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Article Info ABSTRACT

As the global demand for water resources increases, the reduction in water loss, including
Evapotranspiration, becomes more obvious. Although many models have been developed to
predict evapotranspiration, no universally accepted model for all climate regions has been
established. Several soft computational models have been created to circumvent the constraints
of empirical models and accurately predict ET. Soft computing models typically require less
Received: Oct. 29, 2024 data and are applicable across various climatic zones. This study aimed to analyze how well

L two Random Forest models and Multiple Linear Regression could predict ETo in the Ardabil
Revised: Dec. 5, 2024 plain region. Meteorological data from the Iranian Meteorological Organization were used to
Accepted: Dec. 25, 2024 calculate the reference evapotranspiration from 2014 to 2016. In constructing the model, data
from 4 meteorological stations were combined to generate a random time series, while the fifth
station was reserved for evaluating the models. The assessment metrics used comprised
RMSE, R2, and NSE. The RF model achieved higher accuracy with R2, NSE, and RMSE
values of 0.74, 0.743, and 8.20 mm, respectively, compared to the MLR model. The results
h . demonstrate that random forest models are reliable tools for forecasting ETo with minimal
Machine Learning, ) climate data. In general, using the results of this study and other similar research, we conclude
Multiple Linear Regression, that RF and MLR models simulate potential evapotranspiration with acceptable accuracy but

Random Forest, . are sensitive to the number of input parameters.
Reference Evapotranspiration.
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EXTENDED ABSTRACT

Introduction

Water is necessary for environmental protection and meeting various human needs. Water is used for
agricultural, domestic, energy generation, recreational, and industrial purposes (directly) and irrigation of
green areas (indirectly). Furthermore, proper ET assessment is critical for controlling agricultural water
requirements, monitoring and efficiently using water supplies, and forecasting droughts or similar situations.
Despite using multiple empirical models for ET prediction, no consensus exists on the suitability of applying
all the proposed models across diverse climate zones. Various soft computing models have been developed to
overcome the restrictions associated with empirical models and appropriately estimate ET.

Method and Materials

The measurements were conducted in the Ardabil Plain region and its surrounding basin. In this research,
model inputs, which included meteorological data, were sourced from the Iranian Meteorological
Organization’s website between 2006 and 2023. The output and target parameters, which included reference
evapotranspiration data, were computed every 10 days (first, second, and third decade of each month) using
the FAO Penman-Monteith method (FAO56). This research uses two models, multiple linear regression and
random forest, to estimate reference evapotranspiration in the Ardabil plain. In this research, the primary
approach was to assess the precision of the random forest model in estimating reference evapotranspiration
using observational data, which was initially compared in the correlation analysis of 14 meteorological
parameters with reference evapotranspiration data. By examining the correlations between the primary
parameters, the parameters that displayed a very low correlation with the reference evapotranspiration were
removed from the input data list. Finally, the models and the remaining meteorological data with a mixed-
random time series were used to compute the reference evapotranspiration. Evaluation statistics such as the
Nash-Sutcliffe efficiency coefficient (NSE), R2, and mean square error were used in this study.

Results

From 2006 to 2023, meteorological data were first calculated at five meteorological stations: Nair, Sarein,
Ardabil, Ardabil Airport, and Nemin. Using data from four meteorological stations—Nair, Sarein, Ardabil,
and Ardabil Airport—a model was developed to understand and establish a relationship between input
parameters and reference evaporation and transpiration during the statistical period. Finally, the models were
evaluated using data from the Namin station, which had the shortest statistical period and the least complete
data among the stations. The final input characteristics were the minimum, maximum, and average
temperatures, evaporation, maximum wind direction, daily daylight hours, and soil temperature. A random
mix of data from four stations that created a time series with a period of 1600 units was used to train or construct
the models in the first stage. The obtained Namin station was then used to evaluate the final model.

The RF model was more accurate in calculating the reference evapotranspiration from the same data,
according to the obtained R2, NSE, and RMSE values. The present study also demonstrated that, when
considering accuracy and stability, hybrid learning models, such as random forest and random tree models,
can be reliable machine learning models for predicting ETo using limited climate datasets for different climatic
zones of the Ardabil Plain.

Conclusions

Although using all seven parameters produced the best results, the results showed that the parameters of
soil temperature, maximum temperature, average temperature, minimum temperature, wind speed direction,
hours of radiation, and evaporation made up the best-suggested combination. Temperature parameters are more
important when estimating reference evapotranspiration using the Penman-Monteith technique, according to
the constant coefficients obtained from the MLR model at the model's input. Additionally, the RF model
outperformed the MLR model regarding prediction accuracy among the models included in the study.
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