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ABSTRACT

Potential evapotranspiration is to play an important role of water budget model in
unsaturated zone. In this study, various empirical equations for calculating potential
evapotranspiration with different theory model are compared with the Penman-Monteith
equation using daily meteorological data from Tainan meteorological station. There are
two basic categories for evaluating the potential evapotranspiration which are used for
optimization in-situ parameters: temperature-based model and radiation-based model.
Temperature-based model is including Blancy-Criddle method, Hargreaves and Samani
method, and Kharrufa method; Radiation-based model is including Makkink method,
Priestley and Taylor method, and Hargreaves method. Finally, we can found that the
empirical equations of radiation-based model are optimum fit in with Penman-Monteith

equation.
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tion) » JRAJ RS RIBUK (7 HE S L AEAD o ZKERZEAL
BRAE » EREEBKDTF2EE > FEEE
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Potential Evapotranspiration
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| EBREEBHERERRUHNETRE

[ FH BlRas - FHARTE 1977 38 ~ 1984 AT »
1EAE &V EPIE@RH /) (crop canopy resistance) J¢ 2%
SR8l 7IH JJ(aerodynamic resistance)EH = (Monteith,
1981 ~ 1990) » fi> 1998 ek (Allen et al.,
1998) » <2 i F2 44 B SE Bl o [BIF PR RAS » MfE—
SR HER 2 AR B R AL R s RS
BN AR 2 R P - BEERE) 2K U ) BRI 2
22 SR B JJHEFEIRE S - 2003) ©

KIRFELLG r IR S T > BT AR
AR 2 BB RE AR BAS BR A = o BB R
[EH],2 Penman-Monteith 772 x{/F—big » DI
SR A2 8o RN SR E R R E AL E A
(temperature-based model) 1 [-) Blancy-Criddle
1% ~ Hargreaves and Samani % J; Kharrufa 1% ; Bi
5 Bf B8 7% (radiation-based model) 4 [f] Makkink
1% ~ Priestley and Taylor %} Hargreaves 2 » i [
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2.1 EZP95SHET A (Penman-Monteith Method)

Penman-Monteith 7% DL T #2371 (Allen
et al., 1998 : Hupet and Vanclooster, 2001) :

900
i 0.408A(R,-G)+y T+273 w(e-e) (1)

ET =
A+y(1+0.34u,)

Hrfr ET : {ESRE7R RS [mm/day] -
A R RIZR kP C]

R, : RS E[MI m ? day™] :
G : TEEEGER[MI m day'] ;
y (kP C] ;

T :BECC]:

up 2 SRE TR 2 E#E [m/sec] -
(es—ea) + BNIKIRUBE BER BE KRR R 72 [kPa] -
EHHER > ROFEERKR -~ +
KA SR F Y225 ~ I ~ BEETRE S A
HEFIAGTE - LB RERFHORIHENS T - A
FrZEFTE B RHILL Allen et al. (1998)FT/EERYT /T
ERIRHERY -

2.2 RE{LETE(temperature-based)

TEM RGBS RE 7R SRR ET (£FHF5 &
S B R LORE R FERIMGET 7720 « BME
B ET S - imEhEnE R R PR r =
1E 1920 F O F i ET 82257005 2 B {f(Jensen
et al., 1990) » K& < ik fEAtd 5 7712 AU
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ET:CTnEZET:C]dIT(CZ—C:;h) ............ (2)
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c FYHHIL-] ¢ d) FRREREIE -

HPRRE R HilEEZ - (EE RN A
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PZRE BT EHEA A A58 A V@ T
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15 A HEET Blaney — Criddle %] Hargreaves 15 1F
HREIE I E T o 2RSS I > Xu and Singh
(2001) 7 E2 HFI| A HH FH VBB RE 25 B BT 12
oA A S Hh# - H L& Thornthwaite
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Samani(1985) 7 Kharrufa(1985)% /712 o #i:fd Hhiis
%5 B 2530 Blaney-Criddle i - Hargreaves and
Samani £ B> H B 715 o BRI RIFTH
Blaney-Criddle 3% ~ Hargreaves and Samani £
Kharrufa JEAGEITHERG LB -

(1) Blaney-Criddle 7£ :
ET = p(0.A6T +8.13) coooeeoeeeoeeeeoeeeeeeoe 3)
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(2) Hargreaves and Samani % :

ET =aqR,TDV*(T +17.8) woveeereveeeeerean 4)

Hf : a B—281(a =0.0023) : TD Bl R
B AHER/ NS 272 CT 5 Ry B KRB MR
HE[MI m > day '] o
(3) Kharrufa % :
Kharrufa(1985) £ & B34 8 2% 2% i B E
H I 28 B R 2 BRI T -

ET =034 pT"?

