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7t 0|7 sk ey
(1) Profile Method
e F9o] BAskes B Uy o FH
] 18] Aol 93t} FF7]7} 7]
HEEE Ho AQksle] sfgd whHoR
7+ %27} AN 02 A Dalton's equa-
tiong & 4 Ao, Sverdrup(1937), Thonr-
thwaite & Holzman(1939), KOhler(1954), Shep-
pard(1958)9} Deacon & Swinbank(1958),
Penman & Long(1960), Slatyer & Mcllroy
(19619 Mcllroy(1961) S| %A Ao
#et FAAEG 4 A

olgfloll = Dalton method(James, 1988)8 #l
AlE

]

=

fr o

i,

ETo=(es~e)*f(u)

o37]A, ET, : Reference crop evapotranspira-
tion rate
e  Vapor pressure at some hight
above the plant
es ' Vapor pressure at the plant
surface
: Function of the horizontal

wind speed

(2) Energy Balance-Bowen Ratio Method
o] WhHE XA tf7]eke] HAHANA oA
2o FWIFE 7 &

AF717 TLe S

3
B, 7184L 053 24,

ET,=Ra+(AD)-(S")-A—~(C")~(P) «+vrvvvn. 2)
oj7]A, ET, : Potential evapotranspiration

197

rate
. Heat flux to the air
: Advection
. Heat storage in crop
. Photosynthesis
: Net radiation
 Heat flux to the soil

7)1 @ 2EY AR 7HEFs A1Z & Qo
o238t Energy balance-Bowen ratio method
of fg A= 1926 Bowend] FAA oF,
Funk(1959), Tanner(1960), Fritschen(1963), X
Zl2 Hagen(19%67), Haise & Edminster %
(1967)°] FAHFTAE #F e, & Samuel
5(19%)2 ‘65 Penman methods} ®]msl7] §
3lo] BREB(Bowen ratio-energy balance)

methodE 4 2% 3599 tHSamuel 5, 199%).
3 2.

o) Wiel &ehe Fo FAAL

T

Bowen ratio(B) method (1926 : James,
19%8)

P’:A/ETOZT*KU/KW*[(TS_T)/(CS_Ea)]

BREB method (19%)
ETo=3 600+LE/(L*pw)

&7]4, ETy : Reference crop evapotran-
spiration
A ! Sensible heat flux, it can be
estimated using the soil
surface air temperature
(Jensen et. al. 1990, p38)
K., Kw @ Eddy diffusivities for heat
and water vapor, respec-
tively
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LE
Lv

: Latent heat flux

. Latent heat of vapor-

ization

T, e, : Temperature and vapor pre-
ssure of the air, respec-
tively

T, es: Temperature and vapor pres-

sure at the soil surface,

respectively
B . Bowen ratio
T . Psychrometric constant

pw ! Water density

(3) Combination Method

o] W2 wy|Y g3 U FA &
B35l WSS At WHoZ 1948
 original Penman
M4 Bol ATEHL, olfHE FAUYYUE
o shtolth. 53 o] Wy M ki
AE F9 sl vt S
= 7 EsiA AFH AL Sl

a 2enyS AuEd Penmans 19484
o t©A] FAO-Penman Egia
(Hussein 5, 1989)3t9oH, o|%
(1952), Businger(1956) §°] FATAS <R
39, Tanner: 1960, 1961, 1963yl Z+zt
Penman equations FA3IEh 19630l
Penman VPD#3 method, Penman-Monteith
method, 128]3 Z& 3] Monteitht 57194
Aol g $4E Fdto] Modified Penman-
Monteith method® ZE3IFCE E3 1966
van Bavel® Businger-van Bavel methodE,
196730l = Hagen, Haise & Edminster®] -,
g7t ek ®=3 1972'd Priestley$t Taylor
¥ original Penman methodd] #4348 54
sien, 2 3 FAAA f4A FHEFS

78 4 U+ Prestley-Taylor method® %X

X

ol

B o
(1)(_A’

4«

= 57 o)
FRITAE

Ferguson

198

39tk Wrighteh Jensen 197213 198219l
ZtZy Penman 429 F&UTE
Kimberly-Penman 34& 2EsGOH, 1974
Jo| Jensene Businger-van Bavel 34&
Asto] LRSI

