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The study was conducted with an objective to evaluate the performance of calibrated 
versions of different Valiantzas evapotranspiration (ET) equations over their original 
counterparts for humid climatic conditions prevailing at Dehradun district of 
Uttarakhand in comparison to standard FAO56-PM model as an index. The calibration 
coefficients were found to decrease in the range from 3.23% (Val 7) to 40.87% (Val 15). 
All calibrated Valiantzas equations (except Val 2, Val 7 and Val 13) showed significant 
increment in agreement index (D) between 0.01% (Val 5) and 34.84% (Val 15). With 
calibrated versions of Val 2, Val 7 and Val 13 equations, value of D was found to 
decrease to the tune of less than 1% with increased RMSE values, while calibrated 
versions of remaining 13 Valiantzas equations showed significant decrement in RMSE 
values. The calibrated versions of all Valiantzas equations showed reduction in MAXE 
values in between 14.29% (Val 7) to 84.55% (Val 15). Except Val 7 equation, the values 
of MBE and PE for calibrated Valiantzas equations decreased in the range from 87.22% 
(Val 16) to 196.49% (Val 6) and 3.49% (Val 6) and 93.32% (Val 15), respectively while 
SEE values with calibrated equations decreased in the range from 2.77% (Val 6) to 
40.87% (Val 15). Almost all calibrated Valiantzas equations extended best R-values 
(near to 1.00) and they performed much better in comparison to their original versions.
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1. INTRODUCTION

Water is becoming a scarce commodity with growing 
human population, severe neglect, and over-exploitation. It 
is estimated that annual national per capita availability of 

3water in country has reduced from 1816 m  in 2001 to 1544 
3m  in 2011 (CWC, 2015) which is further expected to drop 

3down to 1140 m  in 2050 (Lal and Stewart, 2012). Similarly, 
exhaustion of groundwater in India has posed serious 
problems for groundwater managers in the form of drying of 
aquifers, groundwater pollution, salinity, saltwater intrusion, 
water table depletion, waterlogging, etc. It is also reported 
that in many parts of the country, water table is declining 
annually at the rate of 1-2 m (Singh and Singh, 2002). Due to 
all these issues of extremely serious nature, it is expected 
that availability of freshwater for domestic, irrigation, and 
industrial uses will reduce considerably and the country 
may face major water crisis in near future. Due to variation 
in climatic conditions and crop canopy, it is important to 
apply available irrigation water resources in such a way that 

it will match crop water requirement substantially at 
different growth stages (Doorenbos and Pruitt, 1977). 

Evapotranspiration (ET) is the sum of amount of water 
returned to the atmosphere through combined process of 
evaporation and transpiration (Hansen et al., 1980; Watson 
and Burnett, 1995). It is one of the basic elements of 
hydrological cycle and is very essential and important 
parameter for scientific studies related to crop water 
requirement, development of best management practices 
for minimizing degradation of groundwater and surface 
water, irrigation scheduling, optimal crop production, 
management of irrigated areas & watershed, water budget 
etc. (Irmak et al., 2003; Temesgen et al., 2005; Aytek, 2009; 
Chattopadhyay et al., 2009; Sabziparvar and Tabari, 2010; 
Sabziparvar et al., 2011). 

The calculated values of ET help in determining 
reference evapotranspiration (ET ), which can be estimated 0

either with lysimeters or meteorological data (Lopez-Urrea 
et al., 2006; Xing et al., 2008) as it considers only evapora-
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tive power of atmosphere at a specific location and time of 
year. The ET values can directly be measured by lysimeter 0 

if change in soil moisture from known volume of soil is 
considered with vegetation (Watson and Burnett, 1995), but 
its use is very expensive, takes more time to install, and 
requires more maintenance. Therefore, researchers developed 
several methods to indirectly estimate ET  from observed 0

meteorological parameters using large number of empirical 
or semi-empirical equations creating confusion to select any 
method as “standard” or “index”. Therefore, FAO proposed 
Penman-Monteith model in its Irrigation and Drainage 
Paper No. 56 (referred to as FAO56-PM model) as “stan-
dard” for determining ET  values. 0

Across the globe, researchers confirmed superior 
performance of FAO56-PM model in comparison to other 
ET methods under different climatic conditions (Allen et 0 

al., 1998; Walter et al., 2000; Fontenot, 2004; Garcia et al., 
2004; Gavin and Agnew, 2004; Donatelli et al., 2006; 
Popova et al., 2006; Cai et al., 2007; Ali and Shui, 2009; Xu 
et al., 2013), however, serious limitation of FAO56-PM 
model is data requirement for a large number of meteorolog-
ical parameters which are not always available for most 
locations, especially in developing countries (Wang et al., 
2007; Aytek, 2009). 

