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Abstract. Research from all around the world shows us that the best method 

for estimating evapotranspiration is the FAO Penman-Monteith modified 

equation. This indirect method takes into account a variety of climatic 

parameters: air temperature, relative humidity, wind speed, rainfall and solar 

radiation. If there is no access to climate data needed to implement the FAO 

equation, pan evaporation data is used to estimate reference 

evapotranspiration. Therefore, the objectives of this study were to calculate 

the pan coefficient using different equations and to estimate the reference 

evapotranspiration by using pan evaporation data and the pan coefficient 

(Ep×Kp).  The results obtained in this manner were compared with the 

reference evapotranspiration calculated using the FAO-Penman-Monteith 

modified equation. Thus, the reference evapotranspiration, calculated with 

different equations for determining the pan coefficient, usually offers 

underestimated values. The best method, presenting the smallest errors, was 

Ep×Kp, determined with the Snyder equation.  

 

Keywords: evapotranspiration, evaporation, FAO Penman-Monteith, pan 

coefficient. 

 

 

 1. Introduction 

 Evaporation and evapotranspiration are fundamental components of 



 66 

the water cycle and water balance. Studying them allows us to gain a better 

knowledge and understanding of the mechanisms that guide the circuit of 

water in nature and its associated processes. Although evaporation and 

evapotranspiration are influenced by the same climatic factors - air 

temperature, relative humidity, wind speed, rainfall, solar radiation, they 

behave differently in areas covered by water or vegetation.  

 The evaporation rate is easily obtained by using different pans (GGI-

3000, Class A or Colorado), measuring the decrease in water depth over a 

determined period of time. Due to the difficulty of measuring it directly, 

evapotranspiration is often estimated by indirect methods, taking into 

account a variety of climatic and energy parameters, e.g.: the Thornthwaite, 

Penman, Turc methods (Stan & Neculau 2014). Research from all around 

the world shows us that evapotranspiration data obtained by applying the 

modified equation of FAO Penman–Monteith (ET0 FAO-PM), which uses a 

comparison of lysimetric data, is much better than other estimation methods 

(Doorenbos  & Pruitt 1977; Smith et al. 1992; Allen et al. 1998; Stan et al. 

2015; Stăncălie et al. 2010). When climate data is not available for 

implementing the FAO equation, pan evaporation (Ep) data is used to 

estimate reference evapotranspiration, because of its simplicity and ease of 

data interpretation (Snyder et al. 2005; Aschonitis et al. 2012; Modaberi et 

al. 2014).  

 In Romania, evaporation is currently measured at 55 stations: 11 

evapometric stations on lakes, 41 on land and 3 experimental ones (Figure 

1). Evapotranspiration is measured directly with lysimeters only at the 

experimental stations: Căldăruşani (in the plains, 68 m in altitude), Voineşti 

(in a hilly area, 409 m in altitude) and Poiana Braşov (in the mountains at an 

altitude of 936 m). The objective of this study is to estimate the reference 

evapotranspiration using the pan evaporation method, and to compare the 

results with those obtained using the equation of FAO Penman–Monteith.  

 

 

 2. Methodology and data 

 

 2.1. Pan evaporation and Pan coefficient Equations 

 

 Pan evaporation is related to reference evapotranspiration by an 

empirically derived pan coefficient (Allen et al. 1998): 

                                        𝐸𝑇0 = 𝐾𝑝 × 𝐸𝑝𝑎𝑛                                              (1) 

where:  

ET0 – reference evapotranspiration (mm/day);  

Kp – pan coefficient,  

Epan – pan evaporation (mm/day).  
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Figure 1: Location of evapometric stations in Romania, source: National Institute of 

Hydrology and Water Management. 

   

 The values of the pan coefficient (Kp) depend on the type of pans 

used in measurements, but, more importantly, the Kp values depend on 

fetch, relative humidity and wind speed. Using these characteristics, Allen 

and Pruitt (1991) published the general values of Kp (Table 1), based on the 

existing table published in 1977 by Doorenbos and Pruitt. 

 
Table 1. Kp values from Allen and Pruitt (1991). 

Relative 

humidity 
(%) 

Wind speed 

(km/ day) 

Fetch (m) 

100 1 10 1,000 

30 84 0.74 0.55 0.66 0.77 

30 260 0.66 0.50 0.60 0.70 

30 465 0.58 0.45 0.52 0.62 

30 700 0.50 0.40 0.45 0.55 

57 84 0.81 0.64 0.75 0.83 

57 260 0.73 0.58 0.68 0.77 

57 465 0.66 0.52 0.60 0.70 

57 700 0.59 0.45 0.53 0.63 

84 84 0.85 0.73 0.82 0.87 

84 260 0.78 0.65 0.75 0.81 

84 465 0.71 0.59 0.67 0.75 

84 700 0.65 0.52 0.61 0.68 

  

 After reviewing the scientific literature on the subject, we discovered 

that the values of Kp are proportional to relative humidity and inversely 

proportional to wind speed, and these values cover a range between 0.3 and 



 68 

1.1 (Aschonitis et al., 2012). The above-mentioned equations were used in 

this study for estimating Kp: 