T3 19773 Doorenbos®} Pruitt= 3l
9} VPD(Vapor Pressure Deficit) A48
338 FAO-24 corrected Penman 4]
Fatgdow  1979d9=  Frére®t  Popov7t
FAQ-PPP-17 Penman equationg X35tk
19834 Frevert 52 original Penman 32]°]
A AF cge TR, 19859 Snyder
9} Pruitt® CIMIS modified Penman equation
S TEsHT 1986dlE CIMIS modified
Penman equation® H|@&to] $EALFS A
2312 @1 FAHATHAE A Tt
AZMET modified Penman equation®] ZH 3
Ak E=3 Allen 198637 19893 zbz}
corrected 1965 Penman—Monteith &4& &
3o Saliht 19863 Penman #7434
F4, 2HEsFen, 19909 Jensen T
ASCE Penman-Monteith #484& 2¥3}
R, 19943 Allen 52 Penman- Monteith)

TN CEALF 59 ulZiHgo] e

& A 2R h

ofefel] F8 FATAU FAO-24 corrected
Penman, Penman-Monteith method, CIMIS
modified Penman equation®] thats 47138+
k.

R
FA3

3
>,
o

fo mo

=
=+

FAO-24 corrected Penman equation
(Doorenbos & Pruitt, 1977)
ETo=CH[W#*Rp+(1-W)*f(w*(e,-ed)]

Penman-Monteith method (1965)
ETp:[{Rn *A+ (pa*cpa/ra) * (es_ea) }/{A‘*'T*(l"'
rs/ra)}]/(pw*LE)
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CIMIS modified Penman equation (Snyder &
Pruitt, 19%)
hourly ETo=W+R,+(1-W)*VPDx{(u)

daily ETo=24%hourly ETp --eeovrevermienns
oj7]4, ETo: Reference crop evapotrans-
piration
ET,: Potential evapotranspiration
es - The mean saturation water
vapor pressure ['77 FAO-24
corrected Penman equation]
ea . Acture vapor pressure of the
air ['65 Penman-Monteith]
e4 - Mean actual water vapor pre-
ssure
e - Saturation vapor pressure of
the air
f(u) : Wind-related function
ra . Average aerial resistance of
the crop canopy
rs ¢ Stomatal resistance of the
plant
C : Adjustment factor to compen-
sate for the effect of day
and night weather conditions
Cra Specific heat of dry air at
constant pressure
LE :
Ry
U

Latent heat of vaporization

Net radiation

24-h wind run in km/day at

2m height

VPD : Vapor pressure deficit

W : Temperaturerelated weighting
factor

Pa : Density of the air

pw: Density of water

199

T : Psychrometric constant

A : Slope of the saturation vapor
pressure versus temperature
curve

(4) Eddy Crrelation Method

| e g P S

T K3
oz, gr]Fe 3 AoMe
p

O

Vi Age
g

71

(1951), Dyer(1961), Mcllroy(1961), Goddard &
Priutt(1966), Businger (1967), Hagan <&
(1967), McBean(1972), Rosenberg 5(1983)3},
Weaver 5(1986)9 <Jste] A& A7t

Swinbank(1951)7} &

E=0.622/P*(p*w’'e")

o§7])A, E. : Evaporative heat flux
e' ! Instantaneous deviation of the

partial water vapor pressure
from the mean e at the
height z

. Instantaneous  deviation  of
vertical wind speed from the
mean vertical wind w at
height z

P : Atmospheric pressure

p : Density of air

L AEY
(1) Radiation Method

o) Wye Fhol} %2 2R8A 91



olo] B3t ATolE Hargreaves(1948), Mak-
kink(1957), Turc(1961), Bryson-Kuhn(1962),
Jensen-Haise(1963), corrected Mcllroy (1964),
corrected Turc(1966%3, Jensen), Haise-
Christiansen(1969), corrected Jensen-Haise
(1971, Jensen et al.), Priestley-Taylor(1972)
Fol Ak

T3 Jensen 197439l corrected Makkink,
Stephens-Stewart, Christiansen Rs, corrected
Jensen-Haise 348 Z+z} ZR3sigon, 22
3] Oliver method, corrected Turk method,
Behnke-Maxey &24°] Sx=]ct 1975 %
19773 %] 24z 1957 Makkink 34S &

43 Doorenbos®t Pruitte] F4o] LRI
31, 1980 Hargreaves 59 977} 9o,
Burman 52 19834 Jensen-Haise 434
o # FAFTAL LEFGIoH, dx
19863 Samani® Pessarakli= Jensen-Haise

Jensen-Haize equation (1963)
ETo=CT*(T-Ty)*Ry ++rrevveeererreeraceareens (10)

