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estimate ETo in four synoptic stations with arid, semi-arid, humid, and semi-
humid climates, meteorological data such as temperature, net radiation,
relative humidity, and wind speed were used for 1990-2010. Potational
evapotranspiration was calculated using 5 different methods, including
Hargreaves-Samani, Blaney-Criddle, Priestly-Tailor, Turc, and Makkink,
besides, the standard FAO-56 was used (because there was no Lysimetric
regionally data) to evaluate the applied formulas. In order to evaluate these
methods, were used the mean absolute error (MAE), root mean squared error
(RMSE), mean bias error (MBE), correlation coefficient (r), Nash -Satclif
index (N.S). Based on these indices, Blaney-Criddle method, after the FAO-
56 method, which was used as the basis, was selected as the superior method
for the four climates in Iran.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
article distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).
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Introduction

environmental evolution, and control of water
resources.

One of the prerequisites for optimal water
management in the watershed is an accurate
estimation of water balance components and
potential evapotranspiration is one of the factors
affecting water balance. Accurate estimations of
evapotranspiration perform an important role in
studies such as global climate change,
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Evapotranspiration is an important parameter in
hydrology and meteorology studies and also in
irrigation planning. It is necessary to estimate
plant water and irrigation systems design.
Determining the exact amount of water used for
evapotranspiration is one of the most important
factors in planning for achieving a product. For
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this reason, it has always been attempted to
provide the researchers with the appropriate
precision and need for the lowest available
ground data. Since, Iran is located in the arid and
semi-arid belt in world, which is characterized by
low rainfall, thunderstorms, flood flows and high
evapotranspiration.  Therefore,  quantitative
evaluation of evapotranspiration on a regional
scale is necessary for water resources
management, crop production and environmental
assessments in irrigated lands.

The researchers recommended the FAO-56
method as a valid method for estimating
evapotranspiration. Despite the high accuracy of
this  method, dependence on  various
meteorological parameters is a weakness of this
method and therefore, the use of this equation is

not possible at all times and places. Therefore,
according to the climate of each region, used to
an alternative method with the required
minimum meteorological data is proposed. In
this study, an equation from the group of
experimental ~ equations  of  temperature
(Hargreaves-Samani, Blaney-Criddle)  and
radiation (Priestly-Taylor, Turc and Makkink)
for different climates of Iran is calibrated,
evaluated and validated.

Materials and methods

In this study, to estimate ETo in four synoptic
stations with arid, semi-arid, humid and semi-
humid climate, meteorological data such as:
temperature, net radiation, relative humidity and
wide velocity were used for 1990-2010 (Tablel).

Tablel Parameters used in research

Station Parameters Data Collection Duration
Urmia min, max and mean temperature air, net radiation 1995-2010
Rasht (Mj/m2.d), min and max relative humidity, wind speed, 1990-2010
Mashhad max sunny hours (N), real hours of sunny (n), rain 1995-2010
Yazd (mm) 1994-2010

Potential evapotranspiration was calculated using
five different methods, including Hargreaves-
Samani, Blaney-Criddle, Priestly-Taylor, Turc
and Makkink, besides, the standard FAO-56 was
used (because there was no Lysimetric data in
the region, the available lysimetric data were

compared with the FAO-56 method data and
after statistical analysis between the FAO-56
method data with the lysimetric data, FAO-56 It
was considered as the base method for years
without lysimetric data in each station.) to
evaluate the applied formulas (Table 2).

Table 2 Equations used in research

Number Name_ of Equation Reference
Equation
1 FAO-56 — 0.408AR, ~G)+7 (T 273)U (6, —¢.) FAO-56 (1998)
° A+y(1+0.34U,)
Hargreaves- _ — Hargreaves and
2 Samani ET, = 0.0023Ra,/ imax Toin (Thean +17.8) Samani (1985)
Blaney- Blaney and Criddle
3 Criddle ET, =a+b(P(0.46T . +8.13)) (1950)
Priestley- A R -G Priestley and Taylor
4 ET, =1. 26(—)( —)
Taylor A (1972)
5 Makkink ET =0. 61 5 45 Makkink (1957)
6 Turc ET =0.013 (23 89R; +50)Tayg Turc (1961)
(Tog +15)

Refence evapotranspiration values were obtained
using the mentioned methods for all stations with
70% of the available data. Then, the results of
these calibrated equations, which are derived
from the remaining 30% of the data, were
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evaluated and validated with observational
values (FAO-56).

