244 H5H p o A - S Vol, 24, No. 5
2000 £ 9 H Chinese Journal of Atmospheric Sciences Sept. 2000

BRSSO YA S
R A Bk S A
KRR

(PERFRASYEARARLSREEREXRFR PG, w 100029)

BN

(PEMZREERN BARR, 5 100101}

W B HEALARERERASEYESEERERREYS RAS BHOSMKN — B
RS, RF ISR RK MHEBAN P ERBRDES RN CR. B EYERN
B2WEY™RADHHERE, MNRUNSHEHRBAX, AHBRARRERUSH.
/6 A& BRI Rk MR R F IR B R X HATEY T B EE, AR ST
P RZBBRIE 1997 Fit HHARLITIOR. RAUAFTRBHREA DT HLAREE.

X@F: Y- RER, B ARG BAETE
1 3|8F

FEF PO RAR RS 1R Y6 & = BRI, — B8 BRI (LR K 436 BRI A5 1 T B9 1F
wr-g&, BKASBEAR, MNEWERKETFHEASME. AMEELBREDER
A FR 2R, S%SRIKSSREEW, HTgwEEYREERN>E, Bl
WY = B AR S A SR AT DL R R AR A IR B A VURERR. BRI
HEE, BRFSESEDERKLATFHXNERARTE. KBVHE. R/MESRFTR. X
HEEMRRERYS, ARTEENSHKRE, BASMERTEHHREREA, #B5E
ETERE AR EE T YRR ASBHOENERRE. FTHEREX -
Sud R

2 {EEBk ENEER A — RS

RP, RARFZKSG BERREERET. POCEHEZHES (PAR) HRHEHETF
MIEMCGHER. WP, RARTELZ EFTE R AT 8 A RS2 B K5 b8 663
., AP, S5XAERAEAESERARN (AAEYLEREE. HPopaRR) B
S R T BK S B R R, BN AR EUE BT BRI S i A IE R 1R

1998—-11-17 W&, 19990507 B HHH
» ERESAEMPAZEAMME G1995043400" REAFHBENEME 7 T RABHTMBTF. 863 HIU

-308 TE M EEF BRPEES YT E 39900084 3[R BRD




684 x s #® % 24 ¥

e a R, REELENEYFBEE. RGN =B K e HRE,

3 FECGHEWRXEEREWETHE

e B R A TEMBT AR R, B KB A1 AAKS
25, HEMERIERD, ROEAMEDEBERRS RSN SR, SLaEM
kL CO, Bt ST B SNR B TIEIR A, SEYSIL TN, HRNE k%
BETR CO, HEAMEY: M ILKHINT, K4 A CO, HEA MY AR P10 25
Ik, ERESLEERNBESEYSAFHNEE, CHSEMHRBERX. X
SEREBEEZHENN TYROBE, FUEYREETMERRIEYHNERN™E,
WAl E R R AR Y PR, FERFSTAR AR 1 R — A A SR kS R (B
FEVE A LR ER). KA E R S E RN, R R T
PG &, ZEBUI I BE % R A Penman—Monteith (P-M) ARV, ZARKE
B4R, B KA ERS, SIARREERY. EEXEENNE Sy LR
m?,REE#H%%@E?,Eﬁ%ﬁ%%*ﬁﬁ%ﬂﬁﬁmmﬁ%ﬁA@%

31 SRS MENF RS BB SR

Vi, RS AT R RN TEZ W ITRER. Reicosky Fil AlE B {5
EMEL/NERREBE. toAnES?. Carlson BT —fitHS HRXBM R H
#88, Choudhury ik 3 A% 8 AR T EEASHRD. A OKER B2’
HEE, FRERE BRBE M SRS, SR NE 1 FiR.

_ WERME,) 3
| S l——— K AEAP,)
LFEMERE ——» AALEI,—1/G,) —  KSEAMAP,)

|

g Bl S —EEP R ep)

!

AR (Y e )

|

ter= (Y ,)
B E£FHEENESNEY B HiENETRE

32 RUDEHARSHOIRMFBASHERR
S fE AR EE, ALl 30RO A B LR EL. A0
BRI EYRYBEEER LY, BYREL TR ERREP)Z K B E
B, WP 5IA RS RBERK S THE X B RN,
AEMBEISHELHMEENER. YXhERHAEF THERREN, D5
IEEEE. TRAHERETEAKNEN, R FEY. EH Ry B
BREED, RMNEZDY ., XEGFLRASEETRHOFE, W~BXHaXteEH.




