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ABSTRACT
One of the major significant features of water stability was evapotranspiration (ET) unluckily this was also one of the
major tough parameters to estimate in the area. Hence a large amount of study was managed to evaluate a type of
reference evapotranspiration from meteorological details as well as to transform this to the real evapotranspiration. The
FAO 56 Penman-Monteith technique had been effectively suggested by FAO to compute ET 0 below various
circumstances and showed higher accuracy than the other methods. The primary problem to use this equation has
needed many weather variables. In diverse fields the weather statistics is lacking. To find a suitable alternative to the
FAO-56 PMF and for calculating ET0, 5 temperature, 2 radiation, 9 mass transfer based methods have been chosen by
Hargreaves-M4 and Penman methods are in good agreement with ET0 estimated using standard FAO 56 PMF method
in the semi-arid Karimnagar region. It is also noticed that Hagrevea-M3, Hagrevea-M2, Hagrevea-M1 are suitable
methods for this region. The rest other methods are not suitable for this region.
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utilizing 21 years daily meteorological data of the semi-arid Karimnagar region. Among these, ET0 estimated using
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INTRODUCTION
Evapotranspiration (ET) is one of the elements of field water balance. In a crop region, evaporation from the soil as
well as transpiration using plants happens at the same time. Evaporation from the soil surface of the crop region
along with transpiration through the crop plant in a combined manner is evapotranspiration. The Knowledge of ET
was a significant empirical analysis in the planning, designing and operation of irrigation and water management
systems. It is one of the major tough parameters to estimate in the region. Hence a number of studies were
undertaken to measure a type of reference evapotranspiration from meteorological statistics as well as to transform
this to the real evapotranspiration.
Reference evapotranspiration is the speed of evapotranspiration from a substantial surface of 8 to 15cm
tall, green grass protect of constant height, energetically developing, entirely covering the ground and not short of
water. The FAO 56 Penman-Monteith technique was effectively suggested by FAO to compute ET0 beneath various
circumstances and showed higher accuracy than the other methods. The key problem to use this equation was
needed many weather variables. In numerous fields the weather data is lacking. The reference evapotranspiration
estimated by many empirical equations, before using these equations, they must be evaluated against FAO 56 PMF
method.
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In this study 5 temperature-based, 2 radiation-based, 9 mass transfer based techniques have been assessed in
opposition to the FAO 56 PMF method; as well as the good and bad equations have been found using weather details from
the Regional Agriculture Research Station, Jagtial, Karimnagar, Tealangana state. The assessed methods were: equations
Schendel and Hargreaves M1, M2, M3 and M4 (temperature based), FAO 24 radiation and Priestley-Taylor (radiation
based), Dalton, Trabert, Meyer, Rohwer, penman, Albrecht, Brockamp-Wenner, WMO and Mahringer (mass transfer
based).

MATERIALS AND METHODS
Study Area and Collection of Weather Data
To understand and evaluate the Evapotranspiration of Karimnagar district of Telangana state is selected as the proposed
area of study. It is lies between 18°59’ N and 19° N latitude on 79°29’E and 80 º E longitudes. Weather data on daily basis
for a period of 21 years (1996-2016), include maximum and minimum temperature; highest as well as least comparative
humidity, wind speed, sunshine hours, atmospheric pressure, precipitation along with solar radiation have been gathered
from the Regional Agricultural Research station (RARS), Jagtial, Telangana state.
Methods used for Estimation of Reference Evapotranspiration
FAO 56 Penman- Monteith Formula
(1)
Where ET0 was citation evapotranspiration (mm day-1), Rn was net radiation in crop surface (MJ m-2 day-1), G was
soil heat flux density (MJ m-2 day-1), T was mean daily air temperature (º C), U2 was wind rate in 2 m height (m s-1), еs was
saturation vapour pressure (kPa), еa was real vapour pressure (kPa), еs-еa was saturation vapour pressure shortfall (kPa), ∆
was incline vapour pressure curve (kPaº C-1), as well as γ was psychometric continuous (kPaºC-1).
Temperature-Based Methods
Hargreaves Equations
(2)
(3)
.

