Evaluation of six methods to prediction of reference evapotranspiration based on air temperature in Khuzestan province
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Abstract: The reference evapotranspiration (ET0), is one of the important components of the hydrological cycle, which needs to be precisely estimated for optimal water resources management. The present study aim to evaluation of six different methods to predict reference crop evapotranspiration based on air temperature in 11 stations of Khuzestan province in Iran. For this reason, the monthly weather data of the study stations was used during the statistical period 1996-1996. The results of the methods were compared with the result of the FAO Penman – Monteith method (PMF-56) and in order to evaluate the performance of the methods, were used statistical indices of R2 and RMSE. The results showed that among the methods examined, Blaney and Criddle and Hargreaves and Samani methods had the best performance, having the highest coefficient of determination, were, on average 0.93 and 0.94 respectively, and the lowest Root Mean Square Error (RMSE), respectively, was 1.29 and 1.1 mm per day, on average, at study stations. 
[Zoratipour E, Soltani Mohammadi A. Evaluation of six methods to prediction of reference evapotranspiration based on air temperature in Khuzestan province. Researcher 2018;10(5):84-88]. ISSN 1553-9865 (print); ISSN 2163-8950 (online). http://www.sciencepub.net/researcher. 11. doi:10.7537/marsrsj100518.11.

Keywords: ET0; Air temperature; PMF-56; Khuzestan province

	Researcher 2018;10(5)    	     http://www.sciencepub.net/researcher






88
1. Introduction
 Evapotranspiration is the integrated process of evaporation and transpiration and is affected by meteorological variables, crop characteristics, and management practices, as well as environmental characteristics and in fact, the water evaporated from a reference surface, and was presented to quantify evaporative demand of the atmosphere, independent of the crop growth parameters and management practices (Pandey et al, 2016). Reference evapotranspiration (ETo) plays a key role in irrigation systems design, water management under irrigated and rainfed production. Developing irrigation systems efficiently using water, is essential to stabilize the production system (Djaman et al, 2015). Methods of lysimeters and soil water change (water balance) have been used to directly measure of ET. These methods, though often expensive and complicated, are effective means of validating and calibrating ET models (Mattar et al, 2016). According to the studies, experimental methods for estimating evapotranspiration are based on three types of temperature-based methods, radiation-based methods, and mass-transfer methods (Xu and SINGH, 2002). Several studies have been conducted on the calibration and evaluation of different models of reference evapotranspiration in Iran and other countries. Asong Tellen, (2017), The six methods of reference evapotranspiration (ETo), including: Papadakis (1966), Turc (1961), Blaney and Criddle (1950), Blaney and Criddle modified by Shih et al. (1977), Penman modified by Frere and Popov (1979) and Stephens and Stewart (1963) modified by Jansen and Haise, were compared with the FAO-56 Penman-Monteith formula using rain-fed grass data within the period of 15 years (1967 to 1982) in Yaounde. Ultimately, the Stephens and Stewart (1963) method had the best and closest result to the FAO-56 method. Almorox et al. (2015), By evaluating 11 methods of temperature based models to estimate ETo and PET at 4362 weather stations worldwide, Concluded that these methods have a high error rate and a relatively low correlation compared to the FAO-56 model in tropical weather. Valipour)2015( evaluated the temperature-based models, in comparison to the FAO-PMN model, using linear regression under different weather conditions in 31 provinces of Iran. The results showed that the Hargreaves-Samani modified model predicts evapotranspiration better than other models in most provinces of Iran. Tabari et al. (2011) valuated 31 reference evapotranspiration methods under humid conditions based on pan evaporation-based, temperature-based, radiation-based and mass transfer-based methods at Rasht station. According to the results, Blaney and Criddle, Hargreaves, Snyder and two Radiation methods have a best performance compared to the PMF-56 model. Xu and singh (2002), Investigates the estimation of potential evapotranspiration  using three methods based on temperature, radiation and mass transfer. The results indicate advantage of the blaney-Criddle models, Hargreaves, Makkink, PriestleyTaylor and Rohwer, compared to the PMF-56 model. Babamiri1and Dinpazhoh (2016) use of 20 different methods of estimating the reference evapotranspiration and evaluated ET0 based on three general categories of air temperature, solar radiation and mass transfer in monthly timescale at the Urmia Lake watershed. The aforementioned methods were compared with the results of the PMF-56 method. The results showed that hargreaves method was recognized as the best method among the methods based on air temperature. Nazari and kaviani (2016), investigated various experimental and combined methods of estimating reference crop evapotranspiration in Qazvin Plain. For this purpose, the data of the meteorological station and combined methods were used on a daily basis during the one-year period. By reference to the lysimetric data and evaporation pan, evaluate different equations. The results showed that the experimental method of Hargreaves-Sarmani of temperature group is the best method for estimating reference crop evapotranspiration in Qazvin Plain.
The aim of this research was to estimation reference evapotranspiration in 11 provinces of Khuzestan province in Iran, using the meteorological data of the studied stations and the use of six temperature-based models, In order to determine the best model under climatic conditions of each station and is based on a comparison with the FAO Penman Montieth reference method. 