S AEAESE: BRI RS AL S R T 5 AR 7= Bk S B0 A Y 685

XA RS RENTE., TELFRERY, PRFERZKITEHEESEEN TR, 5
REHRTFREBRERVRA. INEARE: P, hK>EER RN E GG EE
(fz: gm2d™"), WETE= Eg; P RKABREHEIEEER (B gm’d)),
WHE< Ey. WMREERMP,, MNHSPeps BF=E5H% R R N K0 BrHE TF
=Y. | - -
WK, "RRFWIEHEBERNET, ATHRRA

1— P /P,

T I— E. /Ey

AR R AR B BN A B R ARG, FOK, R, & | FIHAN
4K R B A M RB R E T,

£1 ENEEEREBUHLBEENTETK,

(1)

SR EEH EHE—EYH B —ME FFiEH © M
X, 02 0.2 06 0.2
AR ()
P'n=Pn[1‘””Kp(1“ Ej/—EQj)]. (2)
KT, rIFZIEESER PEERA
aA; P
P= m. (3)
HEHLERN

e 2A, P :
n=j T ds. | 4)

Y &A,+ Pmax

R@H, h, WA B (B0 h), PAEESESE (B gmhh), o P, 55
IR HB R AR SRS, 4, h  RERK RS EEES (APAR).
B B AN A AR T 69 64 T 3R K 4 B RO R

(1) BHEKTH

P,nl = Pnl [1_ 0.2(1_ El /E()[ )]= Pn] (08+ O.ZX. El /Em ), (5)
(2) HFT—HME

an2_= PnZ[I_ 02(1+ EZ / Egg)lz Pn(08+ 02>< Ep_ /Eoz), (6)
(3) FHEH |

P/n3:= Pn3[l+ 0.6(1“ E3 /E03 )]= Pn2(04+ 06)( E3 /E03 ), (7)
(4) BB

Pl=PLl1—02(01— E, / Eg)l= P08+ 02%X E, 7/ Eg ). (8)
W4 A B RIA /N FE = B K S NGB AT R

Yopp = Poapt X P'ait+ Poapa X Pyt Peaps X Plgt+ Poaps X Pl



686 x K B % 24 %

= LPeari ¥ P, i=1,2,3,4, ©)
Ynepr = (1— Rg)* Ygpp, (10)
Y,= Ygpr X fiE), (11)

fORTFRBFER. KASEARMTBRRRE, BEXMIL FXWA)=0.14;
Pepa TR Yoo LSy, £ 074 s E B b B AR o LY e R (8
fii: m*/ m?). Yo BEAKSERMHEDSLEESRE, Yer BEASERANEXEGES
RROR SRR E, Ry HMRIREEMILE, Y, RS4RI YT B,
33 Rk BB BN ESERE
331 Pnﬁﬁiﬁ . *
R (4, PRES R HBE B, SWGEMNBEE . BREESERP . M
¢ BTRIRBOE & A RBS A, %, o
(1) {T—m%iA4, BRE
HRHES BRKEEEBIRE (Apar ), b 4 REE,

A= Rpa * Reapa, : (12)
Hh, Rpa WHIGHRBBEH. Rpapa HREOGEHRE IR,
Rpa = 1l (13)

Q HBREHE (HSREHRE): 7 RRMSEH PR TG LH. FH— SR
HENEFETHEN 7 E7, BIFE 2.

