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Abstract

The integration of remote sensing and crop models enables the simulation of crop growth and de-
velopment at a regional scale, which can be applied to regional yield prediction and growth moni-
toring, thereby supporting decision-making and management in tobacco production. This study ex-
plores the application of integrating the WOFOST model with remote sensing in Xuchang, a high-
quality tobacco-producing region in Henan Province. Based on meteorological data, tobacco yield
statistics, measured soil data from 2021 to 2023, and available MODIS data during the crop growth
period, the WOFOST tobacco model was first localized. Using the 2023 MODIS Terra and Aqua LAI
datasets, tobacco planting areas in Xuchang were extracted. Remote sensing data were assimilated
into the WOFOST model using the Ensemble Kalman Filter (EnKF) algorithm, with leaf area index
(LAI) as the intermediate variable, to simulate tobacco growth and development. This approach en-
abled the regional simulation of tobacco growth in Xuchang by integrating remote sensing data with
the crop model. The results show that: (1) the assimilated model is suitable for simulating tobacco
growth and predicting yield in Xuchang, with a coefficient of determination (R?) of 0.988 and an
index of agreement (d) of 0.96, both exceeding 0.9, and an NRMSE of 0.139. The error range is be-
tween 10% and 20%, indicating relatively small and acceptable errors and good simulation perfor-
mance. (2) The number of assimilation iterations directly affects the assimilation performance,
with the optimal number of EnKF assimilation iterations being around 50. (3) By using the Ensem-
ble Kalman Filter algorithm and taking LAI as the linking variable, remote sensing-based yield esti-
mation through the assimilation of remote sensing data and the crop model was achieved. After cal-
ibration, the average model error decreased from 369 kg-hm-2 to 62 kg-hm-2, and the yield estima-
tion accuracy improved from 67.3% to 94.5%, demonstrating that the assimilation of remote sens-
ing data with crop models is an effective method for improving crop yield estimation and prediction
accuracy.
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3.1.1. {E4IHERIRRTE

WOFOST {EVIAR L B X R WdE A7 A 2 (1 AR RIS, DA K% 7= o PO S5 A DGR T B, 5 S X AR A Y
SHCHAT AR MAGR HE . FIA 2021~2023 17 & AR H RIS B AT R, 19 BIRFG 1 B T A LG
WOFOST AL, FFHH 2021~2023 52 K] LA SRR BEATIRE . 2021~2023 4F 3 Q8@ AR
SRR R A AT R AT ST R O KU KFHAR S, X S ARV SO S RO AT B b, AR
FIH EFAST J7iEHHT BURIE S HT[21], HiE FEBURSEOFHTRME, FERIEERESERR T
WOFOST 7 (1 JH - R 77 5 J A K -5 VA 1 719

W R, ¥ SLATB. SPA. TSUMI. TDWI. CVO. FLTB % & N T EKSHRY, RS HFHE
MM EEE, A ER, TURSEETIAHK. FIH 2021~2023 F1F ST S EHE, TH A4
O B S IG R0 E4T WOFOST BRI S BeuE, 7 1 24> WOFOST f= AUk 45 2 B U ME R IE AT J5 2
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Table 1. Calibration results of main WOFOST model parameters
= 1. WOFOST REVEESHRIMELE

SR ZHE L B IE A U G I EELE LA
SLATB0.0 0.0016
SLATB1.0 0.0013
EE A TR 0.0003~0.0042 m¥kg
SLATB1.25 0.0009
SLATB2.0 0.0004
SPA TS R 4R 4 0~100 19 Ha/kg
TSUMI HH P B AR P R AR R 600~2500 2300 °C-d
TSUM2 FEAE B B AT 75 AR 600~2500 1900 °C-d
TDWI WGV &= 0.5~300 90 Kg/ha
CvO AW FAE R 0~1 0.6 Kg/kg
FLTB BEM B R B T4 53 B EL A5 0~1 0.6

3.1.2. R SR

FfL AT WOFOST (WIS B AT RERL =5, IR 2 B UL, ASEH00HE ¥ B T DY Ao O X L g
7R, TG RIEIRIF A AN, AR R DUA B X RIS LB A, AR Sk
WA, HPTAM IR RIGTHEZEO, WA 5 % BE ORI, 8300421
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Figure 1. Comparing the EnKF algorithm after WOFOST model and before assimilation Fig. (a) Experimental site in Xuchang
area; (b) Experimental site in Xiangcheng area; (c) Experimental site in Yuzhou area; (d) Experimental site in Yanling area
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Figure 2. Comparing the EnKF algorithm after WOFOST model and before assimilation Fig; (a) Experimental site in Xuchang
area; (b) Experimental site in Xiangcheng area; (c) Experimental site in Yuzhou area; (d) Experimental site in Yanling area

& 2. £33 EnKF BARIML/E WOFOST RESEMLAIXLLE]; (a) BRENHTRER; (b) BHENKTES; (o &M
FRER; (d) BERARER

1 R HR R BOR SRl AOARSLAUL th 2 AT P B, WTRUE HH, [RIAJ FRL th 22 R 4 22 iy i S 5
I, [FAGJE BRI R 4F, 225d EnKF Sk 2 UGE ARG, S T 18 AR X T WOFOST
BRI, [FAL R BEAT RN, SEBLS 2023 E BRI G IO 22 X . FEIR. BRFR. &
MR an 15 2 s, DY) LADE S KBUHE, AL\ RIES] 1 As, 7ErEREZ L, X
8225 M A DR - B S A

e R A ROR B U AR RSN 2 5, A B0 AE S AR RCR M IR AL ) TWLV ZEAT R <A 7
BRI 2 Ps:

Table 2. Comparison of actual tobacco planting area and yield in Xuchang in 2023 with WOFOST model predictions before

and after EnKF assimilation

5% 2.2023 EFEMEMSEFRMETIRS 2 54213 EnKF EMLETE WOFOST & FMXf L

2023 £ AT AW  PHEOTE) EEBRREAT A  FARTTINRECTHE) RS B E G )

IR 7.33 15.04 7.37 18.33 16.15
M 2.00 4.29 1.60 2.65 3.41
#RIX 1.33 3.00 1.64 4.58 3.73
Bl B 0.33 0.78 0.49 1.89 1.00

N VTAik 5 R At O = 1 IO FE s, X LT T R AT R A R B A R . S5 R R, B
FALAE— @ FE P RARTE 7 ALY (R T 8 77 o [R1 A0 R 7= 5 T () PR 8 R4 R = 85.7%, [k 5 #2 = & 97.9%,
2 B RS RY XoF UL0 HE s (R 400 R A5 BT I 9, NRSME = 0.359 FEAKF] 0.139, [Ffk 5 i 26 BIE 10%~20%,
BTN RZE, NG, Bk R % 4 1 0.935 $2TFE 0.961, BRI S5 SEINE 2 1] B — Btk
ARTGE . TUbFEIE, wTCORBLE = S5 b, 18 B 0 BRI e, R X R )
PR Y BBl BB 75 R AT ME R BRI RS B HE s M RS B () P e T, (R PR 5 e B AL I RO s Btz 4, NI
{1 ) A R Bt o R RO B B IR ZIR R, N IR AR 26 v LU Y, ()4 il 2 2218 1 00 3 TR A
I LA, BEE FAL A8, R s B, St sei RO, R IRESE 20 KA A, RAGRUR
SR eT LA B, TR R4 R EGA E] 50 Yk, BT RLSE A R LRGSR I B FE R R 15 DL IR
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