2. Materials and Methods
Khuzestan province with an area of about 64057 km2, located in the southwest of Iran. In this study, climatic data (from 1996 to 2005) has been collected, related to eleven stations located in Khuzestan province in Iran. The location of the province and the stations studied are shown in Figure 1. Also table 1 provides the characteristics of the studied stations.
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Figure 1. Location of the area and stations studied in Khuzestan province

The data used in this study include maximum, minimum and average temperature, dew point temperature, average relative humidity, wind speed, number and maximum sunshine and precipitation, on a monthly scale, Which was received from the Office of the Meteorological Organization of Khuzestan province and used for the study of six experimental methods of estimating the reference crop evapotranspiration, including temperature-based models. The PMF-56 method as a reference method was used to compare the results to determine the best model for each station. In table 2 six methods are presented for estimating ET0, based on air temperature. 


Table 1. Specifications of studied stations located in Khuzestan province
		Station
	Altitude (m)
	latitude
	Longitude
	Statistical period

	
	 
	Degree
	Minutes
	Degree
	Minutes
	 

	 Abadan
	6.6
	30
	22
	48
	15
	1996-2005

	Ahvaz
	22.5
	31
	20
	48
	40
	1996-2005

	Omidieh
	34.9
	30
	46
	49
	39
	1996-2005

	Izeh
	767
	31
	51
	49
	52
	1996-2005

	Bostan
	7.8
	31
	43
	48
	0
	1996-2005

	BandarMahshahr
	6.2
	30
	33
	49
	9
	1996-2005

	Behbahan
	313
	30
	36
	50
	14
	1996-2005

	Dezful
	143
	32
	24
	48
	23
	1996-2005

	Ramhormoz
	150.5
	31
	16
	49
	36
	1996-2005

	Shushtar
	67
	32
	3
	48
	50
	1996-2005

	MasqedSoleiman
	320.5
	31
	56
	49
	17
	1996-2005


Table 2. Six methods chosen to estimate ETo based on air temperature and parameters associated with each model
	parameter
	Reference
	Formula
	Model

	T, 𝜑
	Thornthwaite (1948)
	ETo=

i =6.75
	Thornthwaite

	T, RH
	Schendel (1967)
	ETo=16
	Schendel

	T, u, Tmin, Tmax, RH, n, 𝜑
	Hargreaves and
Samani (1985)
	ETo=0.408
	Hargreaves and Samani

	T, n, RHmin, 𝜑, u
	Blaney and Criddle (1950)
	ETo=a+b [P (0.46
	Blaney and Criddle

	T, u, Tmin, Tmax, RH, n, 𝜑
	Trajkovic (2007)
	ETo=
	Trajkovic

	T, Td, Z,L
	Linacre ( 1977)
	ETo=
	Linacre ( 1977)




