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    Abstract: Water scarcity is a serious issue that has to be 
addressed in order to face the increasing water demands. Due to 
this issue, agricultural crops do not receive the required amount 
of water. So, it is necessary to have a proper technique to 
determine the water requirement for a particular crop. 
Evapotranspiration (ET), a process which is reliant on numerous 
climatic conditions, quantifies the loss of water from soil and 
crops through evaporation and transpiration processes 
respectively. Reference evapotranspiration ET is a concept of 
estimating ET from the reference surface which resembles an 
in-depth surface of green grass of stable height, actively growing, 
fully shading the surface with sufficient water. The amount of 
water required for a crop is thus determined by multiplying ETo 
with the crop coefficient (Kc) which depends on the growth stages 
and duration of a crop. So, evapotranspiration is considered to be 
one of the successful approaches to optimize the usage of water 
for crops. A literature survey is carried out on the popular 
methods of estimating ETo and their merits, demerits are discussed 
in this paper. Also, the impact of various climatic factors on ETo is 
presented. From the survey, it is known that ETo is estimated 
using conventional and non-conventional methods like 
Penman-Monteith, Blaney-Criddle, Hargreaves, ANN and WNN, 
regression and fuzzy logic. Humidity, temperature, wind speed, 
and solar radiation are the factors that have a major impact on 
estimating ETo. Generally, conventional methods are tedious 
since it requires experimental setups and more climatic data to 
determine ETo which are not available in many under developing 
countries. Thus, in this case, non-conventional methods are found 
to yield better results from the survey. 

Keywords: Artificial neural networks, conventional, non- 
conventional, Penman-Monteith, reference evapotranspiration, 
regression. 
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I. INTRODUCTION 

Water is a precious gift that is used universally by humans, 
plants, and animals. Without water, there can be no life. Due 
to rapid growth in population, the use of water is increasing  
nowadays. People are facing a shortage of surface and 
underground waters in many parts of the country [1]-[3]. 
Hence, it is necessary to know the efficient and effective use 
of water in order to face the increasing water demands in the 
field of industrial, domestic, environmental and especially in 
agricultural sectors [4]. Geographically, India is a vast 
country. Agriculture alone contributes 17.4% of the total 
gross domestic product and 58% of the total employment in 
India [5]. Cereals like wheat are grown in Uttar Pradesh, 
Punjab and Madhya Pradesh, while, rice is grown in West 
Bengal and Uttar Pradesh, the gram is grown in Madhya 
Pradesh and Tamil Nadu, barley is grown in Maharashtra, 
Uttar Pradesh and Rajasthan and finally bajra is grown in 
Maharashtra, Uttar Pradesh, and Gujarat. Cash crops like 
sugarcane are grown in Uttar Pradesh and Maharashtra while 
poppy is grown in Uttar Pradesh and Himachal Pradesh. Oil 
seeds like coconut are grown in Kerala and Tamil Nadu, 
while, groundnut is grown in Tamil Nadu, Gujarat, and 
Andhra Pradesh. Tea is grown in Assam and Kerala. Spices 
like pepper are grown in Kerala, Karnataka and Tamil Nadu, 
ginger is grown in Kerala and Uttar Pradesh. 
    Irrigation is necessary to minimize the dependency on rain 
throughout monsoon season and also to support the 
agricultural production during non- monsoon season [6]. 
Thus, the water requirement of crops can be determined 
effectively using an approach called Evapotranspiration. It is 
a process of loss of water from the soil by evaporation and 
also by transpiration. The element that contributes to this 
process is called as Evapotranspirator [7], [8]. When the crop 
is small, most of the water is dissipated from soil through 
evaporation. But once the crop is grown and reaches a 
well-developed stage, it fully covers the soil and loss of water 
occurs majorly through transpiration [9]. 

Once the Reference Evapotranspiration (ETo) is estimated, 
the water requirement for crops can be calculated by using the 
formula given in equation (1) [10]. 
    =    * ETo                                                                                               (1)
 Where,  

ETo - Reference Evapotranspiration or Potential 
Evapotranspiration 
    - Evapotranspiration rate of the crop under standard 
conditions 
   - Crop-specific coefficient. 
 
