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Abstract

Based on crop physiological processes, crop growth model can quantificationally
and dynamically depicts crop growth, development and yield formation, has been the
most powerful tools for agroecosystem research. As it can reflect the complicate
relations between crop growth and environmental factors, crop growth model has
been focus of the research of agroecosystem productivity. Now, researchers on
agronomy, ecology, geography and meteorology have combined comprehensive
researches of crop growth model with global change, precision farming. Several hot
topics of these projects are being focused on these fields.

In this study, we simulate the growth of winter wheat and summer maize in the
North China Plain (NCP) using WOFOST model combined with Geographical
Information System (GIS) based on long term historical daily meteorology data. We
first introduced the WOFOST model, calibrated and validated it using experimental
data conducted in the Yucheng Comprehensive Experimental Station (YCES) for the
use of the NCP. After that, WOFOST model was used in the simulation of the
productivity and evaportranspiration of winter wheat and summer maize in the NCP
during the year from 1961 to 2000. Simulation results were linked with GIS system to
carry out spatial analysis and mapping final results. Combined with the analysis of the
fluctuation of meteorological factors, spatial and temporal productivity of winter
wheat and summer maize in the NCP was advanced.

Main conclusions of this study were as follows:

(1) Model suitability

WOFOST is a robust mechanistic model, which detailed photosynthesis,
distribution of assimilation processes and how those processes affected by
environmental factors. Model simulated the growth of winter wheat and summer
maize well, though it has minor errors in the simulation of LAI, dry matter
accumulation and yield as the model disregard some special processes that happened
in this area, such as over winter dormancy process and hot-dry wind in filling stage.
Some parameters which have great effect on final results are confirmed after
sensibility analysis, such as temperature sum, specific leaf area, extinction coefficient
for diffuse visible light, light-use efficiency of single leaf, etc.

After calibration and validation, WOFOST model is ready to be used in the
simulation study in the NCP.

(2) Winter wheat

Winter wheat growth season is the dry season of the NCP. Total rainfall is only
25% of the annual rainfall, which has great negative impact on wheat growth.

Results of winter wheat yield under potential and rainfed condition showed that
potential yield in the NCP very high, but as affected by water deficit, which are
different in different areas, rainfed yield is much lower than potential yield, causing
the situation that potential yield is higher in the north and lower in the south while
rainfed yield is on the contrary.



Potential yield varied slightly as a result tiny variation of radiation and
temperature sum in winter wheat duration, whereas rainfed yield is on the contrary as
rainfall varied greatly in winter wheat growth season.

Gap of evaportranspiration under potential and rainfed condition is great,
especially in the middle and north plain. As rainfall in winter wheat growth season is
far away from the needs of the crop, the utilization of groundwater and Yellow River
runoff, improve water use efficiency and development drought-tolerant crop variety
have becomes very important to insure the high and steady yield of winter wheat.

Affected by meteorological factors, winter wheat yield in different area has
different characteristics. In the north plain, high radiation and long growth season
(caused by low temperature) are two decisive factors of high potential yield in the
north plain. But rainfed yield is extremely low because water deficit is very serious
there. Lower radiation and shorter growth season (caused by high temperature) are the
key reasons of lower potential yield in the south plain. However, water deficit here is
not as severe as the north plain. As a result, rainfed yield in the south plain is much
higher than that of north plain. Detailed analysis can offer scientific basis to the
regional water resource redistribution.

(3) Summer maize

Potential yield of summer maize in the NCP is higher in the north and lower in the
south. As affected by water deficit, rainfed yield is decreased at every station, but the
middle plain is the most severely affected area, while north plain is better and south
plain was slightly affected. So, middle plain has the lowest rainfed yield, while north
plain is higher and south plain has the highest rainfed yield. Potential yield varied
slightly as both radiation and temperature sum have little variation during summer
maize duration. Because great amount of annual rainfall happened in summer maize
duration, rainfall in the NCP is much higher than rainfall in winter wheat duration,
and thus its variation index is also smaller, causing smaller variation index of rainfed
yield of summer maize.

As rainfall is abundant in its growth season, summer maize do not needs irrigation.
Gap of evaportranspiration under potential and rainfed conditions is small and
acceptable, i.e., adverse impact of this amount of deficit can be offset by scientific
management. But rainfall in some places has considerable variation. Essential
irrigation is still very important to maintain maize yield in a extreme dry year.

(4) Comprehensive analysis

Long over winter dormancy stage is a great waste of radiation. As a result, winter
wheat potential yield showed no obvious relations with radiation sum. Summer maize
growth season is the hottest season of the NCP and crop growth rate is rapid. As a
result, summer maize potential yield and its variation showed obvious relations with
radiation sum and its variation, respectively.

Temperature sum is crucial in the simulation as the model use temperature sum to
determine crop growth duration. Lower temperature will result in long growth season,
and thus high yield, but variation of temperature sum showed has no obvious relations



with yield variation, both winter wheat and summer maize.

From the simulation results of winter wheat and summer maize, we can see that
middle and north plain is the area that suffers the most severe water distress,
especially the area around Cangzhou, Huanghua and Nangong. In this area, annual
rainfall is far away from potential evaportranspiration. Considered highly variation of
annual rainfall, agriculture in the middle and north plain is greatly in needs of
irrigation water. As in the south, annual rainfall is enough to support the rotation
system of winter wheat followed by summer maize. Annual rainfall in several stations
locate in the south edge of the plain exceeds the evaportranspiration sum of winter
wheat and summer maize under potential condition.

Results of this study showed that water resource is the limiting factors to the crop
growth in the NCP, but different in different areas.

Key words: the North China Plain (NCP); Winter wheat; Summer maize; Potential
yield; Rainfed yield; Crop model; WOFOST
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PRI, TN SRR AR X K B S ) = B A, HY AT AR K SR AN
IK—TAEN T KIE 20 42 m3CAE W], T2 1, 1995). KETAL, HEATRLATK
i, Joie xS H AR AN K AR ET A K BETR P I, BOE R S Bk,
SEILA D ANV I FF SR e R, ToREAR AR D ZEH .

EZT BRIMARER

20 20 60 FAUR, BEFE X VED) AL B A LB AR AW AT T SEH LR 138 %
&, AR E BRI R T RO, H AT S TSR B SRR
SHLELR . FRAEYERK SRR L AW 2 AN SCRERAEE R 3R B HAE )
R KBS B O RN T AT I 2o AR KRR AR AT R
WFTURCR s TEPIRRE A R AR DL R A RS e R TR B AE ] 2328 0 R BITA A,
FCR PR A AT AN BT

SR, AR AR SN N, A AEVE 2 R 8L 0, AERITST I, X e 2
PRSI AR IR A IE], X — SRR IR AR SE LB, T 50 2
TARYIRE R G o AR 51T, AP XS Y ) 265K H aia b), R X
RSPAEY ZHU SIS LSRR 5 e, X2 VR R DI Y 1 1 )
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I E B Ao AN [ FE P9 SR T IR A R DO RE - A AR AR BRI SR
HAAE R IR L, AR AR AR (1) T A . T I o

2.1 EAEKERM R R

VEVIVE AU RS F8 B SO AR BAEM A KSR . Curry Ak, B9
BN R AT g A A X FRIEM I sh S e, DU BA M KRG 5kt
1T HI A AL T (Curry, et al., 1990). Thomas #1 Seligman [F1i 1 1E4) A4 KA (1) & i 1
SR, EYEHLEE B TR NLTFB, SHED S b A Kt B AT 455 5 (R B i i
(Thomas and Seligman,  1996). Monteith th25 Hi T 2L e L, A I AE AL il ik
Y E — RIVEY BB N A AR 5, HREERL. TOPE A R E R RE
B R S (Monteith,  1996). Fk[E 2 A EWIBIN L 5K e Z A0 N S AE DBl
WEFCRIEEAE b, RHERIRRL Nk DUR 7R e S AEMIBRUE N R GRS K,
YAED A= e — A e . BREE . HoR. SO IS s 3844, AnT B S
HEST AR RS Bl AR RO VR B S IAEE 2 TRl B 2 G R AT B AR, & n L
HOBOF & AR O E R B R S50 Ol (552 2. 55, 1989) 6 I ML) Bl - 18 770 48 1 G 565
RGREN, % “Hle” £, TERAETHEL EARIED A=A FE I R TR F
ARG, R LR &M e WERERAF, HA—SUE 3L, BB A7
VEWEK ISR . EE e a T T I e R A . R, fEPRE
R, BT O, RV R A BRI B R O

2.1.1 1EY A BRI 5T

H de Wit & /W) AE KL BS LIok, (ED AR KB BT IS T BRIk e,
LT V52 2% IR AR B2 R s RIS DA P R EY) AR K i [ 2R A BB, BIED
B (Crop Model)o PRI AR AZS RE0H5 KW i 32« Jir LA H ATRRSE &5 K004 [ 508
SRR =AY BN, TR T B AR HAESRGERA, H5LI TRk
b, AP A E B S REEE T R BEORIIER], i 22 (%) WOFOST &
FI. KHEH CERES %45 #E Mt AR Z R AR, Wi BRI &R, I
ST R R

VEV) AR KA A n DA H e A O 2R e (IR R R 5 T B R 1, Rk DR
WEERL . AT RRFAE BRI R . TR 3 n] DLA B i 8 L AR b e S B
AT, HEBIAM I B BRI T R JE: (1) E T AR X A g Ak =
T~ VERAED) A KRB 500 H AR I SR Y s ()R Bk 5 AR AR S RS AH L
VERIWLE S 6 SRS, AR AE KR O EART-BE ;. ()RS RS CO2 [H
TR 2 2SR — R A W S Re Ak, 2 MR ER 2 RE ) O B8 A0 A Pt Bk AL
SEEIR TEEEAL  r  AE A KA I e o A T i T (4) A LHhiE
PEVEOFD LG 4 . LHOR RS R AR ST, AR AR KRR n) B AEH ;s (B)
S, AEGEM RS, MEEE RS PR RS G, ERER. 5
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AN FIVEDA AR =P, AR AR nT s A (1% 0 R A B o o
SRS

Ve A KRR BRI 90 2 7 22 2% de Wit 251135 [E %2 Duncan JT-61 ¥ (de Wit,
1965; Duncan et al., 1967). AT TAHLE &R T AN REAE T ML BB EOK AR P~ i R A
A, IXAREEAEYI AR ) o (AR AR 2 B DR R AR IR VE A B (1) A= B ik
P24 BAw, XSPRBEDR 2% I8 AR D, TR A B A R DL A3 s i ge vk
TERE, WRIALRKZ, M8 R XAEE SRR, MARMEE A A2~
WS

70-80 FAX, EFXTFIAVEVIBEEINLER AL . N PR ZE I B, VE VRS
ST A AT 2% de Wit FI1E[E Ritchie WACK KW K2EIR. iy 22 EvE AR
AR FRNFERS, EIRHEAE AR FOeEERE, EA EAE l RE  R s A
BT, AR A PR AR g SR S A AT LR, B AR B E R Ui Re S
B R AE KR A B ER . TR A= I A AR B e . an SR se s K
WA BRAAATT A, WA T 38300 )8 A RS B, SON LA B B AT b 78
Bk, THPMEHEAIFEL LAPE, HERHHMER. Bua . X BT
FAEMATISE SEHE R ) ELCROS (WIZAE A KABERIIRL ). BACROS(GEANEY) AL KA
A, SUCROS(fi S A FHAEY) A KABHUEIAL) . MACROS  (—4F AR /R (AU
) F WOFOST(H FUR e AE i S B ) 6 i A v (van  Ittersum, et al.,  2003). Afaf
AR G R T, BRI SRS kTR, — e AR FARER T ARSI S B
K. i de Wit 25 (19700 e LR IEIRAE TN AEM R AL, Penning de Vries(1974)
A HPORL, B T KRS EE R 2 W £ S &R Goudrian (1977)
KRB G ANB, SEIL T AR e 2 PPN s S #5540 s van Keulen
FT de Wit(1982)3E tH IAEMI A 4 AN E UK RIS, 55, FXEY A KB Kk
JEAHE T AN DTER . (HIX SRR — AR Y B IR A TS, B T2 T
PAFNSHAAZ ;. H—J7H, X2 B AR AR REY A IR 98 4 — A
IVEDIRLRIRETRY, AT R 2 2 G, DA AT T AR I e SR RN A A, L
THT 1) 25 77 S

e [ 23 W TR VR DA R B SR B Ll AT, NEAE TR . R fl A T
IR AL, — A& T sh 12 R AR B R, RIS A 2 DI G Ry FE At i 2856 23 2
BUSH o X PP AR R TR I AR ORI, 5 BARER MR 2 25 4 1F) CERES(fE
Y- o B R RS, HAroE s 7 Rk AN KRE. KFE. @R, 8. 5
P KT . KRESEZPEYRR,, FraiX i, fF DSSAT CRMVAZARALHE
WK LFERGD) ISR T, R PR AR TR AR
o, JFHHBIE R, AT USRS R AR BRI S AR R R AR
KRG BB IR, R RERTL 31K 7% 5 P F K 43P (IBSNAT,  1990).
1982 42 J5, CERES MM CfE 32 ERHLANF 2 H K. Frnl e K EPEEARH T2
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BAE, JEH TS e AR LR W — I s S, LR 52 R E IR
WINTER WHEAT (&/NE#iAL), GOSSYM (K46 KA A ) (Baker, 1983).
RICEMOD(ZK B . SICM(K G LR EEWIRIAY) . EPIC(-T 88432 1l i A2 7= A ALLARE
). SIMRIW(OKFE- RS BAIER) . ORYZAL(KFE A P~ AR AN &%, Bk VR A
W R IAOREDE A S, AHE T e et B AR B 5%, s . HIEMR
T, AR RN 5F 4155

FE 2E 14y EAEY RS R e AR 7= E Al SR rh, Ay 2% 23 T i i S = 0 5
BTN, ik, AN T KRS W, H TR R I A HE . kA,
FAERE B, VP2 W, R KIBEAS . B
AR M PPN S5 5 AR AE T RAFVER, AR LA O AR/ ) A 7 B Sk g T i
AN, Hor— MR E 1) S g 2 %A 5 e R A = S LA ) . DT
AT TR E D A KA, U B 7, WA LB 2. BRI —
Ak IR BT “AEME AR R, HICIERO “AEYINAZERE
Bl @y, AR E AN 2o 2 ARV BHURTY 5 R0 B R R4 Grli ok, (Hil
AN TR 200k 2 AR S R B BR ), R IHEANGT