FAQ-24 Radiation method (Doorenbos &
Pruitt, 1977)
ETo=c*(WHRg) «oooveeeerveimmmeeniinniiiiinnnn, (11)

o714, ETy: Reference crop evapotrans-
piration
¢ . Adjustment factor which
depends on mean humidity
and daytime wind conditions
CT : Temperature coefficient, 0.025
in Cand 0014 in °F

Tx : Temperature coefficient, -3 in
°C and 264 in °F

Rs © Solar radiation

: Alr temperature

—

W Weighting factor of tempera-
ture and altitude [Doorenbos
and Pruitt, 1975, 1977]

2 Temperature Method
L AE S AU

ZFuaters 73 , Hi
Vet T HdE 7|y Al & F
Mg ol g3ty FUANFE FAYL = dS

O3S AHEY, Briggs-Shantz (1916),
Lowry-Johnson(1942 : Hansen %, 1962), Blaney-
Morin(1942), Thornthwaite (1948)¢] 3434
o] WEEgon 190ddE 194239 Blaney-
Morin 349} F¥absa Bd 718}, 3T 4
GE g g3 @AY Hlge g BAE &

48} original Blaney-Criddle &4]o] 25}

EE?} Halstead(1951), Thomthwaite-Mather
(1955), Hargreaves method(1956), Cochrane
method(1956), Hamon(1961), corrected Harg-
reaves method(1965)7} YR 2™, Tanner
(1967), SCS-modified Blaney-Criddle (1967),
Blaney-Criddle, SCS TR-21(1970, USDA),
FAO-Blaney-Criddle method (Doorenbos and
Pruitt, 1977)7} #3532, 1981d9= Shin
o ¢J8}A Blaney-Criddle method?} 4%
o} 1934 d9lE Salih9}t Sendil®] Blaney-Criddle
(local) &4]¢], 19853 =oll= Merva & Fern-
andez, Hargreaves & Samani 52 47, %%
7} A3, 198630l = Blaney-Criddle 34]-&
4% Allen-Pruitt method7} 2E 1,
1986 Samani®} Pessaraklix Hargreaves<

934 +4, 2EIAY
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o Wel Fo FATAE ge 20,

FAO-24 Blaney-Criddle method (1977)
ETo=Cx[P*(046+T+8)]

1985 Hargreaves-Temperature method
(Hargreaves et. al. 1985)
ETo=0.0023*Ra*TD*(T+17.8)

7|4, ETy : Reference crop evapotrans-
piration
C  Constant

P ! Percentage of mean daily
daytime hours for the time
period in the annual day-
time hours

Ra:

TD : Difference between mean mon-

Extraterrestrial radiation

thly maximum and mean mon-
thly minimum temperatures

T Average daly temperature during
the time period

(3) Humidity Method
Dalton’s equation®] 71%t #H3s &8

e o] HHL Prescott(1945, 1949), Van der
Bijl(1957) S°| FAFAE WRsP L, 19743

o= Papadakis, Ostromecki, Ivanov &2}o] z
7} HEETE Prescott ojef¢e} Zr}

[e)
THE

ETp:C* (83—62)0‘75

7], ETp :
€a - Vapor pressure of the air

Potential evapotranspiration

e, . Vapor pressure at z hight
above the soil surface
C . Constant

201

(4) Evaporimeter Method

o] WL IAFTUNFY pan TEHY H]
HgAol st IAFEAAFS F
oy, AEAL AWEW 19489 Penmanol
o3t A7 (Hagan &, 1967) ©]% Prescotts}
Butler(1955), Rijtema(1969)¢] A77F leH,
196139l Stanhill, Pruitt®} Angus®9e @+
BH7F ATk 1962300 British sunken tank
£ o]t Staphille] F4E wFsIPoH,
1964 Pruitt 59 A7) AH, I 2L
3] Mcllroy$} Angus: potential evapotrans-
piration®] BAFFEOE £ FUHd o #
Adde d72%E $xsart

T3 19669l van Bavel2 class A pan
g o] &3 TS 19689e= Christiansen’s
BEEHAL, 1969del =
Christiansen-Hagreaves ~ &4o],  1974\d9]
Jensenol ¢J3t9] Christiansen Pan evapo-
ration &4 ¢], 1977d9l Doorenbos$} Pruitte
FAO-24 Pan method$} adjusted class A pan
of et Z4zt wEstg, 1934l class
A panol W& Salih®} Sendil®] A+Z#7}
HEHAT o2 A2 Christiansen’s original
equation(1968)S Y ERT}

original equation®)

