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ofe
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FREBAY 39 shiel FLARRE BEE LAANE Fo A S A 2 AT
4o A9 EAHRelt 1RAE Brshn Ao S0ARES) Bhol e £EAEYS B
B goldd we wAZ e A7t 959024 akgrk 53 ¢ A w7
4 ARE o8 AATLAF WHE A9 ATH duoln, Fz F
A9 7|48 A2E ol8d Penman BASl HEE 5 IAFTUAS
89 FAFLURE BRAE FEOIh

B ATIAE % Pruel AAT 22 EAGAH D59 flux R A4H A
28 o/3dtdd Ud W IANAARY WE RHAGY. TT BIY 2eAFH ST I
vYEe $9se 43E TUNDE WL AuTeA FUUBY 9F ARFRS dopnw,
EH Hge FUNF A4 PEe A4S R,

TAG AR

B AFEHLE Ysle] MAHEY Eil\f 1 OH?»];"Ur%—C’ﬂ £} X8 Walnut Gulch 28 %
& (31" 43'N, 110° 41'W)e B4 o} ¢ “ﬂ FAAEKUS. Depamnent of Agriculture)sl
A= %@?ﬂ_lﬁv‘{“—(Agriculmral Research Servn:e)f’ﬂ —4 A oA 7)17F Fot £9EAn it
BoATE gsA dAdsold dFF9L Walnut Gulch®9% o] £&5o9lE 4899 Lucky

Hills .’:’“_%@;4 Kendall imgzﬂ Lucky Hills 28%%<e Wzo] ¢ 008 km’o]lx, Walnut
Guich#-49] A%Adel 4 gow wrh gwrd Joln, F3 J4xAL NitBgor =
Eis Kenddnfa%%‘s F9@ o]l of 048km ]I Walnut Gulch §¥9] 2o ¢3]8) glom g
® TEL oL Yu, FA ANEAL £ IR o|FJA v

3.

Ay

A=

I

E AFE A Hg=he7 ﬂ 9@ 7 4AEE AS7IHDOY 92015 - DOY 92055) F¢tel
Lucky Hills 28493 Kendall =& 01]1\ #E2HAH flux B 7IF8HA R

31 7149 a5As

N49Y BEALE WIRE(T, °C), F&u, misec), FHEE (RH, %) 187 EFEE
(TF I AR 7 ’“‘ZI-E. A% 23 78] (Cambell Scientific, INC, Logan, UT)& eo]&3ld ulF
T4 FAdITFUSDA, ARS)d gsix #& F=FHoFom BE Au5ye AT HFAZ 9
3 A=A
32 Flux #3

A dflux(latent heat flux)= 9] 7}x sh¥e)] oy FEHo A £ gt AT dFA

"Aeuan E223T4% 2924
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'r'

dan Bl 44 R £ AE flux@BE (Q, Qn 2L QPERE GIAFAY
(Qr= Qn— Qu~ Q) TAzE FAfuxS A8k Aol Ar|vhe] #E2 Ya)M v}
A% Aoz ¥EA vt wad ¢4 4 Q, W/mD), B fux( @y W/m’) z2E 3
flux( Qg ,W/m)E BEF F JUXFAMES o] 48t FEfuxE AR T, o] g o83t
MELge BReAc T fux( Qpe AAZFLAFET)S) Heole ETE Zuged o)
UERA B (in mm/period), BtEl Qg W/m e ©@E spRt)

STw X
g ol of

o

4. ¥4 2 A3
41 324299 g
411 A AFRA o5 B

Penmano] 934 Agtd FAFEL 44 2L AUAFXE o4 AYYY A @

5 law, pl7)1gdes goblA 713 wo] AEH31 3t Penman(1948)& AAzziolA 243
01117] olEE SEAFE Toh=d EAez B gl A VF 2L #HAE AdSdot
17 AE He FEAFE TR A 2GRS w@e) 9% AA A
LEAN FHAFS A S

ET=W(R,+G&+(1-W)E, n

2 (DA R,2 £9A} (mm/day)els, G & AFEHE (mm/day), W Doorenbos®}
Pruittel]l 2]3iA A<dg B AFA[=4/(4+ y)lelxn, 4L FIAEF71GTAe] HAL (mb/C)
olH, . = #HEdrA Y9 psychometric constant (= 0.55 mb/°C) (z, m) (mh/°C)ejt}.

