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Abstract

This paper mainly focuses on the improvement of crop yield estimation technique, one of the
critical techniques for regional food security early-warning. Huang-huai-hai Plain, which is one of the
main grain crop growing regions in China, was selected as the study area. The main objectives of this
research are to improve the final yield estimations precision of winter wheat, to explore the technological
method based on the integration of crop growth simulation model and spatial information technology for
regional crop yield estimation.

Firstly, the author extensively reviewed different crop yield estimation methods in this paper. Taken
the unique characters of agricultural production and the advantages and disadvantages of different
methods into account, this paper finally choose the method based on crop growth simulation model to
estimate crop’s yield. In this paper, EPIC (Erosion Productivity Impact Calculator) model as one of these
crop growth simulation models was used to estimate winter wheat’s yield in Huang-huai-hai Plain,
because EPIC model simulates the whole growth development more accurately and consider the effect
by others aspects well. Secondly, the study areas were chose. Luancheng Ecological Experimental
Research Station of Chinese Academy of Sciences was select for the local model validation because
there are good relevant research work and background iformation. Hebei study area, including
Shijiazhuang, Hengshui and Xingtai, embracing Luancheng, was select for regional yield estimation
application area because of the availability of many spatial information data and other supporting
background data.

For the local model validation, EPIC model firstly was validated based on references so that it can
be used locally. Then it was used to estimate winter wheat’s yield at Luancheng ecological experimental
station. Some parameters were calibrated and sensitivity analysis was done according to observed yield.
Lastly, EPIC model was scaled up for regional crop yield estimation. For the regional yield estimation
application, the feasibility that spatial EPIC model was used to estimate the regional crop yield was
discussed. The main conclusions are as follow:

For the local model validation, EPIC model can well simulate the growth condition and forecast
crop’s yield at Luancheng ecological experimental station. The yield estimation’s RMSE was 0.18t/ha,
which equals to 2.68% of mean observed yield. This figure is lower than normal error of EPIC model
(15%). The decision coefficient between estimation yield and observation yield was 0.8433. It was
useful for final estimation precision to collect more accurate crop parameters data, such as
biomass-energy ratio, harvest index, potential heat unit and input files like temperature and sunshine
radiation. The final accuracy was sensitive to the precision of the input management operation.

For regional yield estimation application, when the spatial difference of management operation was
considered, the decision coefficient between estimation yield and observation yield was 0.4596, which

was higher than the decision coefficient without considering the spatial difference. When the input data



of the EPIC model are observation, it could well estimate the winter wheat’s yield of the Huang-huai-hai
Plain.

Methodology which crop growth. development and yield formation in local area by crop model and
regional scale simulation by combining remote sensing information with crop model were studied and
some good results were approached. However, because of complex interdisciplinary involving agronomy,
geosciences and remote sensing technique, lack of data, and the limitation of methodology, some
problems, such as the daily weather data simulation, winter wheat growth simulation in overwintering,
match of spatial size in remote sensing data with crop model and more parameters calculation based on

remote sensing data were needed to study further.

Keywords: Food security; Huang-huai-hai Plain; Winter Wheat; Yield Estimation; EPIC model
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FUEFAE T IUE R . HAT, SR COURE L e i A RS S5 7ED A KA
(g7 N EEAT 4 B GRHEEESE, 2005): (1) T HRE BN A% A8 B PR 2 v (1 Bk 5))
B (2) FHREBOMIE Clnm AR E LAD SEsm s A8 5 (3D FATHIAA A,
RTS8 R HE AT 46 A% A A AR 5 0 S I — 5, E A e SR R AA(E s (4) TR S HUA
Y, RV A S B AR S R BRI — 3, MM e B S 4UE . Wiegand 5554
TG B S EMB S5 1 5 AT v ARG, SRR BT LA PRl SRSERIYI IR A S H
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032:, Maas (1998) 75 F K i HUBEA T b T4 S0, FH 6 25% 3 23 H5cdl S e 45 H AR 4 (LAD),
FHAT £E AN RFRZT S B0 88 R T B DA i 7K 23 e 50, K ax ot oM A AR AR, &
FRBEA G AR AR S RS B . Delecolle 25 (1988) A w2 1) 43 2 T2 $ic gl
(SPOT/HRV) i LAI, {H T 0[] HER RS R A A, AN F W R 7R gk
JUAS LATE. FTEL, HIACA ) LAT BRI, 7 —A LALGEvh R, AR5 R Ge v di i
VEUIRE R R K S 3 LAL ARN/NZ LRGB! (ARCWHEAT) . 45502 W Hidd &
TR PR R GE ) . Karvonen 4§ (1991) FI A EE i € (EWIIK LAL AE R RS AR
CROPWATN ¥ AN AU BAEY) ™ . JaoK, Supit 55 (1994) 3204 BTl ™ Ak
TEWAEKIRIRS (CGMS) R A B A DX A e 2 77

T o T S S S AR KRR S I AR A LGS A, AR PR SR TR B X SR A )
e (HNEAMWI TG A, BRI B S EYE KBRS S s — SR, T It
LIS RTINS TV S 5 H PR 25 e DA B ASE FH (9% 38 B0t A0 i FH PRS2 PR L B P A ) 45
R W] K R 85 BN TR BTl 1) 2N S HCRIAI AR 4P, e i a8 ERAR 2 AR S
SR ORI A UUHC A5 R4 0] AE 7 TG JC R G AN i) 218, A1 e ek — 2 I iR
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13MRHERSEX

131 HESFPRZNEGEFHAREX

N RE EE AR EAEY), WA = R SRR 25% 81 22% 5 4. 1978
FEA 2000 4, AN R PR 5384 J7IINE AR 9964 Jyml, B 85%, M 3%, T4
FER A S P I 1 AN s PR PE T 123 AJTHE 249 A, e 1 AELLE; SRR A
Hi 4.4 {0 i BERAT 4 44T, J8/D 4000 JT T . FIE/NEA A0 iZ, Bt A AR 6 X BAAE,
HoAth 30 A4 (XL D) BN, fEaE& X, BRI LR K. 2000 4,
BRI A XN AR 2.5 {0 78 7149 Jimgi, 230 v B 62.2%F0 71.7%. F5Al&m .
HR b TEIR, 228 5 ANMEPS R, ANETHRUE 2.3 0 PP IS 6807 J1, 7355 4 E 1) 57.9%
H68.3%. DKL, REAT ST, HEAfHE T AR BT I A/ N AT AR K3 S &, O T
SRADCNZE AP, D RS g, i BT SOR B ORI AR 0 W A
E R PR B2 A S R IE AR EH BTG EEZ N E .

1.3.2 EPIC BN AT/ RENX

ARSI AT ™ PR A, PSR, A E2AEZORARE. B
T QU QU AERE 2 AU R R K ST E T R T VR AR R TN By
H R AR AP A I FIAG 7 1R 55 AT B T Gev B Al i ik TR g s (i
Jiih BT AR AL 753k ZMOTEMEs G s a il Jrik. AR E L X
S e AT AR B R AR SRR F AR BB A X S FUE R R A, DAL AR
IZE TR 2 5 H I VAR 28 20 A AR Mk DL R AR A= 4 B ARG A R 5
Ko AEPAERKBR AR AER . (R REEE R A, FEBRAR . TRONAT AR R K
PR AR DT AT — 8 ) I AR SR M LR o RIS, BB AR IR R, AR AE KA AR
B EAAN G A N T ARAE YA 5 AT 7 B . Dk, 7Eid 202 4 10T
AR, AR AU IR AR A BTN 5 TR L R A (A e aHs, 2 2 A AR 2 2

TR, BTG AR T MBI RE 2 fa, B P  MEAf AL S I A
VI re e, T HEAT RS R, WA KRS W00 W0 2. 803, ResEnt L
PAVEMKIAE B, e A H R B BOR . PRRE E KRR e AR T IR .

