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Abstract
Background and Objectives

Evaporation is one of the most complex and important processes in studying hydrological and
meteorological factors and plays a major role in determining the energy balance equations on the
earth's surface. So, knowing the exact amount of evaporation volume is important for monitoring and
correct management of water resources, irrigation planning, determining the irrigation needs,
estimating evaporation from the reservoir of dams and modeling hydrological projects, especially in
arid and semi-arid regions. On the other hand, modeling such a complex process in which many
parameters interact with each other is so difficult that it is not possible to simplify this issue without
multiple assumptions. Therefore, accurate estimation of evaporation has always been of great
importance. Many experimental methods have been presented for estimating evaporation, but since
these methods require a lot of input data or it is not possible to measure the variables in all areas,
many of these methods have lost their effectiveness. Therefore, it is necessary to use methods which
need fewer number of meteorological variables and estimate the evaporation with high accuracy.
Therefore, the aim of the current research is to evaluate and present the most accurate model of
evaporation estimation using three data-driven models in six synoptic stations in arid, semi-arid and
humid climates of Iran, so that the proposed model, in addition to having sufficient accuracy, requires
fewer input parameters to estimate evaporation even when there is no sufficient data.

Methodology

In this regard, the ability of three machine-learning methods of gradient boosted tree (GBT),
generalized linear model (GLM) and artificial neural network-multi layer perceptron (MLP) in
estimating the amount of pan evaporation in dry (Yazd and Bafq stations), semi-arid (Birjand and
Siah-Bisheh stations) and humid climates (Sari and Ferdous stations) were investigated. Daily
parameters of some meteorological variables on evaporation during the time period of 2001-2020
were collected. In order to investigate the possibility of using different combinations of
meteorological parameters to estimate the evaporation as accurately as possible, six different
combinations of the meteorological parameters (average temperature, relative humidity, and wind
speed and sunshine hours) were considered. Also, to evaluate the accuracy of the mentioned models,
four assessment criteria including root mean square error (RMSE), mean absolute error (MAE),
correlation coefficient (R) and scatter index (SI) were used. Furthermore, diagrams of time series of
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the best models and the scatter plots diagram of observed and predicted pan evaporation by the models
were presented and the most suitable combination of the meteorological parameters that had suitable
accuracy for estimating pan evaporation was suggested.

Findings

The results showed that in Birjand, Yazd, Ferdos, and Siah-Bisheh stations, MLP-VI with
RMSE of 1.97, 1.95, 1.97, 2.91, respectively, performed more accurate than other studied models.
Moreover, in Sari station, MLP-IV and in Bafq station, MLP-V with RMSE of 1.41 and 1.92,
respectively, provided the most precise estimates of evaporation values. Finally, it can be
comprehended that in all six studied stations, MLP provided the most accurate estimations of the
amount of pan evaporation and it is suggested as a method with high degree of accuracy. Furthermore,
GBT presented the weakest performance in comparison with other studied models. The mentioned
trend about the high accuracy of the mentioned models for all studied stations can also be concluded
from presented figures. It can be inferred that the accurate models mentioned in each station had the
least distribution around the bisector line and had the most accuracy and the least error. In other
words, it is possible to estimate the evaporation values in all stations with the meteorological data of
temperature, relative humidity, sunshine hours and wind speed with acceptable accuracy.

Conclusion

Evaporation is one of the main components of water balance in agriculture and is one of the
effective and influential factors for suitable irrigation planning. Therefore, accurate estimation of this
parameter has a significant role on reducing excessive water consumption. In this study, three data-
driven models of MLP, GBT and GLM were implemented in six stations including Yazd, Birjand,
Sari, Bafq, Siah-Bisheh and Ferdous. The obtained results indicated that the sixth scenario using all
utilized meteorological parameters in Yazd, Birjand, Siah-Bisheh, and Ferdous stations, forth
scenario in Sari and fifth scenario in Bafq station with the lowest error provided the most accurate
estimates of the evaporation and may be recommended for proper estimation of pan evaporation
values.

Keywords: Generalized linear model, Gradient boosting tree, Meteorological parameters, Multi-layer
perceptron, Statistical analysis
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