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Abstract: The modification of the natural inflows on watersheds due to future climate change is of great concern to 
environmental and water resource managers. Long-term sectorial impact studies on water supply planning require 
realistic assessment of future climate change on the basin scale. High spatial resolution scenarios have been developed 
from coupling Atmospheric-Ocean General Circulation Models (AOGCM) with Regional Climate Models (RCM). 
Furthermore, evidence of bias in the output of AOGCM-RCM has prompted many researchers to refine already 
downscaled data to make model output more realistic at local scale. In this study, one calibrated hydrological (Temez) 
model is used to evaluate the modification of the natural inflows from different precipitation and temperature 
projections for the period 2071-2100 to Odeleite reservoir-dam, located in the south of Portugal. Bias correction is 
made using the well-known delta change method which uses changes in average values from simulated data for the 
control period and the scenario period to correct observed values. The results indicate significant differences in the 
runoff for each RCP depending on the AOGCM-RCM. The decrease of the natural inflows under RCP 4.5 is between 
-10% and -2%. Under RCP 8.5, the decrease of the natural inflows is much higher between -44% and -24%. 
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1. INTRODUCTION  

The sensitivity of the hydrological cycle to the meteorological variables, in particular 
precipitation and temperature, demand reliable climate-change projections for impact studies. The 
use of hydrological models for estimating the runoff in watersheds requires high spatial resolution 
meteorological input data. Consequently, global climate scenarios produced from 
Atmospheric-Ocean General Circulation Models (AOGCM) with a resolution of approximately 
100-250 km are inadequate for most hydrological assessment studies (e.g., Christensen et al., 2007; 
Fowler et al., 2007).  

From the progress on Regional Climate Models (RCM), AOGCM forced by RCM offer today a 
physically realistic approach for downscaling to 10-50 km, which is a scale more appropriate for 
examining the impacts of climate change on runoff or groundwater recharge (e.g., Berg et al., 2012; 
Teutschbein and Seibert, 2012; Lafon et al., 2013; Pulido-Velazquez et al., 2015). However, 
AOGCM-RCM simulations often show significant kind of biases in relation to the observed climate 
and significant variation in relation to the projections for the future periods. One recommendation 
for impact studies is to use different AOGCM-RCM simulations together with bias correction 
methods (e.g., Teutschbein and Seibert, 2012; Camici et al., 2014).  

The main purpose of this paper is to present one first estimation of the changes in the natural 
inflows to Odeleite reservoir-dam, located in the south of Portugal by using AOGCM-RCM 
simulations available more recently from the EURO-CORDEX project. Details of the methodology 
used in this study are given in section 2. The results are discussed in section 3. Conclusions are 
drawn in the last section. 
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2. METHODOLOGY 

The methodology adopted for the analysis of climate change impacts on natural inflows in a 
scenario or future period is summarized in Figure 1. First AOGCM-RCM climate simulations are 
selected for the region of interest. Then, for each simulation, raw monthly precipitation (𝑃) and 
temperature (𝑇) data are statistical downscaled using the well-known delta change method to get 
bias-corrected time series. In the last step, the refined data for the future period is used as input data 
in a hydrological model previously calibrated to estimate the modified natural inflows.   

 

Figure 1. Simplified flowchart for the determination of climate change impacts on natural inflows. 

2.1 AOGCM-RCM selection 

The EURO-CORDEX project (http://www.euro-cordex.net/) is one of the programmes 
sponsored by the World Climate Research Program (WRCP) to organize an internationally 
coordinated framework to produce improved regional climate change projections for all land 
regions world-wide. Under this programme, ensemble AOGCM-RCM climate simulation with a 
resolution of 0.11 (~12.5 km) and 0.44 degree (~50 km) are provided for the European domain. The 
climate projections from the EURO-CORDEX project are based on multiple dynamical and 
empirical-statistical downscaling models forced by multiple global climate models from the 
Coupled Model Intercomparison Project Phase 5 (CMIP5) for different Representative 
Concentration Pathways (RCP) scenarios of greenhouse gas concentration trajectories in 
the atmosphere. 