EPICH A A E A KU 2 —, i T I ARG TR SHELDSSAT D AArARA N 7 1
S (AL AE B HAR A (CERES. ALMANAC) 3% (Touré®, 1995). ALBEAEMIRETE (1) fg
FI58 0 KR SRS e = (Priya®; 2001) [F A5, HEPICELALREHIE T RIS & M ED
oA BEESEER . BRI LRI IE s LAY 145 (Easterling®; 1995). EPICH
TR IR T COLMRE « T B AN B AR B AR 7K a3 AR A ) A K 1) 53 ) P A SHDURS 8 2 L
e (Willlams®, 1999), AL, ASCAER S 863 Al It H MR ML Y554t ™ R GE 0 H 1)
SRR, BAE 1 WFSTEPICH RN /R v 1 Jsu A /N2l = I T B eI AT Ik, 1 A JSEPICE R T
SR P B A B E — N ERE 20 S SR/ NEABES S, IR LR SO AT
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o

AR AN AP PRAUAE 3. PRUTRE A T T EPICKE B R m AT P, AT S0t AR 175 388 2t )
G, LUk - Ee s = P SRR TR A 7 EEAS v 1 )

1.4 ERIMIRHRE

1.4.1 BEIMRHERE

[ 4%t EPIC #8Y It 50RI N S A0 5., S SREFEYE T B 4R EPIC B2 (R 58 K44 |
AFRLZ A BUR =Ry SRR SR SRR R . DA EPIC Bl “3S” HiR4s
B B E R

LR AR BAiE

EPIC AU /KL A% 20l BFRIEIH . TR MEYAKER., fEY S T e
B, 205 8 MBI G ), AT RAHRT LRI A% X AE A PR BE AR 1 1k B R T S A
AT E R RAE, X BN () S PPN S NI AE . PRI, AR 222738 0 B v ) %% ANy
SIHEAT VMY (Ghimire 4, 2004). 11, Kiniry %A (19900 F Martin A (1993) X/E#A: K
TREPGHAT TV Edwards 55 A (1994) Fl Purveen 55N (1997) Stk TAR Bl FAEHEAT TV
s Bullock &5 A (1998) X HIINEE KB ZRAF 55 4 B s 1) e o AU R R AT 1 DA A 5k

TEREREE |, Chung 58 A (20000 @I EPIC BEAUEAUHIIH JE Tk M =R EpAe/E
JrA PRI KA R AR U PRSP A ) ZE S, RIS UE AL . Albert 55
NHR B A AT R IR AE () Sl BT RS S s EPIC AR A T SOK B4R S (1) 7
FREEAT T RHE; Benson %8 A\ (1995) 1 Rao 55 A3 il AR A vh v 55 - /K o P A S AT 1 36k
I

B R EPIC BEEL ¥R F

EPICH A Bt i dse W] 1) H I P L34 fdoes L3 A= 77 g g, 283 )L 4R & J&, EPIC
B A LI, MR BREEORY . ARSI 2 T N .

TR R FR R T L3 L ILRE UK T WD UREL . FSESNIIAERE, AR R
HARFN R IR R, KA FIA . 08 DRSS R S BRI )RR A2 D BRAIG
ERHECEA IS . DR IEBHE A SO RS IR MR EE R s, ANV 2 X T
TS T RERITST, AT TR T EPTCHE Y o SEAS [ R 7 U AR T T 1 B MK i R
DUEOCAL tH & BEE AP DT 2, K DRl de b . T L mifEy) - s e R IF A %
JERNBEE AT T vt ot AL SARHAERE, AR S AT SIS A BAFI T, I HAT Lew
KEPK B FRIRZ AAXVIRZLT G X, XEHRE— @ B b m B A X sl (% 3 H
FUKE B (Benson%s, 1995; Chung®s, 1999; Edwards%%, 1994).

EPIC BERDOHAEY) ™ (1Al v L AR A 7 U M E) AR K I Bk 2 B o B Ui AR
7 B R B A e e AR T R, AR A A BT DR A T S R R LA T
W . W2 EEK LN BPIC B T2 £k, [ H . KEE/EYAL = (Cabelguenne
&) 1990; Cavero 2%, 2001; Cavero 2%, 2000; Fan 2%, 2000). 4Z 45 03E% 0, EPIC MR
KIEY ™ RS B, R R SRS e A R i iy o X2 Rl , EPIC AR ALAS 5 L
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AT S B A R i R ERBE AR A, 70 N 81 54 () RV S50 1 I it A2 AR AR R PRI AN o 17
X 35K 53 A8 7 TR AR 5 2R A 1) LS00 IR S M Ay v FRRS BE NS, 3K L, 58 i A
TEAS = I (RS B2 o TR IARSEAINT,  ZRGE - 1% 25 A T BAH ELHRIY , AT R AT LR = RS

HFAEARN IS Z AT A . A2y, BREFIAE, ARHE. . R SR N AR, )
I A AR RO PRSI AR B MR AR o TN A s s A Bt — MR I ) R, R
ZHRE T HEPICH AU KAL THH AL BEIEZ 5, ARk &, PP /KAOKET, DAL
WL, DA IR By Gt b, DUk B A A B 5 e nl (B, 19 2 ELBH I 45 5K (Chung?,
2001; Fortin%s, 1999).

EPIC # A/ Mg AR A6 AP A 77 R 5E i 7 T B4 22 e D F - (Easterling 55, 1998; Easterling
&%, 1997; Rosenberg &5, 1995). ltn, wI LA AR AR M A BK S 58 i PN AR ALK DA V4 7 i
MUK B, AR5 HEK BN ED) s 7K IR S AEC e LS 2 70 WA X 457K 73 b 45 (R AR A 2 R VR 7
[R5 Wi K. Rosenberg (1995) [H EPIC # ARSI S ARASARI AR AL 7 T3 1R 5600 o

EPIC Rl “3S” RS ATERX I KN

EPIC BEHRYA 5T o — AN A, FABRBAE LTt o DI e 338, VR0 ) 45 2
HOZEI— 1o AR RS, AT DRI 300 s A Sy — ke, AR5, & — 1T
PP, d5Jn AT 2, AEIXIRLE . Bil, Tan Al Shibasaki (2003) @it 454 EPIC. GIS Al
IE (Inference Engine) % EPIC #i!4 J 2| [X 3k 2 423K, Priya M Shibasaki 7t EPIC A58 [ 5Ll 1
RT3 A EPIC B, W HI T XS4l . FIH EPIC Y5 GIS AHES & #E47T 1) XA 78 TAEIEIR %
XU SIREAE— e AR EOSHE T EPIC AR BRI — b [ s s BRI, 460 8 T EPIC AR A
O AR EEBAAEAE — S8, FEAHE: HdREar TEREE R B TRAHIERY
JRCETTIA) S (A ELAE LR, PT Ree RORG B P PR A I fUA o BT RFIX LB )8, 90 “EARLEL EPIC
B Sl 1R T APEX (The Agricultural Policy/ Environmental eXtender) F1 SWAT (Soil and
Water Assessment Tool), 43 Jllid FH T/ INATCRT R DX S R VR A AR K ABE UL o S e ABE 28 ) IR AR 473
i R T E T AIE AR R T A A PR )

EPIC B HEAT DX ISUSEADURS 15 52 S5 AN Ectls K TE I 5200 . B DI AT EPIC AR AL SR A
B, TR 2 Hh oK, BE BRI — @ HMERE o« )R FH 8 S A5 R B e e 1 2 H s s
AL TE R —EYE R E AR, O R B R R 0 — N I e TR (1994) FIH
TR A B B0 b T AR ) 568 2 R 5 DR/ B 2 TR PR 22, T o S I ) A 2 5 o 2 s T 7K
BB RE, KRB AMED KU AL T, SEHL XK AR 22 e by 7 Rl
U TARLF IR . Cocu 25N (1999) J&T SAR — S T¥b il & 5215 5 Ve i 15 AT — 2 (R R 3L
KFR, FIH SAR EUGSEIN SO EY) i FE k42 = EPIC BRI [VREE . 18K BPIC MR e 1 5 4k
(04 APEX F1 SWAT) 4545, JEARKMN I — A EK S

I

=

1.4.2 AR R

[ AN H] EPIC MG HE, KA (WFFTth e 3 1 5 i Ik oE, (H2 s 1A
KIFHERE
FIRRS FEPAEN (2003) FEFAFEAR DR A B 7E AR BE 5 26 WUk K52 — W] EPIC A7
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I EPIC FEAR AL 3 TR AR E =1 )y, 43 EPIC BRI B IE )G, 15 I A BIME RN
K, ETSAEMEY). FIRSESEE IE SR R R

TG S NAE BRI T JRAR K . BB B SO R EPIC BRI 8K, # Wiis
¥ah 25 e, SiaBs BRSM 7L (ARC/INFO) 3R TG IR A /N EEF . RIA
BER ARG AN -ERREAE AR B EE.