90 FARZ )G, VTEVIRRI GRSl A5 N 2 Jeib kg, iy R RSIRt L T
A, BBk S N IR E . RN, SHED AR T AL ) SR T A
A X BT IR], WFST 0 T S JRCAE B s T TRl P o A P R A () ] ) 1 5 T
H Lok 5 AR B A e, S5 HANE B E AR A, H RO A S 2 AR
b e KX () BV PN =R

105 oA A RS ARAT T T, B S A9 7 2 W A E DB R T 5 S e 2
(GCM) #i5, MUV RS AR & A = g g . 785 A B E RS &
[, BHAPEITAH: 8 RREERKEETF IR R AEGIS(AR 5 M BT #5 B R 4t
Thomasetal., 1997), HAZOHARZIEVEIUAHELGE ERSKE (GIS) MHeiH. 4T 10
TERAE I B ARG ) “HEUERML”, TNZRDLAEREN RG (GPS). GIS FIEHLHY
(BB BRI SCHE, R B TS VE DA (R IR 7 TR A AN AR e[, 4
IR R K2 kg A ] g A [ 5% — St 3 b X e 7K 75 e i Al g Jk (RS) i R
GUANEE £, Al KA R R A RO VA By B B, SRS T IR I A 5FEs

AR A= A R P 22 i o @ I R T X, DU 2 A A [R] B A
RIFAESTEE, AN, R WX Fedk TR 5 e &
RO IBAT SAESHEEINRE, KULHt 55 24 T4 B BRI, Xt
BB R E A K S TR LR Ky 59500 P45, BREREEIR RS
EPRRS ) PR — ML, IR SR IR REAT Sl A PR K 2 BB N
B N H R EE DR - IR 2 ) AR o EE K 2 BRI Hh 202 B S e g ok, n A
PH B 5 RO Sl i = fe . DA 7 SO0 R0 4 AT ] MRA 2R ] DA K b fin
TR 25 R R S5 AR . IR TR — P R e DI RS R 23808 5 e X
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AT B AN ] R 7 U SO, o Bl Rk AT o dfr B 3RA

L)LY, HRZ MR R T R R TR X8 BRI Aol Fi it
X, G XSO SR R AL AR E B X RA S GIS 456 . — R4,
WF NS B R G (JAMGIS; Batjes,  1989) 122 K Je it Fn & S A Mk H A7 JE
%4 (DREAGIS; Mendez fll Grabski, 1992)%, & T HdaE S5HulE, eA1% AL
R F T TR 28 1) L R FH VP 1T B A AR I B B B R S8 AEGIS (Calixte et al.,
1992; Lal etal., 1993)&54 T —MEDERKBIA, HERUFE PN A [ LA H U7 =X
s, AR PR T 2 B = AN X IR N H . AEGIS_2 (Papajorgji et al.,  1993) /&
ANEHMEE R ARG, B TR, EH/EDAEKE A DSSAT2.5
(Hoogenboom et al.,  1993)F1 GIS # - ARC/INFO (ESRI, 1993), Hoogenboom et al.
(1993) 1 Wei et al. (1994) & & T 1F% GIS FEMIBY et X, 5l T /ERL I AE
WS AR Z IR ERRNY

et Eiii s GIS 44k IIEH Bachelet et al. (1993). Carbone et al.
(1996). Han et al. (1995). Magnusson H1 Soderstrom (1994). Singh et al. (1993).
Stoorvogel (1995). % TAEMIRE R BN, — DM EEEARIW IR, EILXFEK)
RGN GIS B HILIEND T iRt XEER G EET Unix ) ARC/INFO (Carbone et
al., 1996; Wei et al., 1994), &% T DOS [ PC-ARC/INFO (Han et al., 1995;
Hoogenboom et al., 1993) & H¥ GIS FAFELIF), XELEAF )2 FHAGE, BAH RIS
FESHE I AME LI S, RIS AN E T2 (RHE .

EEEANEEE b, VEMAEKEBIRUT A T 2T MR R, vRdEe /1 (1978) 1
MR TORE NS, IR E RGBT, R B4R e R ED
R e XX TAPEY - B BR GBI 1, KILSGE IR B . i 22
W2 H THEY = B B R R0 1 = AN K - (L) #5755 (potential yield):
TR B ) RN 24T, B 52 R BH A SRR B ke AR fs (20 Wl kA= &5
(obtainable yield): 13587k JJE 5% Y ki e PR IS TR eIV E A 7 1 (3D S5 ™ 2 (actual
yield): 52 21955 UK 25 52 1T T2 Al 1 e 24 7= 5 (van Ittersum,  etal., 2003), X Jix4t
RIZE 1K 20 A o] LISRAF B RN S 7 B B DG R . IR A0 28 T-7E FaR R Ak
7 b DX TA] PR UM 2503 B IE

2.1.2 HIEFRI BT IR

VEYIRET — R ARG = KA MR EFREE . 3K FE 0 shS M, K55
P AN AL B . Forh AR AL BB R &R S s, i L PSR
FEA B8, VE AR IKEN s AR A PR AR PR 55 A RS L1 1) B A i Y 5
TIEIK PRI BABAUSNR T OK IR e B IR, IR v AR 2 20K 3 5750 W
BEERAN, Hhgin Har B2 LR RO £ LK R EH R T WA
FLER SR 28 PE . DE BRI AR A I A ek, BT AR SRR A 1 i 5
EZNER
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[l A0 S A H - 358 /K 43 BRI 90 3= B 4E = A7 1 TAE: 35—, 1 48Ky
A R A ST KA A . i, L HEAOK, Thornthwaite A1 Mather $2 H 1%
IO AT AT, R SE H 387K 5y BoR1 41 4% 52 (Thornthwaite and Mather,
1957). 70 4FAR, st G WAL T oK MZE R RS (MORECS), AR 2K
s B, R AP A O LK. R M FRKEATAEE,  Shuttle
SR ST IR AR R A 2K IO e R BT IR, 3k ) 45 K A AT Bl AL,
WFS2 T MORECS 45 %1 (Ragab, et al., 1997). Lockwood(1989)%%7F 5 [ Jb 45k
17T KIBLER) 7K 735, FF A 1] MORECS R Fii4f 138 /K 73 ; Ritchie 71: CERES-Wheat
RGN YT e R N2 K AR A, R YR PR - SRR AR K S5 R ) /)
F 9k (Ritchie,  1991). 90 4FAL, Baier (&= k) itk T @7 T 1966 F 112 IhfiE
/K oA VSMB, A HASAD, Dy 8 5 i 5 3% (Baier and Robertson,  1996). %,
1z H H 38K 58 ) 2 B AT T K I BhaSTik . J8 T IXRBHTHIA : Philip (1966)
FEHY SPAC (HIE-1EW)- KA RS FHKAEshE, BLAIL S Cowan. Goldstein.
Lambert. Nimah . Cemon. Feddes. Hansen. Powan. Van Bave. Federer. Norman
H1 Choudhury 25 A () T4, 7512 Vanden Honert. Philip. Gardner. Monteith #1 Cowan
SN TAE, b SPAC /KB K REBEE T BEAl (R 14245, 2000). SPAC ZR G /Kift
BB ITFAE DL e ) AR SRR R S 2 o SR, BRI T W)
A ALEE L AR ) XA AN S IE DL ENLE T2 N, A IR AR 5
ANWrEAL . B, Penning de Vries 7E A1) TROIKA i, 2518 T 3K 4 7R
RSN M KRR AR R BK BHPTAS s Lenmon S84 1K) SPAC B 18 T 7l
JEWNKEL s fAGEEIZ 7RSS Nimah A1 Hanks 7F SPAC #ifld b 22 f8 T HEFR %
AFL R 45(Nimah and Hanks,  1973). JtAk, Wesseling 2538 i 45 & 3K 9y — 4
AR EY A KA, 15 H T oA L35k sh A4 B E B SWATRE, W] LA
R E RN E RS HEM v 5K (Belmans,  etal., 1983). =, iz LT
BRI ORI SR A . BAEAEE E IRRE B2 B OC R, IFXE
PIAR DK BB R AT 9T . AR E A E.IT.T a2 o a v u 5 fil Rao ) TAE
(Seng Lung etal., 1995),

R RFEB, HAMRAE 20 A 70 FARHUITRE TWI5T. Warrick 25 (1971) 85U
KA R OK Y R 5 Beek(1973)Bifl T AR £ 5 A&; Claassen £l
Barber(1976) R4t 1184 JFia # A4 i LA SR RSO HORS TR 2 TRIVWR B 75 2094 B2 1) B BE
AL T AR R A A K R TR R TR LB AR, I L 3 A SRR R BB O A5
AUBEAT T A5G, Schenk F1 Barber(1979) FH 7k = K A RS o {3k — B A 56 1 By
Donigian(1983)7) Fi T . (9% 2 S A BRI T A7 HLBE PO 6 ML 75 2
van Veen(1988) 5 it T i A=W /K-F- E (R P Ak R £ Watts A1 Hanks(1978) 44Ul T 2
T L2 IR Ak S AR BB

80 MG, FREARASHIEIUSTHE T8 21, WL ZZEETR N S A
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Wy AP Kk —semEn B WA E. Hd, s BAMAEMRNZ Seligman I van
keulen(1981)HF il i) PAPRAN HE2Y, RJ FHSRARALL K 73 PR Z BRISAT T BT 57
UEAh, BERIBFIES MBS K (Partonetal., 1988). &ML (Burns, 1980;
Addiscott and Whitmore, 1987). & & K4 FE(Smith, ; Leffelear and Wessel,

1988). X /K7 IR R Is 5. BARK LU HOG T3 P R R s i
FEATTHAT T AT, Rz BARPERIZh A . /5, Molina #il Richards(1984)
AL T M MOE TR Y- TIE R G NCSWAP, WU EY) 32 . F &
TAYE ) B e L& 3k . R EAE . NCSWAP BN, Friks ©
HEFRE AR R R B AL 3] T8 0 7KF. Jones Al Kiniry(1986)7F CERES-Maize Al
CERES-Wheat (250l [, 23l 7 2= shaskid, @A77 CERES-N A8, 4
BT SVEYRAE JEMRAA ORI AR e . A OB . AHAS B DL AR A
WA HAE, fiff CERES FM 583 . 90 AW, A HE MBI 2L P LT
JUANTTIH : (1) TR TR (Addiscott and Whitmore,  1991; Bergstrom and Jarvis,
1991; Ramos and Carbonell, 1991); (2) R EFALFE) J) ] (Molinaetal.,  1990;
Bergstrom et al., 1991; Hutson and Wagenet, 1992); (3) HHLF¥4L(Wolf and van
Keulen, 1989); (4) {E¥r=sMEEW M (Clay etal., 1997); (5) HHUEES) )12
(Borgetal., 1990); (6) HHERN(Clayetal., 1985).

TR AL A R AR AR 25 A PN o . BEAL 2 TRl (R AH BB ok .+ I%-
VEVIR B AR A K BEEP A A, ) TR B B EIGH . Ak2h
P BT A B AT A . i), B WA B 3 B0 A3 R 98 OMS(Object
Modeling System) [FJFEH, “EAE TR 1T R FER: .

2.1.3 [H R AN

WEAED T HHUSBTITE T 20 {20 80 454X, 1983 4, TLIRE KR mae
S AE S AR B XN ST R 2= B AR A 3R 1 ALFAMOD- i 75 A2 = AR I S R H 5
BB R, S v 23 e B A AR IR 548 3C (Hannaway and Gao,  1983).
IR, FRHSE b AR A T R R (1986) R R T KRR BT P R v SRR
AT, TP AN 22 P i %5 (1989)$2 HE T RICAM OKFEAEK H IR, misms
S5 (1992) 7 KA T IR AR KRS 2 AR50 (1) 2 Ailh_ - AF o6 . RICEMOD (/K A& AL
BRI, e R B A M. 1988 4F, VLIRS AR a1 35 [ 25 JioR K2
W%, 4 CERES KM AR Ritchie 110k Bt 28 A0 B ERE, ) [H N IF
VEVIRE IR TR 2R P AESIE R « 38 90 4F-AR, VLI KRB FisE 2 &2 IR
FOR SR A E YRR SRR RS AL IR BT 45 s 58l T R E SR — AN KR HIEY)
B RCSODS (KFEMRFTALIUARALTE R, Mhfa, ARl K 5K
CERES-Maize BN AL ; TTHA KRB &2 RE XA GCM 5 CERES A A, R
GEHLVPAN T AR AR AR A A DR A AR = I R s A R AR K 2 0 1 1 45 (1992) F il
B RSM KAL) s Fg nUARNMY K22 1 AL(1995) 55 (A7 T /NAZ G IO J /N2

10
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RE HFEFIBRUBRL s o [ AR b K 2237 2% b5 45 (1996) 11 A1) 145 (1999) 43 il it +hill ¢
COTGROW (Kb Kk B AL F COTSYS (KRAEAR LT SN Y sk 2240,
TETRAE AR T R 25 (1999) Bff il B K 8 FH FVGE RS OB RO AL 5 15 25 (1999) £ 7 T AEH
e AP I IR BCF RS, oy N T 3R R 5 R DX OK R P& B AE K s 0l MR A5 (1999)
FENL T /NSRRI AR ISR A P A, AT T AR AR R R S A2 77 D0 43 A
HORHSERE BT I o 0 25 (2000) K 3R T BOKRBLRUBERL (1) RV SCHE 4%, #0—  Fe J Hh Je ik
T R EAEVE R SR 0 Ko BT, VEIRR B a2 . 42 A5 (2000) Ak
T WCSODS (NI YR R0, Al TR 7 8 37 /K R BAR MR L ) 1 AL
BRI DA KA A - 2SR S AR 45 7 T T R T IR AT 5T o

75 Py CAFHI A2 VBB R rh K 20 SRS B AR IR SO B, FLIETE R
I FH A FEAE 92BN B AN 2 W For, Y9548 R BB I K R /N ZE Rl A Ak
YR Y. (RCSODS /WCSODS) # [ A 24 A F A A A A i h IR R LA E B AL B A o
R I AR B 2 B S B I E R R R S8 22 s e B B LA R AR 45 . PR
ARG LA BRI N A SEHER R, AT DU AN )
A, 3, SRRRIERRT TS, BHTERL. k. Pk

FUHEAR LR, B2 AR X . AR FEAVEDI I 35K o BT R T 9T,
FAE S T 3K o T . AN REBR SR S AT TV . 480041 (1995) ##
ST 3 T AR IX R &N R K 300 2 K A PR A, ) AR 45 AT
GO T AN R FKR IR AR A, VT A H SERR 28 B A 380y T2 AR R
Ty ARREDAT(1996)E L T AT HH e K A PRINARE AR s 2 % (1998) A5 KV R Vit
X 22 H - 88K o> S A AT T RHUIEIT.