2.2 Delta change method 

The underlying idea of the well-known delta change method is to use changes in average values 
from AOGCM-RCM simulated data for the control period and the scenario period to correct 
observed values (the observed values and the simulated data for the control period should be 
coincident in time). For the future scenario, the AOGCM-RCM simulated anomalies between that 
scenario and the control time series are superimposed upon the observed time series. Here, the 
anomalies are computed on a monthly basis: 

𝛿!,! =
𝑃𝑠𝑖𝑚_𝑠,𝑘
𝑃𝑠𝑖𝑚_𝑐,𝑘

 (1) 

𝛿!,! = 𝑇!"#_!,! − 𝑇!"#_!,! (2) 

AOGCM-RCM 
selection

Bias correction of P and T
for the scenario period

Hydrological modelling with
bias-corrected P and T
for the scenario period
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where 𝑃!"#_!,! (𝑇!"#_!,!) and 𝑃!"#_!,! (𝑇!"#_!,!) are average monthly precipitation (temperature) 
values provided by one AOGCM-RCM for the future (𝑠𝑖𝑚_𝑠) and the control period (𝑠𝑖𝑚_𝑐), 
respectively. Then, the anomalies 𝛿!,! and 𝛿!,! are used as correction factors. A multiplicative 
correction is applied to the observed values of precipitation, where as an additive correction is made 
to adjust temperature: 

𝑃!"#,!" = 𝑃!"#,!"×𝛿!,! (3) 

𝑇!"#,!" = 𝑇!"#,!" + 𝛿!,! (4) 

where 𝑃!"#,!" (𝑇!"#,!") is the observed value (𝑜𝑏𝑠) of precipitation (temperature) for month 𝑘 in 
year 𝑦 of the time series, and 𝑃!"#,!" (𝑇!"#,!") is the adjusted value of precipitation (temperature) for 
the scenario period (𝑓𝑢𝑡) for month 𝑘 in year 𝑦 of the time series. 

All time series (𝑜𝑏𝑠, 𝑠𝑖𝑚_𝑐, 𝑠𝑖𝑚_𝑠 and 𝑓𝑢𝑡) have the same extent (e.g., 30 years). The same past 
period is covered by 𝑜𝑏𝑠 and 𝑠𝑖𝑚_𝑐 (e.g., 1971-2000), and the same future period is covered by 
𝑠𝑖𝑚_𝑠 and 𝑓𝑢𝑡 (e.g., 2071-2100). 

The main drawback of the delta change method is that it does only account for potential future 
changes in average values (Teutschbein and Seibert, 2012; Camici et al., 2014). Changes in climate 
variability (e.g., number of wet days vs. dry days) and in statistical properties (e.g., skewness), 
remain unchanged. 

2.3 Hydrological model 

The Temez model (Temez, 1977) is a simplification of the classic Stanford Watershed Model 
(SWM). Both models implement an aggregated approach to simulate the rainfall-runoff processes 
occurring on a watershed. The formulation of the Temez model includes only four parameters that 
need to be calibrated (the SVM includes 24 parameters that need to be determined): maximum soil 
holding capacity (𝐻!"#); maximum infiltration rate (𝐼!"#); runoff coefficient (𝐶); and aquifer 
discharge coefficient (𝛼). Estrela et al. (1999), Vaz (2010) and Paredes et al. (2014) present typical, 
minimum and maximum values for each parameter. The other two inputs are precipitation and 
potential evapotranspiration, and the main output is specific runoff (runoff per unit drainage area). 

The Temez model is readily applied to small and medium watersheds in which there is some 
homogeneity regarding climatic, edaphological and geological characteristics. For larger 
watersheds, the spatial domain can be divided in sub-basins and, thus, allowing to implement a 
semi-aggregated approach. The model is usually run with a monthly time step although any other 
temporal discretization (e.g., hourly, daily or annual) can be used. 

3. CASE STUDY 

3.1 Introduction 

The modification of the natural inflows was analysed for Odeleite reservoir-dam (Figure 2), 
located in the south of Portugal. The watershed of Odeleite reservoir is 348 km2. This infrastructure 
is the main water source of an important multi-purpose water system for urban use and irrigation. 
The storage of water for future use is fundamental in a region in which the precipitation is low, 
intermittent and concentrated in a short winter, followed by a long and dry period. 

The hydrological (Temez) model was calibrated with historic stream flows from December 1960 
to June 2006 at Monte dos Fortes gauging station in a previous study (Nunes et al., 2009). This 
gauging station (drainage area = 284 km2) is located upstream of Odeleite reservoir as indicated in 
Figure 2. 
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The natural inflows to the Odeleite dam were estimated using the specific runoff provided from 
the application of the Temez model calibrated for the single gauging station existing in the 
watershed multiplied by the drainage area of the reservoir. Monthly areal precipitation and 
temperature were computed through the Thiessen polygon method by using meteorological stations 
within the region (Figure 2). Average potential evapotranspiration determined by the Penman-
Monteith method was considered by combining monthly temperature data with average monthly 
values of air humidity, radiation and wind speed for the calibration period. 

