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Table 2 The temperature-based equations for estimating ETo and ETp

Proposed by Equation” Proposed by  Equation
Hargreaves and _ o ym Thornthwait _ al
Samani (1985) ETy =CX Ry X (T+a)x (T, — Ty) e (1948) ETp= 16Nm[(10Tm)*!]
Me Cloud Blaney and

ET, = 0.254 x 1.07%8T Criddle ETp=a2+b(0.46T+8.13)(1 + 0.0001Z)
(1995) (1950)
Ahooghalandari ET_0 = 0.369R_a + 0.139T_max (1 McCloud _ 18Ta
et al. (2016) _RH/100)— 195 (1955 ETp=0.254x 1.07
Doorenbos and _ Hamon _ 2
Pruitt (1977) ET, = p(0.46T, + 8) (1960) ETp=0.55N?Pt
Samani and Romanenko
Pessarakli ET, = 0.013K1R,(1.8T, + 32 — T,)TSS ETp=0.0018(25+Ta)?(100-RH)

(1961)
(1986)
Baier and

Hargreaves and _ 05 ETp= 0.157Tmax+0.158T4+0.109R.-
Samani (1982) ETy = 0.0145KggR, (T, + 17.8T4 (Rl%l%esr)tson 5 39

ET 0 = 0.55(N/12)"2 (p_v" *)/100 X Schendel _
Hamon (1960) 25 4" (1967) ETp=(16Ta)/RH
Hargreaves et al. B 05 Sz4sz ETp=0.00536(T2+21)%(1+RH)%3(0.519
(1985) ET, = 0.0022R,(Ta + 17.8)Ty (1973) Ur+0.905)
Hargreaves and _ 05 Hargreaves _
Samani (1985) ETy = 0.0023R,(Ta+ 17.8)Ty (1975) ETp=0.0135Rs(Ta+17.8)

Droogers and

ET, = 0.0005304R,(Ta

+17)(Ty
Allen (2002) —~ 0.0123P)076
Trajkovic (2007) ET, = 0.0023R,(Ta + 17.8)Td%*2*
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Table 3 radiation-based equations for estimating ET, and ET,
Equation Proposed by Equation” Proposed by

ET,= 0.61[A/(A+
0.12

MIRs- Makkink (1957)

ET_0

T - R
0_[A+y] n

~ 0.0393(T_a + 9.5)"0.5 R_s

Ritchie (1972)

EIE)?(%OE%)T /(T Turc (1961) [0.19R] _s10.6 ¢~0.15 é%'gg)zas
s +0.0061(T_a + 20) (1.12T_a — T_min
—2)10.7
. Doorenbos
ETp=(0.014T.-0.37)Rs Jensenand Haise o _ ¢ gy and Pruitt
(1963) s (1077)
ET,=(0.0082T-- Stephens and
0.19)R4/1500 Stewart (1963)  C10 = 0TI IRs Hansen (1984)
A Xu and Singh
ET,=(0.0158T:-0.09)Rs Stephens (1965)  ET, = 0.77 [m] Rg + 0.2 2000) g
_ Christiansen _ A Castaneda and
_ Priestley and _ [ A7 De Bruin
ET,=a0[A/(A+))](Ry-G) Taylor (lo72)  ETo = 0633 | (R, — 26) (1881)
S
ETy=(6.U109(18T+Rs  Caprio (1974)  ETo = 118|——| (R, = ©) Abtew (1996)
A + v
_ , [ A ] Xu and Singh
ETy=(RaTa)/(5pW) Oudin et al. (2005) ET, = 0.98 A—+Y (R, +0.94) (2000)

