
HEAT BUDGET OF THE RESERVOIR OF SAU: AN APPROACH BASED IN ROUTINE 
METEOROLOGICAL DATA. 

 
Author: Laia Armengol Baigorri 

Tutors: Josep Dolz and Joan Armengol 
 
In the last years, several models have been developed to simulate the behaviour of lacustrian  

ecosystems. The aim of them is to obtain water’s quality models based on physical, chemical and 
biological processes. The beginning of all this numerical models is to do a heat budget, that allows, in a 
later stage, the simulation of the annual thermal cycle of the studied system. 

The first goal of this study has been to do a superficial heat budget of the reservoir of Sau (NE 
Catalonia, Spain) for the years 1998-1999. This budget has been done using routinely meteorological 
variables, measured with a meteorological station situated close of the shore of the reservoir which 
measures the next variables: air temperature, relative humidity, atmospheric pressure, solar radiation, 
longwave radiation, wind speed and wind direction. 

In the heat budget, the terms that has been considered were: absorbed solar radiation, absorbed and 
emitted longwave radiation, as the radiative fluxes, and the advective heat flux, the latent and the sensible 
flux as the non radiative fluxes. The advective heat flux is not an strictly superficial exchange, but in this 
case, it is taken into account because the reservoir has an important through flow and can be very 
important in the amount of heat stored and exchanged by Sau. As not always is possible to have direct 
measurements to obtain the balance terms, often this fluxes are estimated with empirical equations. 

Both the model and the formulation, are very sensitive to the time scale used. Because of this we have 
put more emphasis in the modelling of the heat budget on a daily basis. Nevertheless, an approach of the 
modelling of the absorbed solar radiation on a hourly basis has been included. 

To estimate the maximum daily incoming solar radiation on water surface, cloudiness days, a linear 
and a potential equation relating maximum solar radiation at water level with sun elevation have been 
calculated using hourly data in the central part of the day. This equations relate the maximum solar 
radiation and the solar elevation with some coefficients depending on the brightness, turbidity and colour 
of the sky. To find this coefficients we have related the hourly solar elevations, calculated in the 
reservoir’s geographic coordinates (latitude, longitude), and the hourly solar radiations, under a clear sky, 
recorded in the pyranometer of the meteorological station. One of the most important result of this study 
has been to get the empirical coefficients of the above mentioned equations. They allow us to calculate 
the daily incoming maximum radiation in any place of the Iberian peninsula environment, just knowing 
their geographic coordinates. 

Another important parameter to determine the absorbed solar radiation is the cloud cover. For a given 
Julian day the measured radiation is related with the theoretical maximum and minimum solar radiation 
expected for it, and the cloud cover is expressed as a portion of the range between 0, cloudiness, and 1 full 
cloud cover. With the cloud cover and the radiation (the calculated and the measured values), we have 
fitted the coefficients that allow us to estimate a factor that corrects the cloud cover effect, in the measure 
of the solar radiation arriving at water level. 

To calculate the absorbed and emitted longwave radiation, two modified Stefan-Boltzmann have been 
used. The incoming radiation at water level uses the air temperature, the albedo, a cloud cover correction 
factor and the emissivity. The last one parameter is very important and depends on the air temperature and 
the water vapour pressure. The reflected longwave radiation only depends on the water temperature. Both 
items give relatively similar results. 

One of the goals of this study has been to calibrate most of the empirical equation used in the 
estimation of the radiative terms of the balance. Because of this we have used data obtained from a  
pyranometer (300 to 3000 nm radiation) and a pirgeometer (4000 to 50000 nm radiation) situated in a 
meteorological station places close to the shore of the reservoir of Sau. The data obtained with this 
radiation sensors has been related with the calculated, a way to measure the sensitivity of the model to 
atmospheric perturbations.  

The non radiative fluxes are not easy to measure directly, because of this we have used an empirical 
approach to estimate them. In this study, both latent and sensible fluxes are calculated using three 
different empirical approaches, in order to know their reliability. 

The last step it has been to realize a heat budget for 1998-2001. We have verified, the heat changes 
throughout the year follow a thermal seasonal cycle, so that the energy is balanced if we consider a time 
interval enough big to complete this cycle.  

As a part of this study, three MATLAB programs have been written to calculate: 1) the daily thermal 
balance of the reservoir of Sau, using the meteorological station data (balanç.m); 2) the maximum 
incoming solar radiation at the water level (eleva_rad.m), and 3) the daily average of the solar radiation 
for every day in the year (eleva_dia.m). These models allow us to obtain the heat balance of other 
reservoirs with their geographic situation and the routine weather data of a near station. The only variable 
we must introduce in the model is the cloud cover. 



 