£2 ZNERERZFPN 1 E

LR EEFMN EF—HEHH Y —HBE FFEM 5408
" 0.44 0.44 0.49 0.43

M (12). E—iZl4, TRRA

A;= Rps; X Rrpapa. | (14)
BaldRP, GaENEN T LEEE % ihss Rl
RPAJ = %A—Sinz(;:_t), (15)
d d

&HAADMAS), M BE—-NZBIA, .
(2) Reapa HHE
# Sellers™,

(INDV _ IND\",min )R FAPA max RFAPA,min ) (16)

3

REapa =
I NDV,max 1 NDV. min

AP, Inpv, mio T npv, mex BN O 5% BN IRAEIL EEEE TR
(Inpv ), X4 FIHEHRD.001 1 0.5, Reapa, me BB KAK Reapa» BLH 0.95;



58 WiEtes BEBE A SHYEE SRS RERE Y™ Bk iR Y 687

REApA, min TR/ Reapa » B 0,0010",
(3) RALKZEW o P, BEUE
HIBHFARERREPN o P, "EUE

%3 TRAEKEESP o Po., NE

LERKEHTH wY i 4 Fi fiig )
Po /gm0 8.14 7.5 8.68 7.84
«/lgm?h™")/ Jm2h ") 52x107° 48%107° 6.6x107° 1.8x107°

(4) HENEh BTH
H B8 %k, o] 1 F RO E:

sinh= c0sd cosp cosw+ sind sing, (17

R, hAKEEEM. 6 HKBAHO= — Dancod T+ | THE 1AL BR

MEH TAEXERPEN): o ANMA, YAMEFFEN (EF) X0, —HZ
Ak 2 o ORISR, X H M E %6 h=0, BITTIRE HH HERE, HEHS
HEBE Sk, SXRAWHRE, Why= BERE X b,
3132 HHERRE

Brown fil Rosenberg IRIEGE B P LEYHAFAERE THEYHE T — FBR
I, R s SR 2 A S e A R — R FE Y g 4,

LE _ £ _ Aty (18)
LE, Eo A+vyQQ+ /1)’

Heh, ENIRES (BO: Tm™), E,hBEER (B Im™), & X/E/ ExH
B REAW); r, (SHAERT) —TSHr, Hre,, Hbr, HBESSHHFER
WOCBEA: smm™), ro WEABEFE@EM: smm )y HEWRBEEL (B
smm); A= (e) — e )/ (T.— T,), FEHMAKKENBENFIFE (hPa T, H
e %ﬂ\%ﬁ!ﬁﬁ?‘c?ﬁ‘liﬁﬁlﬂcﬁﬁ (Bfi7: Pa) , e, HERIBEAT, TREAKK
I (BB Pa); y ATFEE¥EHR (BR: PaT™.
333 HHAEEFHER |

£ (18) HESHNKBAETERT(.). AERE (7). =z h¥ANR
(r.) %#.

(1) Awskg!

7.45T,
2463093 10735+ 7, . (19)

A= Gas+ 1,)
(2) EEMTr HitH
Choudhury # /N e 8 EM 17 AR
_1000[1+ (¥, / 231)%]
'e= T 7.+ 0025R, °

(20)



638 x K #® % 24 %

HHR,=f,x R, (HAEBREZHE, R, ABEH@EL: Im™D), RVABESBEH
(A Im™), Ia I EFIER( L), ¥ NfEHKE (4L hPa).
(3) HEBET.HRE
% Kerr, WERET, arKmT
T.= — 2.44+ 3.6T,— 2.6T;, : (21)

A4(103~113 gm). 7T5(11.5~12.5 um) 3 NOAA-AVHRR % 4, 5 @ERR, Ak
ACRMT,. :
(4) e EES IHE
HRIESCRRISL s ,
fo= Unpv— Inovmin )/ (Inpv.mex = INDV.mia ), . (22)

INDV, max ﬂ[NDV. min [:“.]ﬁﬁn
(5) FRHEMZEMMBIER (Ivnov) BHHE

_ Feuz — Feow
Iypy=—""FT"""

¥

rema T Fent

rem Frens 5751 % NOAA—AVHRR % —i#iill (0.58~0.68 ym) HIFE_3@:# (0.725~
1.10 pm) eER 2 [6) B 51 2.