(4)
(5)

Where ET0 is in mm day-1 and p was monthly rainfall (mm). The coefficient of 0.408 was for transforming MJ m-2
day-1 into mm day-1 (Allen et al. 1998). TheEqs.2, 3, 4 and 5 was described from now on as Hargreaves-M1, HargreavesM2, Hagreaves-M3 and Hagreaves-M4 respectively.
Schendel (1967)
(6)
Where ET0 is in mm day-1 and Tav was mean air temperature in °C.
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Radiation-based Methods
FAO24-RadiationMethod
(7)
Where Rs was solar radiation in mm day-1, “a” and “b” were adaptation elements. The value of “a” differs with
mean comparative humidity as well as day time wind speed, given as:

(8)
Where RH was mean comparative humidity in percent and Ud was mean day time wind rate sec-1 and value of
adjustment factor “b” is -0.3 mm day-1.
Priestley-Taylor
(9)
Where ET0 is in mm day-1, ∆ was incline of saturation vapour pressure-temperature curve (kPaº C-1), Rn was net
radiation (MJ m-2 day-1) and G was soil hest flux (MJ m-2 day-1).
Mass Transfer-Based Methods
Following nine mass transfer-based equations have been utilized:
Method
Dalton (1802)
Trabert (1896)
Meyer (1926)
Rohwer (1931)
Penman (1948)

Equation
... (10)
... (11)
... (12)
... (13)
...(14)

Albrecht (1950)

...(15)

Brockamp-Wenner (1963)
WMO (1966)
Mahringer (1970)

...(16)
...(17)
... (18)

In all the above equations (Eqs.10- 18), ET0 is in mm day-1; еs along with еa were saturation and real vapour
pressure respectively and u is wind rate. The values of es along with ea were in hPa in all equations (except Rohwer and
penman models, where it was in mmHg), u is in m s-1 in every equations (excluding penman model, where it was in miles
day-1).

STATISTICAL ANALYSIS
To check and assess the function of dissimilar temperature, radiation, mass transfer-based ET0 techniques in differentiation
with FAO 56 PMF technique. By using Root Mean Square error (RMSE), Mean Bias Error (MBE), coefficient of
determination (R2) and correlation coefficient (r) was tackled using the assist of Microsoft Excel as calculating instrument
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to analyze outcomes. The RMSE, MBE, R2, r are defined as:
Root Mean Square Error (RMSE)
RMSE ranges from 0 to ∞ and its lower values are better. It was indicated as equation 19:
(19)
Mean Bias Error (MBE)
MBE values close to zero are considered better. It is expressed as equation 20:
(20)
Coefficient of determination (R2)
The value of R2 ranges from 0 to1.
Correlation coefficient (r)
Its value varies from -1 to +1.
(21)

In Equation 19, Equation 20 and Equation 21, Oi is observed PMF-56 ET0, mm day-1; Pi is predicted ET0 value
evaluated through examined equations, mm day-1; Ō is mean of noticed values and n is sum of observations.

