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Abstract  This study assesses the impact of future climate change on three water related ecosystem services 

(WRES) in the Dano catchment. The conceptual rainfall-runoff model HBV light was successfully calibrated (NSE 

= 0.945, R² = 0.945, and KGE= 0.948) and validated (NSE = 0.648, R² = 0.798, and KGE= 0.551) and demonstrated 

a good agreement between observed and simulated variables. The projected climate change signal in the catchment 

was analyzed using the WASCAL high-resolution regional climate simulations (HadGEM2-ES and GFDL-ESM2M 

under RCP 4.5) between a refence period (1985-2005) and two future periods (2020-2049 & 2070-2099). Compared 

to the reference period, both climate models show an increase in temperature of +1.9 to +2.8 °C by 2020-2049, and 

at the end of the century 3.2 to 5.4 °C. Precipitation trends of + 10 to +30 % in the middle of the century and 

between +37 to +51.4% towards 2100 are projected. The projected annual discharges change signals show an 

increase of +25 % to +68 % by 2049, while at the end of the century this increase exceeds +80.65. The simulated 

hydrological changes were translated into changes in WRES provision (hydropower, domestic water consumption, 

and ecological flow). The projected discharge increase will translate in an increase of hydropower generation 

potential but this increase in discharge will not be enough to meet future additional domestic water demand. 

Domestic water supply will decrease because of population growth. Therefore, the projected increase in future 

discharge will not be sufficient to counterbalance the additional water demand associated to population development. 
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1. Introduction 

The concept of ecosystem services, understood as the 

contribution of the benefits derived passively or actively 

from ecosystems towards current and future human well-

being [1], has increasing gained recognition in the recent 

decades. Indeed, the availability of water, in terms of both 

quantity and quality, is heavily dependent on ecosystem 

functioning, while water underpins all major ecosystem 

cycles [2–3]. However, due to their ambiguous nature, 

global hydro-climatic projections by affecting 

hydrological conditions [4] pose a challenge to water 

resources management [5].  

Water related ecosystem services-WRES are projected 

to change in the coming decades because of changes in the 

spatial and temporal distribution of precipitation and the 

form of precipitation on the earth [6]. Indeed, while the 

development of countries and their needs for WRES are 

increasing, the provision of water related ecosystem 

services is threatened by climate change. The impact of 

climate change on water resources is specifically a major 

concern in West Africa, as the region is projected to be 

hardest hit by global warming [7]. Knowing how climate 

change will affect key water related services can 

potentially create awareness about the need to protect 

ecosystems; moreover, such a knowledge can provide new 

insights for sustainable water resources management. 
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The current study aims at assessing the impacts of 

climate change on three WRES in the Dano catchment. 

Thus, besides the usual assessment of climate change 

impacts on water resources, it also seeks to evaluate the 

benefits generated by freshwater to humans and 

environment, i.e., water related ecosystem services. It 

pursued two specific objectives: (i) simulate the 

hydrological behavior of the Dano catchment following a 

modeling approach; and (ii) assess the impact of climate 

change on WRES in the catchment. 
 

2. Materials and methods 

2.1. Study area 

The Dano catchment covers about 196 Km² in area and 

is between 11 ° and 12 ° north latitude and 3 ° and 4 ° 

west longitude (Figure 1). Dano is characterized by a 

South-Sudanian climate regime with two seasons: a dry 

season that lasts 7 months (from October to April) and a 

wet season of 5 months (from May to September). The 

average annual rainfall is of the order of 1000 mm. From 

2002 to 2016, the average annual rainfall recorded was 

939.98 mm [8]. The vegetation of the catchment is mainly 

of the savanna type, dominated by species like Gardenia 

sp, Combretum micranthum, Parkia biglobosa, 

Butyrospermum parkii and Bombax costatum. Dominant 

grasses are Loudetia togoensis, Pennicetum sp and 

Andropogon sp. Plinthosols soil type covers 73% of the 

catchment area, followed by Cambisols and Gleysols each 

accounting for about 10% [9]. 

