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Fig.1 Location map of study area
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05 RS RAE A, B EFERI R T . KBHRTI A |
FHXE T 07 f SRR BIAEAR H AR s s A5 . hah,
T T MCD43A4 7=, RIVRE IE 21 R TR (1) 5 56
¥ (nadir BRDF-adjusted reflectance, NBAR) , %%
[ 5> #2224 500 m.

M Landsat £t F# /34 Chttp:/glovis.usgs.gov/) R
#2007 4£ 7 H 28 H (DOY209) . 8 H 22 H (DOY234) ,
8 J129 H (DOY241) #19 F130 H (DOY273) 4 5t TM5
A%, BUIES 514 118/029. 117/029, 118/029 A1 118/029.

KH MODO9AT1 Eidli #4) 1 ][] 71 28 W0 00 25 i
£, HRBATRMAL =, BFFUI R #%8 MODO09AL
ZEYCRT LT AN BE I 5 % NBAR i O 11 21 K T A
W, ANAFAE DRI P 22 e 5 S (1 b 3 e S 6 1R AR 4L
2B 5 Sk H W MODIS 1%t (B 70) EEHE
KAEWTE 755 2007 4F DOY209. 234 Al 241 &b T™M 8 =
BIE[R] MODO9AL Hdfs— & 4 1 [m) £ B 75 14D i ) > 471 22
UL A4, 2007 4E DOY273 AR A O R A il il
Wk, T PO AR S X o ARVE R A S, TR
NG E A OB /0 50 - FIF MODTRAN K085 IE
AEX 2007 4 DOY209. 234 #1241 [ TM 54450047 K
SIRIE, 1538 T™M sk SO 245 B
2.4 HESNRSITEE

2007+ 2008 1 2009 4 FE K AR, FHRAK
AR ARV X (B 1) A A DGR B M Bk T
W TR T MR S LAT, FF H AR T KB s 3 sz
TEXRE (R 1D o A, FHMR R IE AL T
BT 2007+ 2008 FT 2009 4 3=k K R iR il AR K
FEERAERE (R 2D, FRBE B O I HE FOK SRR R
FEER (K3 .
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Table 1 Measured LAI and yield of maize in typical region
. T AR R AL LAT S B/
A 2
DOY160 DOYl61 DOY166 DOY195  (kg'hm™)
2007 4F 0.088 - - 3.663 5229.03
2008 4F — - 0.263 - 9040.42
2009 4F — 0.316 - - 7897.38

7E: DOY160. DOY161. DOY166 Fl DOY 195 3 il & 7m45 & 43 (19 4 160
161, 166 1 195 K.

x2 WM ERMERRER"E%1T

Table 2 Statistical planting area and yield of maize in Yushu city

4iil-faks [ A/hm? PR/ 77 (kg-hm™®)
2007 4 171733 1085860 6323
2008 4§ 237304 2026520 8540
2009 4 237001 1915860 8084
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Table 3 Kernels number of maize varieties

FK AR HATHUAT (iR A I RKFRLE L
FBHL 958 14~16 40 640
SEE 335 14~16 34 544
Pz 18 16~18 43 774
32D22 16~20 47 940

ST S/ 7V A Il o (= S i i S O i
CERES-Maize A& 7EMTAR 7 (138 H PEFI AT SE0E s Apd i
o KRR THI AR = S R DA/ 22 R H R PR T AR D K
B s AR T ORI FH R0 U R B [ A Al 2
By BRFOFREUE B, FEHRHE CERES-Maize
I o B RERL A OC 1) Rl s % S 40
3 WARAE

2007 2008 112009 4F £ KA KM, HELA 5Tk
RN K2 AR, XHAURIEX (K D 3T T LS4
YEW SRl FH D B A5 RIS BT AN AR i
RIS IR T 2 g & (0 MODIS. TMD , il
T FROK LAL 38 S5 DA oK e 2 3 %6 i 4
TR S o AR SR A, K T /E MODIS 124
T REE B KRR A BRI, R liE & T
I ) P BAELARR 25 [ 3 23R 110 388 S 50 TR AR A 9 1) 7 K o
AT 2007 2008 F1 2009 4F 3 a |8 T K77 A7 4E W 0 22
S, NASCWEFURE AN 7= B ) Fe 0t T XEAF IR At A -