ET, = 0.795%Epan*CrCuytCpptCs -veeverven (15)
9714, ET, :
Epan ¢ Pan evaporation
G 0499+062+(RH/0.6)-0.119(RHA.6)
Cs 1 0.904+0.008+(S/0.8)+0.008(S/0.8)?
Cr 1 0.862+0.179+(Tc/20)-0.041(T/20)?
Cu: 1.189-240«(U/6.7)+0.061(U/6.7)

Potential evapotranspiration

AT FRNF 2Tl jE B}
2y, 93 F FHE Lojugy
AFSFZ

<3™ - 2% w1 B APyl o

o
K
L

=



54 2 aul = M6 HM2%
& 24349 ABES BiFT o #& Hli(Jensen T, 18OFoEN %O
AT FuARZ o] &H7|E nlgth
4. =HAQ HT A FELZAE FF] Ha
o d FF AHFEE V€L 60% "
o FoHE 7 Xed AFARE EfE AYL pzAGoZ §0% oA AY
Lysimeter @29} 197] T4 g0 4 2 AR FEIIFYY AR Yo2E Australia

McBeen—

/

—/./"./.
Swinbank Brutsaert “T 2
\ ASCE Penman-Monteith
L d

Penman-Monteith

/
Penman—#"
8 atio <~ Tanner
owen 1 e
i‘///./?/,\ Mcllroy

Kohler
Sverdrup

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000
Yr

[ = profile methods & energy balance Bowen ratio methods  # combination methods e eddy comelation methoﬂ

(a) DI7IAPEHE] are

1985 Hargreaves Temperature

Christiansen’s Original Equation

LY
AN Salih-Sendil ™|

Prescott-Butler ~

— <{Papadaki
Prescot FAO-24 Blaneyy/"\r/'

Hargreaves-Samani

~N Criddle
Lowry-Johnson_ M l(‘/"

L Doorenbos-Pruitt

) Corrected Jensen-Haise

¥
1 Ture
Hargreaves

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000
Yr

r u radiation methods & temperature methods w humidity methods e evaporimeter methods—l
(b) ZEH U
(O3 -2) Zg Agulgol Xisie

202
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9] Aspendale(1959~19%61), California®] Brawley e g AAZLAFE AT F e
(1971)¢} Davis(1959~1963, 1967~1969), Idaho?] Blaney-Cnddle TAE FHATFAANA A
Kimberly(1969~1971), Nebraska®] Scotts- Fo.2 FAs ARIAHETAE, $H3
bluff(1977), Colorado®] South Park(1969)& ©f T FAL 1985). o] WL AxA G A sfutE
AAEoz  FPom HEANHoTE  Den- o] 7 Jvget 22 FEAGANE ZAZF
mark®] Copenhagen(1955~1966), Chio®] Cosh- WAk gho]l = Yebdoh(zgst 5, 1976 ¢
octon(1977~1979), California®) Lompoc(4d3}), TR FHAEFAL 19%).
New Jersey® Seabrook(1949~1959), Zaire¢] 1970dt] FHto] $RE= FAOIA =g
Yangambi(1959) 5 @A 117} AE& e 744 FHAE FAFTAl EYHUoH,
2, 9 Yo FTYHFE Lysimeter] g 4 1980 FPXETAY] cHFF AR
Zx¢ 19709 F4 345 2} vust degdFelae 71 #E3A8Y FE8 F
dek G7A () Uy dxe #3570 Y A7 gste w9 el disstr] 9
2R~ 3t 7]Eo F2 o]&5HY Blaney-Criddle
2 22k Lysimeter #2319 715 F24& FAO corrected Penman 32]22 o
FAZ v 2g 3 AFA G4 HE Penman- A AL FgsAh A2 FAEIETAY

Monteith, 1982\ Kimberly-Penman, FAO-24
Radiation, 1963 Penman VPD#3, FAO-
PPP-17 Penman® 2.2 Z UXA3s ALl
2 ygyoen, F&AFYAAE  Penman-
Monteith, Turc, 1963 Penman, FAO-PPP-
17 Penman, Priestley-Taylor®] <22 el

Wt
T3 RE AYGore E¥ A FEatH
FATNES v S wole Penman-

Monteith, 198211 Kimberly-Penman, FAO-
PPP-17 Penman, 1963 Penman, 1963
Penman VPD#39] 0.2 HA&X¢ & 43}
Ak

5. $al Li2te| SaiE AF

(5547, ¥ANETA, 1989, 19704 ol
=]

2 Evaporimeter methodS AH-

Ao E s 1970). 19703 95E A|ZE )
TE SAMEAGdAe 3 7128 Iz
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