To derive the calibration coefficients of the
equations, the nonlinear optimization method
was used based on the minimization of the sum
of squares error, which was calculated using
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Solver in Excel software. For evaluate these
methods, MAE, RMSE, MBE, r, and Nash-
Sutcliffe index (N.S) were used.

Results

For Urmia station with semi-humid climate, the
use of Blaney-Criddle method calibrated with a
correlation coefficient of 0.99 and RMSE equal
with 0.14 is preferred and the Makkink equation
(1957) with a correlation coefficient of 0.96 and
RMSE equal to 0.43 is in the next priority. In
Mashhad station with a semi-arid climate, the
Blaney-Criddle equation calibrated with a
correlation coefficient of 0.99 and RMSE equal
with 0.11 and Hargreaves-Samani equation
(1985) with a correlation coefficient of 0.97 and
RMSE equal with 0.55, respectively. The first
and second priorities are for estimating the
evapotranspiration of the reference plant. For
Rasht and Yazd stations with wet and dry
climates, respectively, the priority is to use the
Blaney-Criddle  equation  calibrated  with
correlation coefficient and RMSE 0.99 and 0.12,
respectively, and the Turk equation calibrated
with correlation coefficient and RMSE is next,
0.92,0.93and 0.11, 0.12, respectively.

Based on these indices, the Blaney-Criddle
method, following the FAO-56 method as the
basis, with correlation coefficient (0.99), RMSE
(0.11-0.14), negative MBE, which represents less
estimation than observational data, and the Nash-
Sutcliffe equal to one as the first method for the
four distinct climates in Iran (Rasht, Urmia, Yazd
and Mashhad stations have climate wet, semi-
humid, dry and semi-arid, respectively).

The results of this study are consistent with other
studies conducted in Iran. In a study in Iran, the
reference evapotranspiration was studied by
Blaney-Criddle, Hargreaves, and Thornthwaite
methods for different climates based on the
UNESCO climograph in comparison with the
standard FAO-56 method. Blaney-Criddle has
the best estimate in arid, semi-arid and humid
climates. The results of this study stated that in
conditions where in the studied climates due to
lack of access to the required data, it is not
possible to estimate the reference
evapotranspiration by the FAO-56 method, using
calibrated equations can be statistically similar to
estimates obtained by the FAO-56 method. Also,
in another study that evaluated the appropriate
model of potential evapotranspiration in Iran,
four methods, Thornthwaite, Jensen-Hayes,
Blaney-Criddle, and Hargreaves-Samani were
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used and concluded that the Blaney-Criddle
method is the best for Iran.

Conclusion
The main results showed:

1. For Urmia station with a semi-humid climate,
using the Blaney-Criddle method calibrated with
a correlation coefficient of 0.99 and RMSE equal
to 0.14 is preferred and the Makkink equation
with a correlation coefficient of 0.96 and RMSE
equal to 0.43 is in the next priority.

2. For Mashhad station with a semi-arid climate,
the Blaney-Criddle equation calibrated with a
correlation coefficient of 0.99 and RMSE equal
to 0.11 and the Hargreaves-Samani equation with
a correlation coefficient of 0.97 and RMSE equal
to 0.55 were selected, respectively, the first and
second priority is the estimation of
evapotranspiration of the reference plant.

3. For Rasht and Yazd stations with wet and dry
climates, respectively, the priority is using the
Blaney-Criddle equation calibrated with a
correlation coefficient and RMSE are 0.99 and
0.12, respectively, and the Turk equation
calibrated with r and RMSE are 0.92, 0.93, 0.11,
and 0.12, respectively, in the next priority.