¥ TM. MODIS Fl -+ A FH B A7 s () e e, %)+
HUFIFH 5 MODIS i 2E47 8 hn, Al MODIS 4t H
SEHAEDIBT b7 (I Le . F)FH MODIS %8 2 5l 4E 15 oo Al
Bt RE IR KA Rl AR 2 8] 4 A, 8545 7T
ff) TM SR AI, $2H MODIS 4% 70 A4 76 R (1) R oK
2 S R AT IR, R RN ) 7 5 38 U I B 4

WABEE . R PRI K s A
SN I NS H, K5 CERES-Maize #5575, f5if)
TR R G IR b T8 18 B I 21 1) KA K
B /49 768 22 T3 1) IS SR 9 i 1) R 10 3 ) 28 A A L P T X3k
TR AN, SR R A R AR KA R AT
¥, BT AEEL (leaf area index, LAD BAEMAK
17 CERES-Maize 576 2 [ S 458 SAIL AH#E A, F
FH R A5 B PR AL 45 1) 338 JEOU 0 I ) Tl 2 e S R . i o)
CERES-Maize Hl SAIL #5584 40 UM 73 B i o8 R A
WSH 6 ERAVEW T E Y MODIS {4 T RIEAZ T, F)
FH I 18] 7 271 32 SO I 5 3 R il SCE-UA #7% (shuffled
complex evolution method developed at the University of
Arizona) AR S EL, 15 RISE BT
i, HEMIAHE 2007, 2008 Al 2009 “EHH T K7 5=,
gh A TR R GE B R A e 2 R IEAT IR . Rk
JEah b, JE I AR B (] R A N P R AR A, HE—
SRR I [R) 7 2 2 S8 B S R A 5 v EA AR -
WIRE DT, A AT I T 3 1) 2o B 7 A7 N 7 i B A s [
I RE T I ER .

3.1 MODIS &t i& T RE R £ K IE 2R

BEE TRAEMIIAE K, LALBREI K, HAE oK 2
WA R K, BEJG LAL Sk M. $2H 2007
2008 F1 2009 4F DOY169. 177. 185. 193, 201. 209.
217,225,233, 241 3£ 10 K FHu/EY) % 5511 NBAR (nadir
BRDF-adjusted reflectance ) 15 70 % WAR TG I 200G R 21 41
BB %, THE BRI TR 2L (ratio vegetation index,
RVD) .
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RVI Wit X (1D P
RVI =NIR/R QD)
e NIR ARFRTE KT 2L /M B T 36, R ARGR LG B
RS2
F IS H e H W R AE N FE s, e AR
AL MGG, FE TS RVI AR SIIMS, R
H S-G 3 (Savitzky-Golay) “xf RVI #E4TF-3, 153
B RV I 8] 5 51 A8 4k JiE 26 o 0 6 K AE M0 78 o6 1645 0t (B8R
WARTT) Wiss, WEFH) RV N %8G KK LAT /78
R A T S VR Db ROK A Rt ], S
M2 W — e 7 A NS, Rk, EORVEW B
%ot (8% IG) RVI Nz 7 H R A 24715 3
Ko W R LG T (BRI RVIENIX — L,
TR A K &5 1% 0 (BB 8) « 4483, 2007,
2008 A1 2009 4F £ K7 5 1) MODIS 4 o35 il A
7359, 9756+ 9295 ~; AT £ KAE B ¥ MODIS R A
R ITH sy A 2271, 1135 Al 2402 4 (K 4) . FIH
MODIS 4 fiti 5 () 2007 2008 F1 2009 4F T 2K Fh il [
ARFNGE T 1 AR 2 TR) R AH X158 22 43 A 2.99% 9.56% A1
7.88%, HARZELE 10%LAW, UL T R A SCET
J3 AN R KRR AR T AT
% 4 MODIS iR {5 E M T E K PEmER

Table 4 Estimation of maize planting area using MODIS data in

Yushu city
R SNl % SN st
44y —_MODIS %ot MODIS 1%t mﬁmgﬁﬂﬂ éﬁﬁﬁj}ﬂ oy
%;&E"\ 7 BUhm’ ’Eﬁgm e Am T