 
 
 

Reference Evapotranspiration Assessment 
Techniques for Estimating Crop Water 

Requirement 
N. Seenu, R M Kuppan Chetty, Taarun Srinivas, K M Adithya Krishna,  Ashish Selokar 

mailto:nseenu@hindustanuniv.ac.in
mailto:kuppanc@hindustanuniv.ac.in
mailto:taarun19@gmail.com
mailto:madhu5karigiri@gmail.com
https://www.openaccess.nl/en/open-publications
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://crossmark.crossref.org/dialog/?doi=10.35940/ijrte.D6738.118419&domain=www.ijrte.org


 
Reference Evapotranspiration Assessment Techniques for Estimating Crop Water Requirement 

 
 
 

1095 
                                                                                            

 

Published By:  
Blue Eyes Intelligence Engineering 
and Sciences Publication (BEIESP) 
© Copyright: All rights reserved. 

 

Retrieval Number: D6738118419/2019©BEIESP 
DOI:10.35940/ijrte.D6738.118419 
Journal Website: www.ijrte.org 
 

This crop-specific coefficient value depends on the initial, 
mid-season, and end- season periods of the crop [11]. 

 

Fig. 1. Major crop areas in India 

    The main objective of this paper is to (i) perform a 
literature survey on existing techniques for estimating ETo (ii) 
to discuss the merits and demerits of both conventional and 
non-conventional methods and (iii) to determine the factors 
on which evapotranspiration rate depends. 

II. CONVENTIONAL METHODS FOR ESTIMATING 

REFERENCE EVAPOTRANSPIRATION 

Conventional methods are those methods which use empirical 
and semi-empirical formulae for estimating 
evapotranspiration. These methods are used for estimating 
Evapotranspiration directly by applying the climatic data on 
the formulae associated with each method. Penman-Monteith, 
Hargreaves, Blaney-Criddle, Thornthwaite, Turc, Jensen- 
Haise, Lysimeter and FAO-56 are some of the conventional 
methods for estimating evapotranspiration. Among these, 
Penman-Monteith, Blaney-Criddle, and Hargreaves method 
are found to be the most popularly used. 

A. Penman-Monteith Method 

The Penman-Monteith method is a conventional method for 
estimating ETo in any region during any season. The input 
parameters associated with the Penman- Monteith method are 
solar radiation, minimum and maximum air temperature, 
pressure, wind speed and soil heat flux. The formula used for 
estimating ETo using Penman-Montieth method is given in 
equation (2) [4]. 
ETo =    0.408Δ (��-G) + γ 900 (T+273) �2(�� - a)                 
(2)        
                               Δ+γ (1+0.34 �2) (2) 
Where, 

 � = Net radiation at the crop surface 
G = Soil heat flux density 
�� -�� = The vapor pressure deficit of the air 
�2=Wind speed at 2m height 

T =Mean daily air temperature at 2m height 
Δ=Slope of saturation vapor pressure temperature 
relationship 
γ=Psychrometric constant 

Dalai et al., [4] studied the water requirement for crops in 
Khurda district, Odisha through DSS_ET version 4.1 
software. Relative humidity, Minimum and maximum 
temperature, solar radiation, wind speed and rainfall were 
available at Bhubaneswar climatic station. This software 
identifies the best method for estimating ETo based on the 
given climatic condition. As all the parameters required for 
the Penman-Monteith equation were available, ETo was 
calculated using the PM method. It was concluded that during 
Kharif, there was necessary amount of water available surplus 
water available but in Rabi crops required irrigation since 
rainfall was not regular. Also, it was found that water 
requirement was highest for Kharif long duration rice crop 
and water requirement was lowest for green gram. 

Chattopadhyay et al., [12] analyzed ETo for 10 stations for 
a period of 15 years in India using the Penman-Monteith 
method. During post-monsoon and monsoon season, the 
negative trend of 0.3 mm day−1decade−1 and 0.2 mm 
day−1decade−1 respectively was observed across the country. 
During the winter season, an increasing trend of 1% - 4% were 
observed across the southern and central part of India. The 
increasing and decreasing trends in potential 
evapotranspiration were strongly associated with a rise in 
relative humidity and a fall in solar radiation. 