4. In general, the results showed that the Blaney-
Criddle method was calibrated, after the FAO-56
method, which was the base method, with the
highest correlation coefficient (r), the lowest root
mean square error (RMSE) and the Nash-
Sutcliffe index is about one, in the four stations
studied gives a good estimate of
evapotranspiration. Also, in situations where it is
not possible to the estimation of
evapotranspiration of the reference plant using
the FAO-56 method in the studied climates due
to lack of access to the required data, using the
calibrated equations, similar estimates can be
made from statistical opinion obtained by FAO-
56 method.
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Arid
Yazd Arid 31° 54° 54° 17" 1237.2
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Table 4 Statistical comparison of FAO-56 method and
lysimetric data

Station RMSE MAE MBE r
Urmia 1.507 1.22 -0.02 0.66
Rasht 1.537 1.42 -1.33 -0.14

Mashhad 5.05 4.08 -3.99 0.94
Yazd 1.201 0.98 0.06 0.86
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Table 5 Coefficients of callbrated equations
Eq. Station a b c d e f g h i j
Urmia 0.0038 20 0.4 - - - - - - -
Rasht 0.0020 20 0.56 - - - - - - -
H.S Mashhad 0.0044 20 04 - - - - - - -
Yazd 0.0040 20 0.4 - - - - - - -
Urmia 0.009 237 112 0001 032 0.34 0.0003 0.0001 0.17 9.99
B.C Rasht 0.013 352 132 0001 092 0.53 0.008 0.0001 0.09 991
Mashhad 0.0054 129 082 0.001 0.22 0.21  0.001 0.0003 0.24 9.99
Yazd 0.0041 211 0.95 0.0007 0.039 022 0.001 0.0002 022 133
Urmia 140 062 1755 163 98.86 0.0065 5.28 - - -
PT Rasht 284 049 0.1 191 118.71 0.0064 5.25 - - -
Mashhad 19 066 1884 0.1 92.14 0.0065 5.31 - - -
Yazd 086 061 1132 210 1014 0.0064 5.25 - - -
Urmia 0.012 071 01 4115 8.0 - - - - -
T Rasht 0.008 043 035 1522 0.73 - - - - -
Mashhad 0.011 054 035 10 2.68 - - - - -
Yazd 0012 05 05 10 6.66 - - - - -
Urmia 057 061 1749 181 100.33 0.0065 5.27 049 042 0.82
Mak Rasht 057 066 1824 0.1 9195 0.0064 5.25 035 0.29 0.062
Mashhad 070 066 1978 0.1 92.38 0.0065 5.31 0.48 047 1
Yazd 069 066 1981 0.1 92.15 0.0065 5.32 023 0.77 1
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Table 6 The main values of the coefficients of the equations for estimating evapotranspiration

Eq. a b c d e f g h i j
H.S 0.0023 17.8 0.5 - - - - - - -
B.C 0.0043 141 0.82 0.0041 1.07 0.066 0.006  0.0006 0.46 8.13
P.T 1.26 0.6108  17.27 2 101.3  0.0065 5.26 - - -
Mak 0.61 0.6108 17.27 2 101.3  0.0065 5.26 0.25 0.5 0.12
T 0.013 0.25 0.5 50 15 - - - - -
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Table 7 Comparison of different calibrated methods for estimating the evapotranspiration of reference plant with
the observed values by statistical indexes

Station Eq. r (n?rmgaEy) (ml\r/r|1|/?;j§y) MAE (mm/day) N.S
H.S 0.96 053 0.0058 0.0095 0.90
. B.C 0.99 0.14 -0.0093 0.0012 1
Urmia PT 0.94 0.77 -0.34 0.0098 0.80
T 0.93 0.90 -0.36 0.0081 0.72
Mak 0.96 0.43 -0.0023 0.000000023 0.94
H.S 0.90 0.54 -0.17 0.0038 0.67
B.C 0.99 0.11 -0.0024 0.00065 0.99
Rasht PT 0.91 0.68 -0.29 0.0053 0.47
T 0.92 0.36 -0.04 0.0015 0.85
Mak 0.92 0.37 -0.05 -0.0019 0.85
H.S 0.97 0.55 0.0052 0.0039 0.94
B.C 0.99 0.11 -0.0039 0.0022 1
Mashhad T 0.92 1.09 0277 0.0040 0.78
T 0.96 0.68 -0.14 0.010 0.91
Mak 0.96 0.61 -0.10 0.012 0.93
H.S 0.92 0.82 0.0036 0.0096 0.85
B.C 0.99 0.12 -0.0095 0.0023 1
Yazd PT 0.93 0.77 0.19 0.014 0.87
T 0.92 0.79 -0.035 0.00000003 0.86
Mak 0.91 0.90 -0.12 0.010 0.82
Environment and Water Engineering ol (pwdige § G jlame @)
Vol. 8, No. 2, 2022 VE) Gl Y o hoyss (DL