RN (1997) 7E EPIC B R K 533 8% 5 0 I Bl — 3o 45 G A S 2 800
TIETORAIEY) S E T RL A EPIC REAY vh R B K 433 B FIEYI K 43 R Al R AT R 4e 8 ) 2
FURFRIAE T, by B AR M H AR 7K 23 K i 7 B e SRR AL T 4

FRP A NN T2 1 K b i i AR R B A RE R R (1 75 22, WA EPIC ALK AR
T AR R, RO R . ORE B AN DR, RIS AR A RIS, TR L
5 E BRI .

gi LPTid, EPIC BT [ 5 S50 RANT e g o, vt il 7 /e 2E Kk e, IR E
RGP 7% 18 T H e PR AR AR ™ B (5, BPURG BEAr,  DR el iz S H T4
ZAk . JUILAERAEY) T B ANV RUK AR R o 57 T, EAME T KRS, IS TR
(R o ok & U568 5 A BB R T e St 1A 0 s

1.5 MR B#R. MRABSHARAE

1.51 ®ERBFF

I ARAE o 55 AT IR, LR AN B P IO B, ASCRZEFIR 863
57750 F RNV 55 (7 80000 HI S, 4 /N 327 X P IR IX T 52 EPIC 78]
AT AR A SR A N P RS THHOREIE, RIS BPIC B0 53R R AT £ 1 T T 0
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7KL

ZEI R RAT LT BTURET B K SCHB BT DX, bR 7 55 DU R ALY K R S K, R R 4~380
Ko A AANEKAL, 15~26 MEKZE, SKEE 2~20 Ko Hy R E LS R~ o b &,
KA 2E A LIHCO5CI-CaMg ly .

S

B ELA T BB AR KUK, B 7 R i M M v 2 U X o R SRR A DY 24y
B, BOtRLE, BFTRZN; EFERAZW: EBEAE, YIKIITWHZ: T4 M,
WD KEERTVRZ .

WA B EEUM R E, S TAKER BRI ZFDURAERCh 32, AL T KRR
IR, AR 12.3°C, TREEER RN 556 'C, ARG 190 K4, KT2EF 0°CH
TR A 4713°C, KT2F 10 CHITESIAUE AN 4220°C, ZAEFRIREH & 485.7mm, K2 H IR
IrE61%, FNPHARST N 130.5 T-RAF 7K, 44 H %Oy 2850h, IR RTAFN], 5ok
R VR BE 52em.

B S0 B PR b LA RIS B, O ARdbAT P BR m  AR DX  RAREE, AR
MFEZPFATL RN AEE RGNS IReREr= U S esst, fmRger- . e
PE PUBPESE IO ST, WA SR SO ER TS Koy Z5HCR S AP MIIE . KA A
OX BRSNS I ORI R A S5 e g e #%, 1 1993 A gubiid, CLfr Tt oeit Jy T i
19 TR R () S BERE,  IX LSRR T3 EPIC BLAU ™ NS B2, e SEHERf b
TIARAE D) AR = AL T R

2.2 EPIC #&BIE 1y

20 20 50—60 fEAX, DLSEEAMLFRFUR (USDA-ARS) FRGUIN HE 5K L2 i F s &
(NSERL) A AT R T 5 B —S T IR Bl Fiidik 77 #2 —USLE (Universal Soil Loss
Equation), M AL{EARI TN B4 YR O T A HE T SRR o AR PR A AR R i FH A
FEJER F R EENLLK LR, AGEH] T2 0it,  JLERMEZATE USLE Bt F IR H
RE B, Hrb i — AR L CREAMS B8 (EPIC BT &)

80 AFARIE ANV 7T J5y o T S [ i i (oK B LR 5" (Soil and Water Resources
Conservation Act, RCA) JGTEHATEEL, g b4 K B YR LR BRI T AR PEAL, T2l 2]
LRSI RN S, 1 Williams T Sharpley 4 ¥ ) 22 AMn44 R 5 2 TRTTE CREAMS #
AU EAS BT 1984 SF B IFRT A T EPIC FEAL.

EPICH Y i) 4= FK & Erosion Productivity Impact Calculator ({218l — A== Jy s ma v AR, 5
% A Environmental Policy Integrated Climate (5T IR EEBURBIALD, 20120804 AX 1 i i
LLJ. R. Williams 2y ¥ B v MUT A ORI . 3R HFORTRANGE S 490 S 1M, /£ DOSHEL iz
iTo EPICKRLE —MESIEA, K2—4h HAGKRE, HE7 2R L E2—5.

EPIC BEAY & thK 3. A% TR ERMBIEH . HIHERE . MEYE KBS, fEY S
TR 20t 8 MBI AR, ARV AT H )58 EOR VPN TR o AR
JIsEm, Ja4eid 20 ZAF R, EPIC R V248 i A AV BUSR il B — N0 1 B s SR T R
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o [ L 3 5T WEFUDCRAIBE G A

B T B3R T EARESN, EPIC BEALA Dy — LU RE g AL 1 TR (i at, . A RUR T A
FA A AN AR AR M — Ui R W TR AR i, A nlik
TS A AP AT DR M IR 5 D0, JEFOE & Ik T A 5, DU S Mg e e
RTEHITE

EPIC A8 — AN RUSE (1 B B R, A R R i A A R P UL 1 TR R P 8 ks KL
ANV A A S ARV TT ) bt — B0 . EPIC BERYRENS LUARE T I (] 20 KA, 22 R 7 2
W] TR L il VRIS T it SR S5 50 E 7 S Sl S U AR A VE )
ARy B K B SE A T I BPIC IR RERS B RAR AL . AR5 2800, K WUk, R0 16
o ORZGER . MWEK. W R, 25t i SR ST, RIER S P REAR . K
b 2B PR RS AR R 0T TR .

EPIC # A2 — A ZARYE AR, e n] UHDRARAUR S, Tk, Mide JeZE. 1 H 2,
NEEL KRR (Kb D, LA MR A G R B . BPIC BRI 2Rk A4 B 2R
SRR A TR EAAKESE, P45 35 B Rr 52 (K A2 1 S 40RT 8] 78 B2 5000 0 kA7
ANFERD AR . W) 55 T BRI R X PR B R, AT, WEME. LERHESER
BT SO0, ATREAT B AR R S R A T L, DA R D SRR T
O AR b S5 R 2B T K

FEICE N 5 i, BPIC A5, AL F% 4 1 ) 1 AT AT FE/ 7 AT FORTRAN J5AGHS . HoARSCRY, #8
FE i) A ERBT ST N B3O ISR R ) o BTSN 53R AR Tk 7 I H A ANTR] S XA ], % EPIC
BRI S RO AR A T IR, DLBR ok A A (RSN I, AL oK e Xt A i A T 5
ERTZ N RN 2

FEA EE e
B T
v 4
mEEmER
-3 \
[’ff- Em )
\ HEmiR )
L e 4
. R -
o | B2 7
RELEAKST
&
Hiﬁil | EEELH =T gt R
];&
iR,
A
+HEENE L | EEETIE Ll
BEE
lf‘ﬁ‘fﬁ R

K 2—3 EPIC B R Gk R ]
Figure 2-3 The Construction Figure of EPIC Model
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. B K3 e
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[1yE ek
Ao ﬁ“j@& )
B e —
v BURBIT T Al
HFEE | |
v ISl
N B
v | — Ui
M o )
AT b e
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A
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b

Kl 2—4 EPIC BRIP4 iR ]
Figure 2-4 The Flow Figure for Yield Estimation of EPIC Model
EPIC 84 J& DL R A PRI SN & 1, BN 4-1 R H

TmX + Tmn
HUK:( B kj_nj (41

e Y T Tonk s 25 K RAOBUR . IR B HERT H G, s g °C
BTSN T, (EOE IR (R TIXAREE, fE K, g C

BURFEH(Heat Unit Index) FERRI RO %, JLADY 0, MM intie, S 1, St
AKX, 4-2,

HU, >0
Tb

J

S HU,
|_|U|i — k=

PHU, (4-2)

s UL epomumama, PHU R0 5 T0 1 § MR 37 25 5 (i S
BURIET (HUF) M AR 43 K5, AR UF.
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HUI,

HUI, +exp| ah;, —ah, , * HUI, |
H

HUF =
(4-3)

serp M %2 ey oz, HYN mpumssn.