3K 9 3 1 2 T, b (1990) K 22 Je Bl A vt oy 1 ik L4
BRI, HR AR RN TN 22 T 7K o B /N2 93 i R AR A 5
s B(L997) IR HEK 4 5h F1 24 8, ¥RR T SPAC /KIIZESHLER L R AEAN R 4 1F T B
F 38K 28 S 5000 s ) 22 AR FITVE N AE (1996) B FH 1= 387K 43 5)) g 24 A A 56 -
IKARBLIEAT T #1751 (1998) 55 F ] H VSMB 327K 43P A 40 ek yrf 16 24 - i H
X A/ - SR I AT T DS IS I 55 125 1 45 (1997) R WAVES RS EAT T
K G VA RN, B HERE X AR AL T SRR = R M T 5T s A5 (2000) A - 338K
O PR AR XN BRI B K LT EAT T s B

[ Py [ 20 tHhad 80 AEARAT R 4f AT 3 FUS B BT THI IR 7T, 5 L3 dhsris
I — e — 23R T, FL22 N a7 B RO R -5R BB 1 2 AR 35T, 90 4REAC LUK,
KT LR R 5 RS B 7 2 7 R 22 . 1) 9% 8 (4 08 U3 IR /o iy, 1995). M
W42 T T IRE S BB A i S oo %, 2001). YL LR E B
LT LSRR R AR, K HOE R E] RCSODS R4, T it AN AL & it
NE(4 2 oA, 2003)H3k . 1999-2001 4F, # @5 5T T KIL P X B /N4 4k
KW IR AR, B TT R T 58 T R 1 A A 2 V-1 it A e SREIT 52 (O 2 5%

11
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5, 1999). fHIEH FEAEAR H R S S AR R A S S BAU T ST 1 Br K-
HIHEAFAE RO ZE R, T B2 TAT .

VEDIRBAN BRI A eI T MY 2 Tt — SR A AR 2SR R s & (i
TRV A B R E KO I RESE) SIEWIG IS 73, SRR g dUs . B ) 2%
N7, AIRAE A2 B WTE; A SRS BRI 2 Rl w9
DCANEIAG E 2 22 [ I HAE N AU RIS DR R G047 0 L S i (i
SR E AT RAUT S D E R B TR R AR I D 40 S
WA, RAREEIRACE, XA S AR H W BT R A T 4%
GBI A L o A, IX SRR EHE AR AR A ) — S B . 9L
JEU, B B ARSI 2 i AR A IR S DU, 4K 2 B R S Hy Bk,
ZHRZ, B T RARY A RB S Y AL s B A Al ok, X 427
BB PACAR S R B D o PRSI AT By (1 AR SEAE, A0 [ bk
FUAELB RAT A Ot . HUMEIBIT, KREEPERMZEDHAEY) L, i
7, BB EE KA CERES ARFEIRRIBA R o IX W] AN 15 4 [ 2 il 45
P AEANARNAS B I ZOR . HATER PaAR sy B2 B B R It R 1
ERRGETEY E KB SRS SRR Al R i BB 4 ALk,
TR T % U ) RNV 1) e £ AR B 1 A S0 TR A BT 5 5 W
o T~ JLAGA R

(D fEHE R £, AEPE KRBTSR W — THRER T T0IA 1 N2 T RE L5
R FIEIT EORUE, A is k. JUHE 2 IRELR SRR T, TR AT R R
TR KB 7, B FE R R T ERIECR; USa IR SRS
PR IR A% O IR R SR R G IS T AR s (K el , AR R IRRFEE S 2R
HE Y s HEDN (P

(2) T EAEY A RKBR PAAE RE N LB LI 708 2 LU AR ERIN, BT —
SeOIfe LR OB, RIS, (HARN R RGN LA B T D,
MK 5 [ R A A HAAF AR BOR I 22 8E . R AL, A TR BRI, 5l
BE TPRERZ A AGRIE I BN 4R S HOAA SR Z AN 15256 T B, T
PAHOEA N AR SE I BRI 5| S BEA T VP . S S T A

2.1.4 AEYIRERL A RE B Be-Ra i A= K T AL T

T 40 £, IR BOR B AT 5O 200 0 R I A KA T A 2 T
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B FEAAT A R . VRIS RIAE AL = rp N I R B 2 — A, FEVEWAE KB
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Figure 1.1 Link between crop growth model and GIS system
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Figure 2.1 Daily calculations of the simulation of crop growth
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3.2. {EYISHAEE R

WOFOSTAR I VEW 1) S BhERIE S BRI BS54, FERAE M T R IF e TFER
BCGAREA AR B R . B DL — RO K, BERMEI(ERBRAR ST W BEAK. /ED
H SRS R TR B . TR e AR AR 6 2 B COL LT %, Al
Pt 7 2 WA P S e A e T RV E A T AR A T 5 ol T IS 1) DK BH e S R B )
HREEREVI S B AE H R R . 585 R = ——t KA S it FH - A e e i 4
MEFE, BT IR AR T, (R A R S — 2 T i i #E (ZE KN
WAERD o FEAERTYIRAEM . 250 iy g B R 3T e, 0l R B K B B
A RIIAS ] W XA H e, EAER R BB, ALt 5 i T2 0im st
T2 REM BT E R U HA CERA P e SKRiFE . S48 B 1) i
& H AR EEATRUMGE . SEARL R WK 2.4

radiation |———w| light interception Mb———— leaf area

| AN

potential gross
photozyrntheszis
actual gross
maintenance thotosynthesis
respiration
crop growth
(dry mattter)
growth
J— respiration
roots __
Qeath| (alive) < — partioning
=tems storage 1eaves
i organs N
death | (21ive) (alive) (alive) [ fomtn

K24  VEWERKIERE (Ta f1 Th 2350 4 SEbr . P76 RPIAE FHE%R)
Figure 2.4 Crop growth process of WOFOST model (Ta and Tb are actual and
potential respiration rate)

FERI AR 1) E A S T AR A AR
3.2.1 EW kBt
WOFOST &AL A1 A X sh IR 7 PR, VR AR K RN B R8s, 7
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T R R e 1 A 18 S BV R UL FREK IR I AR S i) A/ 22 5 B O BRI ZR U S

FE P CROPSIELCRSIMK U . AEW)H i o] LR A2 7 A 22 o i A OB ) rR 2. 4
T AN 5 H T BT AR AL (TSUMEM) AH A5 A A5 28Y RIA A HH 7 - TSUMEMBE 1E42) it Fil AN
[FITANE], P H O B H A ROBR e T BRI (R T IX N E Y R B 15
BRI b BRI R (e T X AN BEAE ) R B AN FRINAR), AT AR TR R E

VEMAERKFEL T —NELNIR BB S —MBRKERR TR EER. T
AEIFAE G IR & ] i H A BRI fERR v, TR mrE S H K fe n 5% &
BB, HEIE)E,  HRE fil R

T T R R B HOR ) E B AR T il AR B R IR I 4 R R A TE
AR — AN 0 B KA E R N R MR . W VF ARV, K EE R H
BeER ok FE IR . OFN2, OFRRHT, 1RR, 2R . KEHERH—Kng
SR B NPk & e, fEMHE R RIFEH 750Kk, A BV IErTn
IR B AR 2 1/508%0.02d-1. KB Fr Bt DUHE Bk ES], DL H Y SkEOR,
BT H B B0 F AL BT AE B B 10 H PR 2 . Bt il LA o B R I AR
R EE ] (van Heemst, 1986a; 1986b).

3.2.2 HIFk

H R A 7 2 A iR A3 B I VR 40, VR CO, R Ak 1d 2 l Ak 21 (1)1
Ky, AT LU IRk Y BRI CO Rl R (R 73 15 21 o Ik I CO,[RIAb % i T2 /5
ASSIMIHEL, SHE IR T L TOTASSH 5. AN # R FH Gaussian i 231233
1743 (Scheid, 1968), B —AMj BT PIR (1 B R 08 e X R AR 02 A B s L
FEIR T8 H AL R, X P = f AR LR A R 4 (Gaudriaan, 1986; Spitters,
1986).

N TV HEEEAN T ZCOL M H R R, WA 2000 HEAN I ] B dEA TR 4 . X T4 e
(KA A aE g, TR A B = AN ) I a) R R o AR5 = AN A 43 531 3 LA
ANF IR, X5t 2 CO 1 H R Ak T A [ AT 53

N T VAN 6 S COR R IR I [ AL THE e, DA ZRUN] Tk 2 AN [R) SR 5 14D B e (] e ol 46
HATR o DI S 06 )2 = AR FE (R I R AT, 2 Ja A RN = ANANTRIVR B 1)
N [Fl 4 3 % AR J5 BEAT AR )

— RHER AN B, 3l R ABATT 05 2 Rl T3, S B TR AT AR 401 21 1
o 2 B AR, 43 A LU R A T, F 3l b H K5 2] H CO R LT %,

A t16A+ A,

Ay =D 36 (2.3)

b, Ay R s R [kg ha' 0]
D. HK [h]

A AR R g, P =101 [kg ha™ d]

ek JE IR IN R AR SR (0 T ST R 5 IRl e 2 N AR EE TR B I [ Ao %, EAT]
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5 — % WOFOST KR! i/

T34 5 45 21 e J2 A SR - T AR PRI N [R) A 28 o [ I R AT 26 P o S A X
A3 B FOBH - EAE [, 7R 2 IR e = ANREE, VR TR B WO g S
. HCO MRk &

3.2.3 LAI A K 2K

gr o AR E GO 2 A E I POE PR R . AEBARR LT, Dt S5 A
ST M AR 1) AT IR o DG g G G e DR Al 5 ) 4 C 2 - 1 R4k
o WSS P 0 4E JE R4 L 2 24 (Ng & Loomis, 1984: Sheehy et al., 1980; Acock
etal., 1978). 7EAEVIRE I IIMN B, WA i LI EE R . i T3l B e i
(R R R A0 M () 535, AR HE e I 58— i R H R B S5 — v i (R RN 5 i A
KIIRZR, IR A A A28 08 i P AR R A A8 Ja T I A (Hunt, 1982; Causton
& Venus, 1981; van Dobben, 1962). YE¥I{E R IR A K 2IEHEUEK . — R A TR H

R 2 B A B AR a7 Do < O3 g LA < 0.75 pyp g, Rt e

B TR K 2 4 U K 2 32 1 o (B A ) 19t 4 28 TR Hag K
A WU 2T S BRI R A R 4R B R

AR E I B RILALE SR EGU K B B AR AN [8) 25 KRS K
AR A

L., = LAIRLT,

e (2.4)
s, e FERSEOM K IOBTEL, U RILAIRR K [ha ha'"]
LAl LAl [ha ha')]
RL . LA KA S [‘Cd™]
e, HARORE [C]

R AL B 2% . ZAGR TR ek T 58 A A BAE R RE IR RE D O HAB
RTHAYERERE. SURFREATFEAFE L ZA S R AT R XL
REREAT R B (138 . WOFOSTAE M 71 58 il H A i il R Jm st e JL2 A0 T K90
TERIAR EL3EE B R REDNPR I 2 SBT3 R, IR AT I 7 (2 A X o A B
s oK R EEA . MBS RZA . N A K 2 ihia S U240
(R SRR

HI K e 5 DR A SR T (R AE SE TR ] LUK 35

AWd1 = le (1 - :Il.—_a)lgmax,lv
p (2.5)

Strp, AW KA R BE T SR TR [kg ha'ld™]
Fmaxiv . 11Tk At 5 | O PE T 1 fi A A0 T3 [kg ha'd™]
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W, u J i 28 T e [kg ha']
Ta, sepizgdon [cm d™]
To. ez [cm d]

CAAE TR R N2 M dihi s . BIMERE 4 rdl, EE
Wiz IER. WAAT 2 A R A, BN A RS pe i as, WmRieA
g WA IR EE N T — A IS . EFFRFEER E Rt 4, RSN 1k, X
IS A P R AR AN IE R XY BUE AR, BT i I R R 8l AN I ]

3.3. TIESH A EIR

EP A KR M LTS, a3 I CO e N AL G A A F M 58 1 .
AR, MYHUR TG /K. JLH BREIVRK, EEamR, A
AIAF|0.4em/ R o BAVED R 2 KA BIR 78, 1EDIL S BT RK, FEmA&miZ.

LELEZR A AT, HIEEIORAK T SPEIRACRARSE 1), 1X P T3 K R RERE )
MR AKF, ST DA o AEYIRAKAEAE— Nl B R ], XA F A v]
DL K, AR T BGE XA B EY st 2 B 207K 7 e . Ve i 3 B <L T
JA 55 R PR IE B X AN 3l AT 52 T 64 T, i 7 7= & . DAk, WOFOST
LK VA 7 FE SR S KB, IR TS T R 2 KRR E AR RSz 2K 4y
W18 . WOFOSTYE/AK-H M iH 5 EA PR, — R I8 Nk, 55— Mg A%
JEHLROK I g, —EEUE AKX EMAE AN 5 TN B MR SRR,
PFINESESE 2NN S H8)a, B ] LAl VR IR SE PR 25 K

NS ZAWOFOST (1) 38K o0 P i F o e B & Al S 4 H SI2 B 3K o075
B, BRI 7K S BRSO R P 1 2K

S 4K o B TR 2T (Driessen, 1986):

NG (NG, =T,
RD (2.6)

Ht

sir Ny =P+1,—E, +55,/At—SR

IN,, =CR-P,.
oef, O U Sz pR -k A 4 [cm™ cm™]
oo st HEB i it 47 - e A 43 [cm d™]
Woow , SLAR K F i 3047 SR K 5 [cm d]
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oo fEmi s A [em d™]
RD . SZhpfk [cm]
P Bk [em d™]
e MR [em d™]
Be. aprenitx [em d™]
S, LEIAEIIK [cm]

SR, el ik [em d™]
CR. £ LTk [cm 0]
Fee . Figsk [em d”]
AL, i K [d]

2o, M FAKAE [cm]

LI TV AT R 9% AR M35,

groand vwrater

K 3.5 3K -1 % 2H 70 1Y

3.4 HEISH

WOFOSTZ AP X ek Az 2 Iy BREAY, - 1] 0000 RVE AU, Xl vk
SE T EAES IR AR RAN R REG IR, T 2825 W R LE B
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T R R e 1 A 18 S BV R UL FREK IR I AR S i) A/ 22 5 B O BRI ZR U S

o EAEHMIZE =K Y. L3, k. Sy ANER —SeREl i 20 A
B E R I, ECAnAT T R K B0 S T K IRIR 54 . PRI S BN 4T

3.4.1. K% HHE

AFE: KR (Ki/m2*d), fHm SRAE CC), KTk (KkPa) (FJ\AD, 200
emie I XGE (mis). BRI (mmid) . BERT R, DL B H ¥ .

