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Abstract 

Evapotranspiration and evaporation measurements are important parameters for many agricultural activities such as water 

resource management and design of irrigation systems etc. From Food and Agriculture Organization, FAO-56 Irrigation and 

Drainage paper FAO Penman - Monteith method (FAO PMM) was selected as the sole standard method for the estimation of 

reference evapotranspiration (ETO). The objective of this paper was to evaluate seven pan models for prediction of KPan values 

and their comparison against the FAO PMM approach for Anakapalli station of Andhra Pradesh. Monthly mean reference 

evapotranspiration (ETO) was calculated according to the pan-ETO model and then compared with ETO calculated using FAO 

PMM. Performance evaluation of the KPan models in ETO estimation has been done using statistical parameters. The results 

from the analysis showed that for estimation of ETO, the most appropriate pan coefficient is calculated using the Snyder model 

for the study area, which give almost nearer estimates. 
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Evapotranspiration is one of the important components of the hydrologic cycle. It’s accurate estimate is essential for the 

hydrological water-balance, irrigation and water resources planning and management with the emphasis of management 

practices for optimal use of water as crop water requirement forms a vital role in the planning, design and operation of water 

resource systems.  

If lysimeter evapotranspiration data are not available then ETO can be computed from meteorological data. As a result of an 

Expert Consultation held in May 1990, the FAO Penman-Monteith method (FAO PMM) is now recommended as the sole 

standard method for the definition and computation of the reference evapotranspiration. The FAO Penman-Monteith method 

requires radiation, air temperature, air humidity and wind speed data. ETO can also be estimated from pan evaporation. Pans have 

proved their practical value and have been used successfully to estimate ETO by observing the water loss from the pan and using 

empirical coefficients to relate pan evaporation to ETO. Epan values were converted to ETO using the pan evaporation coefficient 

(Kpan). Because the pan evaporation technique is relatively simple and reliable, and Class A pan evaporation rates are widely 

available throughout the world Pan Evaporation method has been recommended even in developing countries. The link between 

ETO and pan evaporation is defined as the pan coefficient, Kpan, which varies according to the pan environment.  

The ratio of ETO to Class A pan evaporation, Epan defines the pan coefficient, Kpan, whose values range from 0.35 to 0.85. Kpan 

is essentially a correction factor that depends on the prevailing upwind fetch distance, average daily wind speed, and relative 

humidity conditions associated with the sitting of the evaporation pan. Reliable estimation of reference evapotranspiration (ETO) 

using pan evaporation (Epan) data depends on the accurate determination of pan coefficients (Kpan).   

Gundekar et al. (2008) determined the Kpan proposed by Cuenca (1989), Snyder (1992), Orang (1998), Raghuwanshi and 

Wallender (1998) and Pereira et al. (1995). Based on the visual comparison as well as from the statistical criteria, ETO computed 

from Snyder (1992) gave closer agreement with the FAO-PM method for daily, monthly and annual estimates as compared to 

other approaches. 

Ali – Akbar et al. (2009) worked on evaluation of Class A pan coefficient models for estimation of reference crop 

evapotranspiration in cold semi-arid and warm arid climates of Tabriz, Khoy, Yazd and Zahedansta stations. The results showed 

that the estimated pan coefficients are more accurate in cold semi-arid sites. It was found that Snyder (S92) and Orang (O98) pan 

models are the most appropriate models for estimation of KPan in warm arid regions. 
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II. METHODOLOGY 

 Location of the Study Area and Data 

Anakapalli station of Andhra Pradesh is considered for the present study. Pan evaporation data along with meteorological data, 

collected from IMD Pune have been used in the analysis.                

Table – 1 

Brief description of the study area along with the period of data used 

Station 
Longitude 

(0E) 

Latitude 

(0N) 

Altitude 

(M) 

Mean Relative 

Humidity (%) 

Mean 

Temperature 

(0C) 

Mean Daily 

Wind Speed 

(kmph) 

Mean Daily 

Sunshine Hours 

(hr) 

Data 

Period 

Anakapalli 83001’ 17038’ 25.0 71.9 27.9 4.6 7.1 
1977-

2001 

 FAO PMM and Pan Coefficient models 

The equation uses standard climatological records of solar radiation (sunshine), air temperature, humidity and wind speed. To 

ensure the integrity of computations, the weather measurements should be made at 2 m (or converted to that height) above an 

extensive surface of green grass, shading the ground and not short of water. 

ETO =
0.408 ∆ (Rn −  G) + γ  

900
T + 273

 U2(es − ea)

∆ +  γ (1 + 0.34U2)
                         (1) 

where Rn the net radiation at the crop surface (MJ m−2 day−1), G the soil heat flux density (MJ m−2 day−1), T is the mean 

daily air temperature at 2 m height (◦C), U2 the wind speed at 2 m height (m s−1), es the saturation vapor pressure (kPa), ea the 

actual vapor pressure (kPa), ( es - ea )= saturation vapour pressure deficit (kPa) , Δ the slope of the vapor pressure curve (kPa 

◦C−1) and γ is the psychrometric constant (kPa ◦C−1). 

Numerous studies (Jensen et al 1961: Pruitt 1966: Doorenbos and Pruitt 1977) have shown that a high correlation between Epan 

and ETO can be obtained when evaporation pans are properly maintained. In pan method, the following relationship is used: 

ETO = Kpan × Epan     (2) 

where ETO is the reference crop evapotranspiration (mm day−1), EPan the measured class A pan evaporation (mm day−1) and 

KPan the pan coefficient. Considering Equation (2), small error in prediction of KPan value may result in incorrect estimation of 

ETO value. Therefore, accurate prediction of KPan is essential for exact estimation of ETO value. 