(6) HMEMAHBITE

RHESCRR19), ASCRAL/IFIAWTEFER

Ita= K "X In(1— £)7, (23)

LOREWEER, KAEMBEAGELRE, & XBETN K-028, EHE
K=0.35[20]°
(7) WRAR, B R

Rn: Rsl_ RST‘_" RL‘L_ RLT= (1- f‘)Rsl'i' SaO'T:_ SSG'T:, (24)

RAHASREEES (84 Tm™), RIAEHMEERS (B4 Im™?), RUH
KEREHEEES (B TmD), RUIANBERHOKESRN (B4 ITm™), o
% Stefan—Boltzmann ¥, ¢=567%x107° Wm™=K™); r HEHEE, ¥F NOAA L
E. r5 NOAA-AVHRR BBl KB R (rey BT EERHE o HER"N

saaTgﬁﬂtéiiﬁ&ﬁﬁﬂ‘ (4 Tm™), e FESHEHE WENT:
ga=1.24(e, / T,)'7, (26)

e, WEBT, FHEROKKE (B hPa), T, NSl ool WHHKEEE, %
HRMLT SIS R, B T |
&g = 1.0094+ 0.04711'1}1\][)\(. (27)

(8) MAMYIry, HITH



5# RS BREFERAEHAYN & LN ERIR KB B A e 689

R MR NIRRT RMAER S, A RE AL X
FRIBEMEFKEN, HBRSr, M. ry t PR EP

ren=4/u", (28)
' HEEEERGE (ms '),
(9) EEENR." HIITE
w” FRG P
u' = wu/ In[{z— d)/ zyl. (29)

Ak BRRER (MK 0.4), d s HHHEFEABARBE (B0 ), «2E
R - R (Bf ms™).

(10) 10 m Ri# 5 2 m RUEH) X R

S AR PIARR 10 m BORUE, e b4 A1, I AR 2 m B9 R
BUIL. sk 10 m BRI 2 m MR R, HEEM FRAD

uapy = 5" Ty, (30)

=

(1) P& - (RE
k@ EmENERAR" R
= 930{L; / f.)— 0.23. 31
(12) BESSsEMREr, NiTE
TEFRPHEREAT, st h¥EEA
o= ln(z— d)/ 2,V / «*u, (32)
APk u d o WEXLREL, 40 oo W UIEY S E - 80 067 MO 3R KERkK
M WTIER R, B, #HITITE. RS T Monteith iTIER, iTIEE
= el
(pHra

Fe=rat ===, {1t @y /lnlz— d)/ 21}, 33)
A vk
Ko HEEERRERL. B
~—— 1/2 - d i
" =— d ‘_ 0.03< ::Ld <90 WS AR 34)
(H” L ) ]:—d
L "—L >0 o

nHEBHH., —d4d)/L<O0it, n=45, (-— d)/ L>0ff, n=52, L RET-—H4%
ERBFERE (940 m), HRAEAAR



690 x K B % 24 %

10.0
125
15.0

17.5
20.0

ZHRR997H4 A Nk oy Ba st Al A ST HR1997T45 A 2N F ks Bl i Ak 22
2 BTN ARETHEAmEN Sl sl

42°N, 113°E 42N, 118°E

200
250
300

350
400

(g m? a’')

Bty Bk Pio BRI RV EFR R 2/ B0 fi 1
B3 Rk e B B AN s R



S# RS BRRE LS SHYL S ERF TR RSN BASHERE 691

_ u' T,

ke g(T— T/ (uy— uy)’
HhT,=273+T,, g REHMEEF (=9806 ms™), u” HBEH K E (B84
mS_l), T Ty up uy SR AEABENRESRE, %T1 = T., Wu, =0,

34 itEZERHEA

MEPEEFTRPRBGRE VY. T M. FEE. B, #fRAR
G~ B), A BRAFEF BRI KOMAN S ER, KT TAS
R (KOG AR AR, TR MRS K4 Bl 0% A B R B 2 A A A SR (A
2}. .

£ (9) (1) AEDESMETFHEZEKSMHEHERY (FHR RSPWBM), H
Yore SRR ARABRNHERMBFWENSETHRE. RIDEM 1997 £ 3~6
A& /NFEYN NOAA-AVHRR D E M HB\EPER 4 M BB EFHH
NOAA—-AVHRR F Channel 1. Channel 2. Channel4. Channel 5 #t#8, [HTRALFE
HRAFHNSSEHRES. Bk (9 X (1D, HERFRRKMMEE FTRE&NE
R, HEREE (LA 3).