FH T 8 R R AN A2 AR BT 5K (1) 200 JE K b i B 1, 51 FH— 4 50X
THER R TH 200 omis JEE B R JXGH (F**54) . G0 B X AE R HAR I 2, W R A

U, =U,, *In(200/Z,)/In(H / Z,)

ZOk T RIS FE R, th TR 0 G MR AR R I e ta it EadbAT 1, Z0
Al RERETE2 em. IXAE, i RERT AR -
U,p =4.61xU,, /In(H /2)

T H 5 200 ems B RGP R, N | 3R Gl i g, ek T A5 E
ARURKAER A T1999-2001 11K % 8, HAP ARFE200146 H30H LUE 115 .

3.4.2. {FIEHE

YRR 2 LIS K A . 8 T Bl

HFr e KCORIEHE R, AR MIRIESH, AL~ es, ka sk
HACHTI A e HA, Bl R, BosRdl], e F [AfeCOh e REMIAI I &k, T+
YA b oy B 2 B R I BRI, nT OGO RUR S PIa M B R,  Hk o ihia
SUE R BORIET T, 5 IR 10°C I IFIR A F AR A 2R, WIRAIIARER,  BCE
PIROMGARTE , R 22010, MR BRI Bk HG &, 248 5 I 4ERF PR AR P 0K,
WM B H B &, BB R, 7E35 CI A Az ady], R 2 AL i 5 eIk
W, VAT PR SRR, AIAR T, RN e R, IR S D[R] 4k
MR, SRR AR, RTINS
HMEAT IR FEMHAIR KL AT [E IS, =2 SRR AR A4 B NI S s B I
IRPEESE

VR R R AR I E L W B s BEAT VS A, oy e R 25s, b 24
SR AN ZE P EDVRF P A 1R, ik S e (R =5

3.4.3. THHHE

IG5 LIRS, HRE WKL FEB MR, WRKCRE N LgK %
S, HFIKE, THOKREED, MZEAM 80K EE, HEERKs&E, 1
B K TR TIEA . B A ES%, fmT OBk BIERS & s, FTid
TN B AT AR RIS UF AU S N, AR SO FE R KOO T NS4
TN R RUARALL 7K 23 R i) AE KA
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=8 HA-FRK 5 58k

F—T EAPFEEERFE

AR, KT R I 0k 22 i D0 AE ] A0 o 3 X sk 111
PEIRFI SR R R 7 ) T A . (A, H TP IR e S TR AR,
XFREL AT PIE, — R0 IR X A e IR AL 2 5 sy P I & )
. HETEAT AR R X S P — e LUR PURE, — R AT BUX R 4
TR AR AR Ay, R R A ORI H IRy 2 I SRR, 4R
JEP IR S ST U & LI e 2 K220, S2br LRI R — X, SEpr Ry H A
(ARG B A (VR SLAE DA B ol () 25 T J2 IR TR R A7 A o BFFEN B SR SRR AS
A AR AN STt Ho R b fedb-r Jst, BRI 0 VR 6L M TR AL S 80 7 F
ZARGEHR, EERESSBERNMAL. EESETRE, FIET RS
FEAE) I A NS, 2 DUFT AR AL HE R 11 [ AR K Sk 1L R /K o e i ok
B, AT AN RFE I FE .

AL IR PTG B RS, & SRR A 2R, RNVE
Fto i, MRS TAEE A, PR LSRG L, FRRAETEA R
PR S F s KR A0 T S5 SRR SRR T B, U DABETAT . JRER] . ] ik
SB[ w22 8 Ny/T I VA S e €135 A s T R e S L A D W s L i T s e
JRVE ] R2EF M 2RI EM A RAT Rk F e . IXFE, 8K FE
AN, R G InE 8 5, &5 F I8 ot sy 1 i S AR B R A 4 b
IR ZE 5, ANCAE PR AREL, ZAR K, AIISCES 26 7P AR,
M52 30 JIFIT AR, AWA 35 1P AR, AIE 40 i~ B, iR
goil by, AR FRBOLE S E R, WA D, bH. B, R AESE T I
(P22 IXFERBIZESE, DABANFRIE RSP S5 1) R FH AT DX 35 TR 58 i
SR ok, WA RIS

60 FEACLARTIGHLEE . HhTE. 3. JKRL Al A T T 1R SCHR Bk A L
CHERET IR ], — ML CARIET IR AFR. NSRRI 1963
FELUK, R O B R R B SRS AIRTEILLE, B LA “ENEF
J57 —ia B “HRIE TR ZFR. 1963 A IFHIA E AR AR TAES W T
P “AERMET R PO e E Y bk, DG, AR . TRl medbsE
BIXHIF B ERIRSE A6 B A T R AR A P R R AR ) i,

IR FUETT I, ASCINHA, “SPIR” B — M loRiE, JFAR T
I3IX, DRI I R AR A T SR o o ST I, A A AR BT SR Va1 a2
SCRH 22 [E T (1985) K or I kndE, BuH A adE 320 AN B, AL 35 VA
B, BRI AT 2R TR IO ST R e A, HAAE Bl ]
3. 1.
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Fig. 3.1 Boundary definition of the NCP used in this study

ADIRPITCHE ke, PHRERAT K, m O, JEEN SN R Bo
FARMPR AR 2, FEAARMBBIASE  Hu3h . Mg, (ibkGE ). A DA
ERRE AR A 5 M A DX S B 3 A ) L A 31

SEAL Rl N S R A, MU LRI TR, & R ISR AR
i, AR PGIE R M2 1K) X 5

3t g FL R PP Bt BN o 32t by, FROARaT, XHIETs
R TSR AR, (AT 9578 23R, A8 @R _EXP JeU X 32744
FURFEME S T “BERE T AERT. FRE, RSB UGB R, 2l
PAAGIRANACE LD, AN D) R M S iy Jt o AE AL B0 L il A S8 TR A8 DL K
W ELPTILIX) “RAT AR, B2 A KX

I IR, DX 2 T B o REL IR . JBROAR e 1) P U A A
HH LR PR A R S A DA M Ak B N I, B KSR, R, O A XN 2 B
MY DA AdbP SR LA 2 S ARy, A AT K. (X A AEAN ]
LSS RE K I oA, 3 T LD BTS2 TN R IE AR, A6 A 1
KA Wk, Wiy BERRE, X2 TP 5. AR PEHRRAT i 2 R L
FENR, PRI ARAT I, AEHAGER M N, UATRZEEF L,
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A AP AR, PUSRAR Rl I AT ik R e, et
VR E TN, Fl e, IR TR AR, 1SR T AR
JEA LR N 2K, T E R AN A

I B i, AN UTIRE X SZ SLRONR o Sibe I IR 17 DY WA it , A7
g1 IR SR 14 i i S e T 1 41 3 s e e A [ Y NG PR & S Ay TS
T2 IR = PSR e BT S S R B oY A S WA, Wi — iy Ak e
Friln, BHAH N8 Ho

LA DR M, A R BRI RPROUA P, (HL A X 7 S 4 )5
VIR, DR IR R 5 i 2 AR W] A2

FEZT EAETPREHSIRER

2.1 KPE$EST

AXALTARLE31° 25 F40° 167 . 320 W, TR/ BIR
B KAEHE .. 2Rz BRSO, AR R B 5 R b 25 1R K
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Figure 3.2 Yearly averaged radiation sum in the NCP (in MJ m™) and its
coefficient of variation (in percent).
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WHEIR, AR, R AR HIX 2 HIAET H o X2 R 3R AR X 32 A<
Z= RIS, R R ) A Y SR A

33



r R e 19 22 A1 S HeAbP s il BEARK DR 7 I 23 A Sy & /N2 B B ORI ZE LR R

A R S £ 14390 ~5180 MJ m 22 [1] o 47 FU R S () b DX 23 A K B0 H g
[ LI . BEPG LA E L Bk S L DA G X AR R R G i 7E5000 MO mPRLE, 3L
HH Kb e J P8 AN A i A X A RS i K IR X o SR e 2 B I i
N IR R S LR o I R S b X P A AR AR, 244800 MI mPLT
HhAb Kl L AEAR X AR BRI BRI X, 2 AN A24500 M m,

T RRSEA UBRE I, AR, 225 R B KRy e A
FIEMAILS.3, HEHX F BAES A+ REZ AE3.4~6.02 10, WAWIEMK
WX 5

ASDAE H B A EE 2 2800 /M, FITBOY 2300 /N o H R E04FE A 0 BCH
s 3-5 FJLE 700 /MIFEA L, EgEAW /D4 500 2 /hisk: 6-8 HAT 750 /hFLL L,
(7 A e IS S O 2> o

AR SEHAAT LT R LA 22, JUIE 3-5 H H R %5 b 3 [H v 75 22 £ 300-400
/N, TR 6-8 HAb R 772 100-200 /MR . 3-5 A ARG A AFLE, Al
[FITHO, AR AR, ARG R, . 7-8 Aot AL K[,
FEREBE AT AT I3 D, 200 AAR e SR AR, AR =3 K. 9-10 A H b,
T, T AR TR REIR SARAE IR 2

2.2 B

R RN IRE R, B RN ARV, AT
FIH o B —AN X EYI -2, SRS B DL & R g 5l . AR A
FE i S SR AEAR RS S B0 R A A s DA G

SN AT ) S R AT R Wk AN L TR AL R
A5 S2HFEW, R0 P R N oA ka e R ) JE R AR ARG T 1]
B PR T PO R R A P R g o XA
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Figure 3.3 Yearly averaged temperature sum above 0 ‘C inthe NCP (in ‘C d)
and its coefficient of variation (in percent).

FPEUL BRI (613.3) i Fg [y AL 26 P 223 i, — M2 A 7E4370~5840°C d
Ao B2 HEFERYSR, I P BUR BN . B R PRI AR AN, AR S R
B2 AE2.5~3.6210) . PR ACERFI P AL ER i3 LBk A5, AR I AR A7 f
KId K, L4kt

2.3 [BKE

et P s XU B X, FK R A 22 B2, A
By SRR RS o AR FRRIE T R, K BHEARR A, 1A
E, BRI R0 X o A 5K o
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Figure 3.4 Yearly averaged rainfall in the NCP (in mm) and its coefficient of
variation (in percent).
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AR K

WAL G FE O SR —E 2 b P I ARy by, AR ZK 544500
mmZidi o FEAFIRALR FoK i 22 A K, #/NT-550 mm, W4 R 1) p g ARk
SR, S, oK EIIGERE 42 700~800 mm. PR B i I A B
—i R IR K B R 2 T, 24K &2 4910 mm.

2 NS ERER PR R AT 955 72 AR K, BRIl -1 Jst A B K =2 (1)
AR, AR T HREPEIL TP X At B & 1 F oK i 148 e R A LA L
W T R, 1A36~40. TR RS b A db i A R R T2, e
KR HLX 4325-30.

A XAERE/K T4 500-800mm, TR 0.9-1.5 Zi4y, NS 4518 Kt
L, Bk mdbm m . o Bl I R i i 22, 6 S G B R b X AR K
fii/b>, “h 500-600mm. JR[Ab44 R B A K — 41 P 7K B <500mm. -4 AE>1.5,
h 5y MK . B DL R X B K B 700 mm () E R 0 2 900mm, JEAS FfE
Wi P EER ) TF 2L o AR AR B /K i E AR TP E A E AR K ZR T . 4-10 H K
R K ) 85-99%(400-800 mm), 6-8 J I FA K By 4 4F [ /K B 55-73%
Fifi o ABEAG K usifs 6-8 X H Bk & P o Bl K T e X . H K Rt 2
TRAGRHLDX, IX0RAEY S 22 B R K A NG R . WZIX R, B
ZERE K RIS B AR, LRSI B K R AR N A B LB SR L X 3405), X B AT
FHEDIXT K A3 753K o

H—I71, AHIX AW, AFEREKE S REROKERN2-7%, Mz T
J6iB; HZ(3-5 H)BF/KE N A E K E 1910-20% 20 47 o 1 22 fHLAdE, H2%(3-5
H)FEKE<60mm, ZARE 2 A&/NEE I, SO/ A = I BRI R 2=
WAE R P AESOA T AR o 571k 150-175A 7, 4485 Wik 47 K Hi X
125mm, AZFA. EE h8smmii L.

AKXKELZRE, UREhE, P RERERREH.

R FHRAEN RIS ARES RPE KRR 55 Hh DR, J1E 5
PR K. “THEIR”, fEFERR . WX E R RE™E(Z 30-40%14F
Uy RAE). B TR b2 B it e A, R R R AR i
R RREHE DX o PR TR A, LT T AR S ORI R I A RO
DL 7= 1 (A R RE I I — D4 o

HEZT AL PRARIE RS

o O N NI S N 1O B RS bl v O <1 4 T B o N B
M AL MY AT AT A RO L, AR TR IR A AR U FE A Ll i Jst - 2
BAR P N 5 S B S I e S A A T RPN W = G e oY ES 1 v =B =
DA B B0 LK, B2 R ™ AL ™ et e (K D s A .
Lok, FRE MR a2 e g ifezed 7 IUAEr B #5 BT =AF Gk, BEak
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M 6P SR B ™ 119494 11145400 X 10° kg | 7131200041 /11320 X 108 kg
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Figure 3.5. Crop production in the NCP from 1949 to 2000

B O 4 B R A 20 g U BOR Y, JAT TR fe b1 B R 2
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B BOS d EANHRI19574F . AR B Be ARG RO B AR e I SRR
A7, RITEEA TR TR AR 1 3G N (K13.6), AT b s . AR A
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Table 4.1 Soil properties of the experimental site at Yucheng Comprehensive
Experimental Station.