bshahmorady@gmail.com
Typewritten text
420


Y

el OYoles cul s 2o

i Laoll sl don o La iy, e MBE jlo_is
oddyLis aS a bl e (iie jobim (i b,
FAO-56 g, 4 cuus (35— 55 ;a5 391,
O =l 9y =4S plo)n o S jsban ol
Lo Jam 5=k gy &8 8 Sy 851, b,
(RMSE) Lz wlay o (oSl ai; jlade (a8
slbs (ol (iie Hla o 5 (Siwron (n
L gy plw ot >0 9y Olsiea— (MBE) )l
38,5 ol i lizen slape l3l g oSl ¥ 52 sl

slwosls Jlas a —wpwd Ojgmo jo lod e 4
Slebw g 3l See s (raniSsh ) Lod) L5090
lms gl Jom =D by 5l eolil Ly (o]

Sy9] Cawsas [, FAO-56 g, b )bl Ll 51 alie

“0hss L ez e oS G B (Ol e saeeh o
“ee Bl sl Sy S0 g 5,5 le (Jon S-Sk sl
L daglio ) oK i (glaoionldl Loliwl oy ilizen glo
0u—d ool ul—MAJ PR R FAO‘56 »))‘..\JL»_..»‘ w5)
S sloap Bl o Jos S D By, a5 el
Sy lopelil o as il s 09,5 Gl adlae ()l
Glsoyge slwesls 4y s yiws pae Jdo 4 asllae
Ctile adg g8 by, 5l @ pe 3yt i 950
0dl c_s}«";‘—‘““"ﬁ SYolas 31 (680,00 L wils (S
L8 gy L oyl p il s glas jsl s as g5 oo
Pashakhah et al. s
Aoy o aS , Ko glaallhs o e (2014

)il s e ile pary

plasl Gyl yo estlly i jmded cnlis Joe (215
— Ok G i Sl Syg sy Sl s S
aoes ol g g ol eolaiwl Slelu—3s0 )8 e g oy )8

L Slyed Jan S=( D oy, 45 wae,
Js—s (Roushan et al. 2011) sl ! Ll
Slastsy bl @z o x-S 35505 g, (V)
S )55 eedai (i Jom 5= (D Glel 5,5 Lo
..\_'5)4_;u.._~..aol§.._...;|\°)_m)o‘_§_...5‘5_a5

Environment and Water Engineering

w02 ol b o¥olee g5kl (b Y-Y
—oa Ll Jeale SYslae 53-8 o)l Helaeas
L Ui, O 51 plocS 1o gl damlio ol ,lel sl
V) Jgoz jo a5 o35 O g0 Slanlin glaosls
2 6l ol slais, s lel awlia ;I .l ol
T olae (3L L Jom 5= (0 g ol Sl
Ot 90 5 9 olsel 155 (g RMSE. Jlais (1508
Mien 9 Ayl Lpollinunl (sl (ortnits Loy,
(88 55 4 RMSE o ol Ly S_iSSio s,
O g e 0 /Y g[8 ga gyl 0 +/FY
RMSE 51 polbo Lo S 535 by, c, oSl
Lo jodi- (i (b, 95 ol jo 5+ /Y7 5 +/AY
5 i sla s, +IVY 5 +/AY RMSE o1 sl G
Lo jal s o Sl e oy asslis LaolSi ] ol
Glmosls ;S el ailats 5 a gl e o I8
oo M| ol ay oxie g axils L5l —ulislge

!