FHF AN B S NEY & E K M E BRI A R A X NS F R
FE BT KA MAMGEEGRERY, 1997 FEILTFEANMK S ETHO AL EGEET
HTFHT 50%LLE, 4. 5 AR BXPrEEZTREEm, e GERHRMENEERE
ARBEREMN, EMAS M EDESERNEN. BEYRBKSMAERTRERL
NEXREFEEZAKGHARNEREZR, HENSNMEFEHEEIHNEEE 200~ 400
gm? a”, FEWRXEABRI K 485, PRESBEHEE300~400gm’ a” £4;
PRI ERTE 200~ 300 g m ™ a”' Aigy. WEILEER 200~250 g m™ a”l, ARKJGEB 200~ 300
gm’ a” £,

REERTASUEAEE (FY,®5) WER 10 MRESHMaRan™ (Ex
Y., BEH FAO RAKSERBENMENXBEYDEBIEE) TERNIZRE S 10 -8
MEATHOBE, REE LA 4, ERFAMERNEMMXANEFEMERNENALE. WA
40 A RS BB RN, WA ABRERGESEYCS ST E BN
EANY Ty = W) g i SEL: Bilb SETl ek ) 8

L (35)

400}

—— Y2 Model
300+ —a— Y1

2001

R/ g m 2t

1001

0

WE GRE LR KED BE =7 Rz RS % IE
M4 P RASEGAREY, HY, BREEERDK N ER B SR



692 x " B F 4%
4 %R
EEREAHRT, XABERES RAEYBIFRR T RRAFAE— <AL

ERANEEAR: MEYERNESD VHEERWALNYICRE. fEH r#HEgE
MERE. FWEESMERN myEk BIXEBAEREEANGERHERE LR
K, AXEFEINEWEHTAEEAEN RSN, HYmEFXEBTE2407H, #
Mg el SHEFASHERFRRFEREIESEGEMARAEE. &R
YRV EERE R KRR,

EXEEBENEYLSBENHMBEM . SIAZTENHEDEBANILS
%, BESRMEESREVEMA, BT KRS Wa e BN — RS,
MR RO S RN, BIASIESHN RSPWBM R, HEAEY AT H#
BRI/ NEZKSANED=EBAUTRS, HL2RAE. SREH SPEE
EEHZASHRLEARETRRE. _ :

AR BB ER NEERINTER Y 200~400g m?a™', XX 10 AR KHFT
i, ®HARNERNSBERNERBKAANEFRGEEARALER, B—ERE
EHRER.

ATERBERAAR A EDE RS BHAG TSR, XBESRES -HE
PEAHMESEEYROPE, URNESMAFREERERETEEEATE. £XRY
EAR VT THEY B2 HEK T, WX el FnERE. BRERRHE—-2EE
BRNEBELSKZE, MATESELH LR .

B £ X &

| Peaman. H. L., Natural evaporation from open water bare soil and grass, Proc. Roy. Soc. (London), 1948,
193(A), 120~ 145,

2 Reicoéky. D. C.. P, W. Broun and M. §. Moran, Diurnal trends in wheat canopy temperature, photosynthesis,
and evapotranspiration, Remore Sens. Environ., 1994, 49, 235~ 245,

1 Carlson, Tiby N., William J. Capehart, and Roert R, Gillies, A new look at the simplifies method for remote
sensing of daily evapotranspiration, Remote Sens. Environ., 1995, 54, 161~ 167

4 Choudhury, B. 1.; Global pattern of potential evaporation calculated from the Penman—Monteith equation us-
ing satellite and assimilated data, Remote Sens. Environ., 1997, 61, 64~81,

5 g% FEE AYERAUERTERGFESHEEESHIXANR. MRER, 1999 2802). 128~
132,

6 EAWRE, ERMEHNWESHE, LR SRMEH, 1980

7 BKEHME. HAE. EFRE RISEE kX SRBRH, 160~172

8 Dye Dennis G., Monitoring global energy flow to primary production, Proceedings of the International Sympo
sium on Vegetation Monitoring, August, Chiba, Japan, 1995, 79~ 86.

