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Article Info ABSTRACT

Article type: Research Article Evapotranspiration (ET) plays a crucial role in arid and semi-arid regions, and its precise

estimation of ET is essential for effective irrigation planning and management. Semnan
province faces challenges due to a scarcity of synoptic and evaporation stations, making spatial
estimation of ET difficult. This study utilized the evapotranspiration product from the ERA5-
Received: Jan. 21, 2024 Land reanalysis dataset, in conjunction with auxiliary variables such as elevation and

. temperature, to estimate ET in the study area. The Random Forest (RF) model was employed
Revised: Apr. 22, 2024 to establish the relationship between auxiliary variables and ET data, resulting in the creation

Article history:

Accepted: May. 18, 2024 of an ET map using the RF model. The accuracy of the RF model in estimating ET was
) . assessed against observational data using four statistical criteria: R2, BIAS, RMSE, and KGE.
Published online: July. 2024 The validation results demonstrated the high efficiency of the RF model (R? = 0.95, BIAS = -

4.1, RMSE = 98.6, and KGE = 0.92). It was observed that the RF model's performance in ET
estimation is influenced by the relationship between model error (BIAS) and topography, with

Keywords: elevation playing a significant role in ET estimation accuracy. This study underscores the
Elevation, effectiveness of utilizing data mining and processing techniques within the R programming
ERAS5-Land, environment to accurately estimate ET in regions with limited weather stations, particularly in
Random Forest Model (RF), arid and semi-arid areas. By leveraging these methods, it becomes possible to enhance the
Temperature. estimation of evapotranspiration in such challenging environments.
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Using Machine Learning Method to Estimate Evapotranspiration
(Case Study: Semnan Province)

EXTENDED ABSTRACT

Background and purpose:

Evapotranspiration (ET) plays a crucial role in the hydrological cycle and water management within the
agricultural sector, aiding in the estimation of necessary water resources and understanding the impacts of
climate change. Additionally, precise estimation of evapotranspiration is vital for effective irrigation planning
and management strategies. The objective of this research is to develop a precise annual ET map of Semnan
province using the RF model. Furthermore, the study aims to explore the relationship between predicted data
and observational data to assess the significance of auxiliary variables in evapotranspiration estimation.

Materials and methods:

Semnan province, spanning 96,816 km?, faces challenges in estimating evapotranspiration (ET) due to a
limited number of synoptic and evaporation stations. To address this issue, an alternative data-driven model
with minimal data requirements was employed. During the statistical period of 1993-2020, 6 synoptic stations
and 5 evaporation stations were utilized for evapotranspiration estimation. Initially, the study utilized the
evapotranspiration product from the ERA5-Land reanalysis dataset, along with auxiliary variables such as
Digital Elevation Model (DEM) and temperature, to estimate evapotranspiration in the study area.
Additionally, the Random Forest (RF) method was employed to establish the connection between auxiliary
variables and evapotranspiration data, leading to the creation of an evapotranspiration map using the RF model.
Subsequently, the model's accuracy in estimating ET was evaluated by comparing it to observational data using
four statistical criteria: Pearson correlation coefficient (R?), root mean square error (RMSE), BIAS, and Kling—
Gupta efficiency (KGE).

Findings:

The results of the validation phase demonstrated the high efficiency of the RF model, with values of R2
= 0.95, BIAS = 4.1, RMSE = 98.6, and KGE = 0.92. Analysis of the ET data generated by the RF model
revealed lower ET levels in the northern regions of the province. In the central to northern areas, average ET
levels were observed, correlating with the region's average elevation. Conversely, the highest ET levels were
recorded in most of the eastern and southern desert regions of the province. Furthermore, independent analysis
of the monitored stations highlighted the RF model's reliance on topography. The elevation variable emerged
as a crucial factor in systematically correcting model errors to enhance ET estimation accuracy. These findings
underscored the effectiveness of auxiliary variables in a non-linear model like the RF model for accurately
estimating complex and spatially variable characteristics such as ET. Notably, the model error (BIAS) of the
ERAS5-Land reanalysis dataset was rectified as a significant factor in determining model accuracy through the
RF algorithm. Unlike the RF model, ERA5-Land employs spatial interpolation, enhancing predictions by
incorporating covariates that directly impact ET, such as topographic variables.

Conclusion:

The results indicated that using RF model with different number of input variables to prepare ET map
and processing in R programming environment provides proper accuracy in ET estimation for arid and semi-
arid regions.

Keywords: Elevation, ERA5-Land, Random Forest Model (RF), Temperature.



