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BB 78 47 % 81 FE A B R RN DUS S - HEHHEEE /1Tt
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ERA SR SRR - EsE Bt L Penman-Monteith ¥ S i > BRH KA »
EHMPEIBRCHREDEYAEEHBE  BETHEATAMRESH
ZERATEANRE  BHRENRSE  HAEZBHEFEWSKERZHL > E7F
KRZHERTUULAEBEREZ -

WHET - EyRkR > 2B NH) > EREHS  fEWERED -

ABSTRACT

Nowadays, due to the seriously constrained availability of water resources in the Taiwan
area, the practice of irrigation in adequate quantity at the right times will be able to ensure
the production of irrigated crops as well as promote the efficiencies of water resource uses.

For the preparation of irrigation plans and for the reference for irrigation system operation

and management, it is a px.'essing task to establish a method for the prompt, efficient, and

accurate estimation of the water requirements of crops. ?
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The methods of consumptive use or crop water requirement estimation used in this study
for irrigation in Taiwan include the Modified Penman, Modified Blaney-Criddle, Radiation,
and Pan Evaporation method recommended by the Foods and Agriculture Organization. in
1984, as well as the Penman-Monteith Method recommended by the International
Commission on Irrigation and Drainage (ICID) in 1994. Other methods often used in Taiwan
and abroad were also tested. The results were further verified with the experiment data
obtained from Hsieh-chia area in the period of 1989-1992. Comparisons between these
methods were subsequently made in order to reach a consumptive use estimation method,

which is rational and appropriate for Taiwan, to serve as a reference for the water resources

The results of this study showed that, among the various methods of consumptive use
estimation, the Penman-Monteith was the most suitable for the Taiwan area. The better
stability achieved may be due to that this method is based on the physiological conditions of
plants, eliminating the errors caused by territorial parameters. It is recommended that the

Penman-Monteith method be applicable in the Taiwan area as long as the required input data

are sufficiently available.
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BN E N2 R ER)IZ
AT ERbERE 0 NHBRNREC SN ER
BEmL HSEBRE > B0)IKEEEEE -’
I - G 2510mm ETEBRFE > AP
KREFECFA L HRESERN  BRBEHAKE
B ERAsRE (RBEERAKESY » 19]) » &8
HoWE A AR P K R AR 17571 B A R
Hoh B R KR 135.5 B S A RBES » K
MECT77%  NEREMAKT  RHEBMHKE
$1103.3 @7 AR » AhEESE KIS 76 % - @
ST A 0 AR R U A S P K R BRI
EME  FRAEFEMHERCES  HEFETRY
S BRR o BB AR - R - BEEMEE
EYRKR > BRRBERFERE G -

RALIK  ETVEAARAN CHEREBERN
PR R EY R 55 (Crop micro-meteorology) B &
1 & 6 45 BH #8 B8 =X (Empirical
climate data) RIGEEYBAKE > LB ABRTH
SuRcHt TS REREREGHETRZR
B RME R R M ROE RN R o B

relationships  from

SUNNVVIV VUV VIVIVIPVVIVV VIV VIVOVIVD VUV VVV U VIV VIV

K (1967) e & fE ] Penman 7 & 15 (Combination
Approach, 1948) {5 BN & EY < A RH R - HIE
FREZEF ARG MRS B KA RS
FURKIE » K (1986) HEE— A U ME 2 8T LA
KIE > RAFFIACRRERBBER » WRE
He 28 HARNE  BEEREHT L > R
(1990) B3 - H K (1995) EA BIHEF L EEAX T
P - ARRBEHBRBERCBE - &
HEEREUGBEEER N - A XREH—#
ARREy =S EER > HETAEUEY AR
£ 4 %8 25 77 14 2 Penman-Monteith(1994) & 55 &
o ULUERBEFHBECHERBERAREH
T T S AL TR EAERERA L
HAKE - SENE DHUVEBNEEYEKEZ
HIEMAEEL -
Z EMEKBAIERE

7% 351 (Evapotranspiration) % {E H ARE BT
KHER RS R MBERERRPZHR -
Hihigh SR - KA - REECEBRRE