In the recent decades, various researchers have suggested different equations for calculating Kpan values (Cuenca 1989; Allen 

& Pruitt 1991; Snyder 1992; Pereira et al. 1995; Orang 1998; Raghuwanshi & Wallender 1998; Snyder2008) and the same 

models are used in the present study for estimation of KPan.  

In these relationships U2 is the mean daily wind speed measured at 2 m height (km day−1), RH the mean daily relative 

humidity (%), F the upwind fetch distance of low-growing vegetation (m), Δ the slope of the vapor pressure curve (kPa ◦C−1) 

and γ is the psychrometric constant (kPa ◦C−1).  

 Statistical analysis 

To evaluate the performance of the KPan models in daily ETO estimates, using the class A pan method (Equation2), several 

performance criteria were used including coefficient of determination (R2), Root Mean Square Error (RMSE), Mean Absolute 

Error (MAE) and Mean Bias Error (MBE). The R2 measures the degree to which two variables are linearly related and should 

optimally be one. The RMSE, MAE and MBE are criteria of the residual standard deviation and should be as small as possible 

(optimally zero). 
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             R2  =  
[∑ (Xi−X̅)(Yi−Y̅)]2n

i=1

∑ (Xi−X̅)2 ∑ (Yi−Y̅)2n
i=1

n
i=1

                  (3)                                           

where Xi and Yi are the ith observed and estimated values, respectively; X̅and Y̅are the average of Xi and Yi, and n is the total 

numbers of data. 

RMSE = √
∑ (Xi−Yi)2n

i=1

n
                                     (4) 

MAE =  
∑ |Xi − Yi|

n
i=1

n
                                           (5) 

MBE =  
∑ (Xi − Yi)

n
i=1

n
                                           (6)  

where Xi and Yi are the ith observed and estimated values, respectively; X̅and Y̅are the average of Xi and Yi, and n is the total 

numbers of data. 

III. RESULTS AND DISCUSSION 

 Estimation of monthly pan coefficient (Kpan) 

Daily average relative humidity, average wind speed and fetch data is used to calculate daily pan coefficient (Kpan). For 

calculating the monthly average of pan coefficient at first the average of monthly ETO and monthly average of pan evaporation 

were calculated. Then, by dividing these two values the pan coefficient was obtained for PMM. For Kpan models this is obtained 

directly by averaging monthly values. The monthly Kpan values calculated using seven different pan models have been compared 

with FAO PMM values for the study area and are presented in Fig.1. 

It can be identified from Fig.1 that Snyder (1992) model is presenting closeness with that of FAO PMM values. The equation 

given by Snyder (1992) estimated near pan coefficient values followed by Allen & Pruitt for Anakapalli station though they are 

representing under estimated value    

 Performance Evaluation  

To evaluate the performance of KPan models in ETO estimates, using the class A pan method (Eq. 2), several performance criteria 

were used including coefficient of determination (R2), Root Mean Square Error (RMSE), Mean Absolute Error (MAE) and Mean 

Bias Error (MBE) and this was done by using the equations which are discussed in section 2.3. 
Table – 2 

Statistical analysis 

Station MODEL R2 RMSE MAE MBE 

Anakapalli 

C 0.993 0.925 0.704 0.401 

AP 0.991 0.887 0.664 0.256 

S 0.994 0.896 0.656 0.026 

MS 0.992 0.930 0.711 0.420 

P 0.989 0.951 0.713 0.357 

RW 0.992 0.941 0.722 0.444 

O 0.992 0.922 0.701 0.391 

Table 2 gives Statistical analysis for the comparison between daily ET0 estimated using different KPan models and calculated 

by FAO PMM for the study area.  

 
Fig. 1: Mean monthly Kpan calculated by PMM and using the Kpan models for Anakapalli Station. 
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Fig. 2: Comparison of ETO Calculated by PMM method and Kpan Models for Anakapalli Station. 

The relatively high values of R2 and least values of RMSE, MAE and MBE indicate that a strong correlation exists between 

FAO PMM and that particular pan model. Hence from Table 2, the model having least value of error fits as the best model which 

can be concluded as Snyder Model as this is giving the estimation of evapotranspiration with reasonable degree of accuracy in 

the regions considered for the present study. 

IV. CONCLUDING REMARKS 

This study was conducted to evaluate seven existing pan models, which are Cuenca, Allen–Pruitt, Snyder, Modified Snyder, 

Pereira, Raghuwanshi–Wallender and Orang Models. Using a 24 year class A pan daily evaporation data (EPan) for Anakapalli 

station of Andhra Pradesh and KPan values, calculation of reference evapotranspiration (ETO) was carried out. 

 Kpan values are calculated using pan models and are compared with Kpan values which obtained from the standard FAO 

Penman–Monteith Method. 

 The deduced ETO values by using pan models were compared to the corresponding ETO values which obtained from the 

standard Penman–Monteith Method. 

 KPan values, reference evapotranspiration (ETO) values of different models representing slightly lower results compared to 

PMM ETO.  

 Statistical analysis was done to know the performance of different models for the study area, which include R2, RMSE, 

MAE and MBE. 

 Based on the visual observation and also on performance evaluation criteria Snyder (1992) model can be best adopted. 
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