Soil

ilting . Field Bulk Organic Total  Total Total
textural oi Saturation
i

capacity density matter nitrogen phosphor potassium P

class

A% A% A% glem mg/kg mg/kg mg/kg mg/kg
Sandy
loam 0.11 0.36 030 1376 125 0.069 1.21 14.68 8.44

* Data were measured by sampling in the station.
ETT ZPEEKHKRIE

RIS 2 HEAE P B B2 B B SR AR s AT o ZAR IR A7 T 1 AR S
i, Hikbdk4i 36° 577 , A% 116° 36 , Widk 20 m, HuZSEH Ky AP
Ji, R AT R R X B B R, IO I e, s
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2.1 R HTT
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0.6%~1.0%, THEAEJ i aE. LA REAC SR & UL P A /N FLE FOK A
H 2SO (MR e, 2L, 1997).
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Figure 4.1 Results of the calibration and validation of WOFOST using experimental data from Yucheng
Comprehensive Station. On the left hand side simulated and measured values for the potential production situation
while on the right hand side for the water-limited production situation. A, B, C, and D refer to the calibration using

experimental data from the growing season 1999-2000, and E, F, G, and H refer to the validation using data from
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Figure 4.4 Relationship between simulated and measured evaportranspiration of
winter wheat in the NCP during March and April.
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Figure 4.5 Calibration results of WOFOST using experimental data in the YCES
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Figure 4.6 Validation results of WOFOST using experimental data in the YCES.
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Figure 4.7 Relationship between observed and simulated values of LAI (a), stems

weight (b), storage organs weight and (c) above ground dry matter (d). *** Significant
at p<0.001.
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Figure 4.8 Simulated and measured evaportranspiration in the NCP during summer
maize growth season (in mm)
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Figure 4.9 Simulated and measured evaportranspiration of summer maize in the NCP
during its growth season.
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Q10: HRAFEARLL 10°C W EIR A FH AR S AR 4k ;
PERDL: 527K 3 ol i I Fy B K IAE T -5

CFET: Z&ME s AL IE R 15

SLATB: EuitIHAR, K BB BI AL

AMAXTB: CO, [ KR 2, JER BB k%l

* 43 WOFOST Z 8 iUkt 70t (FEMIZHO
Table 4.3 Sensitivity analysis of crop parameters of WOFOST model
BIG AU 2 IR AR A

28 brifEE WAL & 7K 4y BRI
V5 JAN JAN N
A %HE [k (kalha) "4t H (kasha) Hakt
PR 25 8347 0 6235 0
20  -1803 8215  -158 6422 3.00
TOWI 110945 o0 1803 8430 099 6073 22,60
3 943 7918 -514 6219 -0.26
SPAN 318 . 043 8554  2.48 6241 0.10
004 -1000 8404  0.68 6750 8.26
KDIFTB 040 004 1000 8221  -151 5762 -7.50
005 -1064 7284 1274 5877 5.74
EFFTB 047 005 1064 9284 1123 6497 4.20
002 278 8170 212 6106 2,07
CVO 072 o2 278 8523 211 6362 2.04
o0 a1 02 952 Bu0 128 618 077
+02 952 8440 111 6281 0.74
001  -2500 8347  0.00 6202 053
PERDL 004 501 2500 8347  0.00 6268 0.53
02  -11.76 8347  0.00 7288 16.89
CFET 17 02 1176 8347 000 5291 -15.14
00002 -943 7576 924 6438 3.26
SLATB 000212 ) 0002 943 8775 513 5843 -6.29
AMAXT 4 1000 7897 -539 6151 1135
B 4 1000 8711 436 6300 1.04

MK 4.3 T LLE M, FEESHON A 2 0B EN W, 77 AL f R
DRI SRR G PR, I, 7R RS e b 205 /NGy, 3T
WU SE B TR LA B RS S4. IX S5 (uFh EFFTB. CFET. SLATB,
KDIFTB 4544,

A, HTATTAEGIR BT O, AR 2 M5 KW B RMskks FET
BRI BT R R B, 9 5 0 e R EGE eA DIUN B AR

4.2 SBERXEMEE R BURHE
LA ERAEMZEIBUENE B, "B SHeh, W TR FokE, AT st
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oyt HERBISE R, 15 BT I S H U . ARYE WOFOST 2k 154
ZH, W TARESEP RS . ) USUKAE . BERNE. 2m m Xk, L
S g o T R AR P SR, DRI R BT SR M de v s Al
i [RS8, DI B0 1403l B AT IR H 1) o T2 LS 1 AR B IX R
[F): 7EUK 10%HH), & EAEaRLL 0.9, F FildERbl 1.1. B E i EHakL,
0.9 M, SEBr bJeTtm THE: 2N 10%, & iRl 1.1, F iRl
0.9, EF[H F.

* 4.4 WOFOST Z iUttt (AREHD
Table 4.4 Sensitivity analysis of WOFOST model to meteorological data inputs

s b PR 4 AR
ZH %) AP = % 7K 53 R Al = %
(kg/ha) (kg/ha)
FRUEE 0 8347 0.00 6235 0.00
_ -10 6948 -16.76 6682 7.17
ANUEE +10 8817 5.63 6112 -1.97
N -10 8795 5.37 5353 -14.15
=Ry = = e = |
b ARG o 7287 -12.70 6604 5.92
-10 8347 0.00 6235 0.00
K TR
N R UR +10 8347 0.00 6235 0.00
— -10 8347 0.00 5842 -6.30
R +10 8347 0.00 6502 4.28
e -10 8347 0.00 6235 0.00
= K
2m i R +10 8347 0.00 6235 0.00

HI4 4.4 wl L, SGARMOR P B IACR, W RPN Sosilit
R AR AR A B AT K 23 BRI A A AT Y 25 (R o it BAIR - S A T2 ]
CABRARIN o MR ERAR T, AR WBRER, MEWRER B RE R, AR EORIFE il
fiERh, PR EE T RV s B RS K IR A BOE T . 2 m
NI 78 Z8IEA 9%, NI 52wk o BRI 8, Hodn] BRI IR/,
BEAT S BB R A oK

FLT FENG

BRI () S0 I e T A AW E A B 7, ERERAR, HER AR
XS AR PEAT, S BRI £ X BT ST 4 2R o [R] I AR 75 e 19 21 1 A
(FIIRAIE 25 R e R b (1) 2 1« e I A5 85 e 26 RSRATH 1 it i it o AR
TN PRGN 2 1A 0 3 B S 06 56 U 4 37 BIT- v 1R ko e 5 D 2 2 1K 0 i ) 4
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40 % H S5 585, 1 WOFOST BERUELL T ax 2ol sl & /N2 5 5 FOK B 7E
PR WIR . S BRGSO, T R B AR H R4
IH S KRR B T X SR RS BRI 2, DR TG A B
PR T TR o IX SR (K HE BEAE Excel 1, I SR S 90 5 2 R 58

1.1 EEBIREE. Xa#E. KREMER R

XA ZFEAAE 0.1 (Cy m sty mm Z555), R T IR ah 50 vk
LA 10, JFRs SCAHS 3URE B WOFOST 7 ZEAUA% ARI W] o JoUin R Bt vh A L
AR H AT SR 0, F N PR P I EA QR - A0 K R i A P
PR B K (TXT SCPE R B 2 32700) K8 4 T B, S (TXT SCAFHh £ ol 32766)
HIRE TR, Zos By FRH(TXT SO EUE A 32%000) IR AL A S Wi ) A
25 RS ANV N B /KL o T RTS8 S5 (TXT SCPF AR AR 2093 O 31xxx T 30XxX)
10 mm JE 5 EE T 1 mm BEK & R bR RS A K & .

1.2 HFRE S

RETR rp [ FF EEEESR R AR S, DR 5 4 UG S5 S v 1 RN 5 46
RS . LR R AN 2, ARSCRH A LRI E B 5 R (157 4
2, 1990):

R.=R,(a,+b,enN™)

P, Ru: SERSFRMCR SRS (FEHLK?« H)
Ra: & Angot fH, BRBGE B KU 25A M i s S e (R 5/
ZNERNE)

B : &K A [-]
n: BEH H I % [N
D: W5 RIS A R g A 1 T [N

Ra {5 AN HTR G L 2o BOR, — BT MBS R P &g, A
SCHCR B LA 5.1,
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5.1 Sl SN E 4K K Ra {8
Table 5.1 Monthly values of Ra in 32 stations

ol i

17 2/ 37 47 5H 6H 7H 8H 97

10 11/ 12 ]

il
57
s
e
BRI
E
B
Bk
i
1
Ko
i
MR
v
s
G
i
it
Fafy
£3
T
BT
v
A
e
ek
M
i
2
Gh
S
%5

1.480 2.087 2.875 3.383 3.941 4.149
1.495 2.100 2.878 3.385 3.942 4.148
1.530 2.130 2.886 3.390 3.943 4.147
1.559 2.155 2.893 3.395 3.945 4.145
1.580 2.172 2.898 3.398 3.946 4.144
1.620 2.207 2.907 3.404 3.948 4.142
1.639 2.222 2.911 3.406 3.949 4.141
1.514 2.116 2.882 3.388 3.943 4.147
1.562 2.157 2.893 3.395 3.945 4.145
1.464 2.074 2.871 3.381 3.940 4.150
1.515 2.117 2.883 3.388 3.943 4.147
1.617 2.204 2.906 3.403 3.948 4.142
1.613 2.200 2.905 3.403 3.948 4.143
1.663 2.243 2.916 3.410 3.950 4.140
1.750 2.317 2.937 3.423 3.954 4.136
1.730 2.300 2.932 3.420 3.953 4.137
1.702 2.276 2.926 3.416 3.952 4.138
1.653 2.235 2.914 3.409 3.950 4.140
1.627 2.212 2.908 3.405 3.948 4.142
1.697 2.272 2.924 3.415 3.952 4.138
1.745 2.313 2.936 3.422 3.954 4.136
1.799 2.359 2.948 3.430 3.957 4.133
1.825 2.381 2.954 3.434 3.958 4.132
1.782 2.345 2.944 3.428 3.956 4.134
1.839 2.393 2.957 3.436 3.959 4.131
1.775 2.339 2.942 3.427 3.956 4.134
1.809 2.367 2.950 3.431 3.957 4.133
1.850 2.403 2.960 3.438 3.959 4.131
1.834 2.389 2.956 3.435 3.958 4.132
1.849 2.401 2.959 3.437 3.959 4.131
1.892 2.438 2.969 3.444 3.961 4.129
1.907 2.451 2.972 3.446 3.962 4.128

4.049
4.049
4.048
4.047
4.046
4.045
4.044
4.048
4.047
4.050
4.048
4.045
4.045
4.043
4.041
4.041
4.042
4.044
4.045
4.042
4.041
4.039
4.038
4.039
4.038
4.040
4.039
4.037
4.038
4.037
4.036
4.035

3.565
3.569
3.578
3.586
3.592
3.602
3.607
3.574
3.587
3.561
3.574
3.601
3.600
3.613
3.636
3.631
3.624
3.611
3.604
3.622
3.635
3.649
3.656
3.644
3.660
3.643
3.652
3.662
3.658
3.662
3.673
3.677

2.835
2.838
2.846
2.853
2.858
2.867
2.871
2.842
2.853
2.831
2.843
2.866
2.865
2.876
2.897
2.892
2.886
2.874
2.868
2.884
2.896
2.908
2.914
2.904
2.917
2.902
2.910
2.920
2.916
2.919
2.929
2.932

2.286 1.639 1.338
2.290 1.654 1.343
2.301 1.688 1.356
2.309 1.716 1.367
2.315 1.736 1.375
2.327 1.775 1.390
2.333 1.793 1.397
2.296 1.672 1.350
2.310 1.719 1.368
2.281 1.624 1.332
2.296 1.673 1.351
2.326 1.772 1.389
2.325 1.768 1.388
2.340 1.816 1.406
2.366 1.900 1.439
2.360 1.881 1.432
2.351 1.854 1.421
2.337 1.807 1.403
2.329 1.781 1.393
2.350 1.850 1.419
2.364 1.896 1.438
2.380 1.947 1.458
2.388 1.973 1.468
2.375 1.932 1.451
2.392 1.987 1.473
2.373 1.925 1.449
2.383 1.957 1.462
2.395 1.998 1.477
2.390 1.982 1.471
2.395 1.996 1.477
2.407 2.038 1.493
2412 2.052 1.498

AT N SRR IS n S50 ORISR 1 g K H RN RN I, 7 38 f B
ESPSHNINIPNE 2 b e M TN R & S [Th = N R B QDA I
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Table 5.2 Monthly longest sunshine hours in 32 stations (in hours)

wisi 17 27 3J1 44 5/ 6 74 8J] 94 10/ 11)] 12 /]

JE1 9.3 104 115 127 135 139 140 132 126 111 97 90
KR5S 92 104 114 124 136 138 138 132 123 111 100 9.1
ff% 92 108 11.2 125 13.0 13.6 129 125 118 104 101 9.1
Wi 95 103 105 123 13 136 134 129 121 112 99 90
AFE 95 100 11.7 124 133 133 135 128 124 103 99 85
ME 96 102 118 126 132 132 127 130 120 111 95 88
W& 9.0 100 11.4 127 137 137 136 130 115 105 92 84
WH 84 98 114 125 129 135 129 127 125 108 95 9.0
BN 94 105 1222 130 134 138 139 131 123 107 96 9.2
b 93 106 119 129 141 142 142 134 124 111 99 88
Rt 9.3 106 115 134 139 144 141 132 121 11.3 102 9.0
PN 93 9.8 110 122 127 130 134 125 118 104 97 85
HRK 92 102 106 119 129 130 122 121 114 106 95 93
M 94 104 112 125 133 136 130 124 119 108 98 88
WE 9.1 103 11.2 122 131 137 131 124 121 104 101 9.1
M 91 105 111 120 137 140 135 130 11.8 110 96 9.2
i 88 9.7 114 122 131 132 118 123 118 105 92 89
WM 91 100 111 125 125 129 128 120 116 105 100 89
FIM 91 99 111 122 129 132 133 126 115 107 92 89
ZH 91 98 111 127 128 131 122 122 113 104 96 9.1
Wz 92 101 110 11.7 125 131 125 122 115 102 92 85
FME 94 102 112 126 128 136 128 125 119 107 95 91
& 99 102 109 125 132 135 135 128 118 106 9.8 9.2
M 92 102 112 122 129 131 124 119 114 107 96 89
pife 93 100 11.3 120 129 131 135 123 114 103 97 94
A 97 105 115 125 131 131 131 128 122 108 99 93
M 95 104 112 120 132 131 128 119 114 107 102 94
dEM 9.0 9.6 107 120 128 129 131 119 114 113 100 9.1
ZM 95 103 11.3 123 132 132 129 123 119 108 98 9.2
Al 92 103 11.0 124 126 128 129 122 114 106 98 9.1
BFH 96 102 11.3 123 131 132 133 121 11.7 109 100 9.1
Z#E 95 101 115 126 13.0 13.1 132 128 11.6 10.7 10.0 9.2

an f1 bg: 2006 M. X PN 0 B B U R T B B B
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Supit(1994) i & T WM — L8 DX (1) 3% 07 Je B 3R 8. % 5.3 $e it T — L3R AR (Frere
F1 Popov, 1979) .

