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E o Introduction
vapotranspiration,

Hargreaves, Irmak, Makkink, Giventheimportance ofaccurate and timely determination ofreference evapotranspiration
Penman-Monteith-FAO in water balance calculations, plant production simulations, and irrigation planning on
the one hand, and the lack of suitable meteorological data on the other, it is essential
to develop a simple, cost-effective, and accurate model for estimating this parameter.
Therefore, the main objective of this research is to identify the best model for predicting
daily average reference evapotranspiration in arid, Mediterranean, and very humid

climates using meteorological parameters. To compare the performance of the Gene

Expression Programming (GEP) algorithm in predicting reference evapotranspiration,
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Materials and Methods

In this research, meteorological stations were selected based on climate diversity using the De
Martonne climate classification system. Accordingly, the study stations were categorized into three
climate types: arid, Mediterranean, and very humid. The selected stations include three synoptic
meteorological stations—Birjand, Gorgan, and Rasht—with a common observation period of
20 years (2001-2020). Daily data on minimum temperature, maximum temperature, average
temperature, relative humidity, wind speed at a height of two meters, sunshine hours, and reference
evapotranspiration were used. The characteristics of the study stations and their corresponding

climates based on the De Martonne classification are presented in Table 1.

Table 1. Characteristics of study stations and their climates in the De Martonne system
Relative ~ Wind

. Longitude Latitude Temperature . Sunshine .
Station (Eastern)  (North) Sea level (m) °C) hur(r;/lglty (srp;lesel(; hours (h) Climate
Birjand 12°59' 52°32' 1491 16.8 35.1 1.6 9.2 Dry
Gorgan 24°54' 54°36' 0.0 18.1 74.1 1.4 6.4 Mediterranean
Rasht 37°49' 19°37' -8.6 16.6 83.3 0.9 4.8 Very wet

Given that daily data is examined in this research, among the existing empirical relationships for
calculating ETo, those suitable for daily-scale estimation and commonly used by other researchers
were selected. Based on this criterion, six empirical relationships were chosen. Additionally, before
applying the Gene Expression Programming (GEP) intelligent model, reference evapotranspiration
was calculated using the FAO Penman-Monteith model over the study period at all stations on a
daily scale. This method estimates reference evapotranspiration values across various regions and
climates by incorporating standardized model assumptions.

To compare the performance of the GEP algorithm in predicting reference evapotranspiration, six
scenarios were defined based on key influencing meteorological parameters, including minimum
temperature (T ), maximum temperature (T ), average temperature (T __ ), relative humidity
(RH), wind speed at a height of two meters (u,), and sunshine hours (n). Finally, to evaluate and
validate the GEP model, its performance was assessed using the following statistical criteria: Root
Mean Square Error (RMSE), Mean Absolute Error (MAE), Nash-Sutcliffe Efficiency (NSE), and
Coefficient of Determination (R?). RMSE is a useful indicator of prediction accuracy, reflecting
the average error between observed and predicted values. An RMSE value of zero indicates perfect
model performance, where observed and predicted values are identical. The MAE measures the
average magnitude of the absolute differences between predicted and actual values; lower MAE
values indicate higher model accuracy. The NSE ranges from - to 1, with values less than zero
suggesting poor model performance, and a value of 1 representing a perfect simulation. R? indicates
the degree of correlation between observed and predicted values, ranging from 0 to 1, with values

closer to 1 signifying a stronger correlation.
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Results and Discussion

Comparing the results of the model evaluation statistics across different scenarios shows that, at the
Birjand and Gorgan stations, Scenario A provided better predictions because it included minimum
temperature, maximum temperature, average air temperature, relative humidity, wind speed at two
meters height, sunshine hours, and reference evapotranspiration. Scenario F, on the other hand,
produced the weakest results due to the exclusion of sunshine hours and reference evapotranspiration
parameters. Therefore, Scenario A, with its high coefficient of determination, strong model fit, and
low error values, can be considered the optimal model for the Birjand and Gorgan stations.

At the Rasht station, which has a very humid climate, Scenario B provided better predictions than
the other scenarios, as it included maximum temperature, average air temperature, relative humidity,
wind speed at two meters height, sunshine hours, and reference evapotranspiration.

The results indicate that the Irmak-Rs method at the Gorgan and Rasht stations, and the Hargreaves
method at the Birjand station, showed a higher correlation with the Penman-Monteith-FAO method
compared to the other methods. Furthermore, the Irmak-Rs and Hargreaves methods estimated
reference evapotranspiration more accurately at the study stations. Therefore, due to their high R?
values, relatively good NSE, and lower RMSE and MAE values compared to other methods, the
Irmak-Rs and Hargreaves methods can serve as suitable alternatives to the Penman-Monteith-FAO
method on a daily scale in Mediterranean, very humid, and arid climates. The Hargreaves-Samani
method, however, demonstrated the lowest accuracy in estimating reference evapotranspiration

across all stations.

Conclusion

Accurate knowledge of water requirements in different geographical regions of the country primarily
depends on the correct calculation of reference evapotranspiration. Therefore, this research aims
to compare the performance of Gene Expression Programming (GEP) methods and empirical
equations in predicting daily reference evapotranspiration across various climates, including arid,
Mediterranean, and very humid regions. The results of Gene Expression Programming showed
that, at the Birjand and Gorgan stations, scenario a provided a more accurate prediction due to
the inclusion of parameters such as minimum temperature, maximum temperature, average air
temperature, relative humidity, wind speed at a height of two meters, sunshine hours, and reference
evapotranspiration. In contrast, scenario f produced the weakest results, primarily due to the
omission of sunshine hours and reference evapotranspiration. Therefore, scenario a, with its high
coefficient of determination, best fit, and low error values, can be considered the optimal model
for the Birjand and Gorgan stations. At the Rasht station, characterized by a very humid climate,

scenario b provided a more accurate prediction than the other scenarios. Additionally, in this research,
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empirical methods (Makkink, Priestley—Taylor, FAO Blaney—Criddle, FAO Penman—Monteith,
Hargreaves, Hargreaves—Samani, Irmak-Rs, and Irmak-Rn) were used to estimate daily reference
evapotranspiration. The results showed that the Irmak-Rs method at the Gorgan and Rasht stations,
and the Hargreaves method at the Birjand station, exhibited a higher correlation with the Penman—
Monteith—-FAO method compared to other empirical methods. Therefore, in cases where all the
necessary parameters for calculating reference evapotranspiration are not available, the Irmak-Rs

and Hargreaves methods can serve as suitable alternatives.
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