EPIC MU e Fl A RVBUEL . (412 KRR K0 BT 56 10 ke oS TR S
(LAD, MBS0 BUFE R KB A, 2428 44 41 4-5 B8 LAT (i

LAI = LAI_ +ALAl |

ALAI = (AHUF )(LAL,,)(1-EXP[5.0(LAI, - LAI,, ) ])JREG,

(4-5)
o LAT 2 iAde4, HUF 28U T, REG &/EYIa R 7t ME (. K531
VIREMNE . FEMRE ). N TETRUTAS BRI EKTLOR, LAT 3 SAE ] 2 50 4-6 kit

o

ad;
LAIi:LAId(l_HUI‘]
I-HUL, )

Hrp ad SR TAED) j, LATE PERIIER, Fhr d ARG T LAL T RN 2, A7

FEA AT i S TR SR FH LR 52 B (Beer law) AT BERUAN 6, HHEE A 4-7.

PAR =0.5(RA )[1-exp(0.65 LAI,)] (4-7)

H A PARE A A BUEST, BAALEMI/m?, RASEKPHAREST, P EMI/m®, LALEHARTE4L,
IERAEACE —LEM LR H 0.5 1 T R B K BH 5 S 1o & a5

BRI KA L T DU 2 50 4-8 SRBadil, v AXanh .

ABy; =0.001(BE;)(PAR) .

ot ABo g e KA R, WS T/Ha, BER AR — R, AW A 2K,
o KM Ha* MY, LEFIAEE (VD) Ak CO ok or g,

AR R, ARG KNG« SR . 5 7T . SRS e %
SNE) (0T, BRI AR IS AR 49, WA

AB =(AB, )(REG) (40)

£ EPIC ", {EW) )il 250 4-10 Rt H, & AXnh .
YLD, =(Hl;)(B,, | o)
Hoh YLD &), AL tha, HIERGRIEE, BAG 2 LR E. ERA P
FELERPIRAS T, ORAREON PR I K 0 ZISCERIN i 1) HT S ] (R 34 K2 AR ZevE i, Hoat 54X

4-11,
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HIA = Hlj(iAHUFij

(4-1D
FERHIAZ BB UR IGR RS, HUFH A SE WSO £ AR i B 7

2.3 HEEGIG

PR FEATR GG, BIAHE AT S AU A T S RGBT ELAR . ISR R A 56 7
A S SR A AT R A, RIS R A 2R, RIS 1 ZE R
b 48 SR A48 SR () — B T A b e P L bR — IO B S Se PR R P 2. Ah, X
WA SEBR RS 25 RRERIME, F s AT WA I, BD L SO g AT PR vk (i
S5 1993).

T st AU 5 SRR AR 1) AT A DU 36 B r) 3 Jt A e 1] Dl e Lt i T it R 1) 22 e, (HLAI 0
WA, W PR e, RITINME S SE bRl 22 SRR I5ME,  I WeBEY (RRE s il
W) T7 22, BSRIME 5 S bRl 2 22 P07 SRR848 brdEZe, RTINS 7 20107, I A
U2 PAHEEG BRI 1 sk 2 TOMIE 55 SEBn i 2 22 RO A NTHEL B LASEBRE, [ BRBSIATF SRS i
RHEE,  BUBLUME 5 Sebr (i ok [ 7 R R R S 1 22 GlRFR, 2003).

T o LB 5 SEBRE -5 I 22 B RN B BAR DT, X S8 Tyt 3 FH TR [ 52 2 K/
Wb (FseZ, 1993; Malezieur 2, 1994).

(1) “F¥&EZ (Mean Deviation, MD) 2 F TR 56 (VT 2 —

MD =(3"ERR;)/n,nk FEAKL;
ERR=Y, — X, Y, FIX A B 14K (RIS RH S AE

(2) PTG Z (Mean Prediction Error, MPE) - s AR Fp kg Ay 52 -

MPE =(>"|ERR,| }/n

(3) THM¥J5 % (Mean Square Error of Prediction, MSEP) & FU 5% 1Y [0 KE A P55 580 U I Fn b «
MSEP =(3_(ERR )’ )/n
(4) A2 (Standard Error, SE) HE 5 UYL 5 WA RO 55 S R ) iR 22 «
SE =+ MSEP

(5) B U AR P 2 58 2 RIS 5 2
#ixti%: BRR, =Y, - X,
XTI %: RE=ERR,/X,
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F=F EPICHEERIIEFNRYE L

3.1 BURHEIA
3.1.1  B&EE

DI S 10 AESEIRLI A S B0E (1993 4E—2002 4F) AHh H /SR 5, Bk, 1
G, H RSB0 H SR G A (s 2) I RIEST EPIC AL, tF-8b BPIC B2 f
T B IR BH SR i, AT IR0 R A 8RR S S kv 55 H R PR SHE . A S g (4
R, 19950 45 H T RORBRAR T A S, HARE AT

Q=Q,* 0.130+0.625*% e
Q=Q* 0.205+o.475*% terfs
Q=Q,* 0.105+O.708*% 1k
Q=Q,* 0.344+0.390*% 75k

B 3—1 KFFES AKX
Fig 3-1 The formula for sunshine radiation
s Qo —Fschmari, DA 15 HIH Rk
n—&ER T H N2
N—4 P B HAEKE
®3—1 RALAEN A RE
Table 3-1 the monthly solar radiation
CREA 15 L #2500 1.900, 7 /A2 « 1)
\\%Q\\ 1 2 3 4 5 6 7 8 9 10 11 12
%
20 620 712 806 880 911 916 911 888 834 747 648 595
22 594 691 792 877 917 926 919 889 825 730 624 567

24 567 669 788 874 921 934 926 890 817 712 600 540
26 541 647 764 868 924 941 932 888 806 692 575 512
28 515 626 749 862 926 947 936 886 795 675 550 485
30 488 603 733 855 928 953 940 884 783 654 526 458
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rp R B 2 7 10 3 95— 5 EPICEIRY [ 501k A R BT 73 By
32 460 578 715 847 927 958 942 879 770 631 499 430
34 431 552 697 838 926 962 945 875 756 610 473 400
36 404 527 677 827 924 966 947 870 740 588 445 372
37 390 514 668 821 923 967 947 867 732 576 432 358
38 376 501 658 815 922 968 948 864 725 565 419 344
40 349 478 637 804 918 969 947 856 709 543 393 317
42 320 449 615 791 915 970 946 848 692 519 363 288
44 289 422 592 777 909 969 944 839 673 493 334 260
46 262 396 570 763 903 969 942 829 655 469 307 233
48 235 370 547 747 896 969 939  8I8 635 442 280 207
% 3—2 ISR 1993 4F —2001 SR AERIAE T A BRI . PRI FH 5 5 ol o
Table 3-2 Precipitation. Heat Unit and Radiation data of Luancheng Ecological Experimental
Station
a — The whole year; b — the whole growth stage
F7K C(mm) il (°C) KBHERS (J/mD
AR 511.2 1356.7 6056.94
1993 .

H W 120.6 505.15 3916.09

1994 AE 270.8 1389.75 6050.58

A H 150.9 397.7 3778.79

1995 AE 509.7 1143.8 5899.64

A 138.7 434.9 3437.39

1996 -3 774.4 1227.3 5019.48

A 125.5 440.05 3358.86

1997 AE 272.8 1345.2 5420.25

A H 139.1 477.9 3374.86

1998 -2 300.4 1482.25 5509.48

A 68.6 483.45 3236.25

1999 AE 366.8 1387.84 4923.46

A H 74.8 472.2 3713.86

9000 AE 453.6 1283.2 5764.64

A 100.9 519.84 3548.48

9001 AE 289.8 1379.79 5579.17

'L 153.4 416.45 3484.02

3.1.2  HIEEE

EPICHR Y i K (1 A\ Bt R ik 8 Jm MR Tt R . P
16 NAZ R IA YA L0 — A B e bt HRA R Hlin 15

VUG R KAt 2%

LRI R BRI A (%)

AS e

s

HEPHE . AHRSE (%), CaCOsHE

TR R AU R

Ko

KA 20 DS H KA TR 1Y PR A 1

m%m¢%ﬁ

RS
AYTEBCE G = (I T LS I EPICK RS . AT EEE (m). &2 HIERAE (Ymd).