Kumar et al., [13] developed an extreme machine learning 
model for estimation of ETo based on averaged daily data. 
ANNs were implemented twice using two different sets of 
parameters. One is using the Author's methodology with a 
daily pattern from average one year and the other one is using 
the original data set with non-averaged daily patterns data 
from 8 years. The ETo accuracy of ����� and 
���ℎ �is 0.9883 and 0.8972 respectively on the basis of 8 
years’ time period and the accuracy of ����� and 
���ℎ � is 0.9955 and 0.9818 respectively on a time period 
of 1 average year. The higher accuracy of ETo is strongly 
associated with the usage Penman- Monteith method. 

Rajan et al., [14] utilized meteorological information, like 
radiation, mugginess, wind speed, dew point temperature, 
minimum and maximum temperature for breaking down 
Penman-Monteith display. Models like Blaney-Criddle, 
Priestley-Taylor, and Penman evaluated by these models were 
contrasted with the Penman-Monteith method. Subsequently, 
the Penman-Monteith display is viewed as better reasonable, 
contrasted with different models, for Karunguzhi in 
Kancheepuram   District (R²= 0.878). This model was 
appropriately altered by recalibrating the constants without 
influencing the model structure. The altered 
Penman-Monteith Model has better exactness for the 
expectation with an improved relationship coefficient (R2 = 

0.915). 
Dabral et al., [15] gathered meteorological information 

from Indian Meteorological Department (Pune) for Bikaner 
locale of Rajasthan from the year 1961 to 2005. Month to 
month ETo was evaluated utilizing the Penman-Monteith 
FAO-56 technique.  

 



International Journal of Recent Technology and Engineering (IJRTE)  
ISSN: 2277-3878, Volume-8 Issue-4, November 2019 

 

1096 

Published By:  
Blue Eyes Intelligence Engineering 
and Sciences Publication (BEIESP) 
© Copyright: All rights reserved. 

 

Retrieval Number: D6738118419/2019©BEIESP 
DOI:10.35940/ijrte.D6738.118419 
Journal Website: www.ijrte.org 
 

The month to month assessed ETo values acquired utilizing 
the Penman- Monteith FAO-56 went from 49.0 mm to 347.5 
mm for Bikaner. Month to month ETo arrangement was 
having deterministic (pattern and occasional) and stochastic 
(reliant and autonomous) parts. The correlation coefficient 
(0.902) and Nash-Sutcliffe coefficient (0.977) indicated a 
high degree of model fitness to the observed data. Kashyap et 
al., [16] in his work conveyed that, though Penman-Monteith 
is an elaborate approach to estimate ET0, it requires a greater 
number of climatic data. Often such data aren’t available in 

many developing countries. So, this forces the user to switch 
over to some other alternative empirical methods for 
estimating ET0. 

From the survey, it is found that this method yields a good 
accurate value of ETo. Among conventional methods, this 
method is found to be the best and popular one. But 
Penman-Monteith is a complex method and requires a greater 
number of climatic parameters. 

B. Blaney Criddle Method 

The Blaney Criddle method is used for determining the ETo 

over the agricultural land considered. The Blaney Criddle 
method is a temperature-based method for determining  ℎ  
ETo rate or in other words, we take the mean temperature as 
the input for determining the ETo rate. The Blaney-Criddle 
formula for estimating ET0 is given in equation (3) [17].   
ETo = p (0.457·Tmean + 8.128)                                              (3) 
Where, 
ETo - Reference evapotranspiration [mm day−1] 
Tmean - Mean daily temperature [°C] given as Tmean = (Tmax + 
Tmin) / 2 
 p - Mean daily percentage of annual daytime hours. 

Jayaram et al., [18] evaluated ETo utilizing the Blaney 
Criddle technique and Lysimeter device for onion crops in the 
semi-arid region of Chitra Durga region, Karnataka. 
Estimation of ETo by lysimeter device is observed to be 7.90 
mm/day and 6.49 mm/day for the Blaney Criddle method. 
Blaney Criddle was found to be an easier and reliable method 
to estimate ETo in the semi-arid region. 

