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FE R R S RN &G R T HE VR A DCURUBE o B R 2 . T 4R 67 7 AR UE I 539% ( Ensemble Square Root
Filter, EnSRF) FUkL FBEIL L 1 ( Particle Swarm Optimization, PSO) , DA TH FL$5 %X ( Leaf Area Index, LAI) Fllt F & Sim
(Leaf Nitrogen Accumulation, LNA) F:[REIVE N [RIALARG s A RE BB K AL SR H RIS AHES & P oy T R TBIERERES
IKFEA: KAR A ( RiceGrow ) # A /KRG AE R 5= BN AR . &5 R R W 1430 AR SR M 45 6 )5 , R RiceGrow 15 BRI
IR AR BR AN = B 2 S S el T OCE . Horh LAT LNA A= & 5 S0E R 9 RMSE 23512k 0. 94 0. 47 ¢/m* #1320. 15 kg/
hm? ; RiceGrow #5170 F H:45140) LAT LNA F177 & RMSE 24 1.25 .1.24 ¢/m® 1 516. 83 kg/hm® ; IMij B34 5£ T~ [7] 1k 5 W 451400 LAT,
LNA F=2 ) RMSE 4 1.01.,0.59 ¢/m® F1335.70 kg/hm® , BEAh, T2 50 AR A8 AT X 3ok RRE TR0 25 SR B 4 b 3 i K R 2
FANP= 1 A B 28 AR, A R AR S X = i TR X R 22 4 /NTF 20% o S 3T 508 AN R AL SR AR 25 & 138 Ik 5
TR B B 25 (0 TOUIUDRG 5, DT Sy DX RUBEAVE W A A R R TR T AR S 4%
FK R B ; RiceGrow FETY  HEA ; IR AL ; BB e s

Coupling remotely sensed information with a rice growth model by combining

updating and assimilation strategies

WANG Hang, ZHU Yan, MA Mengli, LI Wenlong,GU Kaijian, CAO Weixing, TIAN Yongchao "
National Engineering and Technology Center for Information Agriculture, Nanjing Agricultural University, Nanjing, Jiangsu 210095, China

Abstract ; Coupling remote sensing ( RS) with a crop growth model can improve the prediction accuracy of crop modeling at
a regional scale. In this paper, a new coupling method was developed based on a combination of the updating and
assimilation strategies. The optimized model was used to estimate rice grain yield at both the field and regional scales.
Firstly, parameterization for regionalization of the integrated RiceGrow model was accomplished with the use of the Particle
Swarm Optimization (PSO) optimization algorithm. Management parameters included sowing date, sowing rate and nitrogen
rate. Then, analyzed values of model variables, leaf area index (LAI) and leaf nitrogen accumulation ( LNA), which
simultaneously served as the assimilation and updating parameters, were calculated based on the Ensemble Square Root
Filter (EnSRF) and used to update the corresponding values simulated by the RiceGrow model. Finally, the growth status
and final yield were simulated by the integrated model. This integrated technique was tested on independent datasets
acquired from three rice field tests in different years for different rice varieties and at different treatments with regards to

nitrogen rates and sowing densities. This was in addition to data obtained from study areas in Yizheng and Rugao counties in
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Jiangsu Province (in central eastern China) , both of which are main production areas of high-quality rice in China. The
test results showed that simulated values based on the integrated model were closer to the measured values than those
simulated directly by the RiceGrow model, which produced RMSE values of 0.94 for LAI, 0.47 g/m’ for LNA and 320. 15
kg/hm’ for grain yield. The compared to RMSE values of 1.25, 1.24 ¢/m’ and 516. 83 kg/hm’ for these respective
parameters based on the RiceGrow model alone, and 1.01, 0.59 g/m” and 335.70 kg/hm’ for the RiceGrow model based
on the assimilation strategy. The newly developed integrated technique also performed well at a regional scale and the
predicted results were consistent with the temporal and spatial distribution of rice growth status and grain yield, with relative
error (RE) values of <20% for both growth parameters and the grain yield. This error may have been due to the limited
simulation ability of the RiceGrow model, or generated during the RS information extraction and the statistical RS estimating
models, all of which need improvement. These results indicated that there are certain non-determinacy factors for the
RiceGrow model when used at the regional scale, such as spatial variability in the soil and management parameters.
However, the integrated technique based on combining RS and the RiceGrow model could reduce this problem. Therefore,
this study provides an important step towards the more routine use of combined RS and crop modeling techniques to improve

our ability to estimate regional rice grain yield predictions.