2097 7359 153285485 2271 23586.667 176872.152 171733 2.99

2008

9756 202824305 1135 11788.847 214613.152 237304 9.56

9295 193304.750

20129 2402 25014.111 218318.861 237001 7.88

3.2 B EHHEZE
3.2.1 CERES-Maize A#z#&!

CERES-Maize 58 OV [ Al 4 A HE ) v 5 3%
RS, R4 KERBEREIEL K. sh&1. bl
R 5 1 R ORAE A A KA AL, m DU 1= 38K 431
REVH . WiERETMEYEKE S, K
CERES-Maize #5875 B 5 40 ds . I EE . 1EWE
B AN RlOs AR S H

BRI S R B B HOR B AR ST B <. H
B AN H Bk, i R oK S Sk B TR %
il A, KBH 8 SR e S B0 e 4 40 e B 2 QU Y 4
Bl LA U RE R R KR IR ALK
T, RHERAR T o LSRR IA F K SRR S L
BN (AR U343 VR B S R R R R H 35
FRRE 2T AT L AR H YR I A, R R
X KPS L B s AEY) SRS 24005 6 > (R 5D,
T o AR UE T VD

%5 CERES-Maize B F{EMMINEESHIER
Table 5 Information about genetic parameters of maize varieties
in CERES-Maize model
28 P X iEIERen e FAL

AEE R E SR JR 58
A4 v 3 .

P cnmsmmikm krsc 100740 Cd
i i i
JCBUESEL SRR
KT HK (12500
Lh FPOERMSERE il
SEIR (R
IR SR, fRnhae g

Ps BRI KT 8T
i i i
G2 LVSTONGRIE
TETEWER A SR, JREE
G3 HAM N RN RS I B 5~12
PRI S
H - T R R P 2 AL

0.0~0.8 -

600~1000 Cd

560~850 pA

mg-(Hi-d)’!

PHINT 30~80 C-d

¥ CERES-Maize #5584 W FH 2 X 3 REE, 77220 3
HEAT DX A o, R s Ml X ff s AR 3 M o A e
ERIPNEZ (7] e S RN i B AT RN E- €/ I DR
RO M A A A KRR A X R R L T
IR OUT , AN IE TN R R b
RO N, 52l R H A AR, R B AE ) B Rk )
P AR I R 8 ] 5 7E 5 IR ) B P o LU A 4% Tl
TR H B — A 4 A MuE s A ERIZES . T
HTFRLEL T Rz, 8 A bA AL MATRER . 9 H
Ay JEcE, X R KA E N . 1
CERES-Maize B{AIrr, st 2504 i 128 Ko v
ZH (P JBRIIUR S (P2)  HERMRES
5 (P5) FIH M A FRFEES 2 (PHINT) € T KK
AHE N, RERERFRE (G2) FIWEHRRERS
BO(G3) UEmEY P . LL 2007 45 0 BEUE4E, oAb
MHB. A KREESE (P LRBUES
Bo(P2)  BERMEYESEC (PS) R - A] B PE S
5 (PHINT) 53 IAE % H HUE X 8] ]9 33 51 KA 10000 X%,
RGBSR S HCRFE A 618N CERES-Maize f5 8 i
ATAEHL, HIBVE N B SRS AT RAEAS, &
ot S AR, A H S MR T EOK AR N G s A 2
AL 0 PR o 487 2 o K P e KRR B )P 3B R
CERES-Maize B84 b BBk S KFFRLEL (G2) BOHUAH,
g54r 2007 A H TR SE I P RO, ARSI A KA ES
(P CFRMABUR S (P2) . BER RS AL
(P5) Al PHINT HUIX R H e . bk KFFREEL (G2)
] 5 (I 00, AR FOK = A, AR R R T S0 = A
P, UL A S i S AR W A ), TR R S
(G3) BIHUEAE A Z S B B R A