Blaney Criddle method can be applied in areas where only 
the temperature is available. It has less dependency on input 
parameters. But the results are found to be less accurate since 
the number of parameters is less. 
C. Hargreaves Method 
Hargreaves is one among the conventional methods which is 
used for ETo estimation. Temperature is the only parameter 
that is used in this method for estimating ETo. The Hargreaves 
formula for estimating ETo is given in equation (4) [19].  
ETo = 0.0029  a (TC+20)   0.4                                                                 (4) 
TR = Tmax – Tmin                                                                                                      (5) 
Where, 
ETo - Reference evapotranspiration 
TR- Temperature range 
�� - Extra-terrestrial radiation 
TC -Temperature in degree Celsius 
Tmax and Tmin - Daily maximum and minimum temperature. 

Adamala [20] developed a wavelet – Neural Network 
(WNN) primarily based model for estimating ETo at 25 
meteorological locations that have semi-arid, arid, 
sub-humid, and humid regions in India. This paper compared 
the WNN model with different standard models like Artificial 
Neural Network (ANN), Linear Regression (LR), Wavelet 
Regression and Hargreaves (HG) to check the simplest 

performed technique. The ANN and WNN models had a 
higher performance of 17–38% when compared to the HG 
technique. This method can be used in areas, where climatic 
parameters apart from air temperature doesn’t seems to be 

available. Since this method uses less parameter, the results 
are less accurate. 

Conventional methods like Penman-Montieth provide high 
accuracy of ETo, but it is a complex method and can be 
applied only when all the input parameters are known. Blaney 
Criddle method a simple and reliable method to estimate ETo 

but does not provide accurate results. Due to fewer 
parameters, it provides just rough estimates. Hargreaves 
method is a direct method for estimating ETo. Since it has less 
dependency on the input parameters, this method also does 
not provide satisfactory results when compared to other 
methods. 

III. NON-CONVENTIONAL METHODS FOR 

ESTIMATING REFERENCE 

EVAPOTRANSPIRATION 

Non-conventional methods are a way to estimate ETo through 
prediction algorithms like ANN, WNN, and regression. These 
methods have a good generalizing capability and also have a 
high ability to study complex modeling system and non-linear 
features. Wavelet Neural Network (WNN), Artificial Neural 
Network (ANN), Fuzzy Logic, Regressions are popular 
among the non-conventional methods. 

A.  Artificial Neural Network (ANN) 

Artificial Neural Networks (ANN) are computational  models  
that  are  based  on  the biological neural networks, with a 
similar operation to human procedures. These systems learn 
to perform tasks by considering examples, in other words, 
they learn through training sets and testing sets [21]. This 
ability demonstrates that ANN can go far beyond a simple 
mapping of input and output relations. In recent decades, 
ANN has shown a high ability to   study   modeling   complex   
systems   and   non-linear features [22]. ANN’s can be used to 

estimate ETo in a systematic and logical manner. 
Kumar et al., [23] estimated daily ETo using the ANN 

technique and compared it with the Penman-Monteith method 
and value obtained through the lysimeter device. It was found 
that the ANN architecture gave minimum WSEE (Weighted 
standard Error of Estimate) value (less than 0.3 mm/day), 
while the WSEE value for PM and lysimeter measured ETo 

were between 0.74 to 0.97 mm/day. It was concluded that 
ANN can be used to estimate ETo better than conventional 
PM methods. 

Alves et al., [24] determined ETo by the Penman-Monteith 
method and to forecast it, a feed-forward Multi-Layer 
Perceptron (MLP) was adopted. In his study, ANN showed a 
high accuracy as the minimum R² was 0.925.  They concluded 
that day-to-day ETo can be determined by using ANN. 
Khoshhal et al., [25] conducted a research study to develop an 
ANN based model to estimate ETo from limited climatic data. 
He concluded that neural networks also perform well when 
inputs are incomplete or affected by measurement error. ANN 
approach may open a new opportunity for the rapid estimation 
of accurate ETo value. 
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ANNs can determine the accuracy of ETo during the 
non-availability of climatic data. ANNs can produce better 
accuracy when compared to conventional methods for 
estimating ETo. 

B. Wavelet Neural Network (WNN) 

Wavelet Neural Networks, a tool for accurately modeling ETo 
preserves the property of being a universal function 
approximator just like other neural network models. This 
method uses various hydro-climatic variables which are 
non-stationary in nature. 