Various scientists and researchers revealed a widely 
varying performance of available ET  equations under 0

diverse climatic conditions and necessitated their local 
calibration (Allen et al., 1998; Pereira et al., 2006; Wang et 
al., 2009) as these methods work optimally only for specific 
climatic conditions. The standard FAO56-PM model can be 
utilized to calibrate and validate empirical methods for new 
regions as per the recommendation of “FAO Expert 
Consultation on Revision of FAO Methodologies for Crop 
Water Requirements” (Smith et al., 1992) and, therefore, 
calibration of existing ET  equations against a more reliable 0

reference in the form of FAO56-PM model may provide a 
useful and powerful tool for estimating ET  values for 0

agricultural and environmental related studies (Fontenot, 
2004). A large number of available ET  equations were 0

calibrated by researchers throughout the world for different 
climatic conditions considering standard FAO56-PM model 
as an index (Xu and Singh, 2000; Xu and Singh, 2002; 
Irmak et al., 2003; Berengena and Gavilan, 2005; Trajkovic, 
2005; Fooladmand and Haghighat, 2007; Trajkovic, 2007; 
Ahmadi and Fooladmand, 2008; Landeras et al., 2008;  
Sepaskhah and Razzaghi, 2009; Zhai et al., 2009; Lee, 2010; 
Tabari and Talaee, 2011; Ravazzani et al., 2012; Thepadia 
and Martinez, 2012; Criestia et al., 2013; Lima et al., 2013; 
Mendicino and Senatore, 2013; Tabari et al., 2013; Xu et al., 
2013; Heydari and Heydari, 2014; Heydari et al., 2014; Kra, 
2014; Valipour, 2015; Almorox and Grieser, 2016; Cobaner 
et al., 2016; Ahooghalandari et al., 2017; Cadro et al., 2017; 
Feng et al., 2017; Issaka et al., 2017; Valipour, 2017).

From above, it is evident that various studies were 
conducted to calibrate ET  equations however, very little 0

information is available for Indian conditions and no such 
study has been conducted with Valiantzas ET equations for 0 

Indian humid locations. Therefore, in the present study, an 
attempt has been made to calibrate and evaluate the 
performance of 16 Valiantzas ET equations at humid 0 

Dehradun district of Uttarakhand considering standard 
FAO56-PM model as an index.

2.  MATERIALS AND METHODS

Study Area and Meteorological Dataset

The study on evaluation and calibration of different 
Valiantzas ET equations was carried out for humid 0 

Dehradun district (78°04'E longitudes, 32°19'N latitudes 
and 516.5 m above msl) of Uttarakhand state using 
31 years (1989-2019) of daily meteorological dataset 
consisting of air temperature (maximum and minimum), 
relative humidity (maximum and minimum), wind speed 
and actual sunshine hours. Prior to analysis, quality control 
of meteorological dataset was ensured by removing days 
with missing data and detecting outliers. For calibration 
purpose, 65% meteorological dataset (20 years, 1989-2008) 
was utilized while remaining 35% dataset of 11 years (2009-
2019) was considered for validation purpose.

Reference Evapotranspiration (ET )Estimation0  

(a) FAO56-PM model: The recommended form of FAO 
56-PM model consisting of aerodynamic and surface 
resistance terms (Allen et al., 1998) is:

              ...(1)

-1ET  is reference evapotranspiration (mm day ), ∆ is 0

o -1slope of saturated vapour pressure curve (kPa C ), R is n 

-2 -1net radiation at crop surface (MJ m day ), G is soil heat flux 
-2 -1 o -1density (MJ m day ), γ is psychrometric constant (kPa C ), 

oT  is mean daily air temperature ( C), U  is wind speed at 2 mean 2

-1m height (m sec ), e  is saturated vapour pressure (kPa), e  is s a

actual vapour pressure (kPa), and e -e  is vapour pressure s a

deficit (kPa).

The nature of climate system allows soil heat flux (G) 
on daily timescale to be ignored as on daily basis, its value is 
nearly zero. 

