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Abstract— Estimation of evapotranspiration has always 

been regarded as an important phase of hydrological 

cycle in different areas. Besids, dominant of this 

phenomenon in some agriculture and civil domains such 

as determination of plants water need, designi water 

canals reveals and estimation of the main part of water 

loss in dams backside duplicated the importance of this 

phenomenon and its estimation. The precise Method in 

estimating evapotranspiration is using lysimetric data, 

but regarding the lack of this kind of data for regions, 

experimental equations have been accounted as common 

Method. in this research, 14 experimental Methods have 

been used in estimating the potential evapotranspiration 

of Qazvin. The main goal of this study after comparing 

the result of empirical equations with pan measured 

values is presentation of corrective equations using linear 

regression Method for all equation and evaluation of 

accuracy of these equations before and after revision. 

Based on the result of this study, Blaeny-Criddle Method 

in order to estimate the potential evapotranspiration of 

Qazvin in Oct, Jul and Jun, and Romanenko Method for 

Sep and Aug are suggested. Results of the corrective 

equations showed that using linear regression Method 

and presentation of corrective equations predominantly 

increase the accuracy of empirical equations. So that 

revised Thorenthwait Method with correlation coefficient 

of 0.988 (R2= 0.988) obtained as the best corrective 

equation and Jensen-Hais Method was specified as the 

study area. In addition, after revising this equation and 

obtained correlation coefficient of 0.868 (R2=0.868), 

salient decrease of error percentage in all evaluated 

months has been indicated. 
Keywords--Potential Evapotranspiration, Thorenthwait, 

Romanenko, Blaeny-Criddle, Corrective Equations, Qazvin. 

I. INTRODUCTION 

Evapotranspiration has major applications in agriculture 

and civil engineering e.g. runoff prediction, designing 

water canals, estimation of dams water loss, man-made 

lakes water loss and else. With a rainfall level less than 

one third of global average (Shakour et al, 2010) and a 

three time evapotranspiration compared to global 

average, the disadvantages of this phenomenon is evident 

more and more in Iran. According to data from Water 

Resources Organization of Iran, around 70% of the 

rainfall during 2012 is inaccessible due to 

evapotranspiration. Moreover, based on the researches 

conducted by Kazemi, et al (2014) in a 20 years time 

statistical period in Qazvin, the amount of potential 

evapotranspiration in the first 8 months of the year was 

announced as 4.9 times more than of the annually 

rainfall. Othman, et al (2006) in Fokuawa japan 

suggested that Thorenthwait result is very close to Fao-

penma-monteith Method. In a study conducted by chong-

xu et al (2001) in Canada on Rawson and Atikokan lakes 

comparing the empirical Methods result with pan data 

indicated the Blaeny-Criddle as the best Method of 

evapotranspiration estimation in the lakes. In addition 

revised equations of Blaeny-Criddle, Thorenthwait and 

Hargreavse-Samani Methods with high correlation 

coefficient towards pan data was suggested for 

estimation of evapotranspiration. In southern California, 

following a study on 4 empirical methods (Turc, 

Thorenthwait, Makkink, Blaeny-Criddle) and comparing 

them with Fao-Penman-Monteith as a source, Rao and 

Castaneda (2005) suggested Turc method as the best 

empirical relation, however, after equations were revised 

by linear regression and corrective equations of these 

relations were provided, results showed that following a 

revision, all four methods contained a high accuracy (R2≥ 

0.90). Kazemi et al (2014) in a similar and 

comprehensive research in 16 years time statistical 

period in Qazvin compared the result of 14 empirical 

Methods with pan data and concluded that Romanenko 

and Blaeny-Criddle Methods were the most appropriate 

ones for annually evapotranspiration computation in the 

study area. 

I. Materials and Methods  

A. Characteristics of the study area 

Airport station is located in Qazvin Plain at longitude 50 

degrees and 0.03 minutes east and latitude 36 degrees 15 

minutes north and height from sea level to 1279.2 meters. 

The average annual rainfall (1992-2012) of the station is 

323 mm and the amount of evapotranspiration potential 

in the first 8 months of the year (1992-2012) is 4.9 times 
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the amount of rainfall annually. The average number of 

frost days during the study period has been recorded 83 

days. The average maximum monthly temperature (1997-

2012) of August is 35.48 ° C and the average minimum 

monthly temperature (1997-2012) of February is -3.06° 

C. The highest average monthly evaporation (1997-

2012)recorded is in June with 312.09mm and average 

minimum monthly evaporation records (1997-2012) in 

the first eight months of the year is in November  with 

61.62 mm. 

B. Methods 

Estimation of evapotranspiration has always been 

important in hydrological cycle and using lysimeter is the 

most accurate Method in this estimation, however this 

Method is time-consuming and costly which is considred 

as its shortcomings. The most common Method for 

determining the best empirical equation in aspecific area 

is using lysimeteric data; however in the loss of this 

method Fao-pnman-montieth is suggested (Fao 56-1999). 

