for low return periods.
Even though important efforts have been made to study renewable water resources under climate
and land use changes, daily discharge trend analysis remains a challenge. The river discharges are the
most important components of hydrological cycle for water planning and management in Bétérou
basin. Indeed, due to financial and technological constraints which hinder a satisfactory development,
and exploration of groundwater and reservoir resources in Ouémé basin, river water is the most
accessible water for many uses such as irrigation, livestock watering, and washing. In addition, daily
discharges are the most important parameters for flood predictions. But, all the studies mentioned
above about the Ouémé watershed in general, have often evaluated the impact of global change on
total annual runoff based on old scenarios A1B, B1, and B2 of the Intergovernmental Panel on Climate
Change (IPCC) detailed in the Special Report on Emission Scenarios (SRES). Thus, more investigations
are needed to assess the impact of climate and land use/cover changes on flow regime in the Ouémé
basin at Bétérou using new IPCC climate scenarios (RCP4.5 and RCP8.5) combined with land use
change scenarios. This study area is a site of NAPA (National Adaptation Program to climate change)
and more investigations would help the climate adaption programs makers to better design adaption
strategies. In order to fill this gap, this study assesses the impacts of climate and land use changes on
daily discharge in Ouémé river basin at Bétérou outlet. The corrected data under RCP4.5 and RCP8.5
scenarios from regional climate model REMO and land use scenarios from RIVERTWIN project were
used as input of the hydrological model LISFLOOD to assess discharge scenarios.
The study is structured as follows: data and methods are described in Section 2; the results and
discussion are presented in Section 3; and Section 4 summarized the study findings.
2. Materials and Methods
2.1. Study Area
The present study focuses on Ouémé river basin at the outlet of Bétérou (Figure 1). This basin is
located between the latitudes 9◦ 120 North to 10◦ 120 North and longitudes 1◦ 300 East to 3◦ East and
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The present study focuses on Ouémé river basin at the outlet of Bétérou (Figure 1). This basin
is located between the latitudes 9°12′ North to 10°12′ North and longitudes 1°30′ East to 3° East and
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2.2.2. Land Use/Cover Scenario
The land use/land cover map used in this study was established within the RIVERTWIN project
at a scale of 1/200,000 from LANDSAT ETM Plus of 2003 using 3 scenes. Figure 5 shows land
use/cover map for reference period 2003. In the Ouémé catchment, land use is largely characterized
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Figure 4. Daily mean precipitation and temperature.
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Table 1. Land use/cover classes, their area, and percentage of total area for the Ouémé-Bétérou
catchment (10,076 km2 ). Land use categories displayed in table are the most important land classes in
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As the major factor for land use change is population growth, two socio-economic scenarios
were set up: Land Use A (LUA) is characterized by a stronger economic development, controlled
urbanization, the implementation of too large-scale irrigation schemes and by 3.2% population growth
per year; Land Use B (LUB) is characterized by a weak national economy, uncontrolled settlement
and farmland development, and a 3.5% population growth per year [17]. These scenarios are also
used in the national planning administration of Benin [9]. Overall, land use scenarios were defined
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2.2.3. Other Data
Meteorological data, such as the reference evapotranspiration, potential evaporation from a bare
soil, and potential evaporation from open water, are required to run LISFLOOD, but these data are
not available. So, these data were computed as explained using the following theoretical formula.
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2.2.3. Other Data
Meteorological data, such as the reference evapotranspiration, potential evaporation from a bare
soil, and potential evaporation from open water, are required to run LISFLOOD, but these data are not
available. So, these data were computed as explained using the following theoretical formula. The
reference evapotranspiration (ET0 ) was computed using Hargreaves equations [18].


ET0 = 0.0023( Tmean + 17.8) Tminmax 0.5 R a

(1)

With Tmean , Tmax , Tmin , and Ra respectively corresponding to the daily mean temperature, the
maximum temperature and extraterrestrial radiation. Ra is calculated used using Equation (2) of [19]
Ra =

24 × 60
Gsc × dr [ws sin( ϕ) sin(δ) + cos( ϕ) cos(δ) sin(ws )]
π

(2)

where Gsc = 0.0820 MJ m−2 min−1 is the solar constant
dr = 1 + 0.033 cos



2π
365 J



inverse relative distance Earth–Sun

ws = ar cos(−
 tan ϕ tan δ)

sunset hour angle

ϕ

the latitude

δ = 0.409 sin

2π
365 J

− 1.39

solar declination

J is the number of the day in the year between 1 (1 January) and 365 or 366 (31 December).
The evaporation from a bare soil was estimated using an empirical relation between ES0 and ET0
suggested by [19]. This relationship is presented as following:
ES0 = Ke ET0