 

Figure 1. Location of the Dano catchment (a) in the south-west of Burkina Faso (b).

2.2. Data source and processing 

The applied GCMs-RCM data were retrieved at the 

WASCAL Competence Center (also available at 

https://doi.pangaea.de/10.1594/PANGAEA.880512). This 

regional dataset is produced at 12 km resolution using the 

Weather Research and Forecasting Model [10]. The 

current study used the output of the GFDL-ESM2M and 

HadGEM2-ES global models, downscaled by WRF under 

the RCP4.5 scenario. Detail of the different datasets used 

in the study is presented in Table 1. After a comparison of 

historical climatic variables simulated by each GCM-

RCM with observed climate data, it turned out that the 

GCMs-RCM exhibited an overestimation of annual 

precipitation as well as a misrepresentation of the timing 

of the rainy season. Therefore, bias correction was applied 

to the GCMs–RCM following Gudmundsson et al. (2012). 

The outcome showed that for all variables, biases were in 

general reduced by the applied empirical quantiles method. 

Additionally, wind speed, relative humidity, solar 

radiation, and temperature (both observed and simulated) 

were used to calculate the potential evapotranspiration 

following the Penman–Monteith using the version 3.2 of 

the FAO ETo-Calculator. 
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Table 1. Applied data 

Datas

et 

Resolu

tion 
Source 

Proces

sing 

Obser

ved 

climat

e  

Daily 

(2011-

2014) 

National Meteorological Service 
averag

e 

Simula

ted 

climat

e 

Daily 

Precipitation, humidity, wind speed and 

Temperature - WASCAL (Heinzeller et 

al. 2018) 

https://doi.pangaea.de/10.1594/PANGA

EA.880512  

Bias 

correct

ion 

Obser

ved 

discha

rge 

Daily 

Runoff - Global Runoff Data Center-

GRDC 

https://www.bafg.de/GRDC/EN/Home/

homepage_node.html  

- 

Popula

tion  
Annual 

Population Dataset from 2000 to 2020 

https://www.worldpop.org/geodata/sum

mary?id=139  

Spatial 

averag

e 

2.3. Applied Hydrological model 

HBV-light model [12] was applied in the study. It is a 

conceptual rainfall-runoff model requiring 

evapotranspiration, discharge, precipitation, and air 

temperature for a run. The model has 15 parameters that 

need to be parameterized for calibration. An automatic 

calibration approach, using the built-in Genetic Algorithm 

and Powell optimization, was followed in the study. As 

the catchment is a data scarce environment, observed 

discharge data was only available form 01/01/2011 to 

31/12/2014. Therefore, records from 31/10/2012 to 

31/10/2013 were used as input for model calibration and 

records from 31/10/2013 to 31/12/2014 were used for 

model validation. The warming-up period spanned from 

01/01/2011 to 31/10/2012. Three coefficients were used to 

evaluate the performances of the model i.e., the Nash-

Sutcliffe efficiency-NSE, the coefficient of determination-

R2 and the Kling Gupta efficiency-KGE [13]. Visual 

inspections complemented these coefficients. 

2.4. Projected climate and discharge changes 

analysis  

The above mentioned two WASCAL high-resolution 

regional climate simulations were used to assess future 

climate changes in the Dano catchment. Change in the 

streamflow was also assessed by applying GFDL-ESM2M 

and HadGEM2-ES based simulations as inputs to HBV-

Light. For both climate datasets, hydrological variables 

and WRES (see following paragraph), projected (2020-

2049 and 2070-2099) and historical (1980-2005) averages 

were compared on monthly and annual bases. 