FIH B HEN CERES-Maize #7143 75 Fitlll 2007 2008
12009 FEFK LAT FIy7~ o, PRl 4 H 45 05 1R
UHCHE, VAN AR I I b o 358 45 2 H5OUE 1Y) mT S A B R 0
M, i E K ES8 (PD |« AREEUES
P2y BERIFEESEC (PS) RO RIBRREE S
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(PHINT) HUX[iJhfE. MR 6 nfLLEH, 78R KEKY]
WIS LAT BEE T SE LAL KA Cln
2007 4F DOY 195 4b) HERIRAUN) LAT 55200 LAT LLEEW)
Fo BV, 2007 AERIAL T EARHUE S S IME 2 8] ) AH
WPARZE N 2.13%, BEAUAE S GE v E 2 18] I A 5 22 4
19.06%; 2008 4F ;= AL L5 SEMIE 2 [R] FRAR X 22 A
12.48%, FPUME 5 S vHE - A PIAH R 2208 7.35%; 2009

SEPE AR S S 2 TR PR AR 2524 4.66%, BEU(H
S8 HME 2 I AR ZE 0 6.86% . FH AT L, 20072008
F12009 477 ] CERES-Maize 15 5B FUL ) 7 e B A7 AEAN ]
FEERMRAS IS . BRI, A% N CERES-Maize £
I IE, B2 X IR UF K, CERES-Maize A AR
P S AR R ZE7E 20% AP, 1IEBH T CERES-Maize 14
TRAE AR Hb X P 38 FH o] S

F6 EAREKLAIAM~ERVMNE. KNESHIHEZ LR

Table 6 Comparison among model predictions, field measurements and statistical data of corn growth LATI and yield

LAI FA R/ (kg-hm™®)
gy DOY160 DOY195 DOY166 DOY161 BREE
BRI A BUREERL MRS BUREIEL  JmSEN BUUEL sl iy gy oA
i i i fif fif i L L
2007 0.204 0.088 3.382 3.663 — — — — 5117.60 5229.03 6323.00
2008 — — — — 0.714 0.263 — — 7912.50 9040.42 8540.00
2009 — — — — — — 0.702 0316 7529.70 7897.38 8084.00

¥¥: DOY160. DOY161. DOY166. DOY195 43 B R BRI 160, 161 166+ 195 K.

3.2.2 MR ERAHAER SAIL

SATL AR SV i iy J5z e T 7K SF- 34940 e Aol - T A 5 4
A 43 A3 6 56 2 7 1) ORI S e . BN S
B A FE A B A LA A5 B R a6 O i
RFFEF AR o BHERR UL, i Ae S LAl
DA KU o AT R S5 s B S R A e 2
ST

H 2 43 )l it = AR I v 00 e DA v [ 28 A
P A PEL I TR A o P BRI AT e s g
R AR M T e DL R AT DG AR AL b X AN ] - 32 R
SERIOBFFT R T W s B LA S S A R AR
AR, B L e e e 0 il v E b s i A R I,
TR T K B A o A S Ry R H A LAT %
SAIL #i%! 5 CERES-Maize ! (1) 5 24 &, B AEY A K
R LAT1E 0 SAIL B I NS4z —, &I
T2 AL MODO9AT 52 Bl H 4k it K &

R
3,03 BEHBR T

i T CERES-Maize £5 8 il SATL Bi% f) &5 4 55 /&
LAT, U 53 07 (0 53 15 A2 0 8 2 B K LAl
B IS AL B S B B, L S S A e 2 R 3
FIZEZ R, K3 882 R0 O ) e 7 o 8 280 ) 3 34
U AE

A Jr PR A 2 5 BBURAE 0 BT VSR b, A
RHLT RO R AT 73, KA 4 O BT L
Bevk. FLEERAUT: BB A I 0 MRS
lilie(ab.c.n))  BHAEICH LR I Py 257 R A

m Ko KRN SEURAERL T BT LA S v T8 mx n
PR, s (2) FroR, Hhs—dIRER &SI
KFERL T, B ITRESHZMNE. ¥ig—17 55
A A W BAFE] m DS E OUTPUT, 3REK
OUTPUT H 7, XZFIH BN SEE A B 21
BT, M) “Frifk” HTE S TR

BT EAE R A P i Ak, T A S B SR s
w3 P, BRE—ATRABE A BT 2
) OUTPUT 45 %, 3KHL OUTPUT H 7K, 7EILFR N
“PE” HTE s X T “ARuE” D CREE” 2 R E
T, AR E AR, WS B SR T
H 5 EAR A, B S 400 1 B] e RL 8h JAT A O,
KHSH U MW EMEAKR, WHSH
EE A NTVEPR A E R SO E B AU INIE - g I N . ¢/