(3)

The value of Ke depends on the soil moisture. Based on suggestions made by [19], 0.3 and 0.8
were chosen as Ke values for the dry and rainy season, respectively.
Also, the potential evaporation from open water (EW 0 ) was evaluated using the concept of pan
evaporation which is linked to the reference evapotranspiration by a pan coefficient [20].
EW0 = ET0 /K pan

(4)

where ET0 and K pan are respectively the reference evapotranspiration and the pan coefficient. K pan
values depend on the relative humidity and the wind speed of the study area. It is equal to 0.85 when
the relative humidity is between 40–70% and the wind speed is in the range of 2–5 m/s [20]. For the
study area, the wind speed varies between 5 and 8 m/s. As for the relative humidity, it oscillates from
40 to 70% in dry season and greater than 80% in rainy season. Based on these data and according
to [20], we used 0.65 and 0.55, respectively, for the rainy and dry seasons.
In addition to meteorological data and land use/cover, other input data are required for the
simulation of the LISFLOOD hydrological model. These data are mainly the digital elevation model
(DEM) SRTM at 90 m resolution [21] and the soil map extracted from Harmonized World Soil Data
HWSD database, Viewer version 1.2. The Leaf Area Index (LAI) is a key variable in many land surface
and climate modeling studies such as the present study. Because of LAI data scarcity in Bétérou,
and due to the slowly changing of these date over time [22,23], LAI data used here were extracted
from the study on an intercomparison of leaf area index products for a gradient of sub-humid to arid
environments in West Africa, included Donga basin, an sub-basin of our study area [22].
The main important input data required by LISFLOOD model for channel geometry representation
are channels map, channel bottom width map, channel side slope map, channel gradient, channel
length, and channel bank full depth map. Except channel gradient and length, these data were extracted
from the drainage network map derived using “DEM Hydro-processing” operations available in ILWIS
(Integrated Land and Water Information System). For channel gradient, it was created from digital
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elevation model using QGIS, whereas, channels length was created by classifying the local drain
direction in QGIS.
2.3. Methods
2.3.1. LISFLOOD Description
LISFLOOD is a GIS and physically based and spatially distributed hydrological rainfall runoff
model, which is developed by the Joint Research Centre (JRC) of the European Commission. It is
designed to simulate all hydrological processes that occur in a catchment [24]. One of the advantages of
using LISFLOOD model is that, it is implemented in the PCRaster Environmental Modeling language
wrapped in a Python-based interface, which allows the construction of iterative spatio-temporal
environmental models and enables the user to control the model inputs/outputs and the selection
of the model modules [24]. Four sub-models make up the LISFLOOD hydrological model. These
components are: (i) a sub-model for the simulation of the water balance, (ii) sub-models for the
simulation of groundwater and subsurface flow, (iii) a sub-model for the routing of surface runoff, and
(iv) a sub-model for the routing of channel flow [24]. The model is mainly based on five calibration
parameters, namely: the upper zone time constant, lower zone time constant, groundwater percolation
value, power preferential flow, and Xinanjiang parameter Xb [24], following several studies using
LISFLOOD in African basins [23,25,26].
2.3.2. LISFLOOD Calibration and Validation
The LISFLOOD model was run at 5 × 5 km2 spatial resolution. All spatial data (DEM, Land
use/cover, soil map) were resampled to this resolution. Due to the low resolution of meteorological
observation stations, REMO historical data were extracted at 5 × 5 km2 grid points to complete the
observation after bias correction as explained in Section 2.2.1. Similarly, REMO scenarios data for the
different time horizons were extracted at these grid points and have been corrected. That means we
agree with the bias correction method developed by [14] and implemented by [13]. The meteorological
data, such as the reference evapotranspiration, potential evaporation from a bare soil, and potential
evaporation from open water, were also computed at 5 × 5 km2 as explained in Section 2.2.1.
Because the land use/cover reference year is 2003; we calibrated the model over the period
2002–2004. The period 2006–2008 was used to test model with land use/cover data of 2007. The
calibration was manual (trial and error method) since the available LISFLOOD version does not have
the automatic calibration option.
For future discharge assessment, we combined climate change scenarios (RCP4.5 and RCP8.5)
with land use/cover change scenarios (LUA and LUB) as explained in Table 2.
Table 2. Climate and Land use/cover changes scenarios.