(%) 4%

HAi R A . AP AR St F AR 2 h I LA (RBEREE, 1978) RIZIR /RS SC
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Rosli S . 3 3—2 RISt oy I HE
33 SRR SR A
Table 3-3 A part of soil data of Luancheng Ecological Experimental Station

(%) (%) (%)

0~10cm 7.5 7.4 1.06 15.1 31.9
10~40cm 7.7 6.7 0.77 12.5 253
40~70cm 7.5 54 0.34 13.1 29.8
70~100cm 7.6 2.9 - 17.6 39.0

3.1.3 HEEBHEEMF-EHRE

EPIC 584 75 SEE A 14 FH A4S PHSH o S SR o 200 RL AR ) 2N 15 L AR ISP ] L AR R 454
% . EPIC B SR vp ] PR S 2 M, bedn: AN B A AN RN o] 38 b 0] e
LML BRELFE AR . XS T EPIC IR, A7 WAl AN IS ) LR TR
B AZNRCE . ASCREGN A () B ok B T2 AR sl o XS Bl A HE R A0 Bl 2
FE. BEMR. WEBEE. WICH. AR, WORIIACR TR, R 3—4 0 2002 fEIRAEASSE
vk F (A PR . 1993 4F —2002 44/ 22 S S HI SR HE AN RAIE EPIC B, 3% 3—5
RIS A 1993 4 —2002 4 SLIA /N E 7

R 3—4 HME S (L)L 2002 060D
Table 3-4 The operation management (take 2002 for example)

PHEH ) BB i i

10 H4 %5 WEBE CREFRHED 60mm
10H6% el

10 H 12 %5 it N AR 70kg/ha
10 H 12 %5 it P E 60kg/ha
3H16 %5 i N AR 150 kg/ha
3H2 % HEWE 60mm
47155 HEBE 60mm
5H10% HEWBE 60mm
6 H12%5 INES

35 RIS 1993 4 —2002 RS AN A
Table 3-5 the observation yield of winter wheat from 1993 — 2002 at luancheng station

Ay SEPFE & (tha)
1993 6.2

1994 6.3

1995 6.4

1996 6.6

1997 7
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1998 7.1
1999 6.9
2000 6.9
2001 6.9
2002 6.9
FEIME 6.72

3.2 EPIC #2 & B35 1iF
321 RS REEEERIEE

IB4T BPIC BT 2L H A 8, B30 H PR PHAR S . HAPF 3 B H P fe IR
P28 RGN PSR R o 0 e U i (R i, EPIC B8 wT LU R fag A K P21 %
AR S H s . ASCHAEHAB AR RSO0 T CHIEEEE . ) B A 5 Bk
), XF EPIC BERIBEU TSl (KR L REAT 7 2087, A& R s

® 3—6 LM HH MBI TG E S TR 0 ek
Table 3-6 the observation yield and the estimation yield with simulation climate data

DRIIE 'S (Col N SV S (Cl

IS =N
i SR W) (vh BUR (vh)
1993 6.2 6.4 54
1994 6.3 7 5.9
1995 6.4 7.1 5.6
1996 6.6 52 5.9
1997 7 6.5 6.5
1998 7.1 6.4 6.2
1999 6.9 6.1 5.6
2000 6.9 7.1 5.7
2001 6.9 7.6 72
2002 6.9 6.9 5.6
P21 6.72 6.63 5.96

MR IRATAT LA Y, EPIC RS ] Sl TG B AR AU H SRR A /N2 7= i Bl A i I S 4l
BOAHA, AHREIE ] G S P A 2 A0 AT Sl AR AT AR ORI 228, XU W AE AR
FATHIFERT IR, EPIC BRI 7RG s, HE— 2D prda i, R e i H R B
Ko N 4 2 B RN BEUITAT TR A N U R S G SRR, AR AU B s 4
Fa I A 20 (107 5 4 R A2 TP R B e AR, ANz P s 22 AR, 3K Ui
BRI TT DL LGB OB K H et B2 SR B S5 B Bl 0T B i ) i (4
FLE SR IR . AT EPIC B A R R S BB B AT 1 — 228 04, 45 EPIC BERLRE
U2 SRR EVNRERE S C/TR
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322 SEIFE

FHZCISE w1993 4F —2002 4 ) SE I 7 5 500 A — LE4E 473 ) Sl 2 /N 22 LAT #edlix) EPIC
BRI TS UE . FES IR SOk IFEARE b, R BT o AR RF 2 B A1 SE [ Texas A&M K
S FZAIHE S EI RS IR . £ 3—7 S T SEEHUEP 3 RS, B9
SHAF S SN B UK 36

®3—7 ZHEHEDE > EEISHL

Table 3-7 A list of some important parameters for parameters calibration

SRR ZH X ZHH
WA RE = — A R T 35.0
HI e R 0.45
B VE A B 3 B 15
TG VEW K S I 0

DMLA B KW A TR TR 2 6.0
DLPI1 TERNIABVEK &S 4001 15.15
DLP2 TEPNIRBUEK & 24 2 45.95
DLAI LAL N BB B #A A K= L 4 0.48
RLAD AR AR R 24 1.0

RDMX I KARIR 2.0

323  ZPEFEEER

35 BT ASEEG vl 1993 4-2002 4 10 4[] S FTBLITLR > F Ao SR 22 . R
AT LAE 10 FEFRISEA 7 2L 10 ARSI BEAIG, PIE 2 2200 0.05t/ha, AHXTIRZE R
-0.74%, S HIFHXT IR ZEAE-5.80%~2.90%Z [A] A2 4k, P ™ & ({45 7 it i 2 (Root Mean Square
Error, RMSE) 4 0.18t/ha, & FSllf= & F3MH (6.72t/ha) 1) 2.68%, X AN 2% [l EK T EPIC
RO M i 2= B2 N (15% ) (Cabelguenne 2%, 1990).

38 PR HRISE I = o) LR

Table 3-8 The relative error between the estimated and actual yields

G SE R (Vha) B (tha)  HXRZE (%)
1993 6.2 6.1 -1.61
1994 6.3 6.2 -1.59
1995 6.4 6.1 -4.69
1996 6.6 6.5 -1.52
1997 7 7.1 1.43
1998 7.1 7.3 2.82
1999 6.9 6.5 -5.80
2000 6.9 6.8 -1.45
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2001 6.9 7 1.45
2002 6.9 7.1 2.90
FEIME 6.72 6.67 -0.74
8 .
T ‘—‘//’/
E6
< y = 1.2948x — 2.0308
+ 5 r 9
~ R® = 0.8433
g 4 |
#3
ol
K
1 [
0
§) 0. 2 6.4 6.6 0.8 7 7.2

S (t/ha)

Bl 3—2 ASEAUL ™ R S e
Fig 3-2 The scatter figure of estimated yields and actual yields
XSS RN S 45 RIEATLNE R4, 45 R WK 3—9 MK 3—10,
R 3—9 [HIAZ 1) ANOVA
Table 3-9 Liner regression’s ANOVA

Sum of Squares df Mean Square F Sig.
Regression 1.536 1 1.536 43.041 .000
Residual 285 8 .032
Total 1.821

Ml LUE Y, [V )34 77 (Regression-Mean Square) 4 1.536, %43 1114 J7 (Residual-Mean
Square) 4.285, F=43.041, P=0.000, Z[H[H5 Ml 22K 120 0.05 (FRE:, w0
BRI R R MG R . MRS (R) h 0918, JUE RE (R®) 4 0.8433,

XA B R A AR AT ¢ A5, g5 Rtk

K 3—10 HLREAEEER t KK
Table 3-10 t test of line’s slope and intercept

Unstandardized Standardized t Sig.
Coefficients Coefficients
B Std. Error Beta

-2.031 1.328 .153 .165

1.295 197 .918 6.561 .000

MEFE LA, FIHREC 1.295, FH004-2.031, [FIHRE t K560 t {4 6.561, P=
0.000<0.05, VEHHRIE R B35 L. FBHELRAEN: y=1.295%x—2.031.
K 38 AAFBRIHAFREE = e R A . IR AT LR, RS 45 IO 22
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RPNy 0.7 Zidi, ARRHRZEEIRTE 5% ~6% 21, WAL Ko X ULWIEPICHL AL R 4
ARSI AN FEAL S AT
311 ANFEEARLFIAS R Al ™ B oK L {E
Table 3-11 the final precision of different model researched by different authors

