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ABSTRACT. The performance of sixteen Valiantzas’ reference evapotranspiration models was investigated using
the meteorological data obtained from Agricultural Engineering College and Research Institute, Kumulur, Lalgudi Taluk
of Tiruchirapalli district, which is a semi-arid region located in Tamil Nadu, India. The Valiantzas’ reference
evapotranspiration was compared with the globally used FAO56 Penman-Monteith method. The indexes used for
comparison are coefficient of determination (R2), Standard Error Estimate (SEE) and long-term average ratio (RT). The
Valiantzas’ models requiring complete dataset performed excellently in this station. The models not requiring wind speed
data also performed equally well in this station and exhibited a fairly good correlation with FAO56-PM method. The
other formulae accounting for local average wind conditions, reduced set formulae with temperature and relative
humidity data alone and reduced set formulae with temperature and radiation data alone also performed well in this
station. The investigation showed fair accuracy of Valiantzas’ Models and hence researchers can use these models in the
absence of availability of the complete dataset.

Key words — Evapotranspiration, FAO56 Penman-Monteith, Valiantzas’ Models.

estimated using different methods like direct measurement
from a reference crop (perennial grass or alfalfa),

1. Introduction

Evapotranspiration is one of the most important
parameters in agricultural water management. Precise
estimation of reference evapotranspiration is to be done
for planning and supply of optimal quantity of irrigation
water. Reference evapotranspiration (ET,) can be
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computation from weather data and energy balance
models. Among the available physical and empirical
models, FAO56 Penman-Monteith (FAO56-PM) (Allen
et al., 1998) method is a globally recommended method
for estimation of ET,. But the complication faced in
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FAO56-PM method is, the inputs appear explicitly in the
computation. Several calculations have to be done and
handling of terms in different units is also complicated.

Valiantzas (2006, 2013a,b) developed algebraic
formulae by simplifying Penman’s equation, that compute
ET, from a complete set of routinely measured
meteorological variables, e.g., wind speed, u (m/s); solar
radiation, Rs (MJ/m?/d); Relative Humidity, RH (%) and
Temperature, T (°C). Valiantzas (2006, 2013a,b,c,d,
2014a,b, 2015, 2018a,b,c) proposed further simplifications
ofFAO56-PM method under limited data conditions that
has comparable accuracy to FAO56-PM method.

Valipour (2014) compared various full dataset
formulations proposed by Valiantzas in Iran. Kisi (2016)
reported that the recently developed Valiantzas’ equation
performs better than the soft computing regression
methods for one of the two stations examined in Turkey
and may be the best choice, where T and Rs data are only
available. Djaman et al. (2017b) reported that Valiantzas
full dataset formulation showed a good performance under
humid, sub-humid and semiarid conditions across Africa.
Djaman et al. (2017a) concluded that the performance of
Valiantzas’ equations depends on data requirements: the
more meteorological inputs, the higher the ET, accuracy.
According to Li et al. (2018) for full dataset, Valiantzas
formulation on a daily timescale was the best alternative
model for estimating the ET, in Eastern China. Several
studies have provided valuable information on the
accuracy of the Valiantzas® equations at different
countries like Iran (Valipour, 2014); Mediterranean
Climate (Kisi, 2014); Pilbara region of Western Australia
(Ahooghalandari et al., 2016), Senegal (Djaman et al.,
2015); Burkina Faso (Djaman et al., 2016).

While several studies have provided valuable
information on the accuracy of some of Valiantzas’
equations elsewhere, very limited support data and
information are available on the applicability of different
Valiantzas equations in semi-arid regions of India. Hence
this study aimed to evaluate sixteen Valiantzas’
ETomodels by comparing them with the FAO56-PM
modelin semi-arid regions of India. The evaluation is done
on daily time steps and the best performing models have
been identified to estimate the ET, under a semi-arid
region in India for the first time.

2. Data, methodology and study area

Meteorological data required for FAO56-PM method
and Valiantzas” models were collected from Agricultural
Engineering College and Research Institute, Kumulur for
a period of ten years (2005 to 2014) which has weather
station corresponding to well-watered conditions.
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Kumulur is a village in Lalgudi Taluk of Tiruchirapalli
district, located in Tamil Nadu, India. It is a Semi-Arid
Region, located at 10.93°N Latitude; 79.82°E Longitude
and 70m Elevation above MSL (Arunadevi et al., 2017).
The long-term average relative humidity is 51% and long-
term average wind speed is 1.9 m/s.