CHERFE AL m=10 000,

a b hL n
aZ b2 12 n2
a; b L ny 2)
_am bm lm nm |
a b i n,
a, b, i n,
a, b, i ny (3
a, b, .. i .. n,|

FIH B 7 B Lk 4 5 % CERES-Maize #57) Fl
SAIL BN AT Z HUgUNE 73 4T, 3 21 CERES-Maize £5 74
I RBUBYE S EC PP H L PP 2 15 R0 B U S 40
(P2) , SAIL BIRIMBURIESHECN LAL 20
AN B RS, ] 4 5H T CERES-Maize B! 2K
AKATH (DOY169. DOY185) « 1] (DOY201. DOY
209) FJE (DOY225. DOY241) f LAI. T AKAEKZE
WK LAT FI7= s B H 3 AU o 3 R [7)
thidfirf, LAI 1t CERES-Maize #ARI/SE], FItA
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Table 7 Estimation results of maize yield in Yushu city

. 2007 4F 2008 4F 2009 4
BoRUIEiRL — — - - — —
SR 10t SRR kghm? B FAE/10t S L (kg-hm™®) SR 10t SEH5) 277/ (kg-hm™)

GEHE 108586 6322.96 202652 8539.76 191586 8083.76

FEJRAR A 98646.88 55771.3 172278.58 8027.4 174406.24 7988.6

Bk A 90516.09 5117.6 169812.66 7912.5 164387.55 7529.7

#z8 MiMHERFEMHEEITIRE
Table 8 Relative errors of estimation for maize-yield in Yushu city

P 2007 FAIXTR /% 2008 AT IR 2Z/% 2009 FAHER R ZE/%
TERRAR A 9.15 11.79 14.99 6.00 8.97 1.18
R A 16.64 19.06 16.20 735 14.20 6.85

e A RZE= G S-SV HE S THE < 100%.
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Fig.7 NDVI temporal profiles corresponding to maximum and
minimum maize yield
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Estimation on regional maize yield based on assimilation of remote sensing
data and crop growth model

Jin Hua'an?, Wang Jindi'*, Bo Yanchen?, Chen Guifen?, Xue Huazhu!
(1. State Key Laboratory of Remote Sensing Science, School of Geography, Beijing Normal University, Beijing 100875, China,
2. College of Computer Science and Technology, Jilin Agricultural University, Changchun, 130118, China)

Abstract: In order to apply time-series variation information of reflectance spectrum at direction of crop canopy which
was observed by remote sensing in crop growing stages to estimate the regional corn yield, a practical scheme to
assimilate time-series remote sensing data and the CERES-Maize (crop environment resource synthesis-Maize)growth
model coupled with the canopy reflectance model SAIL(scattering by arbitrarily inclined leaves) through leaf area index
for regional maize yield estimation was addressed based on the time-series MODIS (moderate resolution imaging
spectroradiometer) and high spatial resolution TM observation data. The proposed scheme was applied to Yushu city
located in Northeast China. The spatial distribution of maize per unit yield was determined by applying the SCE-UA
(shuffled complex evolution method developed at the University of Arizona) optimization algorithm to the maize yield
estimation, and the gross maize yield in Yushu city was estimated through per unit yield multiplied by maize planting
area which was extracted using remote sensing data. The results indicated that comparing to the statistical data of maize
yield, the estimation errors of the total maize yield estimation by using remote sensing data assimilation were 9.15%,
14.99% and 8.97% in 2007, 2008 and 2009 respectively. Comparing to those only running the CERES-Maize model, the
errors of the total maize yield estimation by using remote sensing data assimilation decreased by 7.49%, 1.21% and
5.23% in 2007, 2008 and 2009 respectively. The maize yield estimated by MODIS and TM data revealed its spatial
heterogeneity. The expression capability of maize growth condition and yield variation was analyzed using time-series
remote sensing data in this paper. The greater time-series NDVI in the same year was, the higher the maize yield was.
The inter-annual variations of remote sensing observations mirrored the inter-annual variations of maize yield gap by
using the data assimilation method. This scheme for estimating corn yield can provide a reference for regional corn yield
research based on further combining multi-source remote sensing data, reflectance spectrum of crop canopy with crop
growth model.
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