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Introduction 
Evapotranspiration denotes the quantity of water transpired by plants during their 
growth, or retained in plant tissue, plus the moisture evaporated from the surface 
of the soil and the vegetation [7]. The quantification of evapotranspiration is 
preceded by reference crop evapotranspiration (ETo) and it is defined as the 
evapotranspiration rate from a reference surface, not short of water. The reference 
surface is a hypothetical grass reference crop with an assumed crop height of 
0.12 m, a fixed surface resistance of 70 s/m and an albedo of 0.23 [1]. The ETo 
can be measured directly by lysimeter or water balance approach or indirectly 
using meteorological parameters. Thus, it depends on meteorological factors such 
as temperature, relative humidity, wind speed and solar radiation [15]. The various 
indirect (climate based) methods were established for estimation of ETo at various 
climatic conditions, however Penman-Monteith method was recommended as sole 
standard by the Food and Agriculture Organization (FAO 56) and can be applied 
in wide variety of climatic situations[1]. The main limitation of this method is the 
difficulty in obtaining all necessary meteorological data, which are not always 
available in some weather stations or available in questionable quality. This lack of 
meteorological data leads to the development of simpler approaches to estimate 
ETo that require only few parameters.  
There are many equations available to estimate ETo, but simpler equations give 
inconsistent values [5,8,13-15] due to their different weather data requirements or 

 
because they were developed for specific climatic regions. As a result many 
climate based methods performed better for a particular climatic condition and 
needs local adjustments or calibrations, hence there is need to assess advanced 
statistical techniques than existing methods for better accuracy in prediction of 
ETo. Most of researchers [12,9,3,6] found that linear regression models perform 
better than climate based models with same data requirement for alternatives to 
Penman-Monteith method. The practitioners and researches need to be provided 
guidance on the choice of the most appropriate ETo equation to be adopted when 
weather data are insufficient to apply the FAO-56 PM equation. Thus, it is 
important to apply statistical techniques in order to develop simple empirical 
equations to estimate ETo with limited data availability. Predictions of ETo rates 
are central to many planning applications in water resources and agriculture. We 
therefore propose an alternate method of ETo prediction using regression 
equations. This approach maintains the structural simplicity and minimal data 
requirements needed for many practical applications but also accounts for the key 
variables that affect ETo in different climates. The linear models provided here to 
calculate ETo can be used for location-specific or for regional scale evaluations 
and for estimations of ETo in areas where limited meteorological measurements 
are available. The models have the advantage of a simple structure enabling them 
to be used with existing weather datasets or with generated datasets from climate 
models. Thus, in this paper the linear regression models were developed for 
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Abstract- Prediction of evapotranspiration is important for design and management of irrigation systems, water resources management and climatological studies. The 
ASCE had recommended Penman-Monteith model (FAO-56) as the sole standard method for determining ETo over the wide variety of climatic situations over the world 
and it requires all types of data. At many locations, there is either lack of meteorological data or availability of meteoro logical parameters is limited. It is necessary to 
find alternative to Penman-Moneith method with limited data availability. In order to carry out study, average weekly meteorological data, viz., maximum temperature, 
minimum temperature, maximum relative humidity, minimum relative humidity, bright sun shine hours, wind speed and pan evaporation were collected from whether 
station located at Dhule (Mahaashtra, India) for period of 1980 to 2014. In this study, the potential of Linear Regression is investigated in modeling of reference 
evapotranspiration (ETo) using the standard FAO-56 Penman–Monteith equation. The four types of linear regression models were developed by varying the 
independent variables, these are; LR1(pan evaporation); LR2 (maximum temperature and minimum temperature); LR3 (maximum temperature, minimum temperature 
and bright sun shine hours); LR4 (maximum temperature, minimum temperature, maximum relative humidity, minimum relative humid ity and bright sun shine hours). 
The results of all performance measures for all LR models during development stage varies in the range as R (0.902 to 0.933), d(IA) (0.946 to 0.964), RMSE (0.701 to 
0.841), MAE (0.532 to 0.646), MAPE (11.609 to 14.274) and CE (0.813 to 0.870) and showed the performance in sequence of LR4, LR3, LR1 and LR2. It indicates that 
all LR models performed satisfactorily and  showed marginal difference of performance measures among them in development stage. Similar kind of close difference 
for each performance measure occurred during validation stage of all LR models. It indicates that all LR models were validated satisfactorily and generalized  for 
estimation of ETo. Overall, the performance suggest that all LR models can be an acceptable approach to predict ETo values fo r Dhule station as per data availability. 
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prediction of ETo with different combinations of meteorological parameters under 
limited data availability. 
 
Materials and Methods 
Study area and Data Collection 
The study was carried out using meteorological data collected from whether 
station located at Dhule (Mahaashtra, India) for period of 1980 to 2014. Its 
geographical location is 20º54’N and 74º46’E with elevation above mean sea level 
is about 263 m. In order to carry out study, daily/weekly meteorological data, viz., 
maximum temperature, minimum temperature, maximum relative humidity, 
minimum relative humidity, bright sun shine hours, wind speed and pan 
evaporation were collected.   
 