The FAO56-PM equation for estimating the daily
grass-reference evapotranspiration is given by :

90
0408*A(Rn —G)+ Ym*u *(ea —ed)

ET, =
0 A+v(1+0.34%u)

(1)

where, ET, reference evapotranspiration [mm day™],
R, net radiation at the crop surface [MJ m? day™], G soil
heat flux density [MJ m? day], T mean daily air
temperature [°C],u wind speed at 2 m height [m s], e
saturation vapour pressure [kPa], e, actual vapour pressure
[kPa], es-e, saturation vapour pressure deficit [kPa],
A slope of vapour pressure curve [kPa °C7],
v psychrometric constant [kPa °C™].

The sixteen models developed by Valiantzas are
grouped into five categories via. C1) Formulae Requiring
Full Set of Weather Data, C2) Reduced Set Formulae
without Wind Data, C3) Formulae Accounting for Local
Average Wind Conditions, C4) Reduced Set Formulae
with Temperature and Relative Humidity Data Alone and
C5) Reduced Set Formulae with Temperature and
Radiation Data Alone. The formula of Turk (1961) with
reduced wind data is also a common method for
estimating ET, and is considered to be more efficient
method for humid locations. The solar radiation-based
equation of Hargreaves (1975) requiring only the Rs,
Tmax and Tmin data is also considered for comparison in
this paper. Therefore, eighteen models that are compared
in this paper are listed below:

(C1) Formulae Requiring Full Set of Weather Data

Valiantzas (2006) : V* [R,, T, RH, u]:

ET, = 0.051(1— a)Ry (Tyean +9.5)>° — 2.4[%}

a

+0.048(T ean + 20)(1—%] (0.5+0.536u)

+0.000122
@
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Valiantzas (2013b) : V?[R,, T, RH, u]:

ETy = 0.0393R, (Tpean +9.5)°° —0.19R¥€p%15

RH juoj

+0.048(T gan + 20) [1— 100

®)

Valiantzas (2013d) : V¥ [Rs, T, RH, u]:

ET, = 0.051(1— & )R, (Typean +9.5)°°

—0.188(T eqn +13) [R— -0. 194J

a

[1 0.00015(T eq +45)? (RH j }

100
—0.0165R U +0.0585(T eqn +17 )"

b+ 0.00043(T e = Tonin ) _RH
x 100 { | 0.0001z

1+0.00043(T, oy = Tin )

4)

Valiantzas (2013d) : V* [Rs, T, RH, u]:

ETy = 0.051(1— & )R, (Typean +9.5)>°
R RH
- 2.4£R—:j— 0.024(T eqn + 20) (1— W)
—0.0165R,u°" +0.0585 (T ey +17 %"

{[1 03+0.00055(T, 35 — T ) ] RH} +0.0001z

(®)
Valiantzas (2013d) : V° [Rs, T, RH, u]:
ET, =0.051(1- & )R, (T, +9.5)°°
015 2
—{22.46— R —+0.92
[4sin(272) 1365 -1.39)p +12]
—0.024(T,,, +20) (1— RHJ
100
—0.0165R.u®" +0.0585(T,,, +17)u°’™
{[1 03+ 0.00055(T,.,, ~ Ty ) |- o1 }+0 0001z
100
(6)
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Valiantzas (2013a) : V® [Rs, T, RH, u]:

2
ET, = 0.0393R; (Tpyeqn +9.5)°° — 2.4[%}
a

RH

—0.024 (T eqn +20) (l_ﬁj

+Woz0r5 0.066 (Tpran +20) [1—%)&6

(7)

When RH > 65%, Wyeo= 0.78 and RH 65%,

Weero= 1.067, where W, is an empirical weighted factor.

(C2) Reduced Set Formulae without Wind Data

Valiantzas (2006) : V' [Rs, T, RH]:

2
ET, = 0.051(1— @ )Rq (Trean +9.5)>° — 2.4{%}
a

+0.075 (Typean +20) [1—ﬁj

100
8)
Valiantzas (2013b) : V¥ [R, T, RH]:
ETy = 0.0393Rg (Tyean +9.5)°° —0.19R26 %%
RH
+0.078 (T eay +20) | 1-—
( mean ) ( 100}
)
Valiantzas (2013d) : V° [R, T, RH]:
ET, = 0.0393R, (T ean + 9.5)0-5
2
—122.46 Ryg?” +0.92
[4sin(272 1365 1. 39)¢ +12f
RH
—0.024(T eqn + 20) (1— E)
(10)
Valiantzas (2013a) : V*° [R,, T, RH]:
ET, = 0.0393R, (T yean +9.5)™°
R RH
- 2.4[R—:] —Cy (Tymean +20) (1— ﬁj
(11)
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When RH > 65%, C, = 0.054 and RH 65%,
C,= 0.083, where C, is an empirical weighted factor.