Adamala [20] developed a generalized neural network 
model and ANN model similar to the Hargreaves method to 
estimate ETo with input parameters, solar radiation, minimum 
and maximum air temperature. These models were compared 
with the Hargreaves method and were found that WNN and 
ANN were 17 to 38% more accurate than the Hargreaves 
method. These models can be used where the availability of 
parameters required to estimate ETo is less for a region. 

WNN has an excellent generalizing property and capable to 
study complex non- linear systems. Non-conventional 
methods yield a better result of ETo value compared to 
conventional methods. But these methods depend on the data 
determined from conventional techniques. 

C. Fuzzy Logic (FL) 

Fuzzy Logic is an approach by modern computers to compute 
the degrees of truth where the truth value ranges from 
completely true to completely false, rather than the Boolean 
logic where the truth values of variables are either zero or one. 
This technique is essentially used in the development of 
human-like capabilities for Artificial Intelligence. 

It is possible to fuse FL and ANN technique to determine 
ETo in an accurate manner. This strategy is utilized by 
Odhiambo et al., [26] where optimized model of FL and ANN 
fused together was applied to estimate ETo using, wind speed, 
solar irradiance, air temperature difference, and relative 
humidity as it’s inputs. The estimates were compared with 
ETo estimated from FAO Penman-Monteith equation. The 
coefficient of determination (r2) value for the optimized 
model was 0.88 whereas, for the Penman-Monteith estimated 
ETo, it was 0.85. It was concluded that, these results showed 
that this optimized network of fuzzy-neural model is accurate 
and provides an efficient way of improving fuzzy ET models. 

D. Regression 

Regression is a statistical analysis to understand the 
relationship between a dependent variable and two or more 
independent variable. It includes many techniques for 
modelling and analyzing like linear regression, binary 
regression, general linear model. Sanford et al., developed a 
water-balance method to estimate long term 
evapotranspiration across US during 1971 to 2000. This 
method was combined with climate and land-cover regression 
equation. Temperature and precipitation were used as inputs 
for climate data set and land-cover data were obtained from 
USGS National Land Cover dataset. 

It was concluded that the climatic factors are the most 
influential in determining evapotranspiration, since an error 
of 13% occurred from the climate-only regression. Using 
regression analysis, maps showing estimates of 

evapotranspiration can be generated from climate and 
land-cover data [27]. 

IV. COMPARISION OF CONVENTIONAL AND 

NON-CONVENTIONAL METHODS 

 
Evapotranspiration is one of the effective techniques to 
estimate the water requirement for a particular crop. 
Evapotranspiration is usually estimated using various 
conventional and non-conventional methods. It is found that 
Penman- Monteith is the most effective method among the 
conventional methods since high parameter demanding 
methods yields better accurate ETo values when compared to 
less parameter demanding methods. But these conventional 
methods have some disadvantages too. These methods require 
a greater number of meteorological data for estimating ETo. 
They consume more time; also, they are prone to human 
errors. Many weather stations don’t contain all the necessary 

sensors required to calculate the climatic parameters. Even if 
they are present, they often provide data of low quality [24]. 
Lysimeter, a conventional device to estimate ETo is 
time-consuming and requires accurate planning. 

So, to overcome these issues non-conventional techniques 
like ANN, WNN, FL, Regression analysis can be used to 
estimate ETo in a better manner. These methods have a good 
generalizing capability and also have a high ability to study 
complex modeling system and non-linear features. They also 
do not consume more time and does not require any 
experimental setup. But these methods depend on the data 
from conventional methods.  
The table given below discuss the advantages and 
disadvantages of some conventional and non-conventional 
methods.  

Table- I: Pros and cons of conventional and 
non-conventional methods 

Conventional Methods Pros Cons 

Penman-Montieth It provides high 
accuracy of 
evapotranspiration. 
 

Penman-Montieth 
method is a complex 
method and can be 
applicable only 
when all the input 
parameters are 
known. 
 

Blaney-Criddle It is a simple and 
reliable method to 
estimate 
evapotranspiration  
 

Blaney Criddle 
method does not 
provide accurate 
results. It provides 
just rough estimates. 
 

Hargreaves It is a direct method 
for estimating 
evapotranspiration. It 
has less dependency 
on the input 
parameters.  
 