7%} (Evaporation) B2 /K # A ¥ . B AL BB E
K F 2 7% ¥ (Transpiration) B 47} » 7E H AR K
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THBHEMWET 58 B —REHLSH
M RARK  HPRABHRERCNETTEE
% BRESWHERMZ A% ATNLSERH
KPEBEBE BB > HEAMRREEE
R B0 8 v R - L T SV R A

a. IR SR
—'E%Mi%—[ (Soil Water Depletion Method)
b BiREtElER
(Lysimeter Experiments Method)
ra RER TSk
(Energy Balance Method)
b A I o
(Aerodynamic Method)
-c. SASEAH R &Y
(Combination Method)
—d. ABIMAFEHACKE
(Pan Evaporation Method)

TE Lt s B sk S h AR BRI E s
DK A BB s B e AR - mMA
HE e ARE - HES R I o B 50 H B B
PR R - N REA > HEREHTSE
B HEEN > ML FE#EEREGERER S
W RGN NBLUETR RO - H
BHHEBHET S ERANEHCERT B
LB EEARSHEABRK L - i
TEEERRERE - KRR CHERERPHE > W
H—REREABTY)ERE - Bt > g —
FASMECHBHTE  RECHBEREEE
R R MR B il - QIR IRBEA
ZEHE > DAL 2 T TR AR
BREHAENZ -

Y ERBRBRARECREBREHE T
WEEREY) - HREYTKRERALEATH
Rt IR T RS S UREAT R
LS8 REETDABRNAT -

1. ¥ B ¥ (Temperature ~ Method) :

Criddle Method(1945) - Modify Blaney-Criddle
Method(FAO, 1984) - Thornthwaite Method(19
48) - Day-degree Method(1924) ¢ -
2. %8 %} ¥ (Radiation ~ Method) :

L P 0 22 i

Blaney-

Hargreaves

Method(1956) - Jensen-Haise Method(1963) ~

Method(FAO, 1977) - Stephens
Method(1965) + Makkink Method(1957) -
Priestley-Taylor Method(1973) ~ Turc Method
(1961) 2 -

3. 1R ¥ & (Humidity Method) : lvanou Method
(1954) - Papadakis Method(1966) %5 -

4.7% 3% & 4 (Evaporation Method) : Pan evapor-
ation Method(FAO,1977, 1984) £ -

5.#1 & 1% (Combination  approach) : Penman
Method (1948, 1952,1956, 1963) - Modify
Penman Method (FAOQO 1977, 1984,
1994) - Van Bavel Method(1966) % -

Radiation

ICID

= -MRAE

AP E KRGS  EEENES
T3 E AR A B R R B A K (FAO) 12 1984 SE AT HERF
Z Modify Penman # - Modify Blaney-Criddle ¥ -
Pan Evaporation Method % + Radiation ¥ K ICID &
1994 SE RT3t 2 Penman-Monteith Method ; it 2
S % Hargreave ¥ - Jensen-Haise % + Van Bavel
7 - Priestley-Taylor S & i B UETT E W K
BOMEH  TFHEANEETEEUEREE Y
& - B RE 78 3 81 4£[E] L Lysimeter Experiments
Method FTf.c FH R ERER DRI DA BR RS - M
HEEEAZoMELE  BE—#@APEKECS
B Y] WAL -

1. Modified Penman(FAO, 1984)

Penman 3, & 1948 4 7 35 & Penman FriE i »
HETHETHHERESRAE N2 FHEREER
Fil BB E > LB ARE L RAREEER
HET B MR s 2 WA > HARMFH AR
BEGATRE  THRRERMGE - HEBRAR
19524 ~ 1956 4F K 1963 L FHE IE MG B A 2
ik tE 28 EHEAGE TR —H - — Xk
BEDUNFSERE » HE it RS M2 BHIEH
FE F SRART B9 (| > FAO Rt A =0 LA B A%
Mgk E - HASERAT ¢

ETog=c{WXR,+(1 =W)X f(u) X (eg—eg) ]