J

Turk (1961) : Turk [Rs, T, RH]:

0.013T

mean
Tmean +15

)

Where Wgy = 1 when RH < 50% and Wgy = 0 when
RH > 50%.

ET, = (23.89R, +5o)(

1.43RH
100

{1—wRH (0.71—

(12)

(C3) Formulae Accounting for Local Average Wind
Conditions

Valiantzas (2013b) : VM [Rs, T, U]:

ETy = 0.0393R; (Tpean +9.5)°° ~0.19R%6¢%1°
+0.0037 (Tppean +20) (1.12T g5 = Tin = 2)'U

(13)
Valiantzas (2018a) : V*[Rs, T, RH, U]:
R 2
ET, = 0.0393Rq (T pean +9.5)°° - 2.4(R—S]
a
RH
—~0.024 (Trpean +20)| 1———
( mean )( 100]
RH
+ W10 0.066 (T g +20) (1_ W) U8
(14)

When RH > 65%, W= 0.78 and RH 65%,
Weero= 1.067, where W,ero is an empirical weighted factor.

Valiantzas (2018b) : V¥ [T, RH, U]:

RH 0.2
0.3
ET, = 0.0llS(l—mj (Tmex = Trin)

[Ra (Tean +10)%° — 4o]+ 0.1 (T eqn +20)
0.6
&0
100 ) 2

(C4) Reduced Set Formulae with Temperature and
Relative Humidity Data Alone

(15)
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Valiantzas (2013d) : V** [T and RH]:

ET, = 0.00668R, [(Trean +9:5) (Trax — Teew )I°°
- 0-0696(Tmax —Tgew ) —0.024 x (Tmean + 20)

RH
[1_ ﬁj_ 0.00455R, (T — Taen)°°

_RH
100

Valiantzas (2018b) : V** [T and RH]:

+0.0984 % (Tyean +17)
{b.os +0.0055(T, a0 — T

(16)

RH 0.2
0.3
ET, = 0.0118(1—ﬁj (Toex — Trnin)

[Ra (Trean +10)*° — 40]

RH

+0.4(T eqn +20) (1—mj

(17

(C5) Reduced Set Formulae with Temperature and
Radiation Data Alone

Valiantzas (2013b) : V** [T and R]:

ETo = 0.0393R; (Typean +9.5)° —0.19R€0*

+0.0061(T ran +20) (1.12T e = Tonins = 2)°"
(18)

Hargreaves (1975) : HG [T and Ry]:

ET, = 0.0135*0.408R (Typeqn +17.8) (19)

where, Tmax, Tmin and Tmean are daily maximum,
minimum and mean air temperature (°C) respectively; RH
is the daily average relative humidity (%); R is the solar
radiation [MJ m day™]; R. is the extraterrestrial radiation
[MJ m? day™]; o = 0.25 for V! [R, T, RH, u] and V' [R,,
T, RH, u]; a = 0.23 for remaining models; U is long-term
average annual wind speed (ms®);e is latitude of the
weather station in radians and z is elevation of weather
station in meters. The reference evapotranspiration
estimated from eighteen models are compared with
FAO56-PMequation. The indexes used for comparison are
traditional co-efficient of determination (R?), standard
error estimate (SEE) and long term average ratio (rt).

Z; (¥, = X; f

n-1

SEE = (20)
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Fig. 1. ET, estimated from FAO56-PM Model for Kumulur Station

it = Dav 21)
Yav
where, X; = estimated ETousing Valiantzas ET,

models; Y; = ET, estimated using FAO56-PM model with
full dataset, at i" data point; n total number of
observations; X,, and Y, are the long term average values
of Valiantzas ET, models and FAO56-PM model
respectively.

3. Results and discussion

From the ten years data, reference evapotranspiration
was estimated for Kumulur station. It was found that
reference evapotranspiration varies from 2.8 to 6.8mm
day™. The variation of reference evapotranspiration using
FAO-PM method is shown in Fig. 1.