Key Words: remote sensing; RiceGrow model; integration; assimilation strategy; updating strategy
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PEAR G RER, M B ) T AR IR A X SRR B B TR R e SR A AT S R T AR AL ) | S e R
TSR ARLE A8 R e AR s R

A 23 D S LA R AL AW i A S B AU B A A T b 7 v RS AR S, DI IR 3
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TN PR B TIRE

AR FTF0K T A IR Ab S s — 2 AL SRR 25 A, 1 0 DA R 7 SR s R B 30 L S i A K AR AR R 91, 4R

http ; //www. ecologica. cn



14 4] EMT AT EHRIE] A SRS AR 4 00 AR B S R AR KRR 5 B B 4507

JE 2T HIE A R A 1) SR TR A S0, 0 1R A KRS A AR B 1)) b i A S, DT 4 4 356 () Ak A B
TR AHES B 3 AR G R by DXSURUEE K R A A S ORI ™ i T B8 A AR S 4

1 #R5FHE

1.1 5t

BAETORSRk A T 2 AUKFE AR KGR 1A H RN A 1 ANFGE X, B PR B 22 540, e 4k
B S PR it [) 244 MK 30 vy 7

I 1 F 2009 4 6—10 H AN R A (TLI04 W i K VT8, 32°3'N, 120°35'E) ##47, sl #h
RAEFE 413 45RO RN BAE 7R 2010 4E 6 H 10 H . % 3 MUK, 28512 270 (N3) 360 (N6 ) il
450 (N7 ) kg/hm’ , 53 4 it , 53 52 FENE (30% ) A3 BENE (20% ) ARAENE (25% ) FLRAENE (25% ) 52 P4 &
AbFE 5350k 67.5(D2) Fil 105 ( D3) kg/hm? , A AL 553 51 8 120 kg/hm® P,O5 1190 kg/hm’K, O, {EFEAL
— WA, KIXTEFLA 90 mx90 m=8100 m*, FEHLIX 4L 531, 305 1 s FH T3 T 25 (832 B4R LAL/LNA 2
TR R 56, DA R AT 56 245 (] 3 A (A 5 DX S 81 e

REE 2 T 2010 4F 6—10 AEMR AT AT, X6 5 | e AR5 A ARE A o7 AR 1, J A
2010 4F 6 H 14 H . &3 Mili B, 405124 150 (N1) 240(N2) #1330 (N5) kg/hm? , 43 4 it ], FE3E1E L]
RS 152 A& EALEL, 505108 60 (D1) A1 105( D3 ) kg/hm® . X565 2 i F 144 dE 3% 45 1) 38 B 1) LAL/
LNA SR

W53 72010 4F 6—10 HAES M i AR g0 (fUE TR 4R 81, 119°30'E,32°32'N) ## 47, ks Fihy
R 14, BB, BRI 2010 426 H 20 H, 3% 2 AMEUKFE, 505020 150 (N1) 1300 ( N4 ) kg/hm?,
HAGAEIEIE (50% ) Y EEAE (10% ) AEAENE (20% ) FEAEAE (20% ) ;2 N5 B AL 4358 DA (F74R I A
45 ¢m F115 em) F1 D5 (FTRREE A 25 em F115 em) o /DX AN 6 mx7 m=42 m® | FEHLIX 4%, B4 0 it 1)
510 135 kg/hm® P,05 F1 190 kg/hm® K, O, fEFEAE — kPRt A o U0 3 Fcds A T 35 T b 1 22 JEER 4 1)
LAL/LNA S IR AR50, LA K e JeAst 5[] A ik A 1) LE ff 1 3

WX TLIRE AT, AR VIR 48 H 3l A S S5 sy, v F b 47 32°07 —32°307, A4 120°20'—120°
50" 2206, @ BRI SR IX AR SR 14,4 °C AES H BBETEL 2078. 4 h AEH AT 1057. 1 mm, R
TR R AR, 52TV B NS E GPS ENL A 40 4, T LR AR UTHFIE

TG 1A 2 AR A8 [ s A TR AR DL A0 38 SO T {35 22 ) 8 B TR 4] i B 4D R 0 A0 B0 E | B 3 ik
T A L 6 0 R 2 1 3o SR 114 2 81 e
1.2 R
1.2.1 #EEGERIRIL

PEEUIFST X 2009 4 /K 83K 1511 (2009-08-16 ) i1 (2009-09-06) 3% 11 (2009-10-02) HJ-1A/B 1%
35,2010 4F K REIR T I01(2010-08-13 ) , FhAH# Y] (2010- 09- 21 ) FIF#E2Z 151 (2010-10-05) HJ- IA/B 318 3 =T
WFFEAMT . S5 M HP R T2 R e sl R 2R
1.2.2 Hbri g m &

K HI132[E Analytical Spectral Device ( ASD) A H] 7= i FieldSpec Pro FR 2500 475 H: 2 HF 7 g S 4 Sl
KRR, BERER G B JC S A/ N HEA T BRIV R R 10:00—14:00 00 iof % B 44k 1
B0 R G/l 25° 85 HARH T 2 2 1.0 my AR WLI A0 5 YOG RE , O S48 1 %0
DS T SR o I FS A I A TARME FARA IE . 35 1 AN 2 A I i 5 3 R A5 AR BB ][] 25 1K
B3 TG R 10 d Z24THE 1 YO,