2.3 BEHBE X (radiation-based)

BRSTREVS - 212 LIBE & 7 i1 (energy-balance)
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Taylor (1972)% - tH A HEL 245 &R > #H
Makkink % F[] Priestley and Taylor {2 %% S f<F
BHGER > MAHZAIF A Makkink % -
Priestley and Taylor 4 kz Hargreaves JEHE{L#E 5
fif—ELg -
(1) Makkink % :
Makkink(1957) /i faf B € vy S fige T HE 5 HH 5
M [ A RE AR R R B
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Horbr : R, F#8 H RSB [cal cm ? day '] 5 A

R BNTIBR AR 2 R [mb/C T+ /i IR W B
[mb/C] + ARSZRFEEHIHIEE cal/g] °

ET =0.61

(2) Priestley and Taylor {% :

Priestley and Taylor(1972)#¢H!fi{l. Penman
(1948) & i@ HifY LLZE S Bl 1 B FIRE B P T S L
[k & o R Penman 2% 27 4 BRI
VR - FH A LA s B AR B U 2R
Ko KL > P EE(EHER Penman AXEHHEE
/K T 73 BT 7R EE I - RS S
[ [ Penman 23 USEEIE - HAH{LA A0
T :

A R,
A+y 7

ET =1.26

(3) Hargreaves £ :

Hargreaves (1975)F] Hargreaves and Samani
(1982, 1985)(F £ HiFF 2 HE( B B4 e 2K A8 R B
2 » TR Hargreaves AN s A1 I A B & T
HEE 2 S RE AR B

ET =0.0135(T + 17.8)% .......................... (8)

= HRETEE
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[F) P e B 2 B B RE A B LR B U T I (R AL
BEE DENIA TR 28 SR AT =
FTHEEACEA T -
1. R RERESTEH(Pearson type goodness
of fit index » R%)

| 2(E-E)(E-)
R - i=1

(e S(e-7)

i=1 i=1

0.0<R%<1.0

Hefr: B, BASERAHEG 1 : E BB
{2 R E5{E : P, £7% Penman-Monteith {EHEAK{E : P
£ Penman-Monteith EHEGE 2 FEE s n B8
HIRESE o Bz AR AR R S TR B R R AR B )
FHRATE St > AR S T (e & 1
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2. #MEY T (Root Mean Square Error »

RMSE)
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*x1

1998~2002 FEEMBREBREZSHFTIIE

Potential evapotranspiration{(mm/d)

=

£

= 2

Aty FE[C] B [mb] FETRE[C] B R [%] Bag[m/s] | KB4t & [MI/m’]
Jan. 18.30 1016.3 14.86 53.14 1.41 13.78
Feb. 18.84 1016.1 15.28 51.28 1.36 14.65
Mar. 22.06 1012.8 18.38 52.52 1.26 17.32
Apr. 25.22 1010.8 21.90 46.56 1.17 18.16
May. 27.02 1007.8 24.08 39.36 1.01 17.68
Jun. 28.72 1006.4 25.92 44.20 1.17 18.89
Jul. 28.8 1003.9 26.08 38.48 1.18 17.61
Aug. 28.84 1005.3 26.00 49.96 1.13 19.26
Sep. 27.88 1006.2 25.08 49.42 1.15 17.71
Oct. 26.5 2830.9 23.44 52.70 1.07 16.01
Nov. 22.92 1013.7 19.60 54.30 1.27 13.89
Dec. 19.72 1016.5 16.60 45.62 1.41 11.49
16 10
Temperature-base method Radiation-base method
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14— =———— Blancy-Criddle | | = feee—- Makkink
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A A £
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Penman-Monteith 3782 R IR &5 AR