Allen and Pruitt, 1991 (Pradhan et al. 2013)                                                (2) 
𝐾𝑝 = 0.108 − 0.02861𝑈 + 0.0422 ln(𝐹) + 0.1434 ln(𝑅𝐻)

− 0.000631[ln(𝐹)]2 ln[𝑅𝐻] 
Cuenca, 1989 (Snyder et al. 2005)                                                               (3) 

𝐾𝑝 = 0.475 − 0.00024𝑈 + 0.00516𝑅𝐻 + 0.00118𝐹 − 1.6 × 10−5[𝑅𝐻]2 − 1.01

× 10−6𝐹2 − 0.8 × 10−8𝑅𝐻 ∙ 𝑈 − 1.0 × 10−8𝑅𝐻2𝐹 
Snyder, 1992 (Snyder et al. 2005)                                                                (4) 

𝐾𝑝 = 0.482 − 0.024 𝑙𝑛(𝐹) − 0.000376𝑈 + 0.0045 

Organ, 1998 and Grismer et al., 2002 (Snyder et al. 2005)                         (5) 
𝐾𝑝 = 0.512062 − 0.000321𝑈 + 0.002889𝑅𝐻 + 0.031886 𝑙𝑛(𝐹)

− 0.000107𝐻𝑙𝑛(𝐹) 
where:  

U - the wind speed at 2 m above the ground (km/day for equations 3, 4, 5 

and m/s for equation 2);  

F - distance field/area cultivated or uncultivated land around the basin to a 

barrier against the wind (m), it may take from 1 to 1000 m;  

RH - relative humidity (%). 

 

 

 2.2. Estimation of the Reference Evapotranspiration FAO-56  

 Penman-Monteith 

 

 Calculating the ET0 using FAO-Penman-Monteith equation requires 

measured data for several parameters: maximum and minimum air 

temperature, relative humidity, sunshine duration and wind speed (Allen et 

al. 1998): 

                        𝐸𝑇0 =
0.408Δ(𝑅𝑛−𝐺)+𝛾

900

𝑇+273
𝑈(𝑒𝑠−𝑒𝑎)

Δ+𝛾(1+0.34𝑈)
                          (6) 

 

where:  

ET0– reference evapotranspiration (mm/day);  

Rn – the net radiation at the crop surface (MJ/m2/day); 

G – soil heat flux density (MJ/m2/day); 

T – mean daily represents air temperature at 2 m height (°C);  

U –  wind speed at 2 m height (m/s);  

es – saturation vapour pressure (kPa);  

ea – actual vapour pressure (kPa);  

(es–ea) – saturation vapour pressure deficit (kPa);  

Δ – the slope vapour pressure curve (kPa/°C);  

γ – psychometric constant (kPa/°C). 
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 2.3. Study Site and Measurements 

 

 Hourly meteorological data on air temperature, relative humidity, 

solar radiation, and wind speed obtained at the evapometric stations 

Căldăruşani, Voineşti and Poiana Braşov, covering the summer season 

(April to November), for the years 2013 and 2014, were used for estimating 

the ET0. The mean monthly values of meteorological data for the years 2013 

and 2014 are presented in Table 2.  

 Additionally, for 2013 and 2014, daily evaporation measurements 

were collected using the GGI-3000 pan evaporimeter. The series of climatic 

data used in this study belong to the National Institute of Hydrology and 

Water Management (Romania). 

 
Table 2. Mean monthly values of the meteorological parameters during the period April-

November for 2013-2014*. 

Evapometric 

station 
Parameters April May June July August September October November 

Căldăruşani 

Tair 12.8 18.0 21.1 23.4 24.6 17.7 11.2 6.5 

UR 82 79 79 74 66 73 85 91 

W 1.0 0.6 0.4 0.5 0.6 0.7 0.8 0.7 

SD 205 293 253 310 325 238 143 70 

Voineşti 

Tair 10.9 15.2 18.4 20.2 20.6 14.2 9.9 5.7 

UR 73 88 80 75 79 78 85 85.0 

W 0.8 1.1 0.6 0.6 0.4 0.7 0.3 0.3 

SD 167 255 196 257 295 221 158 100 

Poiana 

Braşov 

Tair 7.5 12.1 14.6 16.5 17.5 11.2 7.6 4.1 

UR 79 79 82 76 79 80 75 84 

W 0.7 0.8 0.6 0.7 0.7 0.8 0.5 0.5 

SD 112 192 152 209 204 115 122 68 

 

*) Tair – air temperature (°C); UR – relative humidity (%); W – wind speed (m/s); 

DS – sunshine duration (hours). 