B YE& BAUAEY) G AFOS 15 72 30 R’
SOYGRO B ) 1999 0.65
ALMANAC [l K INF 2003 0.702

ALMANAC A KN K 1997 +6%
CERES-Wheat RGeS K INF 1998 0.77~0.98
CERES- Tk RN EPN 1997 5.6%
EPIC Cabelguenne %5 K INFE 1990 0.68
EPIC Priya %5 E U SN PN 1999 0.72
EPIC Roloff 2 B SN 1997 0.81
33RHENR

331 RYESHEN

RABEI TN T S aF M BT B S Hl A A S EO T R A mEMEN . A
b, R HTR I R (S SkiFr, Bt E AT

" m)

b P BB HOM R 10 454077 R
R B 2 BRI 10 4547
F A2 F
Fz(lo_lc)/
Sops Vo —semumpunts,

Ve _semgenin R,
st T B, 24 ST| =0 B, S A ot R A TS, 2 ON e B AT )
(R, 4150 0 51 0.5 2 AU, 1 BRI S HA B K, 1T 505 1, SHAEf
o PN e

332 REESHR
RYAEZHRRUE IR L, S350 525 SCRIFWT R B AR EZBE RS2 [E Texas A&M K

L FANVT REUE S SEI R, FEX LS E0T T RBUEST: (EYEEAES
# (WA. HI. DLAI. DMLA. RLAD. RDMX. HMX. TB. PHU). tIEE¥Z% (SALB). <
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o4 A (Tmax. Tmin, PRCP. RAD). A ZANAR A B R B /K 2 SN AT [R] 1) A2 A
JE10%, XFREK, ALY 20% . /3T Ei R ALK 3—12:

312 REEPEHTER
Table 3-12 The table of sensitivity analysis

SR S X Sr(3 ) Sr (P> PIIME
WA et — AR T 0.941 0.939 0.94
HI e 0.992 0.994 0.993
TB R A A o i B e 0.758 1.511 1.1345
DMLA T AE B K AR R AL 0.320 0.368 0.344
DLAI TR SR sl o AN AR 0.450 1.629 1.0395
Hor b
RLAD P A 5 Y 2 —0.169 —0.155 —0.162
HMX I KAEY) = 0 0 0
RDMX R AVEDIRR IR 0 0 0
PHU AR 0.32 8.87 4.595
RAD NUEEE) 0.88 0.58 0.73
TMAX 3¢ e it PBE —1.50 —0.919 —1.2095
PRCP F7K —0.0085 —0.012 —0.01025
TMIN BRI 2 —0.69 —0.582 —0.636
SALB g R 0 0 0

()]
1

w
T

nolal_ o
L

PO R IT O ANIE T TN SR
-1 &Q@Q@»@»@@\@%»&Q QQ\\%W

Sr{f The value of Sr

_2 L
S FR The name of the parameters
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K 3—3sr A
Figure 3-3 The figure of Sr

MR R DU

D SFFEYAERAEZRZ % (WAL HIL. DLAI. DMLA. RLAD. RDMX. HMX. TB) fl PHU
i, &y EpE% PHU. WA, HI. DLAL. DMLA. TB 2 ¥ ({78411 [7] )y 17484k, Hr PHU,
TB. DLAL. WA. HI X}/ & 50k, Sr {H70n4 4.595. 1.1345 1 1.0395, #LUX T PHU
K, 10% (R 2 Sl = B4R 2E 45.95% 224 MR %, [RIFEXT T TB. DLAI. WA. HI K,
10% (iR Z2 S At P B 2R 11.345%. 10.395% + 9.41 % 1 9.93 % 2647 5 22, IX SU 1 ) 2E Ko di
JER PR 2 85 7 A FH () 236 912900 17 7581 . DMLA . RLAD 2523011 Sr 7354 0.344 F1—0.162, H: 10
% iR 2= LA P AR AL 3.44% . F1—1.62% 247 2, X~ B2 Oy A K, nf DUE
BRI A3 5. 16T RDMX. HMX. SALB 2%, nJLAE HH: Sr b 0, B0 HARL X 7 &
WA R, IXLEZHa] DU AR R BRI E

2) SFFRAMASE (TMAX. TMIN. PRCP) i, = mpis AL &5 424k,
S 43 —1.2095. —0.636 F1—0.01025. X T RAD >Kiji, %" &hid RAD A46I [F 7
Ag4K, o Sr % 0.73. T PRCP [ Sr AR/, H 10% R 28 250l 51 & —0.1025 % 1) i
72, JOO PR RS AR N, PR T ORI AR DA 7, AT DA% 8 P 2 Rl > Bt Pk #itls, A
i R 38 b X B [ =2 11 e 8 175 6T Tmax RAD A1 Tmin, 3 Sri&#] 7 —1.2095.0.73 F1—0.636,
DT b B33 ) MR P2 2 5 M 20 e 28 BN 28 SR (0 B — N LR R 3R

34 1B5=01h

1247 EPIC #M T BRI ARS8 . T A () PR 4, (HEXS
TRZHl moR U, FRIOX LA AAE € A, IXmas EPIC BIRLAGHE Aok T €1
BRI AEEda M S e ) ik T DAV S e B st — 28D (10 Bt LA 30 Ak e 3000 et sl ) 1) it
B P N AR 6 oy A (NI DN IR S DA RFS Q7 e N E 8 T PR R RIS B4 QR N
PR A EFEAM A EPIC BREARAAA SHAR ST o AR SO AT S R A Sl K ot 7 R fr) s i gt
17 T R T o

341 WA

X EPIC R i — S8y 85 0 SO S BT B I 2 5, ARSI T 1 DU 70 -
S TG AN TF] ) BT B A (B AD
ST G . g8 HIRA BN B A (B B
B TGREE AN E] R A P i R (B OO
B SEE g0 — WA PR ) B (B D)
XX DU AR AP B RIS P AT T T AR B, SR AR 3R
R 3—13 ARG MR EIE
Table 3-13 the estimation yield with different input data
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gae o BA AR BB MR B C xR B D AR

7AN
o H(tha)  (tha)  Z(%) (tha) (%) (tha) %E(%) (tha) Z(%)
1993 6.2 6.1 -1.61 52 -16.13 6.8 9.68 5.9 -4.84
1994 6.3 6.2 -1.59 5.6 -11.11 7.5 19.05 6.5 3.17
1995 6.4 6.1 -4.69 6.3 -1.56 7.2 12.50 7 9.37
1996 6.6 6.5 -1.52 5.8 -12.12 4.4 -33.33 7 6.06
1997 7 7.1 1.43 7 0.00 6.4 -8.57 6.7 -4.29
1998 7.1 7.3 2.82 8.4 18.31 6.4 -9.86 7.7 8.45
1999 6.9 6.5 -5.80 7.2 435 6.5 -5.80 7.2 4.35
2000 6.9 6.8 -1.45 6.6 -4.35 6.8 -1.45 6.6 -4.35
2001 6.9 7 1.45 7.2 435 7 1.45 7.2 4.35
2002 6.9 7.1 2.90 6.6 -4.35 7.1 2.90 6.6 -4.35
PEME 6.72 6.67 -0.74 6.59 -1.93  6.61 -1.64 6.84 1.79
% 3—14 AFEBT AR &
Table 3-14 the liner regression of different input data
A Model R®  R? (adj) F RMSE
(t/ha)

B A R y=1.295%x—2.031 0.843 0.824 43.041 0.000  0.19
B B B 5 y=2.568*x—10.665 0.773 0.745 27299 0.001  0.47
B C B 5 y=-0.395*%x—9.267 0.022 -0.101 0.178  0.685  0.89
A D B & y=0.974*x+0.296 0.398 0.322 5283  0.051 041