2.5. Evaluation of water related ecosystem 

services 

Three WRES were assessed in this study: 1- domestic 

water supply-DWS (demand and met demand), 2-

ecological water supply, 3-run-off river hydropower 

potential. Household water supply was quantified based 

on the population and a 60l/day per capita water demand 

(Eq. 1) following  Togbévi et al. (2020). An annual 

population growth rate (3%) was used to determine the 

catchment population for near (2020-2049) and far (2070-

2099) future periods. Ecological water supply-EWS was 

set as the Q95 of the simulated historical discharges at the 

catchment outlet (Eq. 2). Hydropower generation 

potential-HPP was calculated from the simulated 

discharges using the hydropower equations (Eq. 3). 

Consistently with climate and discharge changes, WRES 

changes are expressed for each water related ecosystem 

service as annual and monthly difference between 

projected (2020-2049 and 2070-2099) and historical 

(1980-2005) values. 

 𝐷𝑊𝑆 =  𝑃𝑜𝑝𝑢𝑙.∗  𝑝𝑒𝑟 𝑐𝑎𝑝𝑖𝑡𝑎 𝑑𝑒𝑚𝑎𝑛𝑑 (1) 

 𝐸WS = 𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑖𝑙𝑒 𝑑𝑖𝑠𝑐ha𝑟𝑔𝑒 (𝑄 95%) (2) 

 HPP=𝑒𝜌𝑄𝑔𝐻 (3) 

Where 𝑒 is the efficiency of the turbine (set to 80%), 𝜌 

is the density of water (kg/m3), 𝑄 is simulated discharge 

(m3/s), 𝑔 is the gravitational force (m/s2), and H set to 5 m 

is the water level above the turbine (m). 

3. Results 

3.1. Hydrological modeling 

The achieved water balance and statistical quality 

measures over the calibration and validation periods are 

shown Table 2. The calculated model statistical measures 

range from satisfactory over the validation phase to very 

good for the calibration phase. Figure 2 presents the 

corresponding simulated and observed discharges for the 

same periods. It can be noted a good accordance between 

simulated and observed discharges except for few peaks. 

Overbank flow is reported to explain such 

misrepresentations.  The Calculation of the Standard 

Precipitation Index-SPI indicated that the calibration 

phase (2013) was very humid (SPI=2) while the validation 

year (2014) was normal to slightly dry (SPI=-0.8). This 

difference in the climatology of the calibration and 

validation periods might explained the drop in the model 

efficiency during the validation. 

Table 2. Water Balance and goodness of simulation statistics for the 

calibration and validation periods 

 
Calibration Validation  

Water Balance [mm/year]: 
 

 

 Simulated discharge (Qsim) 143.7 189.6 

Observed discharge (Qobs) 149.3 140.6 

 Precipitation 803.1 919.4 

 Actual evapotranspiration (ETa) 819.3 714.9 

 Potential evapotranspiration 

(ETp) 
1752.1 1774.4 

Goodness of fit: 
 

 

 Coefficient of determination R² 0.945 0.798 

 Model efficiency Reff/ NSE 0.945 0.648 

 Kling-Gupta efficiency KGE 0.948 0.551 

 

 

https://doi.pangaea.de/10.1594/PANGAEA.880512
https://doi.pangaea.de/10.1594/PANGAEA.880512
https://www.bafg.de/GRDC/EN/Home/homepage_node.html
https://www.bafg.de/GRDC/EN/Home/homepage_node.html
https://www.worldpop.org/geodata/summary?id=139
https://www.worldpop.org/geodata/summary?id=139
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3.2. Projected climate and discharge changes 

analysis 

Figure 3 compares the historical (1980-2005) and 

projected (2020-2049 and 2070-2099) precipitation, 

temperature, and discharges for the GFDL-ESM2M 

climate dataset. HadGEM2-ES shows very similar trends 

(see Figure 4). One notes for bias corrected data that the 

average monthly precipitation shows an increase 

compared to the historical period (1980-2005). A 

projected annual precipitation increases for GFDL-

ESM2M equals 97.85 mm (10.5 %) is expected the for the 

period 2020-2049, while this increase reaches 345.5 mm 

(37%) in the 2070-2099 period. Compared to the bias 

corrected data, the precipitation changes with non-bias 

corrected climate data show a similar trend (with however 

a lower magnitude). As for temperature, Figure 3 also 

shows a positive trend for both bias corrected and non-

bias corrected irrespective the considered future period. 