(b) Valiantzas ET equations: The pertinent details of 0 

different Valiantzas equations considered in this study 
are presented in Table 1.

Calibration Coefficient Determination

In order to get calibration coefficient of different 
Valiantzas ET  equations considering standard FAO56-PM 0
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tive power of atmosphere at a specific location and time of 
year. The ET values can directly be measured by lysimeter 0 

if change in soil moisture from known volume of soil is 
considered with vegetation (Watson and Burnett, 1995), but 
its use is very expensive, takes more time to install, and 
requires more maintenance. Therefore, researchers developed 
several methods to indirectly estimate ET  from observed 0

meteorological parameters using large number of empirical 
or semi-empirical equations creating confusion to select any 
method as “standard” or “index”. Therefore, FAO proposed 
Penman-Monteith model in its Irrigation and Drainage 
Paper No. 56 (referred to as FAO56-PM model) as “stan-
dard” for determining ET  values. 0

Across the globe, researchers confirmed superior 
performance of FAO56-PM model in comparison to other 
ET methods under different climatic conditions (Allen et 0 

al., 1998; Walter et al., 2000; Fontenot, 2004; Garcia et al., 
2004; Gavin and Agnew, 2004; Donatelli et al., 2006; 
Popova et al., 2006; Cai et al., 2007; Ali and Shui, 2009; Xu 
et al., 2013), however, serious limitation of FAO56-PM 
model is data requirement for a large number of meteorolog-
ical parameters which are not always available for most 
locations, especially in developing countries (Wang et al., 
2007; Aytek, 2009). 

Various scientists and researchers revealed a widely 
varying performance of available ET  equations under 0

diverse climatic conditions and necessitated their local 
calibration (Allen et al., 1998; Pereira et al., 2006; Wang et 
al., 2009) as these methods work optimally only for specific 
climatic conditions. The standard FAO56-PM model can be 
utilized to calibrate and validate empirical methods for new 
regions as per the recommendation of “FAO Expert 
Consultation on Revision of FAO Methodologies for Crop 
Water Requirements” (Smith et al., 1992) and, therefore, 
calibration of existing ET  equations against a more reliable 0

reference in the form of FAO56-PM model may provide a 
useful and powerful tool for estimating ET  values for 0

agricultural and environmental related studies (Fontenot, 
2004). A large number of available ET  equations were 0

calibrated by researchers throughout the world for different 
climatic conditions considering standard FAO56-PM model 
as an index (Xu and Singh, 2000; Xu and Singh, 2002; 
Irmak et al., 2003; Berengena and Gavilan, 2005; Trajkovic, 
2005; Fooladmand and Haghighat, 2007; Trajkovic, 2007; 
Ahmadi and Fooladmand, 2008; Landeras et al., 2008;  
Sepaskhah and Razzaghi, 2009; Zhai et al., 2009; Lee, 2010; 
Tabari and Talaee, 2011; Ravazzani et al., 2012; Thepadia 
and Martinez, 2012; Criestia et al., 2013; Lima et al., 2013; 
Mendicino and Senatore, 2013; Tabari et al., 2013; Xu et al., 
2013; Heydari and Heydari, 2014; Heydari et al., 2014; Kra, 
2014; Valipour, 2015; Almorox and Grieser, 2016; Cobaner 
et al., 2016; Ahooghalandari et al., 2017; Cadro et al., 2017; 
Feng et al., 2017; Issaka et al., 2017; Valipour, 2017).

From above, it is evident that various studies were 
conducted to calibrate ET  equations however, very little 0

information is available for Indian conditions and no such 
study has been conducted with Valiantzas ET equations for 0 

Indian humid locations. Therefore, in the present study, an 
attempt has been made to calibrate and evaluate the 
performance of 16 Valiantzas ET equations at humid 0 

Dehradun district of Uttarakhand considering standard 
FAO56-PM model as an index.

2.  MATERIALS AND METHODS

Study Area and Meteorological Dataset

The study on evaluation and calibration of different 
Valiantzas ET equations was carried out for humid 0 

Dehradun district (78°04'E longitudes, 32°19'N latitudes 
and 516.5 m above msl) of Uttarakhand state using 
31 years (1989-2019) of daily meteorological dataset 
consisting of air temperature (maximum and minimum), 
relative humidity (maximum and minimum), wind speed 
and actual sunshine hours. Prior to analysis, quality control 
of meteorological dataset was ensured by removing days 
with missing data and detecting outliers. For calibration 
purpose, 65% meteorological dataset (20 years, 1989-2008) 
was utilized while remaining 35% dataset of 11 years (2009-
2019) was considered for validation purpose.