Al e Sz g0 0ud gl milie jo Yol Sl jm o el )l yog Saxie 4 4z g5 L*

Environment and Water Engineering

u‘ swq...erojw).‘aw

Vol. 7, No. 4, 2021

ﬁﬂ

\f”dm)' ¥ o) Lo Y 0,99



FYY

2958 Olil 50 Joily 5 a2 p0 3,85 9 juied dslie

oolislen g wlibe) sloosls a5 WlSin (oS5
sobas ETo o¥olee (oS5 55 il 35290 jLis g0
olas slass pl 51098 co Jloel alizee 3blie jo 00 muS
oo J0 ETo 0,50 slp g, o 5 385 FAO 56 PM
Lwgi o lubisl by, lgied 5 cunl dilale b ailjs, Slej

el 008 (F) ooz ;0 45 sadarsss FAO

5P 9 2 e Yol F-Y-Y
U9y g 2 4l 38 g RS SYolae (oS S g
Sond Sl oaolml 551 ilg g Seslsgpl sla
Dalton (1802) e,> JWul 5,95 4 bgs yo  Scslindg ]
ol ol Plhasl gs L lid g ey a5l
049y 2 e aolee gl (Dalton 1802) .siiws
g5 5 ETp o¥oles alice ws &l) cposy Jawgs oS5

=S P R 2 SR g e 9 Jeeily (385 B e SVl Y Jou
Table 4 Combination-based equations for estimating ET, and ETp

Equation Prgpé?/se Equation” Proposed by
., ET, = [A/(A Rn—-06)+27
ET. — AH + (&, — é)f(w) Dalton 0 =18/ +Y) (A_nl ());-64 );/(y Penman_FA
P= Aty (1802) +4) (1+0864u2)(es "oy
—e.a)]
ETp AXET, = |-~ (R, - 6) + 6.43 L (a, +
__A (R. - G) + 6.43y L Penman ° [A“’ " A Penman
TA+yc T A+y ( (1948) byu,)(es — ea)]-G _FAO-PPP17
+ 0.0536U;) (e, — €,1)
AR, —G) + [p,., (e, —e)|/r, Penman ET; =——(R, —G) + 6.43 ——Wy(ey Wright
= — ey — I (1948) Y Aty (1982)
A+y(A+D) — €z)
ET, ET, = (0.408 X A X (R_n — G)
= A/(A + Y) (R_n - G) Penman + V4 900/(T_mean Penman_
+ (v 0.622 pk"2 UZ(e_s (1963) +273) xu_2 (e_s Monteith _
—e_a))/(A + y P_re [In ((Z1 —ea))/(A+y( FA% é)FAO
—d))/z0]"2) +0.34 x ggz )
i AR, yru 75 (e — e,) Penman 4(RE/-FFQO;20 +(())501(§(;1(;)Z(£B+3 ;1%)”'?_20)(1_ Valiantzas
p= : a) +. : a 2006
Aty (1963) RH/100)(0.5 + 0.536U5) (2006)
ET,
3 B ET4=0.0393Ry(T++9.5)%5-0.024(T+20)(1- _
=iy RO Penman o1 1/100)-2.4(RyR:)240.066Wiero( T+ 20)(1-  Vliantzas
(1963) 06 (2012)
Yy . RH/100)u;
+ 1536 —— W (e, — €,
A+y
ET, = (A(R.n — G) + 1.2 y(1
0.54U_2 .
+ o2/ A)(e—s Eﬂegr:?;rt‘h ET¢~0.0393Rs(T++9.5)°5-0.19 Valiantzas
— e 0.6,,0.15 _ 0.7 201
v (1965) R<%0¢p%15+0.048(T,+20)(1-RH/100)uz (2013a)
+r_s/r_a))
ET, = ([700(Ta + 0.006 Z) .
/(100 — @)] ° 900 Allen et al.
+15(T_a Penman — 0.408A(R, — O)+1u,(e;—e)lF5 7731 (1999)
(1048)  _ 2 (FAO56 PM)
- i—d)ew))/ (80 A+y(1+034u,)
—T.a
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Table 5 Humidity-based equations for estimating ETo and ETp

Proposed by Equation
ET, = 0.44(1 + 0.27u,) (e, — e,) Dalton (1802)
ET, = 0.408 x 0.3075 X \/u, X (e, — e,) Trabert (1896)

Cp X p_ X VPD
AR, - G) + %
ETO = 4
A+y
ET, = (0.1005 + 0.297u,) (e, — e,)
ET, = 0.0018(100 — RH)(T + 25)?
T
ETy = 16—
RH