Hargreaves method 
does not provide 
satisfactory results 
when compared to 
other methods. 
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Non-Conventional 
Methods 

Pros Cons 

ANN and WNN ANNs can be applied 
where the during the 
non-availability of 
parameters. WNNs 
have a good 
generalizing 
capability and also 
has a high ability to 
study complex 
modelling system 
and non-linear 
features. They also 
do not consume more 
time and the results 
are accurate than 
conventional 
methods.  
 

ANN and WNN 
work on climatic 
data from the 
conventional 
methods like 
Penman-Montieth, 
Blaney-Criddle, 
Hargreaves. 
 

Fuzzy logic Fuzzy Logic can 
produce high 
accurate results 
because of 
generalization and 
learning capabilities. 

Fuzzy Logic models 
can be made 
effective only 
through neural 
training.  

Regression Regression can be 
used to determine ET 
rate using non-linear 
parameters   

Regression produces 
inaccurate results in 
some cases.   

V. IMPACTS AND USAGE OF CLIMATIC 

PARAMETERS  

A. Impacts of Climatic Parameters on ETo     
The value of ET0 has been found to vary in various regions 
during different climatic seasons. During the monsoon and 
post-monsoon season, the West – Central regions of India 
experienced a fall in the value of ETo while South and 
North-East India experienced a slight increase in the ETo rate 
[12]. Similarly, Dabral, in his study found a fall in the value of 
ETo during monsoon season in Rajasthan from 2001 to 2005 
[15]. From these studies, it can be understood that climatic 
factors have a major impact on ETo. 

Pandey et al., found an increase of ETo by 4-12% in the 
Narmada river basin during the period 1901-2000. It was 
found that temperature was the major factor for the rise in ETo 

value [28]. Rajan et al., in their paper conveyed that surface 
water loss occurs primarily through ETo which is the 
atmospheric demand of moisture that occurs through 
evaporation [14]. So, an increase in soil moisture content 
increases the rate of Evapotranspiration. Chattopadhyay et al., 
in his study, conveyed the relationship between relative 
humidity and ETo [12]. As relative humidity increases, the 
solar radiation decreases, a fall in ETo occurs. 

As evaporation takes place, the encompassing air slowly 
becomes saturated. If the wet air is not transferred to the 
atmosphere, then, this process will gradually slow down and 
possibly stop. Thus, it is necessary to replace the saturated air 
with drier air, which highly depends on wind speed [9]. So, 
relative humidity, soil moisture, solar radiation, temperature, 
and wind speed are the important parameters that have a 
major impact on estimating ETo. 

B. Effective use of  climatic parameters  for
 estimating ET0 

Evapotranspiration can be determined using the parameters 
such as, relative humidity, solar radiation, wind speed, 
atmospheric pressure, mean maximum and minimum 
temperature, land surface temperature, rainfall, soil, and 
vegetation. Though all these parameters are not available for 
some region and stations, it is possible to estimate ETo with 
the available parameters by selecting the suitable method. 

Regions where the air temperature is the only available 
factor, ETo can be determined effectively using ANN and 
WNN techniques. In a study, Adamala. S [20] determined 
ETo value with 17 to 38% more accurate than conventional 
HG method using ANN and WNN models where the air 
temperature was the only available data. Similarly, 
Hargreaves et al., [29] in his work recommended that, 
considering the problems due to the non-availability of 
climatic data in many developing countries, Hargreaves 
method which considers only temperature and solar radiation 
as its input, is found to be the most simple and practical 
method for estimating ETo. 

Also, it is possible to identify a suitable method for the 
given parameters using the software. DSS_ET version 4.1 is 
such a software that consists of 22 most popularly used and 
ETo estimation methods that are accepted internationally. 
This software selects the best method for estimating ETo 

based upon the given climatic condition. It identifies the data 
demanded by any method and if the available method satisfies 
the data requirement of the first-rank method 
(Penman-Monteith), the system estimates ETo with that 
method, if not, it finds for the next suitable method. Using this 
software, Dalai et al., [4] studied the water requirement for 
crops in Khurda district, Odisha and found that during Kharif, 
long duration rice crop required more water and during Rabi, 
Green gram required less water.  