Reference Evapotranspiration (ET )Estimation0  

(a) FAO56-PM model: The recommended form of FAO 
56-PM model consisting of aerodynamic and surface 
resistance terms (Allen et al., 1998) is:

              ...(1)

-1ET  is reference evapotranspiration (mm day ), ∆ is 0

o -1slope of saturated vapour pressure curve (kPa C ), R is n 

-2 -1net radiation at crop surface (MJ m day ), G is soil heat flux 
-2 -1 o -1density (MJ m day ), γ is psychrometric constant (kPa C ), 

oT  is mean daily air temperature ( C), U  is wind speed at 2 mean 2

-1m height (m sec ), e  is saturated vapour pressure (kPa), e  is s a

actual vapour pressure (kPa), and e -e  is vapour pressure s a

deficit (kPa).

The nature of climate system allows soil heat flux (G) 
on daily timescale to be ignored as on daily basis, its value is 
nearly zero. 

(b) Valiantzas ET equations: The pertinent details of 0 

different Valiantzas equations considered in this study 
are presented in Table 1.

Calibration Coefficient Determination

In order to get calibration coefficient of different 
Valiantzas ET  equations considering standard FAO56-PM 0
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1 -

)

Table: 2
Computational form of considered statistical indices

Statistical index Notation Computational form

Agreement index D

Root mean square error RMSE

Maximum absolute error MAXE

Mean bias error MBE

Percentage error of estimate PE

Standard error of estimate SEE

Ō
-1is mean of FAO-56 PM ET (mm day ), P  is predicted value of 0 i

-1ET (mm day ) estimated by using Valiantzas equations, n is total 0 

number of observations.

-1 is mean of FAO-56 PM ET  (mm day ), O  is FAO-56 PM ET  (mm 0 i 0
-1day ), P 

decreased in the range from 3.23% (Val 6) to 40.87% (Val 
15). For Val 1,Val 2, Val 3, Val 4, and Val 5 equations, 
calibration coefficients as 0.04267, 0.04673, 0.04606, 0.04358 
and 0.04918, respectively were lowered to the tune of 
16.33%, 8.37%, 9.69%, 14.55% and 3.57% in comparison 
to their original coefficient (0.051), whereas for Val 6, Val 7, 
Val 8, Val 9, Val 10, Val 11, Val 12 and Val 13 equations, in 
comparison to their original coefficient (0.0393), about 
3.23%, 5.37%, 23.51%, 23.69%, 23.51%, 24.27%, 26.64% 
and 20.59% lower values were obtained. Likewise, 
calibration coefficient for Val 14 and Val 15 equations were 
found 24.39% and 40.87% lower in comparison to their 
original coefficient of 2.4, while calibration coefficient of 
Val 16 equation (0.01618) was found 32.58% lower in 
comparison to its original coefficient (0.024). 

Evaluation of Original and Calibrated Valiantzas ET  0

Equations vs FAO56-PM Model

The value of statistical indices and ratio (R) of ET to 0 Val 

ET  obtained for all original and calibrated versions of 0 FAO56-PM

Valiantzas equations (Table 4) reveal that in maximum 
cases, calibrated equations resulted in significant increment 
in value of D and decrement in errors (RMSE, MAXE, 
MBE, PE, and SEE) while value of R near to 1.00 indicated 
closer estimate of calibrated ET equations in comparison to 0 

that obtained with standard FAO56-PM model. The calibra-

Table: 3
Original and calibration coefficients of  Valiantzas ET equations0 

S.No. Equation(s)                         Coefficient

Original Calibration

1. Val 1 0.04267 (-16.33%)
2. Val 2 0.04673 (-8.37%)
3. Val 3 0.04606 (-9.69%)
4. Val 4 0.04358 (-14.55%)
5. Val 5 0.04918 (-3.57%)
6. Val 6 0.03803 (-3.23%)
7. Val 7 0.03719 (-5.37%)
8. Val 8 0.03006 (-23.51%)
9. Val 9 0.02999 (-23.69%)
10. Val 10 0.03006 (-23.51%)
11. Val 11 0.02976 (-24.27%)
12. Val 12 0.02883 (-26.64%)
13. Val 13 0.03121 (-20.59%)
14. Val 14 1.81469 (-24.39%)
15. Val 15 1.41906 (-40.87%)
16. Val 16 0.024 0.01618 (-32.58%)