1.2.3 A A BORHRE

GBI H s R (C) L HEAARAE(C) | H B (h) | B BEW & (mm) , N AR Z R 3R E,

TR A LRRE (em) WIRHERERL S (% ) A (g/em’) HEFKE (em’/em®) (JZEWE (em®/
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em’) MAIEKE (em®/em®) SEPREKE (em®/em’®) MATFAKER (mm/d) EYBS & KA VLE (g/ke) (4
A (g/kg) FHBA (mg/kg) SR (mg/kg) A B0HE (mg/kg) ERLHT (mg/kg) %5 3l 1 BF 9T X+ HERCHE 122 A
Te2F oM aias . B B4 07 B B i 3€ [ Trimble 23 7] 75§ GPS Pathfinder 75 GPS $EUHLARER
1.2.4 RFESHGRE

5 TR R M G I 1 [ 20 R AT H TR IRORE o /N DX SR FH R ATLIBURE , Rk 5 R AR K — B K A A
PRAE T RIXARIE R 5 OB, JLH 20 BRIV KRB AR AL . BES IS 25 BEARES, R A LI-3000C
I T RSN I TR, &5 6 PRy T R BE RO B AR AR 5, BEARTE 105 C R AR H 30 min J-7F 80 °C T4t
FIEE, FREE R, R E RRE A2 2R & 8 TARRRE, KX8 5 5 S8 1 m® KHE,
AN I 10 5, BRI 5 AR E A KR - i

I R = A T TR (m® ) /6 i 2R BE RO LA - Hb T FHEE BEEU (R /m)
A EMZR (g/m’)= A RS E(% ) x A0 A B T & (g/m?)

1.3 Bdasarer5H
1.3.1  S250RE UL B S KRR {5 B

K ENVI #4647 TR AR T 37 i 56 40 AN HUT GPS #55H] sS X AR I AT JLAPRE A IE A2 IE
JEHITARIRZE N 0. 48 METT, SR A ENVI 84 19 FLAASH A E #E-4T RS IE . [ o) 5214 AP 14 14 i
TG AL B R A SR 1) Lo 28 45 5 b T VA A A e /K R R T A, P A 5 vl A7 B X&) PRI S AR bk A 7
TR A5 25T X K R el J2 S 59 3R 080
1.3.2  LAI/LNA J2& Jg i s

SR FH L P ) 32 T T G35 A LAT/LNA S AR B A5 31 LAT R LNA A b i a8 Jg i 5 SR A
55 2 FRARASF AR BT TR R AG 5 6 Ny A F () S (R A ST LAL/LNA [ 25 () Sz 8B A0 I 45 380 LAT il LNA {8
(F1),

x1 RESHHELR

Table 1 Calculation formula of agronomic parameters

24 Sk TRIEIEE ] =] A Y =

fes ﬁ&z i %ﬁi}a;ﬁﬁt I ffi_ e R
Agronomic Vegetation Regression R
parameter index model

Hb i DS T RS L LAT DVI(854,760) y=67.433x+0. 1008 0.87

FieldSpec Pro FR A AR R INA(g/m?) RVI(810,560) y=0.859x—1.1596 0.91

PR IERSS T AL B LAT RVI(4,2) y=0.2074x+1.6459 0.72

HJ-1 A/B A AR R INA(g/m?) RVI(4,2) y=0.4508x+2. 2415 0.72

1.4 KA KA (RiceGrow)

ARG R FE & AR oL 0 2 (0 7K RS A K BEAUIB RS ( RiceGrow ) o RiceGrow' ™ i ad fig #r “ L -+
PR 5K A A AR S AR LG R DI R BT E) (PDT) /R0 % 5 /KA kB AR i RURE iy 2t
VAT AR AR AR X AR A IR R A )l M Y 2R MK R AR KRR B
LR FR KRR B R B S IO OB S R A S 6 E @R, DG AR S T AR PR, T
Oy BRI A A | RIS 3R EEST T VR W) R G /K o VA AN SR 53107 (1) S A AL A 24 e At
RURGEARI 1 0o A AL B 0 000 1, ] B O RD TN K R AR K R B B ) Bl 2 A
(E1),

1.5 TR ME RIS 5 IS RiceGrow fliA 1

AT B 5 R SR IS A ZE & (1 2) |, Jeis 1T RiceGrow A i /N R 12 7 i R A Ak 40 1 B 8w i
DA Y B AR A v 7 DX BEAE AT IR D0 A6 2 850000 46 (1 0 4 B P Y {5 A, 208 A7 310 3R O RS 3
2] 5 LTRSS Y A K AE R B ( LAT AT LNA ), R ] EnSRF 5532255 70 A i S8 s 1 5 B RURSEADL Y % 22
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Fig.1 Modular structure of RiceGrow model