5.3 MARAZUR 5 B R 2 R AR
Table 5.3 Values of a, and bg used by FAO

A B

FENT RN T i X 0.18 0.55
TR AT H X 0.25 0.45
Y AT Hi X 0.29 0.42

ASCHCR F FIME 2 aa=0.18+ bp=0.55.

FIXEESE M IEARN A, IXFERAT 2 T X Lok fig H e 5ok .

5.1 A H 1998 1 1999 4= MLl iRy 4 it £ 15 3w ik H RN 25 P AR 20 Ak 4
BN AR R OC R B o e nT L, 12 ARG S e T R 3kt (1) BN 450 5 i 4 2 1) ()
KEFR, WEHTIHARERICT R EAT IR 138 A
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Figure 5.1 Measured and estimated solar radiation (kJ m?d™) in YCES

F-H KIETFRENMEERKENSESRR
YEY = BAEAN R JZ IR B2 0TI 5 258, [Altk, Rabbinge (1993)4 Hiy#7E =

5 TR R o % THE P R, R0 R R U2 B TR
UL PSR T, KBRS RO A B 07 R %18 LI fE, K
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IRRGEFNTE T3 2 A (VR AE A BRI ) B, BB IR P e it 3R A = e Je)im s
30 AW AEAIED 77 i HUFE R R R 5 R S5 A 5 FR R I, 13
LT S B R YRR TSRS R A K ZE A AR A S B R e 2
UM E A e DR AN RT3, DR el A7 B S s _E o NS Al (H IS n]
M T B, SRR A IR 1, ST AR . D, WA
Ll RAG R A AR AR S EAARSR B SER e AERE R L4, S0
B G BRI 3R R, AR e AR A RN ZE ORI

HAGN FAe e E R R AT LU MR (1, 04, 1998): (1)l e
SRR M Rl LAy D 25 BN B 08 00 » V8 W S S L PR 3 0 » HESI G 45 A A S 5
VEgmt Fr e EZORYR, e MR, A2 i AKIUR . QIR 48
A AR BRI KT, gRoE T 1 T A 2R A B N T R AT KR
2. JeA VeI B B AR k& — Arrhenus Uik, ()M AMSERRK
PO HRAFH o lad geog M i 5 AR 22, IS i 2 i A
FrRAKS ALK AR T80 COx MUKYTIEE . (AN FHILFE 3 A
I B CO WRIEAUKITEZE, SEMIH B K52 B /KEOAT CO2 8¢, (5)CO2
WS IR A AN B COL I, M A 1E . PDEE1E 4L
FERIMISS, Mg LB, Bl T2 .

TR AR S A /N A AR R DI K AU B U AR R R S AR R kAT A
IR (B 5.2)0 Herb, Stild K S TR BTN S RS T 1961~2000 4111,
AR S B R TN T BO S . AN 2 A KFRAE I E SO BN S A /N2 A
KRz, BIERAE 10 A 1 HENKAE 6 J1 1 H o Bk Bk i i 2, BUR
e % LA BB

2.1 B85

ALV IR AN E KT, R SRRt 7E 2500~3000 MJ m™ 22 Ji],
FeA BRI e Ty, WS BE . X TR A X S B D, fERNE
RN H R KT S e R R RN, R R 3.5~
7.7 Z08], BAEEE AR R R BN 5.1, AN, BAaRE. 2.
Fr = ANH 5 5 028 e R KA, e 7 2 TR AR S R B S AR /N

22 BB

R B B IR R A S 4R S A e, 2 AR a3, SRR AE 1730 °C
d £ 2710 °C d 2 [A]. B S AR 5 R H07E 3.8 2 6.5 2 (0], 7B~ JRAbHAI
PEALEBLLROR, P AR AR/, AP IR 348 e R 4.8 PR dLERHI
PGB LK S5 R AT B8 52 RAT L s, BRA A b~ S 1) b 55 v kT 2 A
KAT W TS
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Figure 5.2 (A) Global radiation, (B) accumulated temperature and (C) rainfall in
the winter wheat growing season of the NCP. D, E and F indicate the coefficient of
variations in global radiation, accumulated radiation and rainfall, respectively (unit:
percent).
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3.1 HIWHEE

THEE . R R A i) 2 ) 3R e VP 4 (Wang et al., 2001). A
BV 458 A SO L3S T, g R ot (1) SR N 1 AR P 5 I %2
THESHL, WHAEKE ., MEREL. RIS KRELGR 5.4). (o0 iR
WP AR, M 0-150 cm LIS R 6 )2, XX 6 i TilE .. BT
WOFOST HEAUE e T E T — I 12, I A5 i s LA RE 2 00 )5 1 S AL
FAT AT 4h, AR, AN XIS R K67 #5 e 8 10 m,  1k7K
R R HEA AL S P2 B T KK A

VEVIEE : B0 T AN DX 3R PRI 40 ot o A s T 30 IR I ) et o, B
T 1420 WR ARG EHE S BsoE, W BIdEREE 10 J1 5 53] 11 /] 10
520,

GIS: AWFFIA I BRAE B AR GRS BN R BT 70 M. 5B — s
JE, DA B A S b A B R G, XA B PR R R R S R g vt S
SEHE, FEAFLNANE: B S B AT AR SR K
Hy FEL BRI, DLRGX S A R R A XN R, 1Kl s ]
W GISZR Gt LA v LA B2 P 470 B M AN DX 3, A X 6 AR e/ A I 9 1R A 1
AT R S B B AL 7 (IDW: - Inverse Distance Weighting). 1% 7 1A b 5K
SRAF s R B B PR A A RON AR S I Dk oK, ok B i B
(Fisher et al., 1987). HH-EHH{E A MEL, fEraER ML mE Ny, SO S E
(EVEIZAT PR o S0 s B B AT R (V2 AR (M B RO S R, TR T BAT 1T 2L he
A .

FEFEAE DA IR . 1 DX 3 e 58 PRI AIE T R B, — R RO vk e R e — 2
SERL G N 21 BTG MRS (Caleulate first, Interpolate later: CI), — 5L NGB A
M, J5 2 MRS MR TR 4 (Interpolate first, Calculate later: 1C). Stein et al. (1991)
A1 Bechini et al. (2000) (5T 45 R R W Cl 5 i AU 5 I (iR 25 LE 1C 7
I, R 1C 7 ok B SR W BLR JEAl, 1X T REAE RN 1C TR 2
MNSH (NS ANARBEREF)IAT T WG, SN T RIRZE, 1 Cl 7k
SR B 2 A5 2 R EAT PR 960 (LSS 20 i L 1 7 B G e B N (1) i B 32 4
) AWFFURH B Cl Y52

® 5.4 EIRERE S IR
Table 5.4 Soil properties of the experimental site at YCES*.

Soil

Wilting . Field Bulk OrganicTotal Total Total
textural | Saturation . ) . . p
class point capacity density matter nitrogen phosphor potassium

viv viv v/v g/cm mg/kg mg/kg mg/kg mg/kg
Sandy
loam 0.11 0.36 030 1376 125 0.069 1.21 14.68 8.44
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] . @ I 9,200 - 9,400 JJ . % Me000- 6,390
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~%=| @ T : L S R T unit: ke/ha
s e I 5,500 - 9,750 3 o kit
o i J’:-“ . unit: ksz/ha ]
y L SEar A%
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i F o e 1 [
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Figure 5. 3 On the left hand side the simulated potential yields of winter wheat, and
on the right hand side the winter wheat yields under water-limited conditions in the
NCP (averaged from 1961 to 2000, in kg ha™).

AL S AN (R e PP i AR A 7390 ~ 9750 kg hat 2 1a), “FIME A
8240 kg ha™. H1 T AL B a5 A& /N 22 A4 7 10 A 4 SRR ST 7 03 R BT, DRk
BRI A6 7 e WAL B p BB BRAG, JEAR R ER 1m0 A1, (HIR 2 i JORAT
LRI, SRR Rl EVZEER, ARy e = L va i i B

M%7~ FfE 1390 %] 6390 kg ha' 2 i), “T-¥J{# 4 3200 kg ha™'s FIFE= M
JbEI R, BRA MK b 1) B o 1 S b R R R R I, B A
FAET N, I FEK AR, P IR R SR K 2 1k A BB A, W&
f#{E 6000 kg ha™ L) |,

KON VEAE PR R S IR 2 AR AE 1170 kg ha™ #1] 7350 kg ha™ 2 ], %
JE RS, B Xk RS- 24018 5040 kg ha™ (€1 5.4). XA~ 2 AR
SRICILSE R X, "ER W T T K 7 S B A /N80, g id Ut 21X 4
PERZEARE TAZHIK S 8 238 7, A AR SR T 1% M52 7K 40 B i (7™ F A
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WML B A IR R K 7238 ), ik 6000 kg hat AL, JLFk B
e 34 LLE, ik, fRIbVRdbE AR 52 T R e X, HARK
(RI7K G 34798 77, 32 mr P BR AT K 73 AR5 BE SRR i I &5 Ak et « 5P IRk
FHEG, P B g an BB A A EL A, 384 7= B S 7R B2 22 LRV, {)Ch 1500
kg hat Zidy, MG TR BIAS] 1/5, KR HAER TS 0EM . %
IR BRI AN K o AR SCI X el of I 5 e R A Ttk 5oL
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1,170 - 1,500
1,500 - 2,000
2,000 - 2,500
2,500 - 3,000
3,000 - 3,500
3,500 - 4,000
4,000 - 4,500

I 4,500 - 5,000

I 5,000 - 5,500

I 5,500 - 5,000

I 5,000 - 5,500

I 5,500 - 7,000

I 7,000 - 7,350

unit: kg/ha

Kl 5.4 AAb 1R/ N W R S W IR R (AL AT b))
Figure 5.4 Yield gaps between potential and water-limited yields in the NCP (in
kg ha™).

3.2.2 HALL = s R I ] 3 AT

TR AR AT, B =10 e R SR SRR AR 5 e 1 e &
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Figure 5.5 Cumulative distribution of (a) potential yield and (b) water-limited
yield of winter wheat for six locations in the NCP.
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Figure 5.6 On the left hand side, the coefficient of variation of potential winter
wheat yields, and on the right hand side the coefficient of variation of water-limited
winter wheat yields in the NCP (in percent).
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Figure5.7 40 year averaged and variation of total radiation, temperature sum and
rainfall in the maize growing season in North China Plain: (A) total global radiation,
(B) temperature sum, (C) total rainfall. (D), (E) and (F) indicate the coefficient of
variations in global radiation, temperature sum and rainfall, respectively.
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Figure 5.8 Percentage of yearly averaged monthly rainfall to annual rainfall
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Figure 5.9 Simulated potential (a) and rainfed (b) yields of summer maize in the North
China Plain.
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Figure 5.10 Yield gap between potential and rainfed yield of summer maize in the
NCP (unit: kg/ha)
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Figure 5.11 Cumulative distribution of (a) potential yield and (b) water-limited yield
of summer maize for six locations in the North China Plain.
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Figure 5.12 Cumulative distribution of (a) potential yield and (b) water-limited yield
of summer maize for six locations in the North China Plain.
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Figure 5.13 Simulated potential (a) and rainfed (b) yields of winter wheat and summer
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W) T B ok e B R T SR I BEAR o DA 75 EEAN W I 78 B LA AR 28
TR S, AR ERE KPR 5 o b 78 1 B 5 WA et )25 R0 - BRSO i 4 K B
K o

TR ST 2 S (1R N S R 5 e S ok 2 I ST R R 08 o S R 3 S 1100 A 3 e S
Ja MU BR P43 B FE SO o BLUTLAZ Heq3 2M Re IR RER 1) 7 — K. (HE
204 2] LLZABSATI I, BRARED & KAE) KRR (WSl 55) o st H
H 5-8%# A 1EH FTEAE, FrUAERe s At ARG . FRFRER 4™
A—meE. EEARRITHE S, B TR PITHE, WOFOST g 2i— 2850
AATERINE, BoE 28 A AR FEM R R e e e kKiK.

Penman(1948) 1 4 W E 2= M 7R T 280k . v vt &7 8 10 K
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1 H K SRR AR S 28k o AN T 78R & H A i o+
Penman A A& AR R ) AT ] — BEAFE G+ . R IE H ARt b 20 %) 24
NI AE BEAT P 28 0T H AR I BRI 4l . Bt XUid,  Doorenbos Al
Kassam(1979) £ i AT IE .

FLPE Penman A X TR W 1E 2 HOE 2, RIS RS 28 R T 7K 43 L 1) i) 20
ETO (H—REESHE M, S1EWSEbRK o 75 KA 0% HIVEYIR 248 ETO 4 ik
VeSS 7K 43 B 753K (41 Doorenbos & Pruitt, 1977; Feddes et al., 1978) .