4.12 BAAHAE o] &7 3

Bt A& o] &g Fubits AWy Fo 3l Priestley-Taylordl 2j3fA Aotsl 4y
o]t}. Priestley®} Taylor (1972)% 243 A4S A Penman ol oefa] Q7oA
#AE 7GARE Solgln kH¥stg o, D80 ALTF FAL g & (2)9 2o

ET=a- W(R,+G) (2

2 (2elA e Al 2AF Agolw, W(R,+G)E Penman it
ol w719 o|FEAGe] Pt AFd FESG FEE TEIL Yde B
AdFos 7R g .

Priestley-Taylor¥ el Al 4 & wj7l¥E golth  Priestley$t Taylors ZEERog R
SRFFo] FEF F9d et ®E 1268 AdstE o™ olE Penman® 4ol A F715HEHY 2
A% L o] BEAURE $HE 9 0268 AEYE el

49 uxga gon,

3
HoRRH B4RE 33

mlrL

413 Aol 4B Py
ZNFE 7] 9% W Fol S AF Aol I WP Fwyo] FUEAR o

Z1Akele] Z7194A s T ddM FAHAJGE Mg slzxsn g mEA JFEEE
(reference crop)2 58 TAEE Fdstd S7idrd@aes] Aa@A4S 2E4 9y oy
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on, olZg AadA AL Dalton(1802)9
EERI L ERSENT LY

dEosA Adonred FENFe ANY & 9

JHN H2E ARHAR ol g 4 3 2L

1]

ET=f"(u)e,—e,) (3)

AAN f(u)e TEABE ARV A8 AdozRd f2d Aol 4 WE 4 3)9
MCEE L PIEEERE

F () =0.071+0.0382;, (4)

414 FF4% & canopyA & g WY

Penmanel 2]3lA4  =etd  Fgdsek Akl (Dol dAdAelAd  Monteith (1965)%
Penman-Monteith FHE ]°1'?5P%lﬁ1 O T 2EE A € F Fde diE dirly
A2 Fdata edged, AR FAEAGS g4 a8 ol FTVIFHEH A
G r, )22 e, gl dge dole 07 #He 3718 HEA Ao s A A
wee e Holw AMol AERE HAAN FAeE A9 = OB AR ), F canopyAF
off os)x FAEARD o)A IAE o)A Monteithe HAZFL42g AAG7] 998 4 (5)
g Algral vt

AR+ G+ (e~ )

ET= . (5)
A+ A1

o714 ET & dAFLA%E (mm/day)ol™, pe F71¢9 9E (kg/mMolx, ¢, &= AT ¢4
A Frlel wid (Jkeg/K)eld, r, = canopyA Heg/mielx, 28I r,= EXFEFHAT
(s/m)elt}. 7, 2 r= 2 O (DEEE Fedd.

(h’l Zz_d)2
£ (6)

G k2u2
o714 k¥ von Karmman A5(s041)0]3, 28 F£&, di7l&%, Z7¢24E 9% gdez 5
o gololH, z, = W AF FA=E veEUls EZEX A (surface roughness length, mm)el™,
Lucky Hills &#<e thalA 40 mmE #3592 Kendall 2794 a4 10 mmE 4489
o d= AZUAEH(zero plane displacement height, mm)E& WebdH, Lucky Hills 2£&o) of
#HA 50 mmE Kendall 25 A 30 mmE F &5}

_ 400-0.412Q,

Ye= LAI (7)