RESULTS AND DISCUSSIONS
Comparative Evaluation of Different Temperature-, Radiation-, Mass transfer-based equations with PMF-56
The performance of reference evapotranspiration estimated using the meteorological data at Karimnagar district for 21
years from 16 empirical methods and the reference evapotranspiration by FAO 56 PMF on daily basis and averaged month
wise presented in Table 1 and requirement of all the methods month wise compared and shown in Figure 1.
It was shown that some of the estimated reference evapotranspiration values are nearer to FAO 56 PMF reference
evapotranspiration values and the remaining other methods over estimated in comparison with the FAO 56 PMF reference
evapotranspiration values. From Fig.1 it is observed that FAO 24 RD method has shown maximum values of ET O during
April and May months, Albrecht and Brockamp-Wenner methods has shown maximum values during May and June
months.
From the results it was clear that the reference evapotranspiration values obtained by Hagreaves-M4 method were
neared to FAO 56 PMF values. Hence, Hagreaves-M4 method can be used effectively to calculate reference
evapotranspiration in the absence of other weather parameters.
Table 2 summarizes comparative evaluation of different considered temperature-, radiation-, mass transfer-based
ET0 methods on daily basis in comparison with full data PMF-56 method for the study area during the period of 21 years
(1996-2016). From Table 2, it is evident that Penman method was found best on (RMSE=1.714 mm day-1, MBE = 1.529
mm day-1, R2= 0.943, r = 0.992, average ratio = 1.470) and Hagreaves M4 (RMSE=1.128 mm day-1, MBE = 1.529 mm
Impact Factor (JCC): 8.3083
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day-1, R2 =0.943, r = 0.912, average ratio = 1.353). From Table 2 it is observed that Hagreves-M4, Hagreves-M3,
Hagreves-M2, Hagreves-M1 are suitable for that region and Meyer, WMO, Mahringer, Dalton, Rohwer, Trebert, FAO 24
RD, Schendel, Pristley Taylor, Brockamp-Wenner and Albrecht are not suitable for that region.

Figure 1: Reference Evapotranspiration using different Empirical Methods and FAO PMF

Table 1: Reference Evapotranspiration Data from Empirical Methods and FAO 56 PMF
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Table 2: Statistical performance of Temperature-, radiation- and Mass Transfer based techniques versus PMF-56
method for Evaluating Daily ET0 during (1996-2016).
Method
RMSE MBE
R
Ratio
Penman
Hagreaves-M 4
Hagreaves-M 3
Hagreaves-M 2
Hagreaves-M 1
Meyer
WMO
Mahringer
Dalton
Rohwer
Trebert
FAO 24RD
Schendel
Priestley Taylor
Brockamp-Wenner
Albrecht

1.714
1.128
2.355
2.345
2.306
5.149
2.746
3.409
5.626
5.552
3.834
10.300
6.098
7.739
8.338
9.341

1.529
1.032
2.052
2.227
2.204
4.621
1.295
2.097
4.935
4.704
2.486
9.777
5.119
7.314
6.641
5.339

0.943
0.814
0.885
0.881
0.784
0.778
0.312
0.374
0.677
0.581
0.374
0.898
0.512
0.615
0.417
0.155

0.992
0.912
0.975
0.940
0.902
0.905
0.579
0.640
0.845
0.785
0.639
0.951
0.732
0.791
0.675
0.413

1.470
1.353
1.621
1.735
1.745
2.460
1.397
1.648
2.560
2.487
1.772
4.164
2.651
3.434
3.097
2.694

RMSE= Root Mean Square error (mm day-1), MBE= Mean Bias error (mm day-1), R2 = coefficient of
determination, r= Correlation coefficient, Ratio= Ratio of ET0 technique/ET0 PMF-56

SUMMARY AND CONCLUSIONS
The FAO 56 Penman-Monteith technique was effectively suggested through FAO to compute ET0 below distinct
circumstances and showed higher accuracy than the other methods. The primary problem to use this equation was needed
many weather variables. In various fields the weather statistics is lacking. For this purpose, sixteen equations have assessed
as compare to the FAO 56 PMF method. Results indicated that some equations performance is good, some is worst. The
Hagreaves-M4 and penman method ET0 values nearer to the FAO 56 Penman- Monteith technique and accompanied by
Hargreaves-M3, Hargreaves-M2, Hargreaves-M1 equations. The remaining other equations showed worst results.
The following conclusions were drawn


From the Overall study it can be concluded that Penman, Hargreaves-M4 are most suitable and Hargreaves-M3,
Hargreaves-M2, Hargreaves-M1 are suitable for the semi-arid Karimnagar region.



The rest other methods are not suitable for the semi-arid Karimnagar region.
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