51 oolawl L oo dle § - s (Lol dunlio
N ‘_Jju.\_> 5 @M‘ Yol e 9 FAO-56 L)"ﬁ)
Jom S g,y o] gz o o aS ols lis
L Lz Sl po 50Kl i)yl (o 50 sl
)Q&S)FJJﬁ)J—lLD—A )O(’/\\—‘/\f)éj\.\)ﬁél_&o
—oLiI_m.i‘ 3o )9_1_,.4—&._‘“))) L)i’ﬁ) ! d._:..nj)‘ OLi:-w..J.l
Sy o] jo S5 S gy 5 it 9 Sy Lo
s pas polie LRMSE jlaie 5 s s 4
Llas Sl e nSle ain) Jlabe a > 0 4 Sola
oS by il jabie 0l 5SS
—pp el el sl el o |y Ao s e
o (S 0 5V ghls Joo S-S by iz
MBE |loie .a il oo o] ¥ ;2 10 (+/29) Jlais
3ol a8 e0gm i o) ¥ 2 0 5 hg, o]
By s ppolie any S g, (ml SS S50 =

el FAO-56 L ooy duolxs

ol i 5 Cojlasme )

Vol. 8, No. 2, 2022

\\c'\ol.';....gls"\’o)b..‘b‘/\o)jo \_/‘.J


bshahmorady@gmail.com
Typewritten text
421


Yy VFeY L g (5 00

Hargreaves-Samani(1985)-m ———FAQO-56 ()
8 Belaney-Criddle-m —— Makkink-m
Priestley-Taylor(1972)-m Turc-m
6 |a ! A\ / ‘\ \ { A\

ET(mm/day)
D

0 20 40 60 Day 80 100 120 140

——FAQ-56 Hargreaves-Samani(1985)-m (W)
Belaney-Criddle-m —— Makkink-m <

5 Priestley-Taylor-m Turc-m
)
A ) ) L A
=N A [ A N ‘\ | A
5 I\ | | Bl
- 3 1 ‘
g ~
==l AR AR R
= \ \4 \y ¥
w |\
1 v \l \' | j \ \ » \( V
\ V ‘ ‘ \1 \ {7
0
0 20 40 60 80 100 120 140 160 180
Day
— FAO-56 Hargreaves-Samani(1985)-m (C)
10 Belaney-Criddle-m Makkink-m
P[iestley‘-Taonr(1972)-m Tuc-m
8 |4 \ A
g A |
(3]
2 6 |
S ‘
E 4
E
2
0
0 20 40 60 80 100 120 140
Day
——FAQ-56 —— Hargreaves-Samani(1985)-m ()
10 Belaney-Criddle-m ——— Makkink-m
o 4
%
o 6
S~
€
E 4
=
w
2
0
0 10 20 30 40 50 60 70 80 90 100
Day
(g by ~( g )l ~(A i glaollny! jo Slaalic glaools a4y Cons ouls oriwly sbo g, (5,05 e 3,90 g, -V S
33 (0 9 oo

Fig. 2 Evaluation trend of evapotranspiration of calibrated methods compared to observational data in: a) Urmia,
b) Rasht, c) Yazd, and d) Mashhad stations
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Table 8 Validation of calibrated methods for estimating evapotranspiration of reference plant with observational
data by statistical indexes

RMSE MBE MAE

Station Eq. ' (mm/day) (mm/day) (mm/day) N.S
H.S 0.98 0.59 -0.46 0.0058  0.89
_ B.C 0.99 0.13 0.072 00014 0.9
Urmia PT 0.93 1.23 -1.007 00020 052
T 0.81 2.16 -1.13 00051  0.47
Mak 0.98 0.78 -0.66 0.0096  0.81
H.S 0.93 113 -1.02 0.0005  0.27
B.C 0.99 0.18 0.09 0.0007  0.98
Rasht PT 0.92 1.28 117 00089  0.07
T 0.95 1.02 -0.88 059 041
Mak 0.95 1.02 -0.89 0.57 0.4
H.S 0.98 0.66 0.44 011 092
B.C 0.99 0.18 -0.023 0.0076  0.99
Mashhad PT 0.91 1.10 0.077 0030  0.77
T 0.94 0.88 0.37 0014 085
Mak 0.97 0.67 0.33 0015  0.92
H.S 0.97 0.53 -0.16 0021 094
B.C 0.99 0.089 0005 000097 1
Yazd PT 0.99 031  -0.00055 0017  0.98
T 0.96 0.61 -0.21 0031 092
Mak 0.95 0.82 -0.35 0040 085
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