 

 

3. Results 

 

3.1. Evaluation of Ep and ET0 FAO-PM 

 

 The Ep measured for the years 2013 and 2014 at Căldăruşani, 

Voineşti and Poiana Braşov are similar to normal values for the regions 

where these stations are located. Thus, for a low lying, plain area, Ep is 700 

mm/year, in an area of hills and plateaus, Ep is 550 mm/year and in the 

mountains, Ep is less than 400 mm/year. ET0 was estimated using the FAO-

Penman Monteith method, calculated for daily time-step. The highest values 

of ET0 are recorded in summer, when daily values reach 4.5 mm/day (at 

Căldăruşani). Comparing the values of Ep and ET0, FAO-PM notice that in 
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Spring ET0 is greater than Ep, while in Summer and Autumn Ep exceeds 

ET0 by 1 - 2 mm/day (Figure 2). 

 

 
Figure 2. Daily values of Ep and ET0 for 2014 year to Căldăruşani 

 

 3.2. Determination of Kp and Ep×Kp  

 

 The Kp coefficients, resulting from the equations of Snyder, Cuenca, 

Organ and Allen for the total period between April and November, were 

between 0.92 and 0.40 (Table 3). Kp values increase with altitude, with the 

highest recorded at Caldarusani (in the plains, 68 m altitude) and the lowest 

at Poiana Brasov (in the mountains, at an altitude of 936 m). The Snyder 

equation indicated the best adaptation to the FAO-Penman Monteith method 

compared to the other equations and it is adequate for the estimation of ET0 

in Romania at different altitudes and climate conditions. 

 

Table 3. Mean monthly values of the observed Kp (ET0/Ep) and mean monthly values 

using different Kp equations 
Month April May June July August September October November 

Căldăruşani 

Et0/Ep 1.47 1.19 1.30 1.14 0.88 0.80 0.84 0.71 

Snyder 0.87 0.86 0.87 0.85 0.81 0.84 0.89 0.92 

Cuenca 0.82 0.83 0.83 0.82 0.80 0.82 0.84 0.85 

Organ 0.77 0.77 0.78 0.76 0.74 0.75 0.78 0.80 

Allen 0.46 0.46 0.46 0.45 0.45 0.45 0.46 0.47 

Voineşti 

Et0/Ep 1.24 1.26 1.14 1.09 1.07 1.02 0.86   

Snyder 0.83 0.89 0.87 0.85 0.87 0.85 0.90   

Cuenca 0.85 0.88 0.87 0.86 0.87 0.87 0.89   

Organ 0.75 0.78 0.77 0.76 0.77 0.76 0.80   

Allen 0.44 0.45 0.45 0.45 0.45 0.45 0.46   

Poiana 

Braşov 

Et0/Ep 1.61 1.21 1.44 1.21 1.05 0.91     

Snyder 0.84 0.84 0.85 0.82 0.84 0.84     

Cuenca 0.78 0.78 0.79 0.77 0.78 0.78     

Organ 0.74 0.74 0.75 0.73 0.75 0.74     

Allen 0.40 0.40 0.41 0.40 0.40 0.40     



 71 

 The Kp equations were applied at monthly time-scale in order to 

estimate reference evapotranspiration (Ep×Kp). The results thus obtained 

(Ep×Kp) were compared with ET0 values calculated by using the FAO-

Penman Monteith equation. Based on the correlations performed, it was 

observed that all equations used to determine Kp generate good values, 

similar to the ET0 FAO-PM, and the R coefficients presented values above 

0.87 (Figure 3). A strong correlation (> 0.90) has been identified between 

Ep×Kp, calculated with the Snyder equation, and ET0 FAO-Penman-

Monteith.  

 Due to the good results of the Snyder equation, the daily reference 

evapotranspiration was determined using these Kp. The results showed an 

underestimation of the calculated Ep×Kp (with Snyder) compared to ETo 

FAO-PM. The correlation between Ep×Kp (Snyder) and ET0 FAO-PM is 

direct and the R coefficient ranges from 0.65 to 0.75 (Figure 4); at a lower 

altitude, the correlation is stronger, while at higher altitudes wind speed 

shows significant oscillations and,  therefore, the Ep×Kp can lead to errors. 

The daily differences between those two parameters did not exceed 1.0 

mm/day, meaning less than 30.0 mm at monthly level. 

 

 
(a) 

 
(b) 

 

 
(c) 

 
(d) 

Figure 3. Plots of correlation between ETo values of Allen (a), Organ (b), Cuenca (c) and 

Snyder (d) approach and ET0 values of FAO-Penman-Monteith (2013-2014 years, 

Căldăruşani) 
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(a) 

 
(b) 

 

 
(c) 

Figure 4. Plots of reference evapotranspiration versus pan evaporation and pan coefficient 

using Snyder Kp equation at Căldăruşani (a), Voineşti (b) and Poiana Braşov (c). 

 

 

 4. Conclusions 

 

 In Romania, the Snyder equation gives better results for the pan 

coefficient than other equations, which also include wind speed and relative 

humidity data. Therefore, when climate data is not available for us to 

implement the FAO–Penman-Monteith modified equation,  we may apply 

the equation based on pan evaporation and the pan coefficient (calculated  

using the Snyder equation). These results are similar to those achieved in 

other countries, such as the United States (Snyder et al. 2005), Iran 

(Modaberi et al. 2014) and Greece (Aschonitis et al. 2012).  
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