EOORtREEREEBELBBIRIE
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A
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Penman-Monteith ;53R [G)EEETRE
NEGEmEithEE

{HEHEREER

BRI LLBBMIE

..... (10)

AR 7 12 77 AR S W A A SR {IEL ) A S R T 4
R R ARG B RMSE=0 ©
3. PR 7S (Mean Absolute Error » MAE)

MAE =5——
n

P AE B R (R MR R AR 2 R 22

fEER  PEREHRE R RS TR IR MAE=O0 -

PO~ #G5REE

ABH FE R SR R SR 15 T SR SR P
ZHHBRRREER > MR 1 fiR(FRERE
1998-2002) fE#5 Penman-Monteith /52 Z1(1)
e FAAN[F] HH %%Zﬁ‘é%{f@%f@) 4~
(5) ~ (6) ~ (NI(8)F » HEITH FHImANEEREZK
AR 2 HEAL o [ 2 K@ 3 R RS E A
T 41 GE fily 3132 18 24 68 25 28 BOR B =X 43 1)
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&2 REGESVANEIVERSBRIERIRILER

RStk B RN RAT 5 5 5%
. a=0.46 a=1.70
Blancy-Criddle method ET =kp(aT + D) b=2.13 =813
] . ~ s a=0.0023 a=0.00115
Hargreaves-Samani method ET =aR,TD"'*(T +D) b=17.8 b=148
Kharrufa method ET = apT"? a=0.34 a=0.70
&3 BHBELEHANEIVERS B ERR LI
$E 4 HEA SR AR i 4 4 BESH
A Ry
Makkink method ET =a - a=0.7 a=0.9
A+y A
, ET=q-2 R
Priestley-Taylor method A+y A a=1.26 a=1.00
R a=0.0135 a=0.0145
H thod ET =a(T+b)=2
argreaves metho ( ) P b=178 b=178

Penman-Monteith 77122 FL#CIE o H @R e
BRMEERT A fEEHET Hargreaves and
Samani %5 BHEEE(EHUILER 5 Blaney-Criddle 2
S Kharrufa 3 HIEEAGAIEESR © MRS RE(GEHE
1 Priestley and Taylor {54 S {dUII R : Makkink
1% ) Hargreaves Il G {EAG SR -

Pt IAHH 9288 F =R R T FE AR (R AR e (£
BEETREL ~ BT IR BT A A A ) SR AT
Penman-Monteith 77 % =X Bl F A~ [ 3 G S RS
B 2 I LB - IR {315 Hargreaves and
Samani LKA GEGTIHLER - RIS 28
(2=0.0023, b=17.8) [a] T & IE (a=0.00115, b=
14.8) : Blaney-Criddle % J7 Kharrufa 75 JFET 228
(a=0.46, b=8.13 : a=0.34)H{ESLHIFRR /3 Hlm E
f& 1E (a=1.70, b=8.13 ; a=0.70) H| 7] B Penman-
Monteith J7RE AR R LS o MIRGTREMGEEH
Priestley and Taylor 54 @ fli B SR » ARHFER IR
F1281(a=1.26)[7] T {E1E(a=1.00) ; Makkink %}
Hargreaves %52 ] 28(a=0.7 ; a=0.0135, b=17.8)
AARMEIIBR - S3AlIA LB FE(@=0.9 ; a=0.0145,
b=17.8)HI|n] Bl Penman-Monteith J5F2 75 fx (£ 5E

2 Je 3R 3 B AL E A B e A3 1%
HhE AR B E AT R HLER R > HACETEEHE1E

Temperature-base method

9 — Penman-r teith
————— Blancy-Criddle
——=——=-=- Kharrufa

—— - - - Hargreaves-Samani

4 Penman-Monteith JZEARNEIEBEIEEG AR
NGO EREEFEF 2 LLRB( WIE
%)

BIEE AR - FnEREbz@EaiR o HERpR
B 4 Rl 5o fEF 4~ FK5~FK6 k&K T Al
FH T 7 A~ (] P i 2 R A8 B e IE T % o2 48 1R
fill - #ERET > MRS RE(LE A 2 8B =(TRE
EREE ZBEGHER B B 6 KIE 7 Br
Penman-Monteith BN [A] PG ZLRE B B RE 24 58
B 2 M ERT R MHRRTR S ~ B R LT
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Radiation-base method
Penman-Monteith
————— Makkink
——=-——=-- Priestley-Taylor
—— = = - Hargreaves