=



ETy : B EY) 2 R H R (mm/day) -
W MR TR R AR T E -
R, BEY X% E & (mm/day) -
fw) @ EEEE -
eq * 2RI TE R i BRI AR TS R (mb) -
eq t IR EREZ RS (mb) -
o HRIERT o RN H & RGBT
Gl =S -
2. Penman-Monteith(ICID, 1994)
AL E RS 1994 4255 ICID At ffi » %L
B KB ORGSR o JLHE 1984 4 FAO B3
RCEEZRAER  a REHEELE - &
VB Ebh SR BaBRRZ CGS
&l - BIE 5 B M 3@ A B {57 SI fY (International
Standand Units) © b. £ /A 5H 5 28 Bk 35 PR B 35k o e 1
B LEE ERERBRAGE CEREE
R LAVE753B % PH /7 (Crop Canopy Resistance) K 22 5
& 778 77 (Aerodynamic Resistance) 25 5 J5 B £ 20 EN
KT HA 2 JAHH B {H Monteith,1981, 1980) - &%
EEHT
900

0408 A(Rn—8)+ 7 mUxel,—ed)
Efo= A+ 7 (10340
HH

ETy : 2% {FY 2 A% E (mm/day) -

R, : RS BL(MI/mP/day) -

A HFIZER B ST RIR (KPa/°C ) -

7 CREEHKPYC) -

Uy @ 2 RS AT Rl B (ms) -

T:HEECC) -

BFIZAS R JJZ (KPa) -
S : FHBGH R (MI/nPday)
3. Van Bavel j%

Van Bavel(1966) 75 1965 4 3 B 55 F1| S8 M
BES T (alfalfa) 25 B3 HE B (LT 4 Bavel
) 7R2L Penman A B E A > HIDATZ
BREAEESFZRAET > FrLUREKE () 5 -
ool __U.

P (In(Z/Zp) ]

e;—eq :

f)=

A
f(u) : JEGEEEE -

o KB REE (glen?) -

P R@EBJ](mb) -

k © Von Karman & 87 ( = 0.41) -

Uz tUHRE R ZHF 2 H R
(cm/min) -

Zo: RBFREHEE (cm) -

7, BEMTE S (cm) -

0 KRG FREBHEEREHS TR
(= 0,622)

4. Modified Blaney-Criddle j%

Blaney-Criddle 5 1945 24 » THH 1950 4F -
1970 FAHBAERE L ZRBAER—HEEBE
HHRFEEREREEEYB AR T EIN
F - FAEHARERELHE  EEAEER
RMEEA AR RERHBEERSPREE > &
EER MR MEFTHELBEH - FAOR

1984 EARHE R fHE AT ¢

ETo= c[p(0.46T + 8)]

=Hrp
ETo - 255 FRBHE (mm/day) -
p  HEER ofERERSGH -
T @ECC) -
c RIERT > RE/MEERE - OH

REE - HIEEGETE -
5. Radiation 7%

Radiation Method (§ Makkink FX{F 1957 4F Fr#2
ZRBBANBERR » 4 LHEBREE - HEK
KBEH B EEZER T » FAO K 1984 fEFR#E
ZAEEAT

ETo=c(WXR,)

R;=R,(0.25 + 0.50n/N)

=k

ETy - 2% {F¥ < AHEE (mm/day) -
R, ¢ KBRS & R E R (mm/day) -
W IERT o R RRETE -
c RRIERT R HIREHEH EEHE

ME -

R - TEREFEZOPEHRABESR
(mm/day) -

/N + B E SRR Rl B AR A R RE H R e P
M-



RERA P KBEL(R) + BAR B IR
EABRZAEmEBEFREZR  HudBERENR
REHERME  BREBEFHRERE O @ BE
KATHEH BB N) - STE KB ESHE - i
HF WHIH TS RIR R R R il & E e
IERH, - MRIERF o EHIH SR E R HHE
JEETT R - ELAB GBI R KR  RITEXR
B/BWXREREGHERE K HERE » T RKG2%
e Rk E -

6. Priestiey-Taylor & =,

HERME RN B 2510mm - B
BEME - AEEF S B HE . Priestley-
Taylor #23X, (1973 » LI TP —-T) » LIHMEEZ
ek BAEAT LB s34 - Priestley-Taylor J7 4
HFEDRERTH B SHER  RBHEL
RERERFER/ABRTES  HEEEAMNT -