The simulated discharges using the hydrological HBV 

light model show changes in annual discharge for the 

2020– 2049 and 2070 -099 periods compared to the 

historical period. The average annual discharges show an 

increase of 74 mm (25 %) and 238.8 mm (80.65 %) by 

2049 and the end of the century, respectively. 

 

Figure 2. Observed and simulated discharges for the calibration (2013) and validation (2014) periods. 
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Figure 3. Historical (1980-2005) and projected (2020-2049 and 2070-2099) average monthly precipitation, temperature, and discharges under emission 

scenarios RCP4.5 with GFDL-ESM2M dataset 

GFDL-ESM2M None Bias Corrected GFDL-ESM2M Bias Corrected 
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Figure 4. Historical (1980-2005) and projected (2020-2049 and 2070-2099) of annual Average of precipitation, temperature, Potential 

evapotranspiration (PET), Actual Evapotranspiration (AET) and discharges of two climate datasets (bias corrected data)

3.3. Water related ecosystem services  

Hydropower generation potential 

Compared to the historical period, an increase of energy 

generation potential is projected (Figure 5 Historical and 

projected hydropower potential with GFDL-ESM2M 

dataset. UC refers to non-bias corrected, BC to bias 

corrected) by 2049 and the end of the century. Applying 

the same hydropower equation for the historical and future 

periods implies that hydropower potential solely depends 

on discharge. Therefore, the projected discharge increase 

(section 3.2) leads to an increase of the hydropower 

potential of the catchment. The potential increase reaches 

25% and 80% the period (2020-2049) and (2070-2099), 

respectively. 

 

Figure 5.  Historical and projected hydropower potential with GFDL-ESM2M dataset. UC refers to non-bias corrected, BC to bias corrected

Domestic water supply 

Following the GFDL-ESM2M dataset, by 2049, the 

additional domestic water demand, induced by population 

growth, will reach 14 000 m3 per month, while this 

demand will be met (using solely surface flow) only from 

Jun to October (Figure 6 Projected additional domestic 

water demand and water available for domestic use 

(domestic water used) for 2020-2049 and 2070-2099 

(GFDL-ESM2M). By the end of the century this 

additional demand will exceed 120 000 m3 per month and 

will be met by surface flow only from Jully to September. 

The projected discharge increase due to climate change 

will therefore be insufficient to provide the additional 

water demand resulting from population growth. 

According to HadGEM2-ES the unmet demand is even 

higher. 
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Figure 6. Projected additional domestic water demand and water available for domestic use (domestic water used) for 2020-2049 and 2070-2099 

(GFDL-ESM2M).

Ecological flow 

Figure 7 shows the evolution of ecological flow in the 

future. A negative ecological flow trend over both future 

periods is projected. The increase of domestic water 

demand is likely to lead to a decrease of ecological flow 

despite an overall increase of discharge. Discharge 

downstream the catchment is therefore expected to 

decrease in the future. 

 

Figure 7. Monthly ecological flow for the historical and projected 

periods (GFDL-ESM2M) 

4. Discussion 

4.1. Hydrological modeling 

The results for the calibration and validation of the 

HBV model indicated overall good performances for the 

Dano Catchment. The achieved coefficients (NSE, R2 and 

KGE) ranged from 0.55 to 0.78 during the validation 

phase, while they are all above 0.9 over the calibration 

period. These results indicate a certain ability of the model 

to reproduce the hydrology of the Dano catchment. It 

should however be noted a poor representation of peaks, 

as simulated discharges often underestimated observations. 