Potential evapotranspiration(mm/d)

0 10 20 30 40 50 60
Time in months(1998-2002)

5 Penman-Monteith JEE R BEBSTAELETAREER
IO EREtE BB R FHC BB RIE
%)

x7 S E- B AEGEHARIFGIERIBMR
IE®)

&4 OEMER-REGSHARINFGIEREMRE
A)
# X[Blancy-Criddle|Hargreaves-Samani| Kharrufa
51344 method method method
R? 0.853 0.878 0.864
RMSE 2.984 4.877 2.475
MAE 2.890 4.774 2.420

&5 SEE-BHREGEHARIFGEREBIR

IEAD)
#%| Makkink | Priestley-Taylor | Hargreaves
5 AR 4L method method method
R? 0.972 0.993 0.993
RMSE 0.950 1.177 0.407
MAE 0.863 1.088 0.396

&6 SEE-BEGSNARINTHMEEREMRIE
%)

# X[Blancy-Criddle|Hargreaves-Samani| Kharrufa

Haipda method method method
R? 0.861 0.885 0.864
RMSE 0.388 0.333 0.597
MAE 0.313 0.262 0.511

#%| Makkink | Priestley-Taylor | Hargreaves
AR 4L method method method
R? 0.976 0.993 0.993
RMSE 0.222 0.149 0.135
MAE 0.174 0.119 0.115
RATEDL -
h-#

AT 5 A B B & 12 FI ] 2 Penman-
Monteith FFERIES S RHIIE 1998 2 2002 4
TBEAREZRFEHL > N = A HE AR B EAN
[ P i R 2 B A e 2R B RS R U — R (R AL
SEGIE - DUESTAR 28 - #ERER > B
s B EARE A S BE AT LT A Pl » HAE
2 2.5mm/day & 6.0mm/day 2 > BRREET
ABANERAK o HE 5315 > Blancy-Criddle
F0 Kharrufa method H {&{EFJERER 5 [fj Hargreaves
and Samani method B[ BHEE S LTS o B4+ »
HEBTRE(LEHE A Makkink F Hargreaves method
BIEfGEHTEIR ¢ |fij Priestley and Taylor method H|
B EfEIRER o fERELEHAT Hargreaves and
Samani A B LIS - AT 28
(a=0.0023, b=17.8)ff F{£F(a=0.00115,
b=14.8) ; Blaney-Criddle % Kharrufa {£JFE]2
#(a=0.46,b=8.13 ; a=03)EG{E(LEAIFRR 72 HH
F{EIF(a=1.70, b=8.13 ; a=0.70)H] "] &
Penman-Monteith J5f2 ZUZ A EHE G o MRS EE
fligTA 1 Priestley and Taylor VA mf&fJHI4R -
A RET 2 8(a=1.26) [0 T E1E(a=1.00) :
Makkink % F; Hargreaves 1% E]Z28(a=0.7 ;
a=0.0135, b=17.8)F{RMGAIBLS » /3 HlF LEIE
(a=0.9 : a=0.0145, b=17.8)H|a[ ¥ Penman-
Monteith J7F2 AR AEHE S o AR LI =
TG IR ARES T Penman-Monteith 7772 2Bl H
AN FI R R AR B A R L & AGEIRIE
P fl BT > W (G EHE RS TR E 7
0.333 &£ 0.597 Z[H 5 MRS RN 0.262
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R2=0.853
RMSE=2.984
MAE=2.890
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E 0.511 Z[H o Bt - EEETREiE s HR AT
FRAEAR 0.135 % 0.222 2R« i tieitae
R 0115 ZF 0.174 28 o A LLA B 78 DL
Penman-Monteith SRR BT » ¥EET NG B G
BT B RE R RS B A SR T B 2 R

{ets
» BIREERRRE R AR

&

1.
2.

10.

i R B RS REIE L ASBR N AR E
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