High parameter demanding methods yields better accurate 
ETo values when compared to less parameter demanding 
methods. This can be understood through a study by Rajan et 
al., who estimated ETo using the Penman-Monteith method 
which demands radiation, humidity, wind speed, minimum 
and maximum temperature as it's input parameters. When 
compared the value obtained from PM method with less 
parameter demanding methods like Blaney-Criddle and 
Priestly Taylor, it was found that PM model had a high 
correlation coefficient (0.636) which indicates better 
accuracy of ETo when compared to the values (0.308) 
obtained from less parameter demanding methods [14]. 
Similarly, McKenny et al., [30] in his work conveyed that 
temperature-based methods produces estimates are generally 
less reliable than those methods which take many climatic 
factors into account. Among all the methods considered, 
accurate results were produced by Penman-Monteith method. 

So, the accuracy of less parameter demanding methods can 
be increased by multiplying the correction factor with the 
estimated ETo value from any method. The formula for 
correction factor is given in equation (6) [4]. 
Correction factor = 1/n* (ETop / EToa)                                  (6) 
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Where,  

n = number of years used 
correction factor = Average of daily ET0 data for ‘n’ years. 
ET0p= ET0 from FAO 56, Penman-Montieth method  
ET0a = ET0 from any method 
    In this way, we can get the results equivalent to FAO 56, 
Penman-Montieth method using correction factor for any 
estimation method.  

VI. DISCUSSIONS 

The implication of this study is to discuss the various 
techniques used to estimate reference evapotranspiration, to 
determine the water required for a crop. Many conventional 
and non-conventional methods are available to estimate ETo. 
Among conventional methods, Penman-Monteith method 
which is a high parameter demanding method, stands first as it 
yields accurate values of ETo. Since, all these parameters are 
not available for some region and stations, it is not possible to 
estimate ETo with this method for all the regions.  
Blaney Criddle and Hargreaves methods are also a simple and 
reliable method to estimate ETo. But, as they use fewer 
parameters, their results are not very accurate when compared 
to Penman-Monteith. So, in order to overcome this issue, 
correction factor is used to improve the accuracy of less 
parameter demanding methods. Non-conventional methods 
like ANN, WNN are a kind of computational models that 
have an excellent generalizing property and capable to study 
complex non-linear systems. Fuzzy logic is a method to 
determine ETo based on the degree of truth. Fusing FL with 
ANN, it is possible to get an accurate ETo value. Also, 
regression, a statistical approach is being widely used to 
determine ETo. From the survey, it is found that 
non-conventional methods yield a more accurate results than 
conventional methods. Also, it is found that relative humidity, 
soil moisture, solar radiation, temperature, and wind speed are 
the factors that have a major impact on estimating the value of 
ETo. Since many regions doesn’t contain all the parameters 
required to estimate ETo it is necessary to choose the method 
based on the parameters available in the region. Temperature 
is one such parameter which is available at all the regions. 
Thus, using Hargreaves method or ANN it is possible to 
estimate ETo using only temperature as its input. Finally, its 
accuracy can be increased using correction factor.   

VII. CONCLUSION AND FUTURE SCOPE 

Evapotranspiration is a popular approach to solve the water 
shortage issue in India. It is a procedure reliant on numerous 
climatic components. Estimation of ETo value depends on 
various climatic factors like humidity, temperature, solar 
radiation, the moisture content in soil and also rainfall. It is 
important to choose suitable methods based on the available 
parameters in a particular region. Among conventional 
methods, Penman-Monteith methods yields accurate and 
better results when compared to others.  Since conventional 
methods are tedious in estimating ETo like constructing and 
operating a lysimeter device and also due to the 
non-availability of climatic data for various regions, 
non-conventional methods are recommended over 
conventional. Artificial Neural Network is an effective 

method for estimating reference evapotranspiration when 
compared to other conventional and non conventional 
methods as they are less dependent on the input parameters 
and yield better results.  

Scientific research will continue by performing a 
comparative analysis of different machine learning algorithms 
to estimate ETo. These techniques can be applied in a 
real-time situation by developing an optimal water usage 
control system which can be used by farmers to estimate the 
water required for a crop. This ensures that the crop will 
receive the exact amount of water it needs for its healthy 
growth. Thus, evapotranspiration provides a solution for 
water scarcity in the field of agriculture. 
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