AETy=

=

ETy » B%{¢¥) . SR (mm/day) -
w0 KIGIFEST (cal/cmPday)
DR E BB (= 1.26, Allen, 1986) -
t BRIV SRR AR (mb/°C ) -
CREREB (mb/TC) -
DK BHEVR (LB (callg) -
7. Pan Evaporation j%

AEBEMAREAKRR T GEHE Bt
AEABMABRRKMEKREYTBKERSERHMG
o HAARRT

ETo= K, X Epay

Hrf

ETy  BF{EY) . 7B # R (mm/day) -
Epan * FEBS M AT E (mm/day) -
K, @ FEBICRE -

8. Jensen & Haise(1990)

FRERBHRET MAHHBERENHRET
(LATEEI —HR) » HEEXFTOT

ETp=0.000673(0.014T—0.37)R;

A

JAN
nA+7Rll

=

> Do

ETo : BFE{EY) 2 KB LB (mm/day) -
T : HEER(CC) -
R, : 2HHBS & (callem¥day) -
9. Hargreaves 3% (1972 ~ 1986)
HHRRST — HEEZBER » MRS TE
B KRR - HIGERXLRT
ETo=0.0135(T+ 17.78)R;
HU L& EAEEYBAKREIEXTEH
A =R ERUBMIEMR BB R R FIAER
BMNBHERERFGHERIHEG T HIERE
b MEMSE TR oER
RER HEELFNAREHERTG R
AR ERER LSS > HAF SRR
il - fEHEME S MEF L 0 SRR DA T e ATl
CRERLBBEEYEFERE  HEBLHEEEGE
BIEM A E R HRERUNEREEY Y
wAkE > AT REMRECWE  WHIEYTR
hBECHH  HEEHEERARB -

BRI

ANGRNEHEELCEHA Y - GHMERYE
HEME BRI KR CMER  TEUR RS
#LAK (FAO) 15 1984 SE AT HERE X VIRE (R ) iR 7K B i
RIEREE T ROICID 2 1994 & 4774 4 2 Penman
-Monteith {5 &=, » B2 44533 A Hargreaves ¥ -
Jensen-Haise %5 + Van Bavel ¥ - Priestley-Taylor 3%
LEMEEIETEYR KR EE - KB
FrkA G B H B R EERRE T8 EE 8]
R LU WG R BR v A i e R S BR B RN LA L
BT AR ZEREI ST R P
AE G -

1. PR (k%

FEA bt NEEYRR K S B e =0 0 i
GHMHBHBEHRBMCEREIHEH > 55
HESEFSREKERRIEEBETH 25
VIRARE  RAEHESHRERG SR EYH
o ETEENAN TR IEW B AR RN R -

2. EERER

HENEZFYRAKRZUZH KNGS
HEERER - HRE 78 £ £ 81 FHLIB WG H



BRI HE B E R - R kOB M
MU ERFEREKERTR B AR
FREmT Ak RBEREY  HREARTER
e KB BT E L
MERHEGTE
a. — 7RI B R AR Smm B » DUESE &5t
Z o
b RERT R Smm Bf - DITRIRT < H 18k 5
EHBAKBECHEZKESEUTE 8
M A 25 K B B34 B B P -
c ABBBRENR - QI EYHRBH
FLUKHARR MY BHERTE -
d A RE BN EAKBE S Y e #ixe
ERBREERS -
OVEMT KR ZEE
EREH N EE KRB CIEN T » DIk
STBRERRNEG  HPESHEYREEEAN B
BEHECHAUTI GG
ET,op=1+ARE (P, X As X d/100)
A
ETcrop * {EY) /K& (mm) -
1 C K E (mm) -
AR R E (mm) -
P IR R (%) -
As  RiLE -
d R (mm), —#% £ 400mm o
3 AR E (Ke)

FREEDHHFKET > 2 EYHRE K & |

EHE 0 AIFSTER B W & (EY B K B (ET,0p) %
W2 S EYHBKREDD Z LA > JRHT:
Kc=ET,,,/ETy

R E L R R I BRI AT
R BEEMBKE SR EYF
¥ - EMIIREIR K I E M < B - RESET - &
RPEE - REFHRETAAAER  AXEKRED
RBRENE - EREREEE BE4EREH
8 (Growing-degree-days) ;.2 Jj 1 » # R £ {E 41 81 LA
MESEREEE > AL Sammis et al(1985) & £t
o FEREEAT W TUEASGHY
TEVIFE Ke {H > T :