Val 1 is Valiantzas 1, Val 2 is Valiantzas 2, Val 3 is Valiantzas 3, Val 4 is 
Valiantzas 4, Val 5 is Valiantzas 5, Val 6 is Valiantzas 6, Val 7 is 
Valiantzas 7, Val 8 is Valiantzas 8, Val 9 is Valiantzas 9, Val 10 is 
Valiantzas 10, Val 11 is Valiantzas 11, Val 12 is Valiantzas 12, Val 13 is 
Valiantzas 13, Val 14 is Valiantzas 14, Val 15 is Valiantzas 15, Val 16 is 
Valiantzas 16. 

Figures in parenthesis shows percent deviation in comparison to 
original coefficient, (+) represents increment and (-) shows decrement 
w.r.t. original coefficient.
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tion of Valiantzas equations revealed improvement in their 
performance as except Val 2, Val 7 and Val 13 equations, 
significant increment in D value was observed with all other 
considered equations in the range from 0.01% (Val 5) to 
34.84% (Val 15), while its value decreased to the tune of less 
than 1.00% for these three equations. Similarly, in cali-
brated equations, RMSE values decreased in the range from 
4.75% (Val 5) and 79.08% (Val 15), while calibrated Val 2 
and Val 7 equations yielded increased RMSE value to the 
tune of 0.17% and 26.81%, respectively.

After calibration, the values of MAXE, MBE, PE and 
SEE decreased in the range from 14.29% (Val 7) to 84.55% 
(Val 15), 87.22% (Val 16) to 196.49% (Val 6), 3.49% (Val 6) 
to 93.32% (Val 15), and 2.77% (Val6) to 40.87% (Val 15), 
respectively, whereas values of MAXE, MBE, and PE with 
calibrated Valiantzas equations were increased in the range 
of 0.17% (Val 2) to 26.81% (Val 7); 300.21% (Val 7), and 
299.89% (Val 7) while no increment in SEE values with any 
calibrated Valiantzas equations was observed. In calibrated 
Valiantzas equations, value of ratio (R) gets lowered in the 
range from 3.58% (Val 5) to 40.87% (Val 15).

Except calibrated version of Val 16 equation, all other 
equations produced best results in terms of ratio (R) as near 
to 1.00 while, worst result was found with calibrated Val 16 
equation (R = 1.12).

4. CONCLUSIONS

The performance of calibrated versions of 16 
Valiantzas ET  equations for humid Dehradun district of 0

Uttarakhand evaluated in comparison to standard FAO56-
PM model in terms of statistical indices and ratio of ET Val/ 0 

ET FAO56-PM (R) revealed that they extended higher 0 

value of D (0.01-34.84%) with lowered values of RMSE 
(4.75-79.08%), MAXE (14.29-84.55%), MBE (87.22-
196.49%), PE (3.49-93.32%), and SEE (2.77-40.87%). 
Likewise, all calibrated Valiantzas equations (except Val 
16) yielded best value of ratio (R) as near to 1.00. The study 
further confirmed that calibrated versions of Valiantzas ET  0

equations at humid Dehradun district of Uttarakhand should 
be preferred over their original counterparts for calculating 
at par FAO56-PM ET  estimates over their original 0

counterparts. 

REFERENCES 

Ahmadi, S.H. and Fooladmand, H.R. 2008. Spatially distributed monthly 
reference evapotranspiration derived from the calibration of 
Thornthwaite equation: A case study, South of Iran. Irrig. Sci., 26(4): 
303-312.

Ahooghalandari, M., Khiadani, M. and Jahromi, M.E. 2017. Calibration of 
Valiantzas' reference evapotranspiration equations for the Pilbara 
region, Western Australia. Theory Appl. Climatol., 128(3-4): 845-
856.

Ali, M.H. and Shui, L.T. 2009. Potential evapotranspiration model for 
Muda irrigation project, Malaysia. Water Resour. Manage., 23: 57-
69.

model as an index, following steps were taken in accordance 
with Tabari and Talaee (2011):

(i) Calculating ratio of ET to ET .0 Val 0 FAO56-PM 

(ii) Multiplying inverse of this ratio (1/R) with original 
coefficient to get calibration coefficient. 