9 FAE WAF. FERF, —HEFKE TENE BEREEMRE, VHAESER. 1997, 80), 257~
262,

10 WikE EBERENEPEDREMACBELOREEE, Fﬁiﬁi&’ﬁ 1991, 6(4), 253~ 261.

11 Sellers, P. J,, Tucker, C. J., Collatz, G. J. et al, A globallby | degree NDVI data set for climatic studies, Part 2:
The generation of global fields of terrestrial biophysical parameters from the NDVI, Ine. J. of Remote Sens.,
1994, 15(17), 3519~ 3545,



5# WEEY BEREREGCHDLESLAREMARBEY - BRHARE 693

12 BAEY FARL. AER%E, DIEEDESEFRIUTE, BRARFRFM, 1995, 18(4), 567~ 571,

13 Brown, K. W, Resenberg, H. T., A resistance model to predict evoputranspiration and its application to a sugar
beetfield, Agron. J., 1985, 65, 3411347,

14 FH4F, HEEFHTRBEENIMRIEFEEN-BRZRHS, BERFHRN, BN ALMEKERNE
BrEE, dERT BHEEHARH. 1990, 151~159.

15 FHHE, FEYWTEHE (CWSD MLRTFREH (SWSD. T¥H, 1995, 320), 202~ 209.

16 Choudhury, B, I, Idso, 8. B., and Reginato, R. J., Analysis of an empirical mode! for soil heat flux under a
growing wheat crop for estimating evaporation by an infrared—temperature—based energy balance equation, 4g-
ricultural and Forest Meteorology, 1987, 3%(4), 283~ 297

17 Kerr, Y., Corrections thermiques dans Vinfrarouge thermique: Cas de 'TAVHRR, in: Proc, 5th Coll, Physical
Measurements and Signatures in Remote Sensing, Sp 319, ESA, Paris, 1991, 29— 34,

18 Oule, C. and D, Vidal-madjar, Assimilation of soil moisture inferred from infrared remote sensing in a
hydrological model over the HAPEX-MOBILHY region, J. Hydrology, 1994, 158, 241~ 264,

19 #eiodE, ERBREM R EER. bR BEEdEM, 199, 96~244

20 HFI. RE/MELEGESDRESHH, KAEYHRELRER, b SSHE, 1990, 193~203,

21 Van de Griend, A A, and Owe, M., On the relationship between thermal emissivity and the normalized diffes-
ence vegetation index for natural surfaces, Int. J. Remore Sens., 1993, 14, 1119~ 1131,

22 HER. BUREANBRBRIAEME, L Bl 1990, 161~176,

23 REH, TEBRARERANN M EERAREE, HER, 1988, 6, 454~457,

24 FR. BER. FME, RAZEVEHMRAATEEBENPIA A, BEER, 1997, 13), 220~224

25 Bz, KEHEREN -MRETEFE, SREE. 1979, 3401), 28~40,

2 WEH, NRERARAHEHAMHERTE PERLENMSEFRRER (PEALSEAT LIRS
WEREHE), bR KB, 1993, 59~75

27 @FR%E FESLRERVSEESE NIRRT REMAMENS, b5 TREED, 1995, 36~60.

A Study of Region Crop Yield Model Influenced by Water Deficit
Based on Remote Sensing Information and Crop Photosynthetic
Physiological Characteristic

Zhang Jiahua and FuCongbin
(Global Change Research Center for Temperate East Asia, Institute of Atmospheric Physics.
Chinese Academy of Sciences, Beijing 100029)

Wang Changyao
(Institute of Remote Sensing Application, Chinese Academy of Sciences, Beijing 100101)

Abstract Crop water deficit is an important sensitive factor affecting crop evapotranspiration, crop
photosynthetic rate and hence its yield. In this study, first the concept model of crop yield influenced by
water deficit is analyzed. Then the developed model is established based on the remote sensing informa-
tion from NOAA—-AVHRR, in combination with crop photosynthesis characteristics and meteorologi-
cal data, The crop evapotranspiration is recognized as the explicit parameter in the formula, the partial
parameters used to caleunlate crop photosynthesis dnd crop yield for the developed models are derived
from remote sensing information, Third the distribution of estimating winter wheat yield in the North
China Plain had been shown using the developed model. The calculated results had been compared be-
tween the developed model and the former model in the same region, and it is found that the developed
model (RSPWBM) has a relatively better precision.

Key words: crop yield estimating model, remote sensing information; evapotranspiration, North
" China Plain