Ke=Ap+A1G+ AyG?+ AxGP

G=Tnax+ Trmid)2—Tp

HH

Ke : {EVIRE
Aj DR = 0,1,2,....
CRRAEREHE(CC)
Toae " EXERECC)
Twin * BARRE (C)
Ty  AEWIRFR I HEAEIR E (Base
temperature)( °C ) -

A FTHR P A5 1 A R ST RS 4 AT 2 DI /s 3
¥ (Least square method) £ 37 #5 ¥ f5 2 =X, (Normal
equation) » [} K AR & HLAY i S B (A B (BR A 3% >
1982) - W6 DAAH R (R 8 r - 368 SR o FH B 2
B DIF SR E R R R - B
TR rE e EE  MPEHERSGER
ZAGE{ER HE » RIERAI #2757 (Root mean square
error) {EAILARIE -

A~ FEREE R
1.4#¢ 1§ Penman-Monteith(ICID, 1994) X  Modify
Penman (FAO, 1984) YL 8 =R & - KIEME
MRBE R A R A H B =R S EA
BRI
Penman-Monteith Z{F
Kc = 0.3672 + 1.3457 x 10~3G—9.2477
x1077G2+1.228 x 10~ 1063
TR A% r = 0.863 - FOEME
F*=32.52 > F(0.95,2,30) = 3.32
EE BB A S Yo i KB fFEME -
Penman-Monteith £k {E
Kc = 0.2976 + 1.4616 x 103G —8.5519
10-7G2+8.9473 x 1011 G3
THBA (8 r = 0.909 - FAERE -
F*= 62.56 > F(0.95,2,30) = 3.32;
EES A 5 %o MEKHE 2 FPEE: -
Modify Penman Z{E
Kc = 0.2310 + 1.9943 x 10—3G—1.5822 %
106G243.1546 x 10~ 19G3
TERH (% r = 0.736 » ForECAEE »
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F*=20.35 > F(0.95,2,27) = 3.35; KB Z KefH -

A AR K 5 SR KBS T - 3R - BHUEYRKEIHME  B2HER
Modify Penman FX {f: 78 4EE 81 £ v HEE Kl » &I Penman-Monteith
(ICID,1994) thET H & R L BV (R 8 B I
BEEMTBABRGE R 0 R3 - RIZME
YR8 3 E 2 DL Modify Penman(FAO,1984) .2

Kc = 0.2879 + 1.544 X 10—3G—7.2387
x1077G2+1.2237 x 10~ 1153

FiRifr = 0810 © FARCRE AT § £ - %6 ZIFPRUTI R FAO
 PEIAB>ROS2IN =3I gy pups s 2 (RN - A
FLRTHEAMN . 5 96 HEH A 2 AF LD e 4 2 A 6 45 5400 DA B 6 ) Penman-

2HE 1 AU ERERIFYRE Ko Hz# Monteith 5 5 Modify Penman g5 B 452 Ke {&
B fE 5 Penman-Monteith 5, Modify Penman 77 WFAO YN BEESHS  RHANHSES
KAt EZAERE > BF - TEZ Ke [ER 2% Pl4EFANEY  SIDEESEE WL
HEBE —%1E > Hdf Penman-Monteith & Ff 18 HEER - A - HZ Kef > #&# FAO B2 Y
ZAER > SRS H (F SRk {F & Modify Penman 4B Y Ke (HEH -
B HERWHERSREGE  KESET L8187 SERERSRSERRSEKE

=0.863

1.00 ] oL r=0.736

fedn4s 31 Ke
Hinig $1 Ke

0.20
©0% o <0000 800.00 1200.00 1600.00 200000 o‘ooc,::o <00.00 £00.00 1200.00 160000 2€05 00
ZHREREHSE G(C) PHEREHE G(°C)
Bl a #{F&R{EY %L (Penman-Monteith) B ¢ H#FESREY R E (Modify Penman)

r=0.810

1dn 15 31 Ke

1Edh 45 3 Ke

O s sooee 60800 150000 2000.00  2500.00 O T T  eoeT00 1000.00 150000 200600 2500 5
RREREHHE G(C) BHEEREHEY G(°C)
i b B/ (R (Penman-Monteith) Bl @ BATFRRAE9 (RUC0 (Modify Penman)