ETy = 0.35 x (1 + 0.24u,) (e, — e,)

ET, = 0.15072 X ,/3.6u, (e, — e,)

ETy=A/(A+7) (R.n—G) +y/(A+y) 6.43(1 + 0.536u_2 )VPD

o -esf (] (-

Penman (1948)

Albrecht (1950)
Romanenko (1961)

Schendel (1967)

Penman (1963)
Mahringer (1970)
Shuttel_worth (1993)

Oudin_Romanenko (2005)
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Table 6 Evaluation of performance of different experimental methods of potential evapotranspiration using
lysimetric data by statistical indicators

Method RMSE R MBE SE Method RMSE R MBE SE
(mm (mm/  (mm/ (mm (mm (mm/d (mm
/day) day) day) /day) (MM/day) jiavy ay)  fday)
Albrecht Makkink
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=
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— o ;
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o) Brockamp Stephens and
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D
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D
o Romanenko Dalton
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Table 7 Evaluating the performance of various experimental methods of reference evapotranspiration using
lysimetric data by statistical indicators

m
S  Method RMSE R MBE SE Method RMSE R MBE SE
&
Hargreaves and _—
Samani (1985) 1.02 097 045 032 Ritchie (1972) 281 0.05 -048 8.04
M(Cl%g;]d 117 088 087 065 Valiantzas (2013b) 314 096 241 048
Hamon (1960) Doorenbos and
372 089 235 172 Pruitt (1977) 423 090 335 148
Ahooghalandari
) et al. (2016) 173 094 108 0.8 Hansen (1984) 204 090 -0.28 148
o  Doorenbos and - Xu and Singh i
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< Samani and =)
D f=1
& pessarakli 541 093 -247 11 ¢ CostanedaandRao ;43 695 g1 148
P . (2005)
o (1986) =
&  Hargreaves and ] .
€ Samani (1982) 214 098 143 174 o De Bruin (1981) 199 0.71 0.10 3.88
Hargreaves et
al. (1985) 247 098 162 0.34 Abtew (1996) 320 039 -0.61 7.83
Hargreaves and Xu and Singh i
Samani (1985) 24 098 156 0.35 (2000) 293 030 -154 7.34
Droogers and
Allen (2002) 335 097 253 0.37 Dalton (1802) 3.85 0.70 3 412
Tglok%'c 274 098 1.89 0.34 Trabert (1896)  4.15 072 328 3.1
Wright (1982) 2.27 0.60 -0.84 5.17 erlng)n 172 024 217 7.60
V?'Z'gggz)as 266 074 316 4.12 Albrecht (1950)  3.48 0.68 264 4.28
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o (2012) 2.88 0.07 -1.03 8.01 (1961) 202 096 -128 0.61
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"SR g
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(FAO 56)
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Figure 2 Comparison of reference evapotranspiration and potential values with Lysimeter results
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data with the most accurate method of estimating
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evaporation (mm/day) on a monthly basis
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Abstract

In order to determine the amount of irrigation water, it is required to calculate the amount of the plant
water requirement or evapotranspiration. The equations used to calculate evapotranspiration do not use
the same climatic parameters and are not suitable for all climatic conditions due to their experimental
nature. Potential evapotranspiration (ETp) and reference evapotranspiration (ETo) are different in
concepts, equations, and contexts; however, many researchers have considered the use of the two terms
to be the same. This study provided a comprehensive review of the ETp and ETo equations. In this
regard, using meteorological data of synoptic station and lysimetric information of the region, reference
and potential evapotranspiration were compared and studied based on four experimental groups during
4 years. The equations were calibrated using statistical indicators to select the most ideal model. The
results showed that the evapotranspiration potential and the reference are completely different from
each other, so that in the same method of the temperature equations of ETo and ETp, the RMSE
calculated was 1.17 and 1.1, mm/day, respectively. According to the studies from the ETo and ETo, the
temperature group equations had the best performance, showing the superiority of this group of
equations in areas with arid and semi-arid climate.
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