MR DUR

EPICHE Y GBS AR U HIARAL) ZE Ik A2 A8 S0 il A /N 22 KA 5. 10 RT3 77 2L 10 4
SEP-34 77 R MG 0.05t/ha, MXTRZE N 0.74%, SAEIIAHXHR ZE4E —5.8%~2.9% 2 [A] 484k . Fiiill
PRI TR 2 (Root Mean Square Error, RMSE) A 0.18t/ha, 12 SEZ = &1 34{H (6.72t/ha)
(1) 2.68%, XA 2 B EAR T EPICHI ALE & R 225 2 8 (15% ) AR 5 AN Sl = it o 25
Z ARy 0.8433, X Ut B EPICH AL N T A3 M X AT & /N2 7= Bl T T AT

TR 2Bl AR B2 AT EPIC e Bl I DL N, ST T 3z RIS A i A
0L HH () BEEHE X EPIC A58 d ARG FE IR 5 . MBI S5 ARG, Bl B (LR s
S () B ) RS AT IR RS B e v, ABEAUL™ RN S 7 R AR DG R B Yoe REOE B T
0.7734, 10 FHRHL" = A FMEHR 6.59T/Ha, HIXRZEHR-1.93%, XULH] EPIC A EAC LT Hfs
PVEEHE, G E Db SEs AR RO, ATLAE IS TP R okiz 4T EPIC B, (H2
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AR 7 B AR ZEAE-16.13%~18.31% 2 [A] 484k, X i i EPIC A5 7 E FE b A= 4 % S A B

PO S B AIG, XS RIS — AR & /N P RN Al oR T AN 8 R R

X112 PN ) BRI i € RIS D, CBERARRG BEAS s, ZeMERDA I v R 200y
Sk 0.0217 F1°0.3977, X 1 W HH [ A7 BE ST A0 7 50 1) 530 M 2 LU AU Am B 0] 7 B RS2 i 22K, 7 i
AU g 248 (10K 55 52 VL R/ 3 ST FRORS 10 P TR B I AR K

342 iEMESE, Wik BB EERIZNE

1) FEA IS I 22 S 7 ) S )
AN T TR, R ARG T 48— IR IR . e iras R TR
R 3—15 AR AR
Table 3-15 the final estimation yield with different sowing date

S
. g 615 715 815 915 1001 1006 1015 1101
(t/ha) (t/ha) (t/ha) (t/ha) (t/ha) (t/ha) (t/ha) (t/ha) (t/ha)
a
1993 6.2 7.3 7.2 7.9 7.3 6. 4 6.2 6 5.9
1994 6.3 7.3 7.4 8.1 7.2 6.5 6.3 6.1 5.9
1995 6. 4 7.5 7.4 8 7 6.3 6.3 6.1 5.9
1996 6.6 7.9 8.5 7.6 7.1 6.9 6.7 6. 4
1997 7 8.2 8.4 7.8 7.3 7 6.6 6. 4
1998 7.1 7.8 8 9 7.8 7 6.9 6.7 6.6
1999 6.9 7.2 7.3 7.9 7.5 6.7 6.5 6.3 6
2000 6.9 7 7 7.8 7 6. 4 6.2 5.8
2001 6.9 8.1 8.3 8.9 8.1 7.6 7.2 6.7
2002 6.9 7.3 7.3 8.1 7 6.2 6.2 5.9
q;gg 6.72 7.56 7.59 8. 26 7.43 6.75 6.57 6. 35 6. 15
10 r
~ 9 r
(v}
= )
s 87 h__——n=-——=.¢”""‘==:‘:=;<:3\\\ /////”Q§§\\.
— 7 L — .\\.\%
il
o6 r
5
1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
FAy ()
——6J]155 —=—7/15%5 8H15% 915%

—*—10H15 ——10H6%9 —+—10H155 — 11H1%5

Bl 3—4 ANFIRF I AU
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Fig 3-4 the plot map of estimation yield with different sowing date

M EZRAE AT A Y, T A&/NEkid, 3k At HCE 10 A2 )a, s BE R H I
IEIR TR, IR N &N ARG A KB 1K 2 SR PT LB
FEMEIYILE 10 A2 f, P BERER H IR A2 Se sl KGR, X5 SEhRE AT &, XA RE
J& EPIC R rpof A 14 /N A2 KBHU G B AN, 5 2830t — D itk .

2) WS H YIS 7 5 1 54

R 3—16 AR
Table 3-16 the final estimation yield with different harvest time

615 601 630 730 715 515

Fh
(t/ha) (t/ha) (t/ha) (t/ha) (t/ha) (t/ha)

1993 6.20 5.22 6.26 6.25 6.25 1.80
1994 5.74 4.08 5.77 5.76 5.74 1.45
1995 5.77 3.83 6.08 6.07 6.08 1.48
1996 5.15 2.39 6.06 6.03 6.04 1.24
1997 6.46 4.70 6.64 6.62 6.64 1.76
1998 6.53 5.35 6.56 6.56 6.56 1.86
1999 6.69 4.94 6.66 6.65 6.66 1.93
2000 6.26 4.51 6.29 6.27 6.28 1.71
2001 5.76 4.71 5.72 5.71 5.76 1.63
2002 6.98 5.90 6.94 6.92 6.94 2.16

Po& (t/ha)
o~

0 | | | | | | | | |
1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
T4y (V)
—— 6155 =-6H1% 6305 7H30%

—*—T7H15%5 —e—515%

Bl 3—5 ARSI I AR
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Fig 3-5 the plot map of estimation yield with different harvest time

MEZRAPATLUE W, OGRIN TR BRSO, X &Nk, s RBGRINTEL Y 6
Hby, o B el i WSO A e i N F I o IR HA A iR A T AR A,
U R B o DA, FH TR BEARGE R MEf B TR & &N P B AR PR AR R AR

3.5 FR5VE

EPIC B 12 FH SIS G B ST H SR 1R 24 /N2 7 i i A sic il s i ok ik, R a2 /R
S P A3 B (AL B A S e R A IR K 2B, I U A A Al A A AH IR R IS DL R, EPIC
BRI TR, b0, SR I ] A S i S s i) 7 38 () > 45 RN
BT ARG S G g RAREAT, B ARE RO BH A S ks 1 45 210 1 = 1 25 SRR Y P34
GA g P AR, RSN s ZE AR O, XU AR R TT D LGS e ML H B K . H
e SRR A R B, T DK BT A S s PR ASADL 2 B SIS i I« AR SCKE EPIC A5
R SRR AT T — st

EPICHE A 8 1R If M BLAUL R0 A A5 S 00 il A /N2 K AR 5o 10 AR TIP3 7= B 2L 10 4R
SEP-H4 7 B 0.05tha, AHXTRZEN 0.74%, SAFIIAHRHR ZE4E —5.8%~2.9% 2 [A 484 . Tl
FEE I TR 2 (Root Mean Square Error, RMSE) 4 0.18t/ha, X252l &= 441 (6.72t/ha)
(1) 2.68%, XA 2 o [l ZR T EPICH UM & 12 220 2 N (15% ) R0 5 0 S = 1t i 27
Z AR N 0.8433, X HIEPICAS AL W I T 2RI M X HEAT & /N = B Al v 2 T AT

STVEAE A S S (WA, HI. DLAI. DMLA. RLAD. RDMX. HMX. TB) fl PHU
Feiit, & EpE% PHU. WA, HI. DLAI. DMLA. TB %2324k 11 [7 5 484k, b PHU.
TB. DLAL. WA, HI XJ /™ & (1 520 5 K, 3K SERH R AR K AU 1 2 55075 A FH T S 56 S g 45 21
iM%} DMLA. RLAD. RDMX. HMX 55 Z400 /= & P52 AR /N el JL T3, 1X 48] LU i i
RAEE Lk L K AR 2.