B L R RIS SR A T L A
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P BTSRRI RO A H R
QOPERERSLE - I R the 3 U DUR Ved. IPA N I
W% A HARA > HEABHRERA
WAL FR K IR EUR > ERFARBRSZ
BE - ERERER ARV EEEE

- B (E L EES/ - D REY
KR EAREARS L ERHMUBAIR
REHREE > ORI - HIEwRE
WRKECIE - HHEEERC 8% DUSE
VIREK AR 2RSSR B W & M -

# 1. 1992 4EBF{E Bk S LSTHE £t 75 3 & LBk (Penman-Monteith) BEf7 © mm

; Penman | Penman
HAUE | (1904) | (1984) | V"

B—C | Pan Rad | Harg | J-H | P—-T

5.25 4.60 298| 3.9

3721 3.87) 1.86] 228 218] 161

15.35 9.38 8.73| 11.62

27.15| 1511 5.72f 7.22| 6.76] 5.57

30.12 30.13 24.82] 33.91

37.20| 35.56| 16.56| 19.95| 19.60| 15.06

30.08 29.76 29.21f 41.53

50.75| 43.70| 16.75| 20.38| 19.93| 15.38

16.32 15.07 14.18 17.48

47.53| 27.30| 9.40| 12.73] 12.48| 10.42

18.38 19.21 18.24) 22869

49.68) 22.71] 1261 15.11) 14.64| 12.19

29.68 28.99 2521 31.19

52.45| 41.78] 18.24} 22.68| 23.16| 18.42

29.45 30.71 28.53| 36.46

53.76| 44.74| 19.08| 23.87| 19.12| 19.36

26.36 26.45 24.36) 31.10

49.10| 39.49( 15.55| 20.07| 20.49| 16.25

20.31 22.09 22.15; 27.95

45.66) 33.52 13.46| 17.57| 17.82| 14.13

12.90 20.53 16.47| 19.83

34.65] 30.00( 11.72} 15.05| 15.66] 12.33

Hbmu-u-u-:-a-:-wwwro:m
FliA g |A | E || AR A @

234.20 236.92 214.87|277.66

451.64337.78| 140.50{ 176.91| 171.84| 140.72

it - T =) 272 -19.33] 43.46

217.441103.58] -93.70| -57.29| -62.36| -93.48

EES 0.934 0.874| 0.943

0.764| 0.902| 0.930| 0.914| 0.883]| 0.887

#1752RMSE 256 380 5.73

22.53] 16.89] 4.28] 2.90( 276| 4.35

2t ¢ {E¥ {8 LA Penman-Monteith(1994) (k& E 1S -

# 2. 1992 KRR K B BB HE £ 45 52 L8 (Penman-Monteith) 7 @ mm

Al | ' P(‘j';g‘.f)" P(ﬁ';g‘;" van | B—C | Pan | Rad_| Harg | J—H | P=T
6 |cp| 1342] 1501| 15.32| 1765 34.77| 2563 11.12| 14.75| 1543 1227
6 | F| 2895 3007 3579| 50.73| 53.01| 4667 26.88| 25.81| 27.28| 21.30
7| £| 2477] 2464] 2285 28.40] 56.21| 48.35| 16.38] 2168 2260] 18.13
7 |tp | 4085 42.38]  51.97] 77.50| 64.88| 60.78] 26.66] 34.61| 36.59] 28.32
7| F| 4686 4866 51.29| 7535 69.67) 64.10] 28.31| 35.48| 37.49] 29.23
8 | £ | 4396 4508 5063 77.22] 6064] 56.12| 24.82] 32.13| 34.10] 26.04
8 |ch| 3105 3133 28.05| 38.52] 51.56| 39.37| 15.96] 21.28| 22.41] 17.36
8 | T | 1732] 1861| 1506 17.98] 45.83] 29.13] 13.81| 14.56] 15.25| 12.07
o | £| 485  432] 359 367| 17.34] 11.43] 4.15| 433] 453 359
& it | 25203] 26007| 274.56|387.12| 454.80| 381.38| 168.09] 204.63] 215.68] 168.30
RE R = 8.04| 2253|1350 202.77| 129.35] -83.94| -47.40| -36.35| -83.73
AT AR ¢ 0998]  0.976] 0.969] 0.936] 0.959| 0.910| 0976 0.977] 0973
Y77 2RMSE 112]  5.07| 1939 2206 14.53] 10.96] 649] 534] 909

