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Modeling Of Monthly Evaporation Using Single and Hybrid-
Wavelet Data-Driven Methods in Basins of Iran with Climate Variety

Alireza Emadi'*; Sarvin Zamanzad-Ghavidel?; Sina Fazeli®; Soheila Zareie®; and Ali Rashid-Niaghi*

Abstract

Evaporation as one of the natural parameters has always been considered by researchers. In this
study, the monthly evaporation variable was modeled in two different climates of Iran using
artificial neural network, adaptive fuzzy-neural inference system and gene expression
programming methods and combining these methods with wavelet theory. For this purpose,
meteorological data of precipitation, relative humidity, average temperature, maximum
temperature, minimum temperature and wind speed were used during the statistical period of
1384-1397 related to the two catchments of Urmia Lake and Gavkhouni. In this study, the
seasonal effect and data noise reduction were applied. The accuracy of the studied methods was
evaluated based on statistical correlation coefficient (R), root mean square error (RMSE), mean
absolute error (MAE) and nash-sutcliffe efficiency (NSE). The results show that in two different
climates, the wavelet-hybrid gene expression programming and the single artificial neural
network have the highest and weakest performance, respectively, among other data mining
models used in this study. The hybrid wavelet-gene expression programming model with RMSE
value of 20.870 and 156.884 had higher performance for Tazehkand station in Urmia Lake
catchment area and Kuhpayeh catchment in Gavkhouni catchment area, respectively. Also, the
results showed that the effect of seasonal factor utilization and data noise reduction in model
performance improvement is significant. Based on the results of the models performance Urmia
Lake catchment area with Dsa climate has been better. However, hybrid data mining methods
can be introduced as a good alternative to the old methods.

Keywords: Climate, Evaporation, Data Mining, Wavelet
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the wavelet-hybrid gene expression programming and the single artificial
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among other data mining models used in this study. The hybrid wavelet-
gene expression programming model with RMSE value of 20.870 and
156.884 had higher performance for Tazehkand station in Urmia Lake
catchment area and Kuhpayeh catchment in Gavkhouni catchment area,
respectively. Also, the results showed that the effect of seasonal factor
utilization and data noise reduction in model performance improvement is
significant. Based on the results of the models performance Urmia Lake
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mining methods can be introduced as a good alternative to the old
| methods.

1. Introduction

Evaporation is a key component of the climate change process that its accurate estimation can improve
the management of water resources and the monitoring network. Many climatic parameters such as air
temperature, precipitation, relative humidity, sunlight, and wind speed affect the rate of evaporation.
There are direct and indirect methods for calculating and predicting evaporation (Shiri et al., 2012). The
multiplicity of required data and the difficulty in estimating meteorological variables discourage
researchers from using indirect methods.

2. Materials and Methods

In this study, meteorological data of precipitation, relative humidity, mean temperature, minimum
temperature, maximum temperature, and wind speed, during the statistical period of 2005-2018 in
Tazehkand and Kuhpayeh stations, located in Urmia Lake and Gavkhoni catchments with the area of
876.51 and 552.41 square kilometers were used for the assessment of monthly Evp. According to the
Koppen-Geiger climate classification, Urmia Lake and Gavkhoni catchments have Dsa and Bsk climate.
Both catchments have a great impact on industrial, agricultural, and livestock activities in northwestern
and central of Iran.

To analyze the suitability of the selected catchments, the distribution of stations was evaluated using F-
computational values at the 99% probability level. Pearson correlation between data (precipitation,
temperature, humidity with two time scales, wind speed, and pan evaporation) was calculated using
SPSS software at a significance level of 99%. The monthly evaporation variable was modeled in two
different climates of Iran using artificial neural network, adaptive fuzzy-neural inference system and
gene expression programming methods and combining them with wavelet theory. In an artificial neural
network using mathematical functions, the outputs are generated as a set of actuators (transfer
functions). Adaptive fuzzy-neural inference system is a multilayer transmission network with input-
output structure that uses neural network learning algorithms and fuzzy logic to transfer inputs to output.
Gene expression programming, using a genetic algorithm, selects a population of individuals and
applies genetic modifications using one or more genetic agents. Wavelet transform is also a
mathematical tool that uses different types of data to extract information (Aparajita et al., 2019). Due
to the high process similarity of the DWT (db4) tool with the data set of the present study, the db4
approach was chosen.

3. Results

In this study, the seasonal effect and data de-noising were applied and the wavelet was combined with
three methods of ANN, GEP, and ANFIS and their results were compared. The accuracy of the studied
methods was evaluated based on the statistical indices of correlation coefficient (R), root mean square
error (RMSE), mean absolute error (MAE), and Nash-Sutcliffe efficiency coefficient (NSE).
Mathematical relation is applied to use modeling results at different time and space scales. The hybrid
model of wavelet- gene expression programming with RMSE values equal to 20.870 and 156.884 mm
for Tazehkand and Kuhpayeh stations in the Urmia Lake and Gavkhooni catchments had a higher
performance, respectively. Also, the results showed that the effect of using seasonal coefficient and
noise reduction of data is significant on improving the performance of models. In this study, WGEP
model was selected as the best model in both climates. The estimation results of the evaporation variable
by the mentioned model in both stations were divided into three categories of 30% minimum, 40%
medium, and 30% maximum.

4.  Discussion and Conclusion

Evaporation is a very important parameter in agricultural research, hydrology and soil and water
protection. The results of this study showed that in two different climates (Dsa and Bsk) hybrid-wavelet
methods of gene expression programming and single artificial neural network have the highest and
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weakest performance among other data mining models, respectively. The results also showed that the
models in the Urmia Lake basin with Dsa climate showed better performance than the Gavkhoni basin
with Bsk climate. However, the results of their three single and hybrid-wavelet methods can be
acceptable for estimating the monthly evaporation variable in catchments with different Dsa and Bsk
climates. Finally, it can be stated that hybrid data mining methods can be introduced as a suitable
alternative to older methods.
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