The simple linear regression analysis for Valiantzas’
models and FAO56-PM model was carried out for daily
weather data of Kumulur station is presented in figures
along with R? value, standard error estimate and long-term
average ratio for each model.

The Valiantzas’ models requiring full dataset
performed excellently at this station. The SEE of V' [R,,
T, RH, u] is 0.426 mm/day [Fig. 2(a)] and also it falls
within the maximum value of SEE (0.466 mm/day)
reported by Valiantzas (2013a) for V' [R,, T, RH, u]
model estimated at twelve stations.

The SEE (0.332 mmi/day) [Fig. 2(b)] of V?
[Rs, T, RH, u] model was almost near to average value of
SEE (0.323 mm/day) reported by Valiantzas (2013c)
for V° [R, T, RH, u] model estimated at seventeen
stations.

V2 [Rs, T, RH, u] and V* [R,, T, RH, u] had little
higher SEE compared to maximum SEE reported by
Valiantzas (2013d) [Figs. 2(c&d)]. The seven stations
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maximum value of SEE for V? [R,, T, RH, u] obtained by
Valiantzas (2013d) was 0.217 mm/day and SEE for V*
[Rs, T, RH, u] at Kumulur station was 0.407 mm/day. Also
when V* [Ry, T, RH, u] is used, the SEE is less compared
to the SEE of V3 [Ry, T, RH, u].

V® [Rs, T, RH, u] had little higher values of SEE
around 0.292 mm/day compared to the maximum SEE
reported by Valiantzas (2013d) which was 0.248 mm/day.
Performance of V° [R,, T, RH, u] with less SEE
(0.292 mm/day) and rt (1.056), was identified as the best
model when compared to all the other full dataset models

(C1) [Fig. 2(e)]-

V® [Rs, T, RH, u] had little higher SEE [Fig. 2(f)]
compared to the maximum SEE reported by Valiantzas
(2013a), i.e., around 0.466 mm/day. Overall all the models
requiring full dataset showed a very good correlation.
Djaman et al. (2017b) reported that Valiantzas full-set of
data formulation showed a good performance under
humid, sub-humid and semiarid conditions across Africa.
Li et al. (2018) also reported that full set of data
Valiantzas model on a daily timescale was the best
alternative model for estimating the ET, in Eastern China.
Djaman et al. (2017a) also concluded that the performance
of Valiantzas’ equations depends on data requirements:
the more meteorological inputs, the higher the ET,
accuracy.

The models not requiring wind speed data (C2) also
performed equally well in this station and there is a fairly
good correlation between these Valiantzas [Rs, T, RH]
models and FAO56-PM model. The SEE of V' [Rs, T,
RH] was 0.566 mm/day [Fig. 3(a)] which is less than the
maximum SEE (0.897 mm/day) reported by Valiantzas
(2013a) for twelve stations. Similarly the SEE of V®
[Rs, T, RH] was 0.558 mm/day [Fig. 3(b)] and almost near
to the average value of SEE (0.548 mm/day) reported by
Valiantzas (2013c) that was estimated for seventeen
stations.

For V° [R, T, RH], the SEE calculated was 0.476
[Fig. 3(c)] and is lesser compared to the average value
reported by Valiantzas (2013d) for the same method at
different locations (SEE = 0.649 mm/day). The SEE of
VY[R, T, RH] [Fig. 3(d)] was within the maximum value
of SEE (0.897 mm/day) obtained by Valiantzas (2013a)
for twelve station. Higher SEE (1.088 mm/day) was
obtained for Turk [R,, T, RH] model compared to
Valiantzas [Rs, T, RH] models [Fig. 3(e)]. Valiantzas
(2013c) also reported a maximum SEE of 1.242 mm/day
while using Turk method. Hence V° [R,, T, RH] was
identified as the best model compared to all the other
models not requiring wind speed data (C2) with less SEE
(0.0.476 mm/day) and rt (1.059) [Fig. 3(c)].
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Figs. 2(a-f). Comparison of daily ET, estimated by Valiantzas’ Model versus FAO PM model for Full Dataset
Though R? value is lesser for V! [R,, T, U], the SEE mm/day) reported by Valiantzas (2013c) [Fig. 4(a)]. V*
is lesser compared to the maximum value of SEE (0.916 [Rs, T, U] model also performed better while comparing
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Figs. 3(a-e). Comparison of daily ET, estimated by Valiantzas’ Model versus FAO PM model for No wind data