LUA
LUB

RCP4.5

RCP8.5

LUA + RCP4.5
LUB + RCP4.5

LUA + RCP8.5
LUB + RCP8.5

So, the future discharges were evaluated for the time horizons H2020 (2015–2020), H2025
(2021–2025), H2030 (2026–2030), and H2050 (2031–2050) following the four climate and land use/cover
changes combined scenarios: LUA + RCP4.5, LUA + RCP8.5, LUB + RCP4.5, and LUB + RCP8.5
(Table 2). Discharge computation for time horizons H2020, H2025, H2030 was done using the land
use/cover scenario of 2017, 2022, and 2027 respectively. But, for H2050, the discharge scenario was
assessed assuming unchanged land use/cover from 2027 until 2050.
Two objective functions were used to evaluate the model’s performance. The first one is the
Nash–Sutcliffe coefficient (NSE) and the second one is the Root Mean Square Error (RMSE). These are
the common objective functions used to evaluate hydrological models’ performance [23,25,26].
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3. Results and Discussion
3.1. Model Calibration and Validation Results
The model was calibrated over the period 2002 to 2004 and the period 2006–2008 was used for
validation. The performances in calibration and validation are shown in Table 3 while Figure 4 presents
the overview of daily discharge as simulated by the model. LISFLOOD performance in calibration
(RMSE = 37.21 m3 /s, NSE = 92%) and validation (RMSE = 32.3 m3 /s, NSE = 90.5%) are close.
LISFLOOD performs well regarding the daily discharge dynamic as shown by Figure 4. However,
the model doesn’t simulate some peaks of discharge well. As for the magnitude of the peak, in general,
the model underestimates them and the difference between the observed and simulated peaks is
9.7% for the calibration period. However, in validation, LISFLOOD underestimates peaks less than in
calibration. Only the simulated peaks in 2007 and 2008 are higher than the observed peaks of these
years (Figure 8). Underestimation of discharge peaks by LISFLOOD was also reported by Koriche [26]
in Awash river basin (Ethiopia) and more recently by Komi [27] in Volta river basin (West Africa).
The optimum parameters are indicated (Table 4) and the optimum parameters ranges are indicated
by [24], who developed the LISFLOOD model. All calibrated parameters found in the present study
are in the intervals indicated by these authors.
Table 3. LISFLOOD performances values.
Calibration

Validation

RMSE [m3 /s]

NSE [%]

RMSE [m3 /s]

NSE [%]

37.21

92%

32.3

90.5%
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4. Model calibrated
The optimum parametersTable
are indicated
(Table 4) parameters.
and the optimum parameters ranges are
indicated by [24], who developed the LISFLOOD model. All calibrated parameters found in the
Parameter Names
Optimum Value
Parameters Range *
present study are in the intervals indicated by these authors.
Upper zone time constant
5
Lower zone time constant
1100
Table 4. Model calibrated
parameters.
Ground water percolation value
0.35
Xinanjiang parameter b
0.8
Parameter Names
Optimum Value
Power preferential flow
2

Upper zone time constant
5
* Source: Default values parameters range [24].
Lower zone time constant
1100
Ground water percolation value
0.35
Xinanjiang parameter b
0.8
Power preferential flow
2

1–50
50–5000
0–1.5
0.1–1
Parameters Range *
1–6

1–50
50–5000
0–1.5
0.1–1
1–6

* Source: Default values parameters range [24].