For the bias correction step, the period 1971-2000 was selected as representative of the 
present-day climate in accordance with the use of EURO-CORDEX data. 

 

Figure 2. Study area and monitoring network. 

3.2 AOGCM-RCM  

In this study, three AOGCM-RCM simulations from the EURO-CORDEX project with a 
resolution of 0.11 degree were selected and combined with the two RCP scenarios defined for the 
IPCC AR5 report (RCP 4.5 and RCP 8.5) to evaluate potential impacts of climate change on the 
natural inflows to the Odeleite reservoir-dam for the period 2071-2100. Under RCP 4.5, aggregated 
greenhouse gas emissions peak around 2040, then decline. Under RCP 8.5, emissions continue to 
increase throughout the 21st century (Meinshausen et al., 2011).  

The AOGCM-RCM used here correspond to the three simulation in which the same RCM 
(RCA4) was combined with different AOGCM (CNRM-CERFACS-CNRM-CM5, ICHEC-EC-
EARTH and MPI-M-MPI-ESM-LR, in short, CNRM, ICHEC and MPI, respectively) in the project 
“Local Warning Website” (LWW – http://portaldoclima.pt/en/). The LWW is a project from a 
programme operated by the Portuguese Environment Agency on adaptation to climate change. 
Generally, the LWW has its main goal the increase of the capacity to assess vulnerability to climate 
change, to raise awareness and education on climate change in Portugal, and the LWW portal 
allows users to access weather data from selected simulations. 

3.3 Results 

3.3.1 Bias correction of AOGCM-RCM  

The bias correction of the precipitation and temperature for the period 2071-2100 was carried out 
in accordance with the procedure described in section 2.2. 

Figure 3 shows the changes in monthly precipitation under the two RCP scenarios (4.5 and 8.5). 
Under RCP 4.5, the increase in precipitation forecast in some autumn or winter months is not 
enough to counteract a decrease in the annual precipitation. Under RCP 8.5, the projections are 
fairly consistent for the decrease of precipitation in most months. Table 1 shows the average annual 
values for all simulations. Less reduction in precipitation are projected by CNRM simulations for 
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the two RCP scenarios. The reduction in annual precipitation is between -75.6 mm (-10 %) 
and -13.2 mm (-2 %) under RCP 4.5, and -207.8 mm (-28 %) and -117.9 mm (-16 %) under 
RCP 8.5.  

The changes in temperature are consistent in the three AOGCM-RCM simulations for the two 
RCP scenarios (Figure 4). The variation of the average annual temperature is between +1.7ºC 
(+11 %) and +1.9ºC (+12 %) under RCP 4.5, and +3.4ºC (+21 %) and +3.7ºC (+22 %) under 
RCP 8.5 (Table 2). 

  

Figure 3. Comparison between the average monthly precipitation (mm) of the observed values in 1971-2000 (OBS) and 
the three selected AOGCM-RCM simulations (CNRM, ICHEC and MPI) for the period 2071-2100: (a) RCP 4.5 and (b) 

RCP 8.5. 

Table 1. Comparison between the average annual precipitation (mm) of the observed values in 1971-2000 (OBS) and 
the three selected AOGCM-RCM simulations (CNRM, ICHEC and MPI) for the period 2071-2100 under RCP 4.5 and 

RCP 8.5. 

 Time series Average annual precipitation (mm) 
OBS 751.8 

A
O

G
C

M
-

R
C

M
 

 RCP 4.5 RCP 8.5 
CNRM 738.6 633.9 
ICHEC 703.9 544.0 
MPI 676.2 552.6 

  

Figure 4. Comparison between the average monthly temperature (ºC) of the observed values in 1971-2000 (OBS) and 
the three selected AOGCM-RCM simulations (CNRM, ICHEC and MPI) for the period 2071-2100: (a) RCP 4.5 and 

(b) RCP 8.5. 
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Table 2. Comparison between the average annual temperature (ºC) of the observed values in 1971-2000 (OBS)  
and the three selected AOGCM-RCM simulations (CNRM, ICHEC and MPI) for the period 2071-2100  

under RCP 4.5 and RCP 8.5. 

 Time series Average annual temperature (ºC) 
OBS 16.7 

A
O

G
C

M
-

R
C

M
 

 RCP 4.5 RCP 8.5 
CNRM 18.4 20.1 
ICHEC 18.6 20.2 
MPI 18.4 20.4 

3.3.2 Potential evapotranspiration 

Potential evapotranspiration and precipitation are the two meteorological input data of the 
hydrological model (section 2.3) used in the case study. The potential evapotranspiration for the 
period 2071-2100 under the two RCP scenarios was determined by the Penman-Monteith method 
combining the temperature given from the application of the delta change method (Figure 4 and 
Table 2) with historical monthly values of air humidity, radiation and wind speed. The increase in 
potential evapotranspiration is higher in summer months (Figure 5). Annually, the potential 
evapotranspiration increases 5% under RCP 4.5 and 10% under RCP 8.5 (Table 3). 