with SEE obtained by Valiantzas (2018a) for Or land (0.956 mm/day) was obtained for V* [T, RH, U]
station daily data [Fig. 4(b)]. A lesser value of SEE compared to the maximum value of SEE (1.62 mm/day)
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Figs. 4(a-c). Comparison of daily ET, estimated by Valiantzas’ Model versus FAO PM model for Long Term Average Wind Data

obtained by Valiantzas (2018b) for Andravida station and
it was higher than the average value (0.603 mm/day)
[Fig. 4(c)]. Though all the above three models performed
well, V¥ [Ry, T, U] model with SEE = 0.584 mm/day and
rt = 1.098 was identitfied as the best model for calculation
of ET, when long-term average wind speed and the
remaining parameters are available (C3).

A nearer value of SEE (1.130 mm/day) was obtained
for V* [T and RH] model while comparing with the
maximum value of SEE (1.105 mm/day) obtained by
Valiantzas (2013d) for seven stations. The SEE
(1.01 mm/day) of V* [T and RH] is lesser compared to
the maximum value (1.12 mm/day) of SEE reported by
Valiantzas (2018b) for around thirty two stations. Though
both the methods exhibited a good correlation with
FAO56-PM method having R? value of 0.907 and 0.905
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respectively [Figs. 5(a&b)], V* [T and RH] with
SEE = 1.011 mm/day and rt = 1.216, was identified as the
best model for calculation of ET, when long-term
average wind speed and the remaining parameters are
available (C4).

While comparing V° [Rs, T, RH, u] and V° [R;, T,
RH], it was found that, the SEE was higher when wind
speed is not available. When long-term average wind
speed is used instead of missing wind speed, i.e., V%
[Rs, T, RH, U] model, the SEE is reduced compared to no
wind speed data modelV*® [R,, T, RH]. Similarly while
using the long-term average wind speed in Valiantzas
[T and RH] model, the standard error estimate is reduced.
So when wind speed data is not available for particular
station, the long term average wind speed can be used for
estimation of reference evapotranspiration.
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Figs. 6(a&b). Comparison of daily ET, estimated by Valiantzas’ Model versus FAO PM model for Temperature and Radiation Data

The value of SEE (0.618 mm/day) obtained for \/*°
[T and Rs] model for Kumulur station is lesser compared
to the average value of SEE (0.693 mm/day) obtained by
Valiantzas (2013c) for seventeen stations. While
comparing V*® [T and R,] with HG [T and R], V** [T and
Rs] performed better with lesser SEE [Figs. 6(a&b)].
Hence when relative humidity and wind speed data is not
available (C5), V*® [T and Ry], was identified as the best
model for calculation of ET,

4. Conclusions
The FAOS56 standardized Penman-Monteith equation
is globally used for estimation of reference

evapotranspiration. A disadvantage in using the FAO56
Penman-Monteith is that the main weather variables
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appearing directly in the equation are net radiation at the
surface (R,), temperature, slope of saturation vapor
pressure curve, vapour pressure deficit (D), psychrometric
constant and wind velocity. Though there are specific
instruments to measure R, and D, the usually available
weather records in the standard meteorological stations are
maximum and minimum air temperatures, solar radiation;
maximum and minimum relative humidity and wind speed
(Shuttleworth, 1993). The Valiantzas models requiring
full dataset performed excellently in Kumulur station
among which V° [R, T, RH, u] was best. The Valiantzas
models requiring no wind data also performed well in this
station. It is noted that that newly developed Valiantzas
[Rs, T, RH] models performed better compared to the old
Turk model under no wind speed data condition. Similarly
Valiantzas [T and Rs] models performed better compared
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to Hargreaves [T and Rs] model. The three Valiantzas
models using long-term average wind speed also
performed better in this station. Hence, in the five
categories, C1) Formulae Requiring Full Set of Weather
Data - V° [R,, T, RH, u], C2) Reduced Set Formulae
without Wind Data - V° [R,, T, RH], C3) Formulae
Accounting for Local Average Wind Conditions - V** [Rs,
T, U], C4) Reduced Set Formulae with Temperature and
Relative Humidity Data Alone - V** [T and RH] and C5)
Reduced Set Formulae with Temperature and Radiation
Data Alone - V! [T and R, the respective simplified
models proposed by Valiantzas had good accuracy in this
station and can be used for ET, calculations under full
dataset and limited data conditions.

Disclaimer : The contents and views expressed in this
study are the views of the authors and do not necessarily
reflect the views of the organizations they belong to.
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