A3 % S Vi RS R ) A b 4055 3 LAT 1 LNA B4 B 8 ( BV EEHTE ) 5 E— 25 78 b S 7 (8 A JE At I
UkBEARA TR B T — A0 204G T Y BOUL I BBk 5 | Aok | B 245 31—~ 5 38 S AR B K EBCERF i) 4 %o B 17
A K AR R TH P31 5 SR 5 DAL 500 A Rl Ak SR ms A S [ AL 508 | i it PSO Bk A B S AL A IR AL I 16 2 8K
(FE I/ B R0, 46 b i i eCE: ) (A A AR RS0 41 4230 S (P 1, 4 38 i) ) 2 B A0 S50 81 A ok T4 114 42
Z A Z PV K BE A B ) 46 S EUE A e S8, I FEI A RiceGrow A5 7Y B BT AR 40175 3] B 50 1 XI5,
AR IR bR K G AR A R N R 2 R R R R 2
1.6 fRfbBakkss

FEr AR R A A B R S A AR BB I 3k (EnSRF) P 1258 B AR RE A i 51 19 0 22 43 v R
AN TR A 38 25 40 1, 3 S T PR T ORI Sl U 7 3 i A TR A 25 T 25 ARG T DT IR A A oM vE R A A
fE., Hor MRAERT AR 00 S A AEECR 5017 AR TR PUU(E I a8 Ja S T (L A 5 22 il 1 0 2 I B T
), IEAE IR b T AR A5 300 A5 TR AR DL 3 R B Y R 25 U O 25 L Rk R P OR R R AR
(PSO) 20 AR —AN 1 m AR T2 REATE D 4 R 23 [l v DL — 5 B B R AT, Bk TR I R
% JEAR R BN D7 s B g R P (AR P ) e A D7 S A AR SR AT B CIRES, Rt R
fife) BAS AL, B A S B0E s A S A S AR g gt SR m e
1.7 [ R b RR AR AL S E50R H A5 R 0

ARMFFORE AR B B S E (R R, 36 A e ) A B R fE Ak A A S8k, LAL 1 LNA 2 0
TSR AR A D RIS A A K AR E T AR HARPREL,

j- ﬁ (LAIm,i - LAIm,i)* | i (LNArm,i - LNAm,i)>
i=1 ALAlrn i=1 ALNAm

Horr 7 o ERR SR, N B I T8 A RS IRA% T 5, LATen F1 LN A 43591 4 2835 538 5 (6 - T AR 5 i
R ARG, LAIm 1 LNAm 43991 28 32 B BBOGH I B AR RUASLADL 1y il [ AR SORII e B B i L A A G
2 T I TR ORI B R AR 2

http ; //www. ecologica. cn



4510 A E = 324

SR % W BB KRGS TIEBER B gan Bz

,,,,,,,,,, v,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,#,,,,,,,,,,,,,,,,,,,,,,,

KITAE R L ! i
/. Kk ;
PRI BT A S

\ 4 A

. K 2R A <
S < S LM )
> EnSRFST e e

A

y
HHREK /) BIEK
itk 751 b7

v
K %I 505
A Kt

Ak P58 it

Az

v

VR [ BRI R R |

RAIRE
R R

A\ 4

RASERII | | PSOWE [ maifEii s > BSOS
Az

v B2
KRG AR BlAERSER R <> SNERSEM™ &

v
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Fig.2 Flowchart of coupling remotely sensed information and RiceGrow model based on combination of updating and
assimilation strategies

2 HERE5SH
2.1 EHTERIE
2.1.1 RiceGrow B AIBIHLRE 7 55 i B W DU ABE A4 11 46

AR AR B e S B I AT PR AR KA AU A B ] DA TR T SE R BRI TN, PRIt il 1 fn 2 th 4%
REBRI I AR S8R A RiceGrow BB HEATHLH0L K ABT40L A0 7™ B B 5 g S 7= e E A 7 bR, 5 R o B
TR Y 7= (5 S 7= B () A 24135 22 -3, 61% ,RMSE M 516. 83 kg/hm*( &l 3) , &1 RiceGrow %!
A B FEARAFAER S A SO B0 AT B A SONRS BE v TR 5 i A oY . [RIRS A RS 1 A
3 7 Ry S K A B T T 2 (] 1 JE ORI M TR 1 UG R LA/ LNA W 005 50 o hs B ( 3R2) A R R E

2 LAI/LNA ERIENERE FIRIELE R
Table 2 Validation results of LAI/LNA estimating models

R ZHL PLE ZAL TR 2% RMSE
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