Several studies using the same dataset have also reported a 

challenge related to peaks simulation in the Dano 

catchment, although different hydrological models have 

been applied (e.g., Op de Hipt et al., 2017 with 

SHETRAN ; Yira et al., 2016 with WaSIM). These 

authors attributed the discrepancies between observed and 

simulated peaks to overbank flow that is observed at the 

gauging station during high discharges. 

Looking at SPI values, one notes that the calibration 

phase (SPI = 2) is a wet period while the validation phase 

(SPI = - 0.8) corresponds to a normal-to-dry period. This 

difference in the climate of the calibration and validation 

periods fairly explains the drop in the model efficiency 

during the validation. A performant model under 

contrasted calibration and validation climate conditions, 

illustrates model parameters that are reliable under 

changing climate conditions. The HBV model, as 

parameterized, gives satisfactory results, simulated the 

hydrology of the catchment in an acceptable way and its 

outputs are suitable for WRES assessment. 

4.2. Projected climate and discharge changes 

analysis 

Using GFDL-ESM2M and HadGEM2-ES dataset as 

input to the HBV model showed that, compared to the 

historical period of 1980-2005, projections (2020-2049 

and 2070-2099) indicated a clear increase signal for the 

different climate variables (Temperature, Precipitation, 

Potential evapotranspiration, and Actual 

evapotranspiration for both climates simulation product 

GFDL-ESM2M and HadGEM2-ES under RCP4.5) as well 

as future discharges in the Dano catchment. These results 

are common to several studies carried out in the catchment, 

as well as in the region [7–17–19], although negative 

future discharge change signals (consistently with the 

future precipitation change signals)  are also projected for 

the basin [4–9]. 

4.3. Water related ecosystem services 

The results indicated a projected increase of 

hydropower potential in the catchment. The impact of 

climate change is therefore expected to be positive on this 

WRES. This is mainly due to an increase in discharge in 

the future and the non-consumptive nature of hydropower 

generation service. An increase in hydropower potential 

following a discharge increase is commonly reported by 

studies in the region [7–20]. However few studies 

highlighted a potential decrease in hydropower generation 

potential despite an increase in future discharge. Due to 

the timing of the discharge increase, usually during high 

flows, the additional discharge does not pass through the 
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turbines and is therefore note converted to energy [21–22]. 

As for the future domestic water supply, projections show 

an increase of water demand, but this additional water 

demand will only be satisfied over few months in a year 

( Jun to October). Domestic water supply will therefore 

get worst in the Dano catchment due not to climate change 

that increases discharge but due to population growth and 

related demand. 

5. Conclusions 

The study assessed the impact of future climate change 

on water-related ecosystem services (WRES) in the Dano 

catchment. It intended to provide information on future 

impact of climate change on WRES to support rational 

water resources management. From the initial specific 

objectives, the following conclusion can be derived: 

 the hydrological behaviour of the Dano catchment 

was successfully modelled using the HBV-Light 

model. The criteria used to measure the 

performances of the model encompassed the 

Coefficient of determination, Model efficiency 

and the Kling-Gupta efficiency. Acceptable to 

very good results during the calibration and 

validation periods were achieved and the model 

was deemed suitable for future WRES assessment; 

 climate data were bias corrected to increase 

confidence into the results of the study. Compared 

to historical period, precipitation is expected to 

increase by 10 to 30 % in the middle of the 

century and between 37 to 51.4% towards 2100. 

Therefore, discharges will have a positive trend 

due to an amount of precipitation that is not 

counter balanced by the increase of PET. The 

projected discharge increase will result in an 

increase of hydropower generation potential but 

will not be sufficient de meet future domestic 

water demand that is driven by population growth. 

Ecological water flow is also expected to decrease 

because of water abstraction for domestic 

purposes. 

This study revealed challenges in terms future domestic 

water supply, with projected additional stress on water 

resources. Exploring ways to store high discharges may 

help adapting to the projected impact of climate change on 

the investigated WRES. 
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