1.1 BaEARHTTE

Penman A3 (A 4.1) HMES LAk, — 23001223500, VSR i) i e 5
TRERH Sy, HEE R 28 K 7K (Choisnel et al., 1992; Frere and Popov,
1979; Penman, 1956, 1948). ¥4 B 5 v AR R v FI SR K T AR - 1 98 7 2%
R 68 J2 R V8 A 25 18

ETO=WR,_ +(1-W)E, 6.1)
X, ETO: ZfE [mm d™]
W s 3R A R [-]

Ru: SRRy 78R M [mm d™]
EA: ZERTiK. [mm d™]

PR S e e B (TGRS (S A, AN 249 S A TR BT 1) 25 S
B o Iy AR B R R — K
T +T

T — _max min 62
Ea— (6.2)
A, T BT [1C]
Tmax: %%ﬁ}g [OC]
T : SRR ['C]
i e G 2 25 ] Sk v 5 Penman 28 2 XUTH BRI 3 I 4256 B2 50
AT =T, = Toin (6.3)
A, AT BEE [C]
T s B [C]
Tmin: %1&?51& [OC]

ZRRCHREA, BRI MR AU S S b AU 2 ZE XA . T4
R R P KGEAE2 MBI B, JF IRl R XA SR R EIN
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P RGE, THEA T (Frere,1979):
mJ=054+035AT_12

AT > 12°C i (6.4a)

BU = 0.54 AT <12°CH) (6.4b)
A, BU : KGR EP L 2L [-]
AT : e 2 ['C]
AR E N DL RV 28 R A
A=2501-(2.361e10%)T (6.5)

Kb, A BRI [MJ kg™']
T: HPIEE [TC]
AR R INAE TR R A A AR T S, PR b e o R A, TR
WOFOSTH1, A MM % E 42.45 MI kg™ (T=20°C) . IF 10 (KB4 S5 T8
BRH #(Brunt, 1932).

Vo = %10-3 = 0.0163% (6.6)
KA yor WP THRER AL [kPa'C ]
C,: AL, 1. 01310 [MJkg''C™]
Py s IR UR [kPa]
e+ KN THAFRND FRZLL, 0. 622 [-]
A: FERIBA [MIkg']

Vo FEASAI 5 S —ANE L 0,67, fE BIR A, 7 i (1 R R

101.3kpa, A HX2.45 MJkg "Htnl LAS HIXAME . AR, TR Bk £ bt ik
FE AR TR AR, IR R iR A 2Ok IE :

-0.034z

P= Poe T+273 (6.7)
Kb, P RGO 2 (KUK [kPa]
P, P AR [kPa]
T: HTHEE [C]
z: EHORIE [m]
P
V=" Fo (6.8)
sy WP I THERER £ [kPa'C]
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y o WEREEN 2 10 TRk R [kPaC ]
P R N 2 KR [kPa]
P,: RN AUE [kPa]

VAN K 5 H AP B0 B 5%, AT B >R F 40 Goudriaan 23 3011 5.
(1977):

17.32491T

e, = 0.610588* gT+238.102 (6.9)
X, e : MIRIKIRIE [kPa]
T 2R [C]
XSRS, AR AR — R R R
_ 238102 17.324921 e, (6.10)
(T +238.102)
A, A WRIKIRE kRl [kPa'C™]
e,: TRKAIE [kPa]
T: 2/ [C]

S A RKVUEAS SEVF R I R T v SR R AT KV U

1.2 SERRERHTE

X TV AR IR, SRR 28 A8 S 55 T B R ZE M 2, DR A 7K 4y I it
IV TR IR o S B 2N T AR (1 T B M K2R IE TR TE B R ), [ 2% e AR X
K3 ()5 BRI 42 o AR ZR XS 7K 2 BSOS e TR A A4 N IR 7K 34 K 34z 22 FiK
VAN BB R sl A o (1) -4 BH. ) (van Keulen & Seligman, 1987). 5
feddes 45 AR, ARIERE LKA MRIER T L8K S & EAE NI S 4
(Gollan et al ., 1986; Schulze 1986).

AR, EENPKAGEATRYY, DUASNEEEBEE, —©
P R T A DR A 25 0 R 3] s i 30 52 BRI R I A, DAL IR AR M X e i 7
HEAT 8 SR o AR b, K Gy BRI 0 B 2 (10 1 A0 A2 T S A A 2 i % Tfe
L= HEER . EANSHA 430 K (van Diephen et al., 1988):

0 -0,
=2l (6.11)
ews - ewp
A, Rye: K7r 7RIy 280 5 A2 K1 [-]
0,: SEhr 3Ky E & [cm®cm™]
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O+ i ZE SN AR5 [cm® cm™®]
0,.: WA EHIKSE & [cm®cm™]

I 5 K o & BT SO 4 3K A B AR T IXAME R, H s os & F K
XA FETFUR I PR A AL EAE N E IE o 7K 23 e A mr i (1 7K 32 2]
BRI, XA R A S A, IS 9 A 2 S 0 LA v R IR 3t T s T
(Denmead & Shaw, 1962). iX /My 7 587K 737 & 7] LAt 5540 1 (van Diephen et al.,
1988):

O, = (1= P) (O, — O,p)) + O, [6.12]
Kb, G : Wi LA S it [cm®cm™]
D LAVETE GOk B Bt K 4 RE I IR T [cm® cm]
O, T HEII R R [cm® cm]
0,,: WiZE BN L3R 5 i [cm®cm™]

LS T K 0, (AR SMFCF) AL 25 s i 138K 7> 2 & 0, (K

SMW), B HIEPIAFTARE, FEHHS A OHE., & IEEZRTL OTH 7
ek J2) R E M B R 250 (crop group number) A BREL, ek AE TR SWEAF T,
FESCER A, 3K FEM AR R G W 3K SRR IR . “ R 3R
IK” RALT 01 16, Z B K 357K, e n] IAERE) AN 2 ISR 73 118 iR 175
NHAEPIR L

TEEHREEWN, 2 7E 28 BUTE LU ORIy, 387K 49 6 by [ -1~ IO A AT BEALG
2 0.10 A4, AR 2 L B /N, HOEE AT BE ik 0.96.

TERK Y T RN S B AN T R, (WATK 6.8)FEANFI p fE A6,
AE T TRE T 1.0, ARSI T 0.0, REREATAKEEL, H
SEAERR R R ORAEIE 2 BEE A 1.0, He/MEN 0.0.

MR AR R SR 387K (van Diephen et al., 1988):
1

p= w  AETO 0.10(5— No, ) [6.13]
A, p: “BHWER K" L [cm® cm™]
a,: [HJHZ%((=0.76, van Diephen et al., 1988) [-]
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B,: IIJAFRH(=1.5, van Diephen et al., 1988) [dcm™]

ETO: W% [em d”]

No, : 1R A% (1 %2 5, Doorenbos etal., 1978)  [-]
VERAEYIRAROR, Noy, (i DENPR) 7EREZL P ATH, FHEd M A

LU E
SHERIREAR LFD 2, ATHEARIBAHER, 5 ZH— AN HO0EATRE L AR
fEvHE, 2 &S T52Fr (van Diephen et al., 1988):

ET0-0.6
p=p+ m [6.14]
L, pe “HELRIH KT S [cm® cm™]
ETO: W7EA % [cm d]

No, : 1R A%(1 %2 5, Doorenbos etal., 1978)  [-]

IR X SE AR P AN thnl e 2 5 R8I (1) . T%, FEFRK R Ar
) FH L AR B VRS i AN Ko T T A AR A Sl R I K B R T
I R RF KR SR L P ANE K G D0 T o AEREAT A H R 7K i A KR AL
I, R BT A A, Bl TERIr I, XRIR AN,
BEASO UL o o O AN R AN T RUE

A, KO a5 ) 52 B 28 i 4 (1) AR Ak ] LK R S5

T, = RyRy T, (6.15)
A, T, SBREMER [em d™]
T,: BAEBHRLALR 6.4) [em d”]
I AR S [-]
Ryt KON ZE I B (0 B IE [ T [

HEZT BNEFRMAIER

2.1 BEAKAMTHER

MR o 2 R U A AR K S IR A N IR R 28, 2N
AR . R 28 AR5 [ 301 10 B KR AT BT o R R S B i X
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Figure 6.1 Evaportranspiration of winter wheat in the NCP under potential growth
condition (unit: mm)

Kl 6.1 b PR/ N A KRN P 28 e, b T I, &bk
75 N IRV LE 25 0 A FE B4R 10 7E 370~585 mm 2 Ji), At pgkiiadl, %
AN A ZE RO A 468 mm, 5 F 3 4 A i e st K TR 2 B 52 1) 450
mm XN ZEFBERET- (047, 20005 ATEG, 25k, 2004). dbEmREE
Fbi b7 HA B AR . B KD 3 e s R w3 e M . B
B DR RS N I T R A LI, 1% D B AT TR R e T A
WARAT I WK AR T, VB AE Z8 BN, 32 1A L BRI BEL Y, o ok A T 1 XU 2%
I MO s R A, RN AT A A FERIRGE N 1.84 m ™, i
B 1L AR FRE AN Ak 1 i e ) 300 8 RGO ik 2.87 m st PR R R . AR
JE 28 HUE ) B A

Kl 6.2 /WA 28 R AR e REE B IR o0 AT, B S T i i 7 25 1
PFEBRARAGIR L . IEAN XS B, W7 2850128 e RECE AR /)N, — IR AL
7.8~17.2 2], HEAXEEME R 11.8, HME S A2 B e L S
LB o AR 5 22 BOLE XA 1 90 A7 0 S 35 A s g, AL AT A% S AR v 3 e (R B %2,
X AT BB 1 D DU 8 s DAY ot 1 4 S A VA ) D R A G
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Figure 6.2 Coefficient variation of evaportranspiration of winter wheat in the NCP
under potential growth condition (unit: percent)

2.2 MFEEKLH THRIZER

KN MFRAAT NI ZEHE W B AR LAE 162~309 mm 2 [i], HEANX 3k
RN FRZZHCT BN 219 mm, RALKET s, SI8E 72800 A aAar ik
(LK 6.3), BRI T IRALE KD, TR Tz k5 24015 KK o th
A, R E BRG] T 2R R, T IRACEE S TR OREE, IR SR AN, AL
200 mm. ZREEfERT, WYFRZSHUREN N 300 mm. 3 5K I IR ECE N T R
Be/h, 25162 mm, dbat. PR MW FRZERRAR D, #/NT 180 mm, RIMELE 5
TERAEAY B, R 799 M ) R R 2 B ANAE 250 mm ZE AT o B8N J5 R 5 25 U e K
R BAEERT, 24T 0 309 mm, KLLLdE 4 nlik 400 mm. FLPH. 75 B0 W
FEA R AE 280 mm LL_E, M e B AR AE 350 mm LA L,

Kl 6.4 & FRZE BRI 5 RECEEA IR A0, MBI EE, W
AR S R AL AE A s B F 2, 302 15 ) R 7R 28 00 2 22 R - K
()72 23 10 LU AR S 5 BRI R I Skl . IR 2SI I AR e — Ak fr 10~35 2 [H],
FEAN DI IIME R 17.9, Se/MES S W B ILE TR SR M . BRIR N
AT 30 Lh AR, HEAP R X 278 20 LR o RISk B FR 28 0E
(AR S R AR HEAN S AT AR A — o TR AR XA B 5 s A 5, -~ S b3
T 77 25 HUER TR 728 S R s K TS, oAb i, b Bk s, Ml
HILE R, A Pife—iy,
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Figure 6.3 Evaportranspiration of winter wheat in the NCP under rainfed condition
(unit: mm)
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Figure 6.4 Coefficient variation of evaportranspiration of winter wheat in the NCP
under rainfed condition (unit: percent)
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2.3 BERINMWIFRBZE

TEAEZE UM N TR 28 T Z2AE B S8 P ARAT 30, el AU A iz K 7K o3
B, WU, IR DK AN B R AT AR AR KRR I 1 2, [
I IX A3 T e & /N A2 REM T KB ) B PR, TR 1 TR A 25 R AN BB
S 2RO R S, DS AR AT DR i AN 241 3 R 2K 2 BRI B, (B A
bR AR, ATREANFLIE M T B AR AR AR R A 2 IR B, I A D i A
RGN, ZRBURILBOR, b, TS = 0 PEEAl, dnprdg. iR
JERUEBESEAT, TR, SRR TG = 0 bt Rh SR R T 58, n] DAFEA =5 bl /D
YED = BT &, A R D E Y S PR 28 R G2 5, R, 2003).