i (EY{R 8 1L Penman-Monteith(1994) ¥AEH B 45 -
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# 3. 1992 EH(EEY TR REEAMLE R Z LB Modify Penman) Bifi7 @ mm

Penman | Penman

B e (1994) (1984) Van | B—C | Pan Rad | Harg | J—H | P—T
525 6.29 408| 5.34) 508 529} 252 311 297 220
15.35 10.15 9.45| 12.57| 29.38| 16.35{ 6.16{ 7.81| 7.31| 6.03

30.12 29.78 24.53| 33.52

36.77| 35.14( 16.33| 19.72| 19.38| 14.88

30.08 28.19 27.67| 39.34

48.08| 41.40| 15.79( 19.30| 18.88| 14.57

16.32 14.04 13.21} 16.28

44271 25.43] 8.80| 11.86| 11.62| 9.71

18.38 17.94 17.03| 21.18

46.38| 21.20| 11.83} 14.11| 13.67] 11.38

29.68 27.40 23.82| 29.48

49.58| 39.49| 17.29( 21.44| 21.89 17.41

29.45 29.62 27.52) 35.17

51.85] 43.15] 18.44| 23.02| 18.44( 18.68

26.36 25.82 23.78| 30.36

47.93| 3855/ 15.17| 19.59 20.00| 15.86

20.31 21.88 21.94| 2768

4522| 33.19| 13.28 17.40| 17.64] 13.99

12.90 19.63 15.74| 18.95

33.12| 28.67| 11.29| 14.39] 14.97| 11.78
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234.20 230.73 208.77 269.88

437.66]327.89| 136.89) 171.75| 166.79| 136.49

AN 2= -3.47| -2543| 3568[203.46( 9369] -97.31] -62.45 -67.41] -97.71
RIS ¢ 0.934]  00941] 0.943] 0.784] 0.902] 0.930| 0.914] 0.883] 0.887
#5795 2RMSE 2.49 321 4.82| 2060] 15.56] 4.61] 272 2.71| 468
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# 4. 1992 FRKIEIEY TR /K B S BRHE (45 IR Z L8 (Modidy-Penman) B1fi7 : mm

Penman | Penman

FHUME | (1904) | (1984)

Van

B—C | Pan Rad | Harg | J-H | P—T

13.42 15.35 1567} 18.05

35.55| 26.21| 11.38| 15.08| 15.78{ 12.54

28.95 31.78 37.83| 53.62

56.99| 49.12 21.41| 27.28]| 28.84| 22.51

24.77 26.71 24.78{ 30.80

60.95{ 52431 17.67] 23.51| 24.50| 19.65

40.85 47.10 57.76] 86.23

72.11| 67.55| 29.71; 38.46| 40.67| 31.48

46.86 55.41 58.41| 85.81

79.34| 73.00| 32.14( 40.40| 4269 33.28

43.96 §2.29/ 58.74| 89.59

70.35; 65.10{ 28.83| 37.27| 39.55; 30.21

31.05 36.76 32.91| 45.20

60.50| 46.20| 18.72 24.98| 26.30 20.38

17.32 21.74 17.59) 21.01

5§3.55] 34.04) 1618} 17.01] 17.82f 14.11
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4.85 4.98 415/ 423 1999| 1318 4.74] 500| 522| 4.14

252.03 292.12 307.831 434,531 509.32| 426.82] 180.78| 228.99| 241.38/ 188.30
BRIl 2= 40.09 55.80| 182.50| 257.29| 174.79| -71.25] -23.04{ -10.65| -63.73
AERRRS r 0.997 0.983| 0.975| 0.948| 0.976/ 0.980) 0.990| 0.990| 0.987
¥ ZRMSE 4.91 8.45] 2563 27.49] 19.34| 11.28; 3.64| 253| 697
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F 5. 1992 EBRIE(RY TR K BB BRHE A RS 2 LB (FAO Suggest) B1fY © mm

