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which plays a key role in agricultural studies, hydrology, meteorology,
reservoir operation, irrigation and drainage systems design, irrigation
scheduling and water resources management. In this study, eight types of
meteorological parameters as inputs for estimating evaporation from the
pan by artificial neural network for four meteorological stations around
Shahid Rajaei Dam were investigated. Meteorological data were collected
for ten years from 4 stations around Shahid Rajaei Dam. The results of
statistical criteria of the models, distribution diagram and daily
evaporation rate were estimated and observations showed that the neural
network method was able to estimate the daily evaporation in the four
stations with good accuracy. However, the best structure of neural
network models for stations of Soleiman Tangeh, Sari office, Farim Sahra
and Telamadreh with seven input variables, one hidden layer and 12, 8,
10 and 12 neurons, respectively, were selected according to MSE and R?
criteria. MSE and R? criteria were selected. The correlation coefficients
for daily data in Soleiman tangeh, Sari office, Farim Sahra and Telmadreh
stations were extracted 0.88, 0.91, 0.92 and 0.89, respectively. Also, the
results of monthly evaporation simulation showed that the artificial neural
network method was able to calculate the monthly evaporation with
correlation coefficients of 0.98, 0.98, 0.99 and 0.99 with 95% confidence
level for Soleiman Tangeh, Sari office, Farim Sahra and Telamadreh
stations, respectively.
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1. Introduction

Evaporation is one of the main components of the water cycle in nature, which plays a key role in
agricultural studies, hydrology, meteorology, reservoir operation, irrigation and drainage systems
design, irrigation scheduling and water resources management. Therefore, estimating the amount of
evaporation that occurs continuously, especially from free surface of the water in watersheds, has an
important role in the quantitative and qualitative management of water resources. Many methods have
been proposed to estimate evaporation from free surface of the water. One of the most widely used and
important methods are the artificial neural networks. Artificial neural networks are mathematical and
flexible models that are inspired by biological neural systems and can be used to model the complex
natural systems.

2.  Materials and Methods

In this study, in order to estimate the evaporation from the surface water, meteorological parameters in
four stations of Soleiman Tangeh, Sari office, Farim Sahra and Telmadareh located in Mazandaran
province from 2005 to 2015 were used to implement artificial neural network models. Parameters
required determining evaporation included day, month, year, minimum and maximum and average
temperature, minimum, and maximum and average relative humidity, sunny hours, wind speed and
vapor pressure of water. Data adequacy was assessed by using the Macus test. Also, by using XLSTAT
2017 test, the normality of relative humidity, minimum temperature, maximum temperature, rainfall,
sundial and wind speed data was checked. The results of various tests such as Shapiro-Wilk, Anderson-
Darling, Lily Force and Jarck-Bra showed that all data from the four studied stations were normal,
therefore, parametric tests such as one-way analysis of variance (ANOVA) can be used to compare
different methods.

Statistical indices of coefficient of explanation R2, MSE and EF were used to evaluate the accuracy of
the models. The coefficient of explanation also indicates the relationship between the estimated values
and the calculated values. MSE index indicates the absolute uncertainty of the model.

3. Results

According to the results obtained from the statistical indices of the models, the diagram of daily
evaporation distribution was estimated and it was observed that the MLP neural network was able to
estimate the daily evaporation in four studied stations. The best scenario for the four stations Soleiman
Tangeh, Sari office, Farim Sahra and Telmadreh are scenarios with the structure of 1-12-7, 1-8-7, 1-10-
7 and 1-12-7 based on MSE and R2 criteria, respectively. The correlation coefficients in Soleiman
Tangeh, Sari office, Farim Sahra and Telmadreh stations were 0.88, 0.91, 0.92 and 0.89, respectively.
Also, according to the results of statistical indices, the monthly estimated and observed evaporation
distribution diagram showed that the artificial neural network method was able to estimate the good
monthly evaporation in the four stations studied. The correlation coefficients in Soleiman Tangeh, Sari
office, Farim Sahra and Telmadreh stations were 0.98, 0.98, 0.99 and 0.99, respectively.

4.  Discussion and Conclusion

According to the results of this study, artificial neural networks are powerful tools for hydro-
meteorological studies that have proven to be superior to other methods used and have the best
performance in determining evaporation from the free surface of water. In addition, the comparison of
statistical parameters R2, MSE and EF between the neural network and experimental relationships
indicates the high ability of the artificial neural network to determine the evaporation from the free
surface of water. By calculating relatively accurately the evaporation from the free surface of water by
the neural network, useful and managerial strategies can be applied to conserve existing water resources
and reduce the effects of drought.
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Evaluation the Performance of Different Models of Artificial Neural
Network in Estimating Evaporation Losses from Pan around the Shahid
Rajaei Dam Lake

Seyedeh Naeime Seyedi', Ramin Fazloula™, Mohsen Masoudian™, Eassa Kia®

Abstract

Evaporation is one of the main components of the water cycle in nature, which plays a key role in
agricultural studies, hydrology, meteorology, reservoir operation, irrigation and drainage systems
design, irrigation scheduling and water resources management. In this study, eight types of
meteorological parameters as inputs for estimating evaporation from the pan by artificial neural network
for four meteorological stations around Shahid Rajaei Dam were investigated. Meteorological data were
collected for ten years from 4 stations around Shahid Rajaei Dam. The results of statistical criteria of
the models, distribution diagram and daily evaporation rate were estimated and observations showed
that the neural network method was able to estimate the daily evaporation in the four stations with good
accuracy. However, the best structure of neural network models for stations of Soleiman Tangeh, Sari
Office, Frime Sahra and Telamadreh with seven input variables, one hidden layer and 12, 8, 10 and 12
neurons, respectively, were selected according to MSE and R2 criteria. MSE and R2 criteria were
selected. The correlation coefficients for daily data in Soleiman tangeh, Sari, Sahra and Telmadreh
stations were extracted 0.88, 0.91, 0.92 and 0.89, respectively. Also, the results of monthly evaporation
simulation showed that the artificial neural network method was able to calculate the monthly
evaporation with correlation coefficients of 0.98, 0.98, 0.99 and 0.99 with 95% confidence level for
Soleiman Tangeh, Sari office, Frime Sahra and Telamadreh stations, respectively.

Keywords: Daily Evaporation, Monthly Evaporation, Evaporation Pan, Model Structure,
Soleiman tangeh.
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