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Globally, systems have been developed that provide users with this information in a
location-based manner. In this study, using the database of the country's water
requirement system, the evapotranspiration rates of the reference plant were evaluated
using meteorological data at Karaj station as a combination regression function. In this
study, using SPSS software, the values of different curves based on the parameters of
relative humidity, temperature and sunshine were calibrated. The results showed that there
is a significant relationship between transpiration evaporation and parameters of relative
humidity, temperature, and sunshine. Therefore, two combined and multivariate
regression models were calibrated using 7300 data of Karaj station and for evaluation
using 15432 data in Alborz province. The evaluation results showed that the combined
regression model with normal error of 29% and root mean square error index of about 0.5
mm, agreement index of 0.98 and efficiency index of model 0.94 had better performance.
Therefore, this method can be used to determine the reference evapotranspiration in the
stations of IRAN.

1. Introduction

Evapotranspiration is one of the main components of the hydrological cycle and its correct
determination is of great importance for many studies such as hydrological balance of water, design and
management of irrigation systems, crop performance and management of water resources. Nonlinear
properties, inherent uncertainty and the need for diverse climatic information and the high cost of this
information in estimating evapotranspiration have been the reasons that have led researchers to turn to
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data mining methods such as decision trees and regression methods. Accurate estimation of
evapotranspiration plays an important role in meeting the water needs of plants, especially in semi-arid
regions. Regression studies that can be based on the FAO-Penman-Monteith method to estimate the
amount of evaporation and transpiration of the reference plant with climatic factors will be very helpful
(Tafteh et al., 2013). The results of the implementation of these models indicate that there is a strong
relationship between ETo resulting from multivariate regression and climatic factors. Standard
regression equations indicate that the share of wind speed and maximum temperature variables in the
rate of annual and seasonal evapotranspiration is more than other climatic factors. Comparison of annual
and seasonal co-evaporation maps of the Central Plateau catchment has shown that there is a close and
acceptable relationship between the FAO-Penman-Monteith method and the regression model (behzadi
karimi and Mazidi, 2020). According to what was studied, the results show that multivariate and
combined regression models have a high capability in the analysis of reference evapotranspiration.

2. Materials and Methods

In this study, using the database of the country's water requirement system, the evapotranspiration rates
of the reference plant were evaluated using meteorological data at Karaj station as a combination
regression function. In this study, using SPSS software, the values of different curves based on the
parameters of relative humidity, temperature, wind speed and sunshine were calibrated. The results
showed that there is a significant relationship between transpiration evaporation and parameters of
relative humidity, temperature, and sunshine. Therefore, two combined and multivariate regression
models were calibrated using 7300 data of Karaj station and for evaluation using 15432 data in Alborz
province.

3. Results

The results show that most reference evapotranspiration occurs daily on 16 to 20 July, which is
equivalent to 20 June to 20 July each year. The lowest values of transpiration evaporation occurred in
1390 and the highest values occurred in 1399. The mean daily transpiration evaporation is 3.7 mm and
the statistical average is 3.5 mm. The value of statistical variance is 4.3 mm and the maximum value is
recorded in the 20-year period as 9.08 and the minimum as 0.33. The highest frequency of data is in the
range of 0 to 2 mm and the lowest frequency is related to the evaporation of reference transpiration
above 8 mm. The average annual transpiration evaporation at Karaj station was 1353 mm, which is in
comparison with 1307 mm of Alborz Meteorological Organization (Ebrahimipak et al., 2018). The
results show that both regression methods have high agreement and their agreement index value is about
0.97 and Hargreaves method has an agreement of 0.89 which has less agreement compared to the two
regression models.

4.  Discussion and Conclusion

The normal error value of the hybrid method is 17% and the multivariate method is 19% and the
Hargreaves method is 35%. et al. 1991). Also, the efficiency coefficient of the model in the combined
method is 0.89 and in the multivariate method is 0.87 and, in the Hargreaves, method is 0.62. Hence,
the use of the combined method increases the accuracy of the work. Regarding the error of deviation
from the mean, the combined method has a low fit of 0.01 mm, but the multivariate method shows a
low estimate of 0.09 mm and R.S. Hargreaves 0.42 mm. Overall, with a general review of these results,
it can be concluded that the combined regression method has priority over the multivariate regression
method and Hargreaves in determining the reference transpiration evaporation, which is consistent with
the report presented by Sriram and Rashmi, 2014.The evaluation results showed that the combined
regression model with normal error of 29% and root mean square error index of about 0.5 mm,
agreement index of 0.98 and efficiency index of model 0.94 had better performance. Therefore, this
method can be used to determine the reference evapotranspiration in the stations of IRAN Subject to
reassessment.
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Investigating the Performance of Regression Equations Methods
in Determining Reference Evapotranspiration and Comparison
with Hargreaves Method in Alborz Province

Arash Tafteh'*, niazali Ebrahimipak? ,Seyed Narges Hosseini®

Abstract:

Determination of reference evapotranspiration is the basis of all calculations of water requirement and
is considered as the main foundation in determining water requirement, therefore, proper estimation of
reference evapotranspiration is of great importance. Globally, systems have been developed that provide
users with this information in a location-based manner. In this study, using the database of the country's
water requirement system, the evapotranspiration rates of the reference plant were evaluated using
meteorological data at Karaj station as a combination regression function. In this study, using SPSS
software, the values of different curves based on the parameters of relative humidity, temperature and
sunshine were calibrated. The results showed that there is a significant relationship between
transpiration evaporation and parameters of relative humidity, temperature, and sunshine. Therefore,
two combined and multivariate regression models were calibrated using 7300 data of Karaj station and
for evaluation using 15432 data in Alborz province. The evaluation results showed that the combined
regression model with normal error of 29% and root mean square error index of about 0.5 mm,
agreement index of 0.98 and efficiency index of model 0.94 had better performance. Therefore, this
method can be used to determine the reference evapotranspiration in the stations of IRAN.

Keywords: Evaporation, Grass plant, Regression model, Transpiration.
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