Since many of the empirical Methods compute the 

potential evapotranspiration and there is the lack of 

lysimetric data for all areas, comparing the empirical 

Methods output with pan data has been prevalent 

nowadays. In the first step of this study, by using 14 

empirical Methods evapotranspiration for the study area 

has been computed monthly, in second step, with 

comparing the output and pan data, the best empirical 

equation has been suggested for each month. In the third 

step, by obtaining the corrective equation and correlation 

coefficient for the equations the best corrective equation 

and their priorities for usage has been represented. In the 

fourth step, in order to determine the best Method, 

relative error obtained from the equation below: 

 

 
 

In this equation, Error is that of each method compared 

to pan data on percent basis, ETM is the amount of 

evaluative evapotranspiration using empirical methods 

on millimeter basis in a month and ETPAN is the potential 

evapotranspiration on millimeter in each month. Finally, 

corrective equations represented in linear regression. In 

table (І) regional parameter average in a 16 years times 

statistical period (1996-2012) for the study area is 

observable. 

 

TABLE I. Regional Parameter Average in 16 Years Times Statistical Period (1996-2012) For The Study 

Area 

  

 

II. Results and Discussion 

As it was mentioned before, in this study 14 empirical 

Methods was used for computing the evapotranspiration 

which follows as below: 

 

Penman-Fao, Jensen-Hais, Thorenthwait, Linecar, 

Romanenko, Priestly-Taylor, Turc, Hargreaves-Samani 

 

, Irmak 1, Irmak 2, Blaeny-Criddle, Fao-penman-

monteith, Makkink, Penman-monteith. 

Table (ІІ) shows the result of all these Method and 

measurement pan data in each month. 

 

TABLE II. Result of all these Method and 

measurement pan data 
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By using equation (1), relative error was calculated and it 

can be seen in table (III). By comparing the measured 

value in table (II) and relative error in table (III), the best 

monthly results can be obtained. The summary of these 

result were represented in fig 1 and in table (IV). 

 

 

 

TABLE III. Relative Error 

 

Apr May Jun Jul Aug Sep Oct Nov

pan 82.39 167.03 265.76 312.09 303.34 244.04 157.72 61.62

best result 91.05 147.46 259.45 295.22 283.64 244.04 158.84 62.40
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                                     Fig 1  Comparing the Results of the Best Monthly Methods and Pan Data 
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TABLE IV. Relative Error of the Best Monthly 

Empirical Method Compared With Pan Data 

 

 
 

According to table (IV), in Jun, Jul and Oct, Blaeny-

Criddle Method with 2.37, 5.41, 0.71 percent, showed the 

lowest error respectively and in Aug and Sep Romanenko 

method with 6.5 and 0 percent represent the best results. 

Moreover, in Apr, May and Nov with 10.51, 11.72 and 

1.27 percent, makkink, Hargreavse-Samani and penman-

monteith indicated the closest results comparing with 

measured values. 

A. Measurement of methods and providing corrective 

equations 

Results from all methods were compared with pan data in 

former sections. In order to find the relation between pan  

 

 

data and results from empirical methods studied, and 

provide corrective equations, linear regression is used: 

 

 
 

Where, Y is corrective amount of utilized Method, X is 

empirical methods outputs, m is slope of each diagram 

and c is the constant representing intercept for any 

corrective evaluation. 

Results from a linear regression analysis to evaluate 

relation among the amounts obtained by empirical 

methods and pan data are presented in fig 2. 

Additionally, in table (VI), corrective equations for all 

relations, correlation coefficients (R2) and finally, the 

priority to use corrective relations are provided. As 

indicated in table (V), using linear regression Method for 

evaluating the relationship between empirical Method s 

with pan data and obtaining corrective equations is an 

important Method for increasing the accuracy of 

empirical Methods. For example, according to table (III), 

Thorenthwait Method in its best monthly result showed 

50 percent error but after the revision of this equation 

with linear regression, revised Thorenthwait Method with 

correlation coefficient of 0.988 was changed in to the 

best equation for computing potential evapotranspiration 

in the area studied and it was also specified better than 

Methods such as Blaeny-Criddle and Romanenko. Table 

(VI) indicates of the corrective equations and table (VII) 

shows the error values of these equations. 
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Fig 1. Determination of Corrective Equations 

Regarding Empirical Method and Pan 

Fig 2.  

PF= Penman-Fao method; JH= Jensen-hais method; TW 

= Thornthwaite method; LR= Linacre method; RM= 

Romanenko method; PT= Priestly-Taylor method; TR= 

Turc method; HR= Hargreaves-Samani method; I1= 

Irmak 1 method; I2= Irmak2 method; BC= Blaeny-

Criddle method; FPM= Fao-penman-monteith method; 

MK= Makkink method; PM= Penman-monteith method. 