T A% ANSH (TMAX. TMIN. PRCP. RAD) Kifi, T PRCP AL N}~ 5 I 50
e/, DR TR AR DR Sl il =, AT LA 2% 18 P o s edl ok St Wk s, DA el 7 b X £l
BT = (ie) . % T Tmax. RAD F1 Tmin, ARS8 AN RIS Bt PR AR A 52
Y M R g SR SR (PR S — N R ER

XK 2 ol i s /24T EPIC Frfg Bl s 00 T, ASSCp i T 3 HIASERL 05 Eicdhs AT
UL FH ()4 BRSO X BPIC A58 g B BERURE L (1 52 . MBS 1) 45 oKk AR, EPIC B AE IS RS
A5 HCHE 1 ST P [V A8 PSR D0, 7 R ABEAUL R RS B v, AL R S0 7 e PR A G SR ) vk
ERBUEET 0.7734, 10 FERH =AM N 6.59T/Ha, AHXIR % H-1.93%, X ik EPIC £
R RER AP AL, A B, D SER H AU B 1S D0 R, o) BL2% 18 T P38k kiz 47 EPIC
RO EE T EERL A R 25 7 -16.13%~ 18.31%2 [ A8 4k, X i Bl] EPIC K7 7 Kubdg
A3 A S (R R B A, X AR X AT I — AR (R AN P B N ok T B AN E R R

Xf Az HIAEHL ) PR S 00, BB RRE E AN s, ek R i v R0 71 0.0217
FT0.3977, I U5 FE R/ S S50 7 ek 1 R ) 2 LU A 5 0t 7 s RS R, P R B B 4 11
A 155 52 FHIAVAE BRSO DRI B2 (R SE M AR K o XSS R 00 Bl s SRR, 2L AT s 55 H )
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FMNE ERHUEMAT EPICEE A {TIES R

T EYReTE RS RMME BB, frih 5 5 BORNBRIE AT 50T, R, Pk
o DI TSR FR R DI R A7 R AR o V) A AR K 2 2 AR T R [ R Y
AR B RT3 DS I I, e 7 2 i ) ROBE Rt B A e L A i e A 5
Py pEinl i, P EUEAT RN LR A AS BN A BB b 25, RIS RE Al pRAS AL AR Y A
IR CPRUWAR I E RV IIE S 40l K/ PR I U e MR (7L INVWIE | SR R K R AR O R e U E AN
PrgaactE BT, AR W16 LHOK P IROLAE) MELURAE s XHHSAR Y e )2 06 61
TR R AR R AR M AR, 2R AR, TRESE D B A R AROK, R
BT — e A s X WRVu B E R S = 8K &R KRR Al SR 2 32 3
DB P R AF A S PEAN R K SO R 55 DR RN AE S AR I Zy o Fi4h, 285
FAERARIC I AP A A (K i A A AR A P VR IR R A BSOS A5 2 L AT M
TR S SE PRS0y s FEAR KRR L L n] A B AR DR A 5 IROXLEAN AL o A SOR R BRI
& H T EPIC B TS e T IR &N ZE At i)l Ak 230 #r o

4.1 HARIKZ

RSCAE A AR B ORI R A2 1, 3 EPIC BURLHEAT TSk, AL AEHS R T KX
BRACN PR . R LB S BCR HT AL, BB A A ) ), M LA
FIRB KB (RS, B AGE (720 EPIC BB s BEROKR IS 1770 BPIC B, XHHid)
SR 7 5 LB B MR TS SRS R S T AT 6 EL AT AR A
FII EPIC U0 o {05 T AN P B T AT
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Figure 4-1 The Flowchart for yield estimation using spatial EPIC model

4.2 KWHE

i TESIIAGRIG X CHEE, #iK. MG RS HE RS, KSR 1B S EdE
JE, SRR EG X A 3 147 AMRIE S (B 4—2)0 EFRHEANREE 5, 0 lid 5% 2003 4E 10 H —
2004 4F 7 HAANE G I HEBE T (R . EBERL . REARETIR) . MEACE . PRer. rRT R RS . B
4—3 JiTAEIREE X R S ) LAI B3R K. % 4—1 K2 - I e s b g i, LBy as
LR, TR EE .
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K 4—2 bk X o s 23 A1 1]

Fig 4-2 the distribution map of observation station in Hebei study area
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13156
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Bl 4—3 ALt X LAT 7341
Fig 4-2 the distribution map of LAI of Hebei study area
R 4—1 K2 B 5 i)
Table 4-1 The development stage of Chengguan town in Anpin county of Hengshui city

= H W I [

A9 2003-10-6
Hh 2003-10-14
7y BEL) 2003-11-2
A 2003-11-28
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R 2004-2-19
paE=g | 2004-3-18
1T 2004-4-3
ZA I 2004-4-18
RS 2004-4-23
JHE 2004-5-1
FLAH 2004-5-24
I 2004-6-7
56 I 2004-6-12
Wk 2004-6-13

4.3 HIBEZELNIETIZ

AHIEGT A A )5l s B8t AN o) S S Bl (R AR 220 2004 F o ST R 47 ANl R
2004 AEA) S . R AR . ) H R A B AORT ) R S DU e AR g0
Pefit, MO txt SCARTEA . H a2 . B AR R BEARHEZE . ) B Kb 22 45 4K
i AN EPIC H5E 8IS AR 1K) — Nt 550 B 4 it P b R 8o 43 2, X s 8l o it T2 =X,
FEAEA) 43 HE % 0.0833 Ji£*0.0833 2. 0 T~ 1S, EPIC By 25 i) -6 S50 ks >k H
bbb Bl A= Bl 7F &I (International Geosphere-Biosphere Programme, IGBP) 14 {5 EL &4t (Data
and Information System, DIS) ek T AR A . Holls MRS B UhtAE, s e h
0.0833*0.0833 Ji&. Sl FH Ve BESC AR A ok B T ARSI 147 A3k Sl Al 18

431 HBE¥E

EPIC #5848 FH — AN B R SR AE 2 R AR B H AR S BOR A U R 58 . TR,
B, BATEBEE BN RSB A RS R . O T RIS NAEIRE RS, Rl
73 LA ST P PR SR 2 T SO ST I P A s PN A A AN i PR Tl R, AR SO0 sy i1
a7 A (B 4—4) 2004 4F A E (K 4—5) . A&EEE. HHRNE. AR A
Y S EHE R KRIGING i 7772059 211 26 25000 5 [ bR 258, JLo0 9%k 0.0833 . 4K
JGTE Arc/Info ', % EPIC BALIT G A MR 240 T sl . HBARIRAE . ) H HRN 4L
HEEK @R AR R EAEZE (K 4—6) . HERARE REEZ . HBRKbrfE2E55)
BEAT R, A AT AR IR X R B o 8 JiE Bl DA txt TR AE A
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Figure 4-2 The distribution map for the meto-stations
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Figure 4-5 The distribution map of month maximum temperature of Hebei study area
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Kl 4—6 b H et B2 ] Fn it 2 204
Figure 4-6 the distribution map for the monthly standard deviation of max. daily temperature of

Hebei study area
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Figure 4-7 the distribution map of sand content of Hebei study area

433 HEEEHIE

EPIC 7Y FH [) 35 BESC AP B R . FRORERE . WEMRI . MEEIE B AR 25 2 0 i 34 g b
IRIRIX 147 ANuli fSEEE . 7E Excel 1, LAY BAL, Xk AR R AN [R] b RO bk 2 8k
ATBMEALBE, It 28 R BRAR AR DA A >EL 16y ) Sy PR ASCH o 5ctl A exe 4 A7 A . BB R0 T
FEE b DXL LS SRR AR — B WAMESE, ASCHE EPIC BN - S 1 Js A /N2 P Al
I, 28T T — BRSO (GR 4—3) FNSE H [A) 5 BE SO TR i 24 AU g S . T8k
I EE ()RS A, AP L T MO AR (B 4—6) X2 R .
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Table 4-2 management practices table
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H I B PR I AR
2003.10.4 TEBE 60mm
2003.10.6 T
2003.10.12 it R 70kg/ha
2003.10.12 it e 2 60kg/ha
2004.3.16 it R 150kg/ha
2004.3.20 HEWBE 60mm
2004.4.15 HEBE 60mm
2004.5.10 HEWBE 60mm
2004.6.12 sk

AR ENEERRECNOEEON
2

REIE R LR i ]

RERERR0OE
ZI2BR8388ARE

R B LR

4—8 T AL RIS DX KB AN A B
Fig. 4-8 the distribution map of sowing and harvest date of Hebei study area
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Figure 4-9 the yield distribution map of winter wheat in Hebei study area

4.4 45
4.4.1 H—HEEEHETEN=S

Ny #EE) EPIC AR ARSI AL 2004 SEA/NAZE H =3 A B o REAUL 7 B (K AR Ak 75 Bl
6.315t/ha—8.4t/ha, V=) 7.13¢ha, B T 9= &) -4 R P=H (6.66t/ha).
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Figure 4-10 the distribution map of estimation yield of winter wheat in Hebei study area
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Figure 4-11 the distribution map of relative error of winter wheat’s yield in Hebei study area
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