G471 Q, & 9 £EATW/mH)o) R, LAl A |4 [leaf area index (= 0.5)]°|c}.
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415 Q7152 o] &8 Y

Thornthwaite®} Wilm (1944)ell 2l& A Aetel AP A %’f—'_?"\‘l'%"’ii-.‘% FdE s MY sr]
Aste] 7|2 EZ FAANEURY AFEA ARSI E} o] W2 irj ) —"1-_1%“1-91' b =1 A
TR FaS v uE addEd 5% "‘”}*&ﬂlf—' 743 1 -
T FdHeZE A9 ]74‘3“ o & A 1’-H717} Y X A Fdato] et Hla“"ﬂ'—" Q4%
Ble| {AZE £ cte 7HEe] ZAS T Utk o] Hyel e HEAMAEE 98 FE A4z
d e melst fod 0§ A (®)3 Zoh

=

107,
ET=1.6[—F 0 £ (8)
_ - Taz‘ 1.5
a=0.49+0.01797—0.0000771 I* +0.000000675 > (10)
A7l ETe RA4ZFE4%EF (cm/month)el =, T,2 9T d71L=CC)eld, = d49x4$+
(annual heat index)elt:. 2 dAPoiAy dE5ditzd(mm/day)S As7] st dFdFe
o g9 942 vre) AatssEch
5 F&444 2wyge A5
E A= $£2Ax7] 589 (Lucky Hills® Kendalldll A #A-&717F 419 B¢ B3¢ 7148

HAE % fluxAaE o8& ]‘11 9 FEAAAEE 3 AE® 9HE F, Penmank,

Priestley-Taylor®%, 23" Dalton® &, £4dH Penman-Monteith® 3, 28 3 Thornthwaite®

BE AT, SUALA U E] %7}%": Het s TAH Uz =X E o835 Wye

Hasdd, +AFHY Ede HE Iy, AFBFAFZL3root mean square error,

RMSE)® @7 -9 % (mean absolute error, MAE)S H&£8gth =3, SEF o] 43 Wie
B A7 B2 2walske] HElE T Ao g zhrte] Ukt 9l A ZF gl

51 T4

FA Al WHE o] &3 TP %
4’@% el é#%k(METe), a5
2t (SDe), AFHAAFZ23 (RMSE) :Lq.ﬂ :

£ 1€ Lucky Hills }“f’r"-ﬂ, 7} Kendalld#9 d
E£doz A Mg Ty A54 %“"‘WJ—" R eB

W‘ J'!°f‘
i m
~ ol He
rJ;'E 11“.,

52 X E o|&¢ |7t

2 dFgM= £ olg3t Rge HUE 9HA #ESE TEAF A" FOAFEHE A
o we \:ﬂi}%eﬂi 284 19 173 38 2% Lucky Hills289 5 Kendalls £ <4 A<
-\‘El FubabZy A" Fdad Alele] AztE ¥R EE woFvl. Penman® ¥,
stley-Taylor2%, 233 Dalton®% 22|51 ZE3¥ Penman-MonteithE 828 H A3 E
2b ek o) tﬂﬁ}%”" TE ulsslger, ol 48 BB Juvx I Fr5HeE Fo
=do2 YE3w ,17] fEN Aoz AIRE. &A% Thornthwaite?] FAZdatngd-L o}
g BRYPEG olF & F4L BTy gon, AXE HAFEAITFEGE A 232 & 4
ol A r).

