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Extended Abstract

Introduction: Evapotranspiration is one of the most important components of the hydrological cycle.
However, due to its complexity, it is difficult to estimate as it can be influenced by numerous factors.
Estimating evapotranspiration is crucial for studies such as water resources management and global climate
change. In this research, due to the high importance of evapotranspiration estimation, modeling and
forecasting of evapotranspiration values in the city of Aleshtar and the selection of the most suitable model
were addressed.

Materials and methods: In this study, evapotranspiration was simulated using the Blaney-Criddle and
Thornthwaite methods, as well as Facebook's Prophet model. Facebook's Prophet model is available in both
R and Python programming languages. In the Facebook's Prophet model, the evaporation trend is determined
on a weekly, seasonal, and annual basis. For this purpose, the data used in this study were obtained from the
Aleshtar weather station for the statistical period of 2017-2023. Initially, the trend of evapotranspiration was
investigated using the Mann-Kendall test. Subsequently, the Blaney-Criddle, Thornthwaite, and Facebook's
Prophet models were run using the average temperature. Finally, evaluation criteria were used to assess the
performance of the models and determine the most suitable one. These criteria included the root mean square
error (RMSE), mean absolute error (MAE), coefficient of determination (R2), Nash-Sutcliffe efficiency
(NSE), Pearson correlation coefficient (Pearson's r), and Willmott's index of agreement (d).

Results and Discussion: Analysis of the time series of precipitation, mean temperature, and mean relative
humidity data in relation to evapotranspiration revealed that despite fluctuations in the time series of these
factors, there was an increasing trend in mean temperature and mean precipitation; and the evapotranspiration
data exhibited an upward trend, indicating an increase in evapotranspiration over the study period. Model
performance evaluation results showed that Facebook's Prophet model performed best with the lowest root
mean square error (RMSE=1.33), mean absolute error (MAE=0.79), highest coefficient of determination
(R2=0.88), Nash-Sutcliffe efficiency (NSE=0.88), Willmott's index of agreement (d=0.967), and Pearson
correlation coefficient (Pearson's r = 0.939) compared to other models. The results showed that the mean
actual evapotranspiration, as well as the simulated evapotranspiration using the Blaney-Criddle,
Thornthwaite, and Facebook's Prophet model methods during the statistical period were 4.06, 5.28, 5.26, and
4.11 mm, respectively. Facebook's Prophet model provided the closest simulation of evapotranspiration
compared to the observed values. The Mann-Kendall test confirmed an increasing trend in the data,
suggesting a rise in evapotranspiration over the statistical period. Additionally, it was observed that the time
series data for the Blaney-Criddle method and Facebook's Prophet model exhibited a relatively regular trend,
while the Thornthwaite method showed an irregular trend in evapotranspiration data over time. According to
the Facebook's Prophet model, evapotranspiration reached its peak during the dry months, from early July to
early October, and was at its lowest during the cold months of January, February, and March. Additionally,
a weekly analysis revealed that the highest and lowest evaporation and transpiration rates occurred on
Tuesday and Fridays, respectively. Based on the research findings, the performance of the Blaney-Criddle
and Thornthwaite methods is very similar.

Conclusion: Based on the results, it can be concluded that due to the suitable accuracy of the Facebook's
Prophet model in predicting evapotranspiration, this model can be used in future studies as well. Additionally,
based on the results, the one-year forecast trend indicated that the increase in evapotranspiration in Aleshtar
County will continue. Therefore, careful planning is necessary to mitigate evapotranspiration. The findings
of this research can also be applied to optimize water management strategies.
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