 

 

 

TABLE V. Presentation of corrective equations and correlation coefficients 
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TABLE VI. Result Of Corrective Equations 

 
 

TABLE VII. Error Of Corrective Equations 

 

 
 

Tables (VI) and (VII) indicate that using linear regression 

Method in obtaining corrective equation is an appropriate 

Method and increases the accuracy of empirical 

equations. For example, based on table (III), Jensen-Hais 

Method in Apr with 254.85 percent error, showed the 

worst result in comparing with other Methods, but after 

revising this equation, error value for this month reachs 

76.66 percent. Besides, after revision error value of this 

Method in Jul reaches less than 2 percent. 

Comparing table (III) and table (VII) indicate that after 

revision, accuracy of empirical equations does not 

increase in different months and even after revision 

decrease of the accuracy is observed, sometimes. For 

example, after Methods revision, Penman-Fao outputs in 

Apr, Nov indicate error increase compared with before 

revision and error decrease in other 6 months which 

proves the positive application of corrective equations in 

the most months. But in the case of Jensen-Hais and 

Thorenthwait Method, after revision no increase error 

was shown compared with before revision. In order to 

show the positive impact of equations revision better, by 

using linear regression Method of Jensen-Hais, 

Thorenthwait Method compared with pan measured 

values before and after revision are represented in fig 3, 

4. 
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Fig 3. Comparing Jensen-Hais Error Before and After Revision 

in Comparison with Pan Data in the First 8 Months of the 

Year 
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Fig 4. Comparing Thorenthwait Error Before and After 

Revision in Comparison with Pan Data in the First 8 

Months of the Year
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As indicated in fig 3, 4, after revision Thorenthwait and 

Jensen-Hais Method showed increase of accuracy compared 

with before revision in all evaluated months. 

In another analysis of this research, by using tables (VI) and 

(VII), the best corrective equations for each month can b 

determined. Table (VIII) represents these equations. 

TABLE VIII. The Best Corrective Equation 

For Each Month 

Month The Best 

Correction 

equations 

Percentage 

Error 

Apr Hargreavse-

Samani 

5.38 

May Thorenthwait -4.16 

Jun Blaeny-

Criddle 

1.00 

Jul Penman-

monteith 

-0.54 

Aug Thorenthwait 0.76 

Sep Blaeny-

Criddle 

-1.97 

Oct Thorenthwait -4.71 

Nov Hargreavse-

Samani 

2.65 

 

As indicated in table (VIII), in May, Aug, Oct, revised 

Thorenthwait Method has the lowest error with 4.16, 0.76 

and 4.71 percent respectively and in Jun and Sep,  

revised Blaeny-Criddle Method with 1.00 and 1.97 error 

percent indicated the best results compared with other 

corrective equations. Besides, in Apr and Nov, revised 

Hargreavse-samani Method with 5.38 and 2.65 error percent 

is the best revised Method and in Jul, revised penman-

monteith Method with 0.54 error percent is considered as 

the best result. 

III. Conclusion  

 In order to determine the best empirical equation in 

the loss of lysimetric data, Methods output is 

compared with pan data to compute the monthly 

potential evapotranspiration. 

 To compute potential evapotranspiration of 

Qazvin, Romanenko and Blaeny-Criddle Methods 

represented the best results so that with 0.0 and 

0.71 error percent for Sep and Oct respectively has 

the lowest monthly error compared with other 

Methods. 

 According to table (III), Blaeny-Criddle Method in 

Jun, Jul, Oct and Romanenko Method in Aug and 

Sep were suggested as the best Methods in 

computing monthly potential evapotranspiration. 

Besides, Makkink, Hargreavse-samani and 

penman-monteith Methods were suggested as the 

best Method in estimating potentially 

evapotranspiration in the area studied in Apr, May 

and Nov respectively. 

 Jensen-Hais Method was the least appropriate 

Method in computing monthly potential 

evapotranspiration and it is not suggested to use in 

Qazvin. However, after revision, this Method 

showed appropriate results in the most months so 

revised Jensen-Hais Method with low error percent 

can be used. 

 Revision of empirical equations through linear 

regression Method and obtaining corrective 

equations was considered an appropriate Method to 

increase the accuracy in all empirical Methods. 

 Revised Thorenthwait Method with correlation 

coefficient of 0.988 and revised Irmak Method 

with correlation coefficient of 0.743 was 

determined as the best and the worst Method for 

computing potential evapotranspirationof Qazvin 

respectively. 

 It is suggested to compute monthly 

evapotranspiration values utilizing corrective 

equations indicated in table (VIII). By using 

summation values calculated, annually potential 

evapotranspiration of the area studied was 

determined. 

 According to the results of the present study shown 

in tables (IV) and (VIII), it is suggested to estimate 

monthly evapotranspiration in Apr, May, Jul, Jun 

and Aug utilizing revised Hargreavse-samani, 

Thorenthwait, Blaeny-Criddle, penman-monteith 

Methods and in Sep, Oct and Nov utilizing 

unrevised empirical equation like Romanenko, 

Blaeny-Criddle and penman-monteith respectively. 
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