(iii) Calibrated ET  values were determined as: 0

              ...(2)

(iv) Repeating steps (i-iii) will yield calibration coefficients 
and ET  values of different considered Valiantzas 0

equations.

Statistical Analysis

Details of various statistical indices used in this study to 
compare ET  values calculated by Valiantzas equations and 0

TMstandard FAO  model are presented in Table 2. Microsoft  56-PM

®Excel  was used as computing tool to analyse obtained 
results in order to draw fruitful interferences from them.

3.  RESULTS AND DISCUSSION

Calibration Coefficient

The values of original coefficient, calibration coeffi-
cient and percent deviation of calibration coefficient with 
respect to original coefficient for different Valiantzas ET  0

equations (Table 3) shows that calibration coefficients 

(R)

 Calibrated ET =0 

Calibration coefficient × Original value  ET0 Val 

Original coefficient

R =
ET0 Val

ET0 FAO56-PM 
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Table: 2
Computational form of considered statistical indices

Statistical index Notation Computational form

Agreement index D

Root mean square error RMSE

Maximum absolute error MAXE

Mean bias error MBE

Percentage error of estimate PE

Standard error of estimate SEE

Ō
-1is mean of FAO-56 PM ET (mm day ), P  is predicted value of 0 i

-1ET (mm day ) estimated by using Valiantzas equations, n is total 0 

number of observations.

-1 is mean of FAO-56 PM ET  (mm day ), O  is FAO-56 PM ET  (mm 0 i 0
-1day ), P 

decreased in the range from 3.23% (Val 6) to 40.87% (Val 
15). For Val 1,Val 2, Val 3, Val 4, and Val 5 equations, 
calibration coefficients as 0.04267, 0.04673, 0.04606, 0.04358 
and 0.04918, respectively were lowered to the tune of 
16.33%, 8.37%, 9.69%, 14.55% and 3.57% in comparison 
to their original coefficient (0.051), whereas for Val 6, Val 7, 
Val 8, Val 9, Val 10, Val 11, Val 12 and Val 13 equations, in 
comparison to their original coefficient (0.0393), about 
3.23%, 5.37%, 23.51%, 23.69%, 23.51%, 24.27%, 26.64% 
and 20.59% lower values were obtained. Likewise, 
calibration coefficient for Val 14 and Val 15 equations were 
found 24.39% and 40.87% lower in comparison to their 
original coefficient of 2.4, while calibration coefficient of 
Val 16 equation (0.01618) was found 32.58% lower in 
comparison to its original coefficient (0.024). 

Evaluation of Original and Calibrated Valiantzas ET  0

Equations vs FAO56-PM Model

The value of statistical indices and ratio (R) of ET to 0 Val 

ET  obtained for all original and calibrated versions of 0 FAO56-PM

Valiantzas equations (Table 4) reveal that in maximum 
cases, calibrated equations resulted in significant increment 
in value of D and decrement in errors (RMSE, MAXE, 
MBE, PE, and SEE) while value of R near to 1.00 indicated 
closer estimate of calibrated ET equations in comparison to 0 

that obtained with standard FAO56-PM model. The calibra-

Table: 3
Original and calibration coefficients of  Valiantzas ET equations0 

S.No. Equation(s)                         Coefficient

Original Calibration

1. Val 1 0.04267 (-16.33%)
2. Val 2 0.04673 (-8.37%)
3. Val 3 0.04606 (-9.69%)
4. Val 4 0.04358 (-14.55%)
5. Val 5 0.04918 (-3.57%)
6. Val 6 0.03803 (-3.23%)
7. Val 7 0.03719 (-5.37%)
8. Val 8 0.03006 (-23.51%)
9. Val 9 0.02999 (-23.69%)
10. Val 10 0.03006 (-23.51%)
11. Val 11 0.02976 (-24.27%)
12. Val 12 0.02883 (-26.64%)
13. Val 13 0.03121 (-20.59%)
14. Val 14 1.81469 (-24.39%)
15. Val 15 1.41906 (-40.87%)
16. Val 16 0.024 0.01618 (-32.58%)

Val 1 is Valiantzas 1, Val 2 is Valiantzas 2, Val 3 is Valiantzas 3, Val 4 is 
Valiantzas 4, Val 5 is Valiantzas 5, Val 6 is Valiantzas 6, Val 7 is 
Valiantzas 7, Val 8 is Valiantzas 8, Val 9 is Valiantzas 9, Val 10 is 
Valiantzas 10, Val 11 is Valiantzas 11, Val 12 is Valiantzas 12, Val 13 is 
Valiantzas 13, Val 14 is Valiantzas 14, Val 15 is Valiantzas 15, Val 16 is 
Valiantzas 16. 