LT R Faoss | Van [ B=C| Pan | Rad | Harg [ 4—H | P-T

5.25 5.24 3.40f 4.45| 423] 441] 210] 259] 248 1.83
15.35 8.34 7.76] 10.33| 24.14] 1343 5.06] 6.42| 6.01] 4.95
30.12 32.72 26.95| 36.82| 40.40| 38.61| 17.94| 21.67| 21.29] 16.35
30.08 30.94 30.38| 43.18| 52.77| 45.44| 17.33| 21.19| 20.72] 15.99
16.32 18.18 17.11] 21.09) 57.35| 32.95| 11.40| 15.37] 15.08] 12.57
18.38 2247 21.33] 26.54] 58.11| 26.56| 14.82] 17.67| 17.12| 14.26
29.68 34.33 29.85| 36.94| 62.11| 49.48| 21.66| 26.86| 27.43] 21.81
29.45 35.07 32.58) 41.63| 61.39] 51.09| 21.84| 27.25| 21.84| 22.11
26.36 30.39 27.99| 35.74| 56.42| 45.38/ 17.86{ 23.06] 23.55] 18.67
20.31 24.03 24.10| 30.40| 49.68( 36.47( 14.59( 19.11| 19.38| 15.37
12.90 25.55 20.49| 24.67| 43.12| 37.33| 14.70| 18.73| 19.49] 15.34
234.20 267.27 241.94| 311.80| 509.70| 381.14| 159.28] 199.92] 194.36] 159.27
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SRR = 33.07 7.74| 77.60] 275.50| 146.94| -74.92| -34.28 -39.84| -74.93
AEB AR r 0888/  0.905| 0.930| 0.696] 0.850| 0.870] 0.858] 0.954] 0.825
17552 RMSE 519 320 9.01| 2917 21.52| 321 419 376] 333
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# 6. 1992 FEIKMEEY TR /K RETBTHE (RS R~ LB (FAO Suggest) Bi{i7 : mm

Bl a| waa P(‘:g’;f)" P(‘:g';f)" Van | B—C | Pan | Rad | Harg | J—H | P—T
6| 1342 9.24 9.44| 10.87] 21.41| 15:79] 6.83] 9.08| 9.50| 7.55
6! F| 2895 17.80]  21.19] 30.03| 31.91| 27.51] 12.01] 15.28| 16.15| 12.61
7| k| 2477 2231 20.70( 25.72| 50.91| 43.79] 14.76| 19.64] 2047| 1642
7| 4085 4460 54.69] 81.66| 68.28] 6396 28.01| 36.42] 3851| 2987
7| TF| 4688 5607 59.10] 86.32] 80.28] 73.86] 32.60| 40.88| 43.19| 3368
8| k| 4398 s466] 6140] 9365 73.54] 68.06] 30.10| 28.97| 41.35| 31.58
8 || 3105 3798 34.01 46.71] 62.52] 47.74] 19.38] 25.81] 27.17] 21.05
8| F| 1732 2516 20.36| 24.31| 61.96] 39.39] 18.62] 19.68] 2062| 16.32
o r 4.85 491 409 417] 19.73] 13.01] 469] 493| 515 4.08
& B | 252.03] 272.34] 284.97|403.94] 470.54] 393.10| 167.00] 210.68] 222.12| 173.10
SRR 2= 20.31]  32.94)151.91/218.51/141.07| -85.03] -41.35| -29.91] -78.93
FERRIRE ¢ 0940  0.959| 0.954] 0.838) 0.931] 0.990] 0.952| 0.954] 0953
1775 2RMSE 6.76 8.62| 24.54| 2533] 45.42| 18.33] 24.76] 26.08| 17.86
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DB REE C MER K - HERE R RERH REERREBECHSERK -

ZAHBEK - #ESR Van Bavel thERE1E 2 Penman i 6.1 2 £ 3 REBMEAFB < RBEYTEAKER
HEFRE 5 R IR RN 1 0 H Van Bavel X HHE LB - B LOAEES - EFE M
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