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ABSTRACT  
 
Data from climate projections were used to analyze the possible climate change effects on the water level of a 
Brazilian multipurpose reservoir for the 2050s. Two scenarios based on optimistic (RCP 4.5) and pessimistic (RCP 
8.5) climate change projections concerning greenhouse gas emissions were simulated using a one-dimensional 
hydrodynamic model. In comparison with the baseline simulation (2009-2018), it was identified water level 
decrease trends, especially regarding the rainfall reduction. Such behavior may affect water availability and impair 
the reservoir uses, which may also demand adaptive management strategies for the reservoir operation. 
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1 INTRODUCTION  

Climatic extremes are already being reported worldwide (Reichstein et al., 2013). Data generated by 
regionalized climate models (RCM) have been used to assess likely impacts on local ecosystems and decision-
making. In the present study, data from an RCM were used as input to a one-dimensional hydrodynamic model 
to compare probable water level fluctuations in a Brazilian multipurpose reservoir. 

 
2 METHODS 
 

2.1 Study site  

Itupararanga Reservoir is located in an urbanized region in São Paulo State, Brazil, built for many purposes, 
mainly to drinking water supply and power generation. The reservoir surface area is 29.9 km² and the basin 
drainage area is 936.5 km². The regional climate is warm temperate with dry winter and hot summer (Cwa, 
Kottek et al., 2006). 

 

2.2   Modeling procedure 

The one-dimensional General Lake Model (GLM) (Hipsey et al., 2019) was used to simulate the water level of 
Itupararanga Reservoir. The model requires hydrological and meteorological data, reservoir’s bathymetry and 
the water temperature and salinity in the reservoir and in its tributaries. Those data were provided by the energy 
company, and governmental agencies (INMET, 2019; CETESB, 2019). 

The model was calibrated from 2009 to 2013 and validated from January 2014 to March 2019. A performance 
assessment was applied using the Root Mean Squared Error (RMSE) and the Pearson correlation coefficient(r). 

Climate change projections from The Hadley Centre Global Environmental Model (HadGEM2-ES) regionalized 
by the ETA model (Chou et al., 2014) were coupled to GLM for generating scenarios from January 2050 to 
December 2059 for two representative concentration pathways (RCPs) of the greenhouse gases emissions 
(GHG): RCP 4.5 and RCP 8.5. Those data included: short-wave radiation (SW), air temperature (AT), air relative 
humidity (RH), wind speed (WS) and rainfall (rain). The baseline simulation (2009-2018) of water level was 
compared with the simulated projection (2050s decade) considering the alterations in all meteorological forcing 
variables and in each meteorological variable individually. 

 

3 RESULTS AND DISCUSSION 
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The model was able to accurately represent the water level (RMSE<0.7m, r=0.8). Climate change projections 
revealed an increase in AT and SW and a rain decrease for the 2050s (Table 1).  

In this way, the climatic trends influenced the reservoir’s water level. The simulated water level would drop in 
both rain scenarios and for the set of all predicted climatic variables (Figure 1a). Such a decrease in the average 
water level (falling to the dead storage in the middle and the end of 2050s decade) (Figure 1b) could generate 
serious damage to the water supply and power generation. Uncertainties remain regarding lake levels 
fluctuations in the future, however it is certain that more climatic extremes will arise around the world (Woolway 
et al., 2020). 

 
Table 1: Climate variables daily average and standard deviation for the baseline and future projections. 

Meteorological Data Baseline RCP 4.5 RCP 8.5 

SW (W m-2) 213.9 (61.2) 217.2 (59) 223.6 (51) 

AT (°C) 20.6 (2.7) 22.3 (4.2) 23.6 (3.1) 
RH (%) 75.2 (7.2) 85.3 (11.5) 73.3 (13.8) 

WS (m s-1) 2.2 (0.8) 2.3 (0.8) 2.4 (0.6) 

Rain (mm d
-1

) 3.2 (5.0) 2.5 (6.0) 1.9 (3.1) 

 

  
Figure 1: Simulated water level (m): a. Average value and outliers for each scenario; b. Minimum water level 

for climate change scenarios. 
 

4 CONCLUSIONS 

Data from climate change projection for the 2050s were coupled to the GLM model to compare water level 
simulations with a baseline. The projections indicate water level drop, which might require adaptive 
management strategies for reservoir operation to avoid possibility of water rationing in the near future.  
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