Figures in parenthesis shows percent deviation in comparison to 
original coefficient, (+) represents increment and (-) shows decrement 
w.r.t. original coefficient.
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tion of Valiantzas equations revealed improvement in their 
performance as except Val 2, Val 7 and Val 13 equations, 
significant increment in D value was observed with all other 
considered equations in the range from 0.01% (Val 5) to 
34.84% (Val 15), while its value decreased to the tune of less 
than 1.00% for these three equations. Similarly, in cali-
brated equations, RMSE values decreased in the range from 
4.75% (Val 5) and 79.08% (Val 15), while calibrated Val 2 
and Val 7 equations yielded increased RMSE value to the 
tune of 0.17% and 26.81%, respectively.

After calibration, the values of MAXE, MBE, PE and 
SEE decreased in the range from 14.29% (Val 7) to 84.55% 
(Val 15), 87.22% (Val 16) to 196.49% (Val 6), 3.49% (Val 6) 
to 93.32% (Val 15), and 2.77% (Val6) to 40.87% (Val 15), 
respectively, whereas values of MAXE, MBE, and PE with 
calibrated Valiantzas equations were increased in the range 
of 0.17% (Val 2) to 26.81% (Val 7); 300.21% (Val 7), and 
299.89% (Val 7) while no increment in SEE values with any 
calibrated Valiantzas equations was observed. In calibrated 
Valiantzas equations, value of ratio (R) gets lowered in the 
range from 3.58% (Val 5) to 40.87% (Val 15).

Except calibrated version of Val 16 equation, all other 
equations produced best results in terms of ratio (R) as near 
to 1.00 while, worst result was found with calibrated Val 16 
equation (R = 1.12).

4. CONCLUSIONS

The performance of calibrated versions of 16 
Valiantzas ET  equations for humid Dehradun district of 0

Uttarakhand evaluated in comparison to standard FAO56-
PM model in terms of statistical indices and ratio of ET Val/ 0 

ET FAO56-PM (R) revealed that they extended higher 0 

value of D (0.01-34.84%) with lowered values of RMSE 
(4.75-79.08%), MAXE (14.29-84.55%), MBE (87.22-
196.49%), PE (3.49-93.32%), and SEE (2.77-40.87%). 
Likewise, all calibrated Valiantzas equations (except Val 
16) yielded best value of ratio (R) as near to 1.00. The study 
further confirmed that calibrated versions of Valiantzas ET  0

equations at humid Dehradun district of Uttarakhand should 
be preferred over their original counterparts for calculating 
at par FAO56-PM ET  estimates over their original 0

counterparts. 
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model as an index, following steps were taken in accordance 
with Tabari and Talaee (2011):

(i) Calculating ratio of ET to ET .0 Val 0 FAO56-PM 

(ii) Multiplying inverse of this ratio (1/R) with original 
coefficient to get calibration coefficient. 

(iii) Calibrated ET  values were determined as: 0

              ...(2)

(iv) Repeating steps (i-iii) will yield calibration coefficients 
and ET  values of different considered Valiantzas 0

equations.

Statistical Analysis

Details of various statistical indices used in this study to 
compare ET  values calculated by Valiantzas equations and 0

TMstandard FAO  model are presented in Table 2. Microsoft  56-PM

®Excel  was used as computing tool to analyse obtained 
results in order to draw fruitful interferences from them.

3.  RESULTS AND DISCUSSION

Calibration Coefficient

The values of original coefficient, calibration coeffi-
cient and percent deviation of calibration coefficient with 
respect to original coefficient for different Valiantzas ET  0

equations (Table 3) shows that calibration coefficients 
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 Calibrated ET =0 

Calibration coefficient × Original value  ET0 Val 

Original coefficient

R =
ET0 Val

ET0 FAO56-PM 
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254 Arvind Singh Tomar / Indian J. Soil Cons., 51(3): 249-256, 2023 Arvind Singh Tomar / Indian J. Soil Cons., 51(3): 249-256, 2023 255



Temesgen, B., Eching, S., Davidoff, B. and Frame, K. 2005. Comparison of 
some reference evapotranspiration equations for California. J. Irrig. 
Drain. Engg., 131: 73-84.

