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ABSTRACT

Introduction

Climate change affects the rate of evapotranspiration, a vital element of the hydrological
cycle, through which more than two-thirds of the world's precipitation is lost.
Evapotranspiration and its accurate estimation are crucial for understanding the
hydrological water balance, rainfall-runoff modeling, water balance, irrigation
planning, agrometeorology, ecosystem modeling, water resources planning, and
management, especially in drylands, where access to water is a major challenge.
Evapotranspiration is also crucial for deficit irrigation planning and is highly influential
in determining the suitability of crops for cultivation in a specific climate and crop type.
However, since measuring it with the items mentioned above, such as a lysimeter, is
very time-consuming and expensive, traditional methods are more suitable for potential
evapotranspiration, the main goal of the present study is to evaluate actual
evapotranspiration using the ALARM method and to examine and predict it under SSP
scenarios in the future period in the Ahar Chay watershed area, which is considered one
of the important agricultural areas in the northwest region of the country. Also, in this
study, data obtained from remote sensing (ALARM) were used as basic data for
predicting the future using SSP scenarios and were examined for the first time in Iran,
which is considered an innovation of the present study.

Methodology

In this study, Landsat sensor images related to row 168 and pass 33 were
utilized.Earthexplorer.usgs.gov website. Ground data, including hourly minimum and
maximum temperatures, humidity, wind speed, dew point temperature, and solar
radiation, used in the ALARM algorithm and the Penman-Monteith FAO and Torrent-
White models, were obtained from the National Meteorological Organization.
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Results and Discussion

After preparing the desired images, the actual evapotranspiration values for the reference plant were first calculated
using the ALARM method and used as the reference evapotranspiration base data to predict the future period of Ahar
Chai based on the SSP1.2.6, SSP3.7.0, and SSP5.8.5 scenarios. Based on the results (given the coldness of the region
and thus, low evapotranspiration, as well as the need for cloud-free images to assess evapotranspiration with the
ALARM method, only images from the first half of the year were reviewed.), the highest actual evapotranspiration for
the reference plant was in July 2022, with a numerical value of 159.3 mm; the lowest was in April 2019, with a numerical
value of 69.7 mm. Also, in the Penman-Monteith and Hargreaves-Samani methods, the highest evapotranspiration rate
of the reference plant is in July 2022, with numerical values of 160.9 and 162.1 mm, respectively, and the lowest is in
April 2019, with numerical values of 71.3 and 71.2 mm, respectively. According to Figure 2, the southeastern regions
of the study area have higher evapotranspiration rates than other regions due to high vegetation cover and consequently
high humidity and river branches. To assess the simulations' accuracy based on the models in Table 6, we used the
RMSE and MSE indices. As can be seen, the RMSE and MSE values for evapotranspiration in all the models studied
were below 2.867, and the lowest RMSE and MSE values were for the ACCESS-CM2 model, with numerical values
of 0.198 and 0.165, respectively, in the SSP1.2.6 scenario, which indicates high simulation accuracy. It is also worth
noting that the models studied did not perform very well in evaluating the evapotranspiration parameter in the SSP5.8.5
scenario, and the RMSE and MSE values in all models were above 1, with the highest in the UKESM1-0-LL model,
with numerical values of 2.867 and 2.735, respectively.

Conclusions

Considering the importance of estimating evapotranspiration in agricultural studies and water resources management,
especially under climate change conditions, in this study, the ALARM method (base data) and UKESM1-0-LL, INM-
CM5-0, CanESM5, BCC-ESML, and ACCESS-CM2 models from the CMIP6 report were used to predict the amount
of evapotranspiration in the Ahar Chay watershed. Based on the results obtained, the highest actual evapotranspiration
for the reference plant was in July 2022 with a numerical value of 159.3 mm, and the lowest was in April 2019 with a
numerical value of 69.7 mm. Also, in the Penman-Monteith and Hargreaves-Samani methods, the highest
evapotranspiration rate of the reference plant was in July 2022 with numerical values of 160.9 and 162.1 mm, and the
lowest was in April 2019 with numerical values of 71.3 and 71.2 mm, respectively. Additionally, the southeastern
regions of the study area, due to the high vegetation cover and consequently the presence of high humidity and river
branches, have higher evapotranspiration rates than other regions. The results also showed that the ALARM method
has the highest correlation (R*20.915) and the lowest error rate RMSE 1.493 and MSE 1.232 mm) with the Penman-
Monteith method. The RMSE and MSE values for evapotranspiration in all the climate change models studied are below
2.867, and the lowest RMSE and MSE values are for the ACCESS-CM2 model with numerical values of 0.198 and
0.165, respectively, in the SSP1.2.6 scenario, which indicates high simulation accuracy. It is also worth noting that the
models studied did not perform very well in evaluating the evapotranspiration parameter in the SSP5.8.5 scenario, and
the RMSE and MSE values in all models are above 1, with the highest in the UKESM1-0-LL model with numerical
values of 2.867 and 2.735, respectively.
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Table (2): Correction coefficient related to the Torrent-White method for the study area
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Figure (2): Actual evapotranspiration distribution of the reference plant based on ALARM
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Table (3): Reference plant evapotranspiration values (Millimeters) based on Penman-Monteith (P), Hargreaves-Samani (HS) and
ALARM (A) methods
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Table (4): Comparison of R? correlation and RMSE error of actual evapotranspiration values of the reference plant based on the
methods under study
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Table (5): Selection of the best model among the models with the highest coefficient of determination (R?) with evapotranspiration of
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Figure (3): Average evapotranspiration variable of Ahar Chay catchment based on the observed and predicted period based on
UKESM1-0-LL and INM-CM5-0 scenarios
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Figure (4): Average evapotranspiration variable of Ahar Chay catchment based on the observed period and predicted based on BCC-
ESM1 and CanESMS5 scenarios
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Figure (5): Average evapotranspiration variable of the Ahar Chay watershed based on the observed and predicted period based on
ACCESS-CM2 scenarios
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Table (6): Comparison of RMSE and MSE values for the actual mean evapotranspiration values based on the scenarios studied
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Figure (6): NDSI and SI, indices in 2024
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Table (7): Average area of saline lands from 2013 to 2024 in the study area based on the NDSI and SI, indices (Hectares
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