FAO 56 Penman-Monteith method 
The Penman-Monteith method is recommended by FAO-56 as the sole method for 
determining ETo, hence this method is used in this study. For calculating the 
reference evapotranspiration the detailed procedure given in FAO-56 is adopted in 
the present study. The FAO Penman-Monteith model to estimate ETo is given 
by[1]; 
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Where,  

 ET= Reference evapotranspiration (mm/day), 
λ= Latent heat of vaporization (KJ/Kg), 
Δ= Slope of saturation vapour pressure temperature curve   (kPa/0C), 
γ = Psychometric constant (kPa/0C), 
T= Mean air temperature (0C), 
es= Saturated vapour pressure (kPa), 
ea= Actual vapour pressure (kPa), 
Rn= Net radiation (MJ/m2/day), 
G = Soil heat flux density (KJ/m2s), 
U2= Wind speed at 2m height (m/s), 
 
Linear Regression Modeling 
In this study, average weekly data for the period 1980 to 2014 was used for 
development and validation of model for estimation of ETo under limited data 
availability. Out of total data period 80 percent data i. e. from 1980 to 2007 (1456 
data sets) were used for development of model and 20 percent data i.e. 2008 to 
2014 (364 sets) were used for validation of model. The SPSS 21.0 software was 
used to develop statistically optimal models of simple and multiple linear 
regression for prediction of ETo values. 
The objective of the model is the transfer of information among several variables 
observed simultaneously and the estimation of the dependent variable from the 
several other observed independent variables. The general form of statistically 
optimal simple and multiple linear regression is given by;  

𝑌 = 𝑎 + 𝑏𝑥                                                                                                    ..[3.2] 
 

5544332211 xbxbxbxbxbaY 
            …...[3.3] 

 

Where, Y is the dependent variable and 54321 ,,,, xxxxx
are the 

independent variables, a  is interceptor and 54321 ,,,, bbbbb
 are the 

partial regression coefficients. 
The ETo estimated from Penman-Monteith method were considered as dependent 
variable while meteorological parameters were assumed as independent ones for 
development of LR models. The four types of LR models were developed by 
varying the independent variables, these are; 
Model 1 - LR1 - with single independent variable i.e. pan evaporation (Epan). 
Model 2 - LR2 -with two independent variables as maximum temperature (Tmax) 
and minimum temperature (Tmin). 

Model 3 - LR3 - with three independent variables as maximum temperature 
(Tmax), minimum temperature (Tmin) and bright sun shine hours (SSH). 
Model 4 - LR4 - with five independent variables as maximum temperature (Tmax), 
minimum temperature (Tmin), maximum relative humidity (RHmax), minimum 
relative humidity (RHmin) and bright sun shine hours (SSH). 
In this study, Model 1 i.e. represented by LR1 was in the form of simple linear 
regression, while Model 2, Model 3, Model 4 represented by LR2, LR3, LR4 
respectively and were in the form of multiple linear regressions. 
The performance evaluation of models during development and validation period 
were carried out with comparison of predicted and observed values of ETo. The 
performance criteria adopted here is the highest correlation coefficient (R), index 
of agreement d(IA), coefficient efficiency (CE) and the lowest values of root mean 
square error (RMSE), mean absolute error (MAE) and mean absolute percentage 
error (MAPE).  
 
Results and Discussion 
Using the SPSS 21.0 software, the statistically optimal models of simple and 
multiple linear regression were developed for prediction of ETo values and results 
presented in [Table-1]. 
 

Table-1 Statistical Criteria for best fit LR models with mathematical expressions 
for prediction of ETo at Dhule station 

Sr. No. Statistical Coefficients LR1 LR2 LR3 LR 4 

1 Standard error (S) 0.756 0.841 0.453 0.701 

2 Multiple Correlation Coeff. (R) 0.921 0.902 0.924 0.933 

3 Adjusted R2 0.849 0.813 0.853 0.870 

4 F - test value (F) 8173.97 3161.48 2822.37 1952.37 

Models Mathematical expressions 

LR1 ETo = 1.707+0.440Epan 

LR2 ETo = -9.203+0.393Tmax+0.029Tmin 

LR3 ETo = -8.227+0.235Tmax+0.149Tmin+0.288SSH 

LR4 ETo = -3.892+0.135Tmax+0.198Tmin 
-0.028RHmax+0.02RHmin+0.293SSH 

 
[Table-1] shows the statistical criteria for defining LR models with their 
mathematical expressions. It was observed that the values of multiple correlation 
coefficient (R), coefficient of correlation (adjusted R2) and F test value for all 
models were more than 0.90, 0.81 and 1952 respectively, whereas the values of 
standard error for all models were less than 0.85. It indicates that all LR models 
satisfies statistical criteria well so they were considered for prediction of ETo 
values at Dhule station. 
 