Thepadia, M. and Martinez, C.J. 2012. Regional calibration of solar radiation 
and reference evapotranspiration estimates with minimal data in 
Florida. J. Irrig. Drain. Engg., 138(2): 111-119.

Trajkovic, S. 2005. Temperature-based approaches for estimating reference 
evapotranspiration. J. Irrig. Drain. Engg., 131(4): 316-323.

Trajkovic, S. 2007. Hargreaves versus Penman-Monteith under humid 
conditions. J. Irrig. Drain. Engg., 133(1): 38-42.

Valiantzas, J.D. 2006. Simplified versions for the Penman evaporation 
equation using routine weather data. J. Hydrol., 331(3-4):690-702.

Valiantzas, J.D. 2013a. Simple ET  forms of Penman's equation without 0

wind and/or humidity data. I: Theoretical Development. J. Irrig. 
Drain. Engg., 139(1): 1-8.

Valiantzas, J.D. 2013b. Simplified forms for the standardized FAO-56 
Penman-Monteith reference evapotranspiration using limited data. J. 
Hydrol., 505: 13-23.

Valiantzas, J.D. 2013c. Simplified reference evapotranspiration formula 
using an empirical impact factor for Penman's aerodynamic term. J. 
Hydrol. Engg., 18(1): 108-114.

Valiantzas, J.D. 2015. Simplified limited data Penman's ET  formulas 0

adapted for humid location. J. Hydrol., 524: 701-707.

Valipour, M. 2015. Investigation of Valiantzas' evapotranspiration 
equation in Iran. Theor. Appl. Climatol., 121(1): 267-278.

Valipour, M. 2017. Calibration of mass transfer-based models to predict 
reference crop evapotranspiration. Appl. Water Sci., 7(2): 625-635.

Walter, I.A., Allen, R.G., Elliott, R., Jensen, M.E., Itenfisu, D., Mecham, 
B., Howell, T.A., Snyder, R., Brown, P., Eching, S., Spofford, T., 
Hattendorf, M., Cuenca, R.H., Wright, J.L. and Martin, D. 2000. 
ASCE's Standardized Reference Evapotranspiration Equation. In: 

thProc. 4  National Irrigation Symposium, ASAE, Phoenix, AZ.

Wang, Y.M., Namaona, W., Traore, S. and Zhang, Z.C. 2009. Seasonal 
temperature-based models for reference evapotranspiration 
estimation under semi-arid condition of Malawi. African J. Agric. 
Res., 4(9): 878-886.

Wang, Y.M., Traore, S. and Kerh, T. 2007. Determination of a reference 
model for estimating evapotranspiration in Burkina Faso. In: Proc. 

th6  WSEAS International Conference on Artificial Intelligence, 
Knowledge Engineering and Databases, Corfu Island, Greece.   

Watson, I. and Burnett, A.D. 1995. Hydrology: An Environmental 
Approach. Boca Raton, FL: CRC Press.

Xing, Z., Chow, L., Meng, F., Rees, H.W., Monteith, J. and Lionel, S. 2008. 
Testing reference evapotranspiration estimation methods using 
evaporation pan and modeling in maritime region of Canada. J. Irrig. 
Drain. Engg., 134(4): 417-424.

Xu, C.Y. and Singh, V.P. 2000. Evaluation and generalization of radiation-
based methods for calculating evaporation. Hydrol. Process, 14(2): 
339-349.

Xu, C.Y. and Singh, V.P. 2002. Cross comparison of empirical equations for 
calculating potential evapotranspiration with data from Switzerland. 
Water Resour. Manage., 16(3):197-219.

Xu, J., Peng, S., Ding, J. Wei, Q. and Yu, Y. 2013. Evaluation and 
calibration of simple methods for daily reference evapotranspiration 
estimation in humid East China. Arch. Agro. Soil Sci., 59(6): 845-
858.

Zhai, L., Feng, Q., Li, Q. and Xu, C. 2009. Comparison and modification of 
equations for calculating evapotranspiration (ET) with data from 
Gansu province, northwest China. Irrig. Drain., 10.1002/ird.502.

256 Arvind Singh Tomar / Indian J. Soil Cons., 51(3): 249-256, 2023


	10