H11& 6.5 Al WL, Z/NEARKZTN, SHEA AR B, K> BRETHEE
WAE 85~394 mm 28], EALEFARAES, AP EFIYE 261 mm. LY
J b A L SRR 7 O J, KA R T g3 DA AR K 50 7™ B e X e S A
Pl BRI o AL EE ™ 5 BRI K 70 5 B A AAE 300 mm LAE, s K
AN —H; BB AR B IX 7K 437 A — 7T 200 mm LR, 5 RE R i
B X AERRH . A7 HEB 5 o 32 AV AR 2SR AR RAT P s LA
NG, AR K 23 SRR A R 43 B R L B X

85 -90

a0 - 120
120 - 150
150 - 180
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B 270 - 300
I 300 - 330
I 330 - 360
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unit: mm

K o

K 6.5 & /NZAEZR ORI IR 28 2 (A2 220K)

Figure 6.5 Evaportranspiration gap between potential and rainfed conditions (in mm)
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Figure 6.6 Coefficient variation of evaportranspiration gap between potential and
rainfed conditions (in percent)

Kl 6.6 JE K> 7 SRA AL 7 R E, A EAREAE 16~56 28],
BIE g 320 LAV rg ab o Ft, - J5tn] 20 g B BB AR B g DX R AR TR AR X
JEHEB 55 TR EB DX AR S R ACHRAE 25 LAR, 1M1 It i i A AR S R B8 FRR A
40 LA

45518 6.5 AT, P IEABEIR K 7 o SRR HARN S E, Bk 2 e
J5 K 73 it ™ HE I HBIX, BT PAZE G A In) i B AR B AL TR A e P
P IR K 235 SRR N, ABAERR sl R, BIEF 20 1L, K5 okl
CIN SR AR S 5% NI

E=H EERFHAIER

3.1 WEEAKEM TR

A 6.7 ;AR VIR JORAE R TN IS HUE, e L, oK K
7P (1) 785 7 25 R A R B L ARG AE 324~405 mm 2 JH), 2 Rg LA a) s i A,
Ferp bR S R e 2, AR AR L P A 2, A IR KV AE 2RO 4B 356
mm. b RIS d Ay BAT R R R R BRI AR X A 5t
AL N e AR SR A T R A X, i XA
e R o A BT PR o MU AP i R P (T B
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Figure 6.7 Evaportranspiration of winter wheat in the NCP under potential growth
condition (unit: mm)
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Figure 6.8 Coefficient variation of evaportranspiration of winter wheat in the NCP
under potential growth condition (unit: percent)

94



SNE AL IR AN NN TR ZE TR

] 6.8 AW AL 2K HUR AL S SR AAE BT IR o0 A o NAEAS IR B, 74
ZEHUN AR S RACEAR /N, — AR A 5.9~12.3 Z ], BEA XS ) V318 0 8.3,
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Figure 6.9 Evaportranspiration of winter wheat in the NCP under rainfed condition
(unit: mm)

B LKW IREAT 2B E AR AE 216~282 mm 2 [](/&] 6.9), #&ANX I
FIFRZEHCF M 247 mm, PR AR R as,  [F A IR ians s, S5k
TEABERAA L RO 6.7), 32 B g PR Ji 74 #3512 (AL 1
5.7), T TRtk S ik o/, PR E R T A . (H T
AH WA B M A ZE AR, I R IR 28R 22 S B EE B

B S R TR AU s B BLE R 1L, 24P R{E ) 282 mm,  JLLBEEp))
A3A 350 mm, dR/NRAEGE S 170 mm Aid . MFRZSHUR /N R 2R, 2 AR
FRME N 216 mm, AZALAE 164~346 mm Z[A],

K 6.10 2 IRARHUE AT REAEIEAT ISR 0T, WEEAD XS B, W
TRAHUN AR e R AL HORA T 20, IR ERAERKF i 2, —F
PR 709 1 B R #R A AAE SR AE KT, INIANVE RN, FORAERF NI
HCAIRIE AR, N EREEOK, S8R RIS &/N W IR L LN
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RN 7R 28 e 1A 3 — R AGTE 11.9~21.1 2 (0], BEAN XIS N 16.6,
dae /MBS B RAB 3 0] AR B BH 55 4P o T 9% 25 R (048 S R BSE A1 i L)
AT — o P B R IR 28 5 AR S R O K TR e BR-P I b X — 1
GEIR 2 T A R DA, 74 R A NP B I DR SR 2 SR A St LR A
Ko BRICZAHL, JORMFEBATE G 2P Wi 2257 BRI
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Figure 6.10 Coefficient variation of evaportranspiration of winter wheat in the NCP
under rainfed condition (unit: percent)

3.3 WAKBNWFREARZE

HIE 6.11 "L, HAKAEKTFN, SHUKIK 7 A /N A 1/
Z, K THELIAE 60~161 mm 28], 2GR R S rE s, Hg e
U R M bl AT RS EME S 109 mm. P47 ) b5 ARV s A, Rk,
IRy SR R 2R G 2R T [ T S e S B 4 o 3 E T SR R P S B K R R A T
B, THECRIIHIX R R B SR W, BRI AR B VERT . Rk
_,-'F%‘.o
K] 6.12 2 #- 1K 73 SR AR 5 2R B, HEAS Xk ARG AR 34~T79 2 [A], o
Yy 515, ErgdbmrhiaRriEs, L dbim X E s i £ .
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Figure 6.11 Evaportranspiration gap between potential and rainfed conditions (in mm)
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Figure 6.12 Coefficient variation of evaportranspiration gap between potential and
rainfed conditions (in percent)
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it 6.11 nl L, PRI T BUANK, (HERRARR, thid i,
HAE ALK, BARE SR FWIK D 78 AK, EETHIERH, WAGRIE
BEWE, KRR A RGeS IR S K T Bk HATR RS E
W2, ZIBOKEAGT T, HARFEARANK, iz ™ E K 77 X
fo P JREE KO T ERANK, A RBCE K T R E I N TR, R, Ak
KTy 7 ATDRF AN S 25 (1 X 8k

ST ERFFRAIEL

AL IR BB G Y T4 /22 . B AR —EPIE R I, el
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Figure 6.13 Evaportranspiration of winter wheat in the NCP under potential growth
condition (unit: mm)
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Figure 6.14 Coefficient variation of evaportranspiration of winter wheat in the NCP
under potential growth condition (unit: percent)
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6.15 b1 IR IR AR AT N &/ N2 A HUE (B 220K)
Figure 6.15 Evaportranspiration of winter wheat in the NCP under rainfed condition
(unit: mm)
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Figure 6.16 Coefficient variation of evaportranspiration of winter wheat in the NCP
under rainfed condition (unit: percent)
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Figure 6.17 Evaportranspiration gap between potential and rainfed conditions (in mm)
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Figure 6.18 Coefficient variation of evaportranspiration gap between potential and
rainfed conditions (in percent)
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Figure 6.19 Gap between rainfall and evaportranspiration under potential
condition in the winter wheat — summer maize rotation (unit: mm)
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Figure 6.20 Gap between rainfall and evaportranspiration under rainfed condition
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in the winter wheat — summer maize rotation (unit: mm)
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** emergence

TBASEM = 0.0 I lower threshold temp. for emergence [cel]
TEFFMX = 30.0 I max. eff. temp. for emergence [cel]
TSUMEM = 1304 I temperature sum from sowing to emergence [cel d]
** phenology
IDSL = 0 I indicates whether pre-anthesis development depends
! on temp. (=0), day length (=1) , or both (=2)

DLO =-99.0 I optimum day length for development [hr]
DLC =-99.0 ! critical day length (lower threshold) [hr]
TSUM1 =1175.9 I temperature sum from emergence to anthesis [cel d]
TSUM2 =644.0 I temperature sum from anthesis to maturity [cel d]
DTSMTB  =0.00, 0.00, I daily increase in temp. sum

32.00, 32.00, 1as function of av. temp. [cel; cel d]

45.00, 32.00
DVSI = 0. Iinitial DVS
DVSEND = 2.0 I development stage at harvest (= 2.0 at maturity [-])
** nitial
TDWI =211.0 I initial total crop dry weight [kg ha-1]
** 1 Not used as imput by WOF6_0 model
LAIEM = 013 I leaf area index at emergence [ha ha-1]
RGRLAI = 0.00817 ! maximum relative increase in LAI [ha ha-1 d-1]

** green area

SLATB = 0.00, 0.00212, ! specific leaf area
0.50, 0.00352, !asa function of DVS [-; ha kg-1]
0.60, 0.00212,
0.75, 0.00202,
0.90, 0.00202,
2.00, 0.00202
SPA = 0.000 I specific pod area [ha kg-1]
SSATB = 0.0, 0.000, ! specific stem area [ha kg-1]
2.0, 0.000 I as function of DVS
SPAN = 258 ! life span of leaves growing at 35 Celsius [d]
TBASE = 00 I lower threshold temp. for ageing of leaves [cel]

** assimilation

KDIFTB = 0.0,0.60, !extinction coefficient for diffuse visible light [-]
2.0, 0.60 I as function of DVS
EFFTB = 0., 0.47, !light-use effic. single leaf [kg ha-1 hr-1 J-1 m2 s]
40., 0.47 I as function of daily mean temp.
AMAXTB = 0.00, 35.00, I max. leaf CO2 assim. rate
0.50, 45.00, ! function of DVS [-; kg ha-1 hr-1]
1.80, 45.00,
2.00, 10.00
TMPFTB = 0.00, 0.00, ! reduction factor of AMAX
4.00, 0.80, I as function of av. temp. [cel; -]
10.00, 1.00,
33.00, 1.00,
39.00, 0.03

TMNFTB = 0.00, 0.00, ! red. factor of gross assim. rate



0.60, 1.00 I as function of low min. temp. [cel; -]

** conversion of assimilates into biomass

CVL = 0.690 ! efficiency of conversion into leaves [kg kg-1]
CVvO = 0.720 !efficiency of conversion into storage org. [kg kg-1]
CVR = 0.720 ! efficiency of conversion into roots [kg kg-1]

CVS = 0.690 ! efficiency of conversion into stems [kg kg-1]

** maintenance respiration

Q10 = 2.0 I'rel. incr. in resp. rate per 10 Cel temp. incr. [-]
RML = 0.0250 ! rel. maint. resp. rate leaves [kg CH20 kg-1 d-1]
RMO = 0.0090! rel. maint. resp. rate stor.org. [kg CH20 kg-1 d-1]
RMR = 0.0100! rel. maint. resp. rate roots [kg CH20 kg-1 d-1]
RMS = 0.0150! rel. maint. resp. rate stems [kg CH20 kg-1 d-1]
RFSETB = 0.00, 0.00, I red. factor for senescence
0.60, 0.20 I as function of DVS [-; -]
0.80, 0.80
1.00, 1.00
** partitioning
FRTB = 0.000, 0.500 I fraction of total dry matter to roots
0.296, 0.250, !'as a function of DVS [-; kg kg-1]
0.704, 0.007,
0.785, 0.005,
0.812, 0.003,
1.000, 0.000,
2.000, 0.000
FLTB = 0.000, 0.600, I fraction of above-gr. DM to leaves
0.296, 0.567, I as a function of DVS [-; kg kg-1]
0.554, 0.257,
0.704, 0.207,
0.785, 0.100,
0.812, 0.050,
0.893, 0.000,
0.947, 0.000,
2.000, 0.000
FSTB = 0.000, 0.400, ! fraction of above-gr. DM to stems
0.296, 0.433, I as a function of DVS [-; kg kg-1]
0.554, 0.743
0.704, 0.793,
0.785, 0.900,
0.812, 0.950,
0.893, 1.000,
0.947, 0.000,
1.000, 0.000,
1.304, 0.000,
1.456, 0.000,
1.608, 0.000,
2.000 0.000
FOTB = 0.000, 0.000, I fraction of above-gr. DM to stor. org.
0.893, 0.000, I as a function of DVS [-; kg kg-1]
0.947, 1.000,

1.304, 1.000,



1.456, 1.000,

1.608, 1.000,
2.000 1.000
** death rates
PERDL = 0.030 ' max. rel. death rate of leaves due to water stress
RDRRTB = 0.00, 0.000, ! rel. death rate of roots
1.40, 0.000, !as a function of DVS [-; kg kg-1 d-1]
1.4001, 0.020,
2.00, 0.020
RDRSTB = 0.00, 0.000, I rel. death rate of stems
1.30, 0.015, !as a function of DVS [-; kg kg-1 d-1]
1.5000, 0.020,
2.00, 0.020

** water use

CFET = 1.00 ! correction factor transpiration rate [-]

DEPNR = 40 ! crop group number for soil water depletion [-]
IAIRDU = 0 I air ducts in roots present (=1) or not (=0)

** rooting

RDI = 10. Vinitial rooting depth [cm]

RRI = 12 I maximum daily increase in rooting depth [cm d-1]
RDMCR = 120. I maximum rooting depth [cm]

** nutrients
** maximum and minimum concentrations of N, P, and K

** in storage organs in vegetative organs [kg kg-1]

NMINSO = 0.0350; NMINVE = 0.0070

NMAXSO = 0.0560; NMAXVE = 0.0220

PMINSO = 0.0027; PMINVE = 0.0011

PMAXSO = 0.0080; PMAXVE = 0.0052

KMINSO = 0.0120; KMINVE = 0.0070

KMAXSO = 0.0260; KMAXVE = 0.0240

YZERO = 200. ! max. amount veg. organs at zero yield [kg ha-1]

NFIX = 0.75 !fraction of N-uptake from biol. fixation [kg kg-1]



=) w

WA T E R, WIS . T4, S50 PTA LAds Bhnd 3&
s [R5ty ACHSR NRZR 20 I

AR SORAE I T 9w S0 A O R N 5EI, IRSCRILLEE. WEST N &
BEUE MR R R R SO 5 AT Uy T2 A EA T TIAE IR 3 Trom Ui
DR AR BB R S S 3R CARG A A2 SRR AR &,
PR R I A s AR ] S K R I (R R TR 2% S 4T HR , XA S
G, R A o AN HE 2 R, SXOga AL AR EAg ¥
AT, A IR DR R 78 50 IRV AN AT 8 T2 3 FE 20k, Tl
R il 2 A FEAA AR IR 22 AR E P RETE 70 A B B IR e 2 SOt
FEAWTIUR & o TEMAEANE L2457 T REKM SO0, LB bR R 2 1
U, UL SRR, 54!

TKG3 O IR PINBE BB AT L AR 9 28 rh (19 T B B B 9 5 X6 R 1 i SCkAT
TNE B TV 2 S DA L, A AT T AE 18 S e T B A 1) 22
HEL BT

KU B B Z DA Huib Hengsdijk 7E3C 7 AR N 45 1 1K 035 B M AT I 3K,
SRS SCG AR T PR AL T VR A B, AR R SO A S BE B A R
F IR )T, LR BIGURH E p T S SR SR

) S R I 3 4 R RN AR AR LA R AE P I 2 S AR R 4 I ECK
o VRSP I AR h a7 TARKIAERD, fEIE— T 2!

SR ST AR AL AT IR B . EJRUR A5 22 TAE 27 ) i (1 S P AN 35 B!

gkok R LA, E3f. FraFE. . EXu. MREEE AT . e
ITERAE R SCSE S FE TR 45 T T K 1Bl FE SRR I o B bR, sk i as:
NTE GIS J5 4T HIH AT B!

Bas 1 SO BT AT EIN . [ HACM R NS L H 2 i b



	01中文封面.pdf
	02英文封面.pdf
	03学位论文独创性声明.pdf
	04资助.pdf
	05中文摘要.pdf
	06英文摘要.pdf
	07目录.pdf
	11第一章.pdf
	12第二章.pdf
	13第三章.pdf
	14第四章.pdf
	15.1第五章.pdf
	16第六章.pdf
	17第七章.pdf
	18参考文献.pdf
	21附录1模型参数及其意义.pdf
	22附录2参数值.pdf
	23致谢.pdf