In Table 2, ET0 is the reference evapotranspiration in (mm / day) in all equations, except the thornthwaite equation, which is in (mm / mount).,  and , are the average monthly temperature, dew point temperature, maximum temperature and minimum temperature (oC),  average relative humidity (%),, extraterrestrial radiation (MJ/), Z, elevation of location (m), L is latitude by degrees, I, i, a, b, P, are experimental coefficients. The best model for the study station and the best performance of each of the models are determined using the statistical indices of the determination coefficient (R2) and the Root Mean Square Error (RMSE) and the best performance of each model at the station was determined and ranked based on the resulting values:


In the high statistical indices  and , the predicted values using each model and the value obtained by the PMF-56 method,  and  are the average of the predicted values using each model and the value obtained by the PMF-56 method and n is the total number of data. 

3. Results 
According to the results obtained from the comparison of different methods of evapotranspiration estimation, Blaney and Criddle and hargreaves and Samani methods, with the highest coefficient of determination, were recognized as the best method at all stations (with average 0.93 and 0.94 ) (Table 3). Based on the Root Mean Square Error (RMSE), also the best results are related to the Blaney and Criddle and Hargreaves and Samani methods, which is equivalent to 1.29 and 1.1 mm per day, respectively. According to the ranking of the statistical indices, the Blaney and Criddle and hargreaves and Samani methods, with the highest determination coefficient and the lowest RMSE is taken the best result. Then Trajkovic, Linacare, Thornthwaite, and Schendel will be ranked next. 
According to the results obtained from the calculation of the reference evapotranspiration) ET0) and the comparison with the PMF-56 method, Blaney and Criddle and Hargreaves and Samani methods, have a high accuracy in the ET0 estimation. According to the results, the results of this study are in agreement with the results of tabari et al. (2011) and Xu and Singh (2002).
Figure 2 was designed to determine the best model for each station in comparison with its error and based on temperature-based methods, Which indicates the advantage of Blaney and Criddle method, among the methods of temperature and at most stations, including Ahvaz, Shoshtar, Bostan, Mahshahr, Behbahan and Izeh cities. Then the Hargreaves and Samani method are ranked next in Dezful, Masjed Soleiman and Ramhormoz cities and then Linacare method in the cities of Omidieh and Abadan.
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Figure 2. The best models related to temperature-based methods at each station

T able 3. The best results of comparison of temperature methods at study stations 
	temperature methods
	
	Rating
	RMSE
	Rating
	Total ratings
	station

	Linacare
	0.93
	1
	1.86
	1
	2
	Abadan

	Blaney and Criddle
	0.98
	1
	0.67
	1
	2
	Ahvaz

	Linacare
	0.94
	1
	3.52
	2
	3
	Omidieh

	Blaney and Criddle
	0.96
	1
	0.71
	1
	2
	Izeh

	Blaney and Criddle
	0.96
	1
	0.74
	1
	2
	Bostan

	Blaney and Criddle
	0.90
	1
	1.22
	1
	2
	BandarMahshahr

	Blaney and Criddle
	0.90
	1
	3.21
	2
	3
	Behbahan

	Hargreaves and Samani
	0.96
	2
	0.65
	1
	3
	Dezful

	Hargreaves and Samani
	0.91
	2
	0.95
	1
	3
	Ramhormoz

	Blaney and Criddle
	0.92
	1
	1.19
	1
	2
	Shushtar

	Hargreaves and Samani
	0.97
	2
	1.71
	1
	3
	MasqedSoleiman





4. Discussions 
The results showed that among the methods based on temperature, Blaney and Criddle and Hargreaves and Samani methods, were recognized as the best methods with a determination coefficient of 0.93and 0.94. Based on the results of ranking, the Blaney and Criddle method, with the highest determination coefficient at most stations and with the lowest root mean squared error is the best result. 
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