Performance evaluation of LR models 
 

Table-2 Performance evaluation of LR models with limited data for Dhule 
Station 

Model Statistical Criterias 

R d(IA) RMSE MAE MAPE CE 

Development Period (1980-2007) 

LR1 0.921 0.958 0.756 0.544 12.499 0.849 

LR2 0.902 0.946 0.841 0.646 14.274 0.813 

LR3 0.924 0.959 0.744 0.574 12.823 0.854 

LR4 0.933 0.964 0.701 0.532 11.609 0.870 

Validation Period (2008-2014) 

LR1 0.951 0.969 0.543 0.417 11.291 0.895 

LR2 0.919 0.943 0.832 0.692 18.018 0.752 

LR3 0.938 0.958 0.720 0.579 15.160 0.815 

LR4 0.946 0.960 0.709 0.569 14.377 0.820 

 
[Table-2] shows the statistical performance of different LR models with limited data 
during development and validation period for Dhule Station. During development 
stage, it was observed that LR4 model showed the best values of all performance 
measures as higher values of R (0.933), d(IA) (0.964) CE (0.870) and lower 
values of RMSE (0.701), MAE (0.532), MAPE (11.609) followed by the 
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performance measures of LR3 and LR1 model while the LR2 model showed lower 
performance among them having R (0.902), d(IA) (0.946), CE (0.813), RMSE 
(0.841), MAE (0.646) and MAPE (14.274). However, it was also observed that the 
results of all performance measures for all LR models varies in the range as R 
(0.902 to 0.933), d(IA) (0.946 to 0.964), RMSE (0.701 to 0.841), MAE (0.532 to 
0.646), MAPE (11.609 to 14.274) and CE (0.813 to 0.870) and showed the 
performance in sequence of LR4, LR3, LR1 and LR2. It indicates that all LR 
models performed satisfactorily and  showed marginal difference of performance 
measures among them in development stage. It also indicates from LR2 to LR4 
model that as the number of independent variables (those required in Penman-
Monteith method) increases the performance of models increases.  
The results for the validation of all LR models. It reveals that all models showed 
numerically at par results for each performance measures in validation stage, 
however sequence for performance of models slightly change as LR1, LR4, LR3 
and LR2 than that of development stage. In LR1 model the value of the R in 
development stage is 0.921 and it enhances to 0.951 in validation stage. Similar 
kind of enhancement also occurred in d(IA) (0.958 to 0.969) and CE (0.849 to 
0.895) during validation of LR1 model. It was also observed that there were 
reduction in the values of RMSE, MAE, MAPE for LR1 model during validation as 
0.756 to 0.543, 0.544 to 417, 12.499 to 11.291 respectively. It was observed that 
LR1 model showed better performance in validation stage than development 
stage. However, it has shown close difference in enhancement and reduction of 
each performance measure. Similar kind of close difference for each performance 
measure occurred during development and validation stage of remaining LR 
models. It indicates that all LR models were validated satisfactorily and 
generalized for estimation of ETo. Overall, the performance suggest that all LR 
models can be an acceptable approach to predict ETo values for Dhule station as 
per data availability. The most of researchers [2,10-12] also found that linear 
regression models with varying independent variable can be adopted for 
prediction of reference evapotranspiration. 
The [Fig-1] represents comparison of ETo values of Penman-Monteith method 
with those of LR1 model which has pan evaporation as independent variable. The 
[Fig-2] to 4 represents comparison of ETo values of Penman-Monteith method and 
those of predicted by LR2, LR3 and LR4 which have independent parameters as 
those required in Penman-Monteith method. It was observed that as the number 
of independent variables increases the difference between predicted and 
observed values of ETo were decreases [Fig-2 to 4]. However, the difference 
shown by [Fig-1] has irrespective of the trend due to the pan evaporation as 
independent variable. Evaporation from pan provides a measurement of a 
combined effect of temperature, humidity, sunshine hours, and wind speed on the 
reference crop evapotranspiration [4]. 
 

 
Fig-1 Comparison of the values of ETo by Penman Monteith and LR1 model 
(Epan) for Dhule station 

 
Fig-2 Comparison of the values of ETo by Penman Monteith and LR2 
model(Tmax and Tmin) for Dhule station 

 

 
Fig-3 Comparison of the values of ETo by Penman Monteith and LR3 model 

(Tmax, Tmin and SSH) for Dhule station 
 

 
Fig-4 Comparison of the values of ETo by Penman Monteith and LR4 model                             
 (Tmax, Tmin, RHmax, RHmin and SSH) for Dhule station. 
 
Conclusion 
The four linear regression ETo models were developed using FAO-56 Penman-
Monteith method with varying climatic parameters for the Dhule region. The 
performance of linear regression models developed was verified based on the 
evaluation criteria viz., coefficient correlation, index of agreement, root mean 
square error, mean absolute error, mean absolute percentage error and coefficient 
efficiency. All linear regression models performed satisfactorily and showed 
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marginal difference of performance measures among them in development and 
validation stage. It reveals that all linear regression models were performed 
satisfactorily and generalized for estimation of ETo. Overall, the performance 
suggest that all LR models can be an acceptable approach to predict ETo values 
for Dhule region. Therefore, linear regression models are an alternatives to 
Penman-Monteith method under limited data availability for Dhule region or also 
the other regions of similar climatic conditions for satisfactory ETo estimation 
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