ol
°1ﬂ‘ mf g I

off ol

o2 ]
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F 1. Lucky Hills A 953 KendallZfgo]s Fatandgel Aekz 77}
| N AR R (RE) MET. [MET,| SD. | 8D, |Max. [Max, !Min, |Min, RMSEMAE
nergy Balance 7.827 2.395 12.145 2.166 5316 | 4.673
(Penman)
Radiation 5.133 1.420 7.848 1.574 2392 | 2.165
{Priestley~Taylor)
Lucky Mass Transfer 2.927 3198 1.376 1264 6.057 6.399 0.734 1116 2.056 | 1.711
Hills 42 |(adjusted Dalton)
Single Source 2.465 1.157 5.10 0.544 2031 | 1.645
(adjusted
Penrman-Meonteith)
Temperature 0.827 0.148 0.930 0.620 2.681 | 2371
{Thormthwaite)
Energy Balance 7.667 2.786 12.661 1.984 5.775 1 4.963
(Penrnan)
Radiation 4.290 1.441 6.819 1.278 2023 | 1.765
(Priestley-Taylor) 2.716 1.311 5.650 0.597
Kendall |42 |Mass Transfer 2.602 1.405 6.040 0.472 1.984 | 1.744
(adjusted Dalton)
Single Source 2734 1.475 5722 0.468 21321 1.851
(adjusted
Penman-Monteith)
Temperature 0.827 0.148 0.930 0620 2.267 | 1.890
(Thornthwaite)
N : #3259 4 MET, : #&5 29 HF% (mm/day): MET. @ MAE SE40ge H7d (mm/da&
8D, © Sy kel ¥EAR (mm/day); SDe : AAE 13“‘%1’—«] EEHA (mm/day); Max, : #59 57
el 3¢ (mm/day); Min, @ #&4 é%*u ﬂ"‘%k (mm/day); Max, : AHE zuael Fug (mm/day),

(mrm/day)

20 -

= 16

(113

L4

£

£

= 12

k=]

@

2

c B

o

k=

[= N

o

=

TR
0

a9 L

'
TS T U

t Penman

1 o= Paestey-Tayler
mass tranafer
Penman-Monteith

Thernthwaile

Ohserved

[ T T T rTT
35 40 45
ay of Year
Lucky Hills
ARE A9

A2 (mm/day) RMSE

AZHEAF2OA (mm/day); MAE : J7AvA

20 e e —
_ --——- Panman
1 - oje-  Priestiey-Taylor
4 LR mass imnsfer
16 Panman-Monteith

+ Thomthwaite

Ohserved +

Evapotranspiration {mm/day)

15 20 25 30 35 40 45 50 55
Day of Year
a9 2. Kendall 2F9dA #&H1 A4AH
o Fiabwke] W
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6. 4%

B A9 Ao 958 Monteithe] €34 A<etE Penman-Monteith® & (single source
approach)o] ¥ AFR| el el 9 AL AL Hetd HE2EE dIAE Bo|X
goron olf Fd Fute FARAG FE BX¥EE= AE9 S 7]Et= AeE Agd
Y. Lucky Hills& 9] thadlA =4d= Penman-MonteithE 3 2] RMSEE 2.031¢/3lz, MAEE
1645% 21, Kendall2-<Sel tis]A] RMSE® 2.132, MAEE 1.8le]dtt. &3 Fd 3 Dalton¥
Ho FHH Penman-MonteithE 3 3 W) 235l Kendall&-F9o] disiy B} Aaksr Zwurabgkal
AEE BAFEAHRMSE=1.984; MAE=1.744).

Penman2 ¥ (energy balance approach)2ZH& MA¥ Zw¢A=ZHEL  Priestley-TaylorE H
(radiation approach) 2] 3 ThornthwaiteX # (temperature approach) 25 & AtAH 72284k
BOn § & #e BoFEUY £33, Priestley-Taylor2 ¥ o] Penman® 83 Hlaldle] Br} e
Feadwks A= e 1E T o, Priestley-TaylorE 3 o)A Fa5 of7p845e aghe] 126
ojgtE HWE B dFeiMd AHEEH AFAGAe eFEEhA] gL Aoz ey iy,
Thornthwaite 28 ©) Penman2 @ vladld B} zhe Faraaks AAGrs A4S 18% o
o] oA FAiES AT Yt VSRS FRAURAL AEA HEE 5 glon,
E O 94t 39 320 2EARCAAR)E] H8F Ao AlgHT)
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