  

Figure 5. Comparison between the average monthly potential evapotranspiration (mm) for the period 1971-2000 (OBS) 
and the three selected AOGCM-RCM simulations (CNRM, ICHEC and MPI) for the period 2071-2100: (a) RCP 4.5 

and (b) RCP 8.5. 

 
Table 3. Comparison between the average annual potential evapotranspiration (mm) for the period 1971-2000 (OBS) 
and the three selected AOGCM-RCM simulations (CNRM, ICHEC and MPI) for the period 2071-2100 under RCP 4.5 

and RCP 8.5. 

 Time series Average annual potential 
evapotranspiration (mm)  

OBS 1470 

A
O

G
C

M
-R

C
M

  RCP 4.5 RCP 8.5 

CNRM 1544 1613 

ICHEC 1546 1611 

MPI 1546 1623 
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3.3.3 Inflows to the Odeleite reservoir 

Figure 6 shows the average monthly natural inflows to the Odeleite reservoir estimated with the 
Temez model. In Figure 6, the inflows for the period 1971-2000 are compared with the minimum, 
average and maximum values obtained from using the bias-corrected precipitation and 
temperature/potential evapotranspiration for the period 2071-2100 (sections 3.3.1 and 3.3.2). The 
uncertainty is significant under the two RCP.  

Under RCP 4.5 (Figure 6a), all climate change projections lead to a decrease of the average 
inflows in spring months (March, April and May). In the other months, the modified natural inflows 
given from using different AOGCM-RCM simulations do not show the same relation (higher or 
below) with the inflows for the period 1971-2000. On other hand, natural inflows calculated with 
ICHEC bias-corrected input data are the highest in January and February and the lowest in 
December from using the three different AOGCM-RCM simulations. From Figure 3a, it can be 
seen that those modified inflows are closely related with the modification of the precipitation 
regime. The rainfall projections from ICHEC simulation for the period 2071-2100 are significant 
higher than the observed values in January and February and the lowest in December. In the period 
of one year, the three AOGCM-RCM simulations anticipate a decrease of the average annual 
inflows between -10.0 hm3 (-10%) with ICHEC and -1.8 hm3 (-2%) with CNRM (Table 4). 

Under RCP 8.5 (Figure 6b), the average inflows decrease in all months and AOGCM-RCM 
except in November with CNRM. But the magnitude of the reductions is different from using the 
different input data. In the period of one year, the three AOGCM-RCM simulations lead to a 
decrease of the average annual inflows between -43.6 hm3 (-44%) with ICHEC and -23.9 hm3 
(-24%) with CNRM (Table 4). 
 

  

Figure 6. Comparison between the average monthly natural inflows (1 hm3 = 106 m3) estimated for the period 
1971-2000 and minimum, average and maximum values for the period 2071-2100: (a) RCP 4.5 and RCP 8.5. 

 

Table 4. Comparison between the average annual natural inflows (1 hm3 = 106 m3) estimated for the period 1971-2000 
and to the period 2071-2100 under RCP 4.5 and RCP 8.5. 

 Time series Average annual inflows (hm3)  
OBS 98.2 

A
O

G
C

M
-R

C
M

  RCP 4.5 RCP 8.5 

CNRM 96.4 74.3 

ICHEC 88.2 54.6 

MPI 88.5 64.0 
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4. CONCLUSIONS 

In this paper, it has been applied a modelling approach for estimating the changes in the natural 
inflows of watersheds. The methodology consists in a sequence of steps: selection of 
AOGCM-RCM simulations, bias correction (or statistical downscaling) of meteorological data and 
hydrological modelling one the future scenario. 

The approach was applied to evaluate future natural inflows (2071-2100) to Odeleite 
reservoir-dam under two emission scenarios (RCP 4.5 and 8.5). Three AOGCM-RCM were used 
and bias correction was made with the well-known delta change method. The results indicate 
significant differences in the runoff for each RCP depending on the AOGCM-RCM used. The 
decrease of the natural inflows under RCP 4.5 is between -10% and -2%. Under RCP 8.5, the 
decrease of the natural inflows is much higher between -44% and -24%. 

Subsequent studies will be pursued with other AOGCM-RCM and bias correction methods as 
these two factors are two important sources of uncertainty in climate change projections and in 
impact studies for the water sector. 
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