In most hydrological modeling studies, the goodness-of-fit measures for calibration are better
than for validation. But, for the present study, the performance of LISFLOOD in calibration is very
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In most hydrological modeling studies, the goodness-of-fit measures for calibration are better than
for validation. But, for the present study, the performance of LISFLOOD in calibration is very close to
validation performance. The source of this similarity may be due the shortest length of calibration
and validation period (3 years for each period). The other reason could be precipitation stability in the
period 2002–2008 used for calibration and validation. However, many hydrological modeling studies
using LISFLOOD reported the model efficiency better (or similar) in validation than in calibration.
Komi et al. [23] using LISFLOOD for flood modeling in Oti basin found NSE and RMSE values of
0.87 and 237 m3 /s in calibration, while the model validation produced better performance measures
(NSE = 0.94 and RMSE = 179 m3 /s). The remote sensing-based hydrological modeling for flood early
warning in the upper and middle Awash river basin (Ethiopia) conducted by [26] with the LISFLOOD
model reported better performance in validation (NSE = 0.89 and RMSE = 29 m3 /s) than calibration
(NSE = 0.72 and RMSE = 55.29 m3 /s). The same behavior of the LISFLOOD hydrological model was
observed by [28] for the Olifants River at Loskop North in South Africa: the modified version of the
Kling–Gupta Efficiency (KGE’) values obtained by these authors were better for validation (KGE’ = 0.56)
than calibration (KGE’ = 0.34) [28]. Mabande [25] found very close LISFLOOD performances between
calibration
and
in the
application of a satellite-based rainfall-runoff model for Cuvelai 11
basin
Hydrology 2018,
5, validation
x; doi : FOR PEER
REVIEW
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climate scenario RCP4.5 is estimated at 40% versus 25% under the scenario RCP8.5.
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RCP8.5 and this increase is 30.3% for the scenario LUB + RCP8.5. Considering the scenarios LUA +
RCP4.5 and LUB + RCP4.5, increasing discharge is estimated as 36% and 48%, respectively. It means
that, discharge increase is more exacerbated under land use/cover change scenario LUB.
Considering the main characteristics of LUA and LUB, the higher increase of runoff under
LUB is due to strong conversion of natural vegetation to agricultural land. Indeed, increasing
agricultural activities is correlated with deforestation and alteration of local soil properties, specifically
infiltration [29]. So, land use/cover change leads to infiltration reduction in the soil top layer due to
soil crusts at the soil top surface and thus to increasing Hortonian runoff. Runoff increase due to land
degradation has already been reported in several basins over West Africa. In Nakambé basin, Burkina
Faso, runoff has increased, despite rainfall decreases since 1970 [30]. This increase of flows has been
linked to agricultural land area increase. The same observation was made in Niger river basin, where
runoff increase was related to increased cultivated area [31].
Assuming an unchanged land use after time horizon 2026–2030, we have produced the discharge
scenarios until 2050. Increase of discharge compared to the reference period 2002–2004 was noted.
This change varies between 15% and 37.1% depending on the scenario (Figure 9). These findings are in
line with of the study of Bossa et al. [9]. Combining IPCC scenarios A1B and B1 with the two land use
scenarios (LUA and LUB) in Ouémé watershed at Bonou including our study area, they reported the
increase of discharge up to 42% for time horizon 2025–2029 compared to the period 2000–2009. In the
specific case of Donga watershed, a sub-basin of our study, they showed that annual surface runoff
could increase by up to 17% until 2050.
4. Conclusions
In this study, an assessment of climate and land use change impacts on future flows in Bétérou
basin has been carried out. Land use scenarios produced by the RIVERTWIN project and the regional
climate model (REMO) corrected outputs were used for forcing LISFLOOD hydrological model to
estimate the future discharges in Ouémé River at Bétérou outlet. The ability of the model to reproduce
the river discharge was evaluated for the periods 2002–2004 (calibration) and 2006–2008 (validation).
The results during these historical periods (2002–2004 and 2006–2008) confirmed the high ability of
LISFLOOD to reproduce the past discharge in Bétérou basin with a Nash–Sutcliffe coefficient higher
than 0.9 in calibration and validation. Based on the combination of climate change scenario RCP4.5
and RCP8.5 with land use/cover change scenarios LUA on the one hand and climate scenarios RCP8.5
and LUB, the future flows in Ouémé River at Bétérou outlet were estimated. Compared to the reference
period of 2002–2004, Ouémé River at Bétérou outlet will experience the increased discharge for all
time horizons until 2050 and for all climate and land use change combined scenarios. This increase
varies from 7.1% to 52% and is exacerbated in scenario LUB + RCP4.5, confirming the high sensibility
of discharge to land degradation due to extension of agricultural areas. This study provides important
information about the future of water resources in the basin. It is also an invitation to water resource
managers for the design of mitigation strategies to cope with the negative effects of discharge increase,
mainly flooding in the study area. These adaptation and mitigation measures must include updating
flood protection infrastructure, improving population awareness and preparedness, urban planning,
discouraging human settlement in flood-prone areas, and reinforcing flood forecasting systems.
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