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Winter Wheat Yield Estimation Based on Assimilated Remote Sensing
Date with Crop Growth Model Using 4DVAR and EnKF

LIU Zhengchun' XU Zhanjun' BI Rutian' WANG Chao> HE Peng' YANG Wude’

(1. College of Resource and Environment, Shanxi Agricultural University, Taigu 030801, China
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Abstract; To improve the precision of crop yield estimation by integrating the remote sensing data into
the crop model, two methods were applied, the four-dimensional variational (4DVAR) and the ensemble
Kalman filter (EnKF) , to assimilate the leaf area index (LAI) and the soil moisture (6) derived from
Sentinel multi-source data with the CERES — Wheat model. The two algorithms were assessed on the
performance of assimilation of LAl and 6 and estimated the yield of winter wheat across three counties
located in the south of Shanxi Province in China. It was found that both assimilation algorithms can
combine the advantages of remote sensing observations and crop model simulations. Compared with the
crop model simulation values, the accuracy of assimilated LAl and 6 were improved. Compared with
EnKF, the 4DVAR algorithm can reduce the RMSEs of the assimilated LAI and 6 by 0. 149 0 m*/m” and
0.009 1 cm’/cm®, respectively. And 4DVAR — LAI could accurately identify the phenological period of
winter wheat according to the remote sensing observations, which was more consistent with the growth and
development of the actual phenological period of winter wheat. Therefore, 4DVAR showed a better
performance in the assimilation of Sentinel multi-source data with CERES — Wheat model. The accuracy
of the yield estimation model based on assimilated LAI and 6 by 4DVAR ( RMSE was 449. 77 kg/hm”,
MRE was 7. 85% ) was higher than the yield accuracy based on simulated values by the CERES — Wheat
model (RMSE was 641. 55 kg/hm”, MRE was 10.23% ). The 4DVAR assimilation algorithm effectively
improved the yield estimation accuracy of winter wheat at a regional scale.

Key words: winter wheat; yield estimation; four-dimensional variation; ensemble Kalman filter;

Sentinel multi-source data; CERES — Wheat model

Wik H . 2021 —02 —24 &R HH. 2021 -03 -20

E£WA . ERESULZTI0H (2018 YFD020040103 )

EFE /. XIER(1986—) , 2, PRI, {42k | 3228 A3 5 i 3 JER S L AE ARl Hp () B 5T, E-mail ; lzcsxau@ 163. com
BIEEE. BWW(1963—) 5B #4% -4 500, FEANF + 5 B35 ARIFFT, E-mail ; biratian@ 163. com



224 K oAk MO ¥

2021 4

0 35

VR A AR M T R 7= T30 X 8 o 657 0 o] A
BEEEREEY ) WIEEY SRR 54
1 3925 DA T P ) A5 B i, VR4 A KA R RS
HEARRIED fE R S RENAE K EE KIEY ™
BRI, 2 YA R S 3 X R A, T
MR IREE 1 S B, T SO AR S HOR B S IX B
7 HIAEAE FRIED 38 e K T BUR BU R (5 B
77 T EA 3, REAE A R0 i /R A 7 [X 38k S 40
ARIBCPRIXE 4 [ A0 >0 Rk, R PR 5080 [ A A
1 B B SRR Al A2 Y A i X E Y A4
FATTHDUAN = e Ak RS B ) Ak AR i TR Ak
P PERE B 1R BE B SRR R L R SE Y
K",

BT, )iz B B B R ARk 32
A 2 25, VIPY4E AR 43 ( Four-dimensional variation,
4DVAR) Ry FE 78 53 AL B F DAAR & R IR 2 08
(Ensemble Kalman filtering, EnKF ) >A 3= %) Jli |7 [7] £k
-8 ADVAR M1 EnKF 5% R4k 7% 545 5L
VEYIRE RIS B A 5508 i X IR Ak P i 1) {3
CL A B G P A (R A SR 1 R R X LU A AT 2

VEA) A5 A0 [6) £k & FH 04 18 U6 4 Landsat 11
MODIS , FCHs [i] 5% 25 [i1] 43 B R A IK . MODIS AL ZS (1]
SPHEEE(0.25 ~ 1 km) IR BB ITH L, 3
MODIS — LAT {5 % 55 WA (i A%, % /F P 458 2 [m] Ak Ak
FEAEE R R A PR Landsat S22 B4 I 18] 43
PR (16 d) , FEA /N AT WIS e A 2 0 00 4 1Y
SRR | %o T A RSO A R B A B BR
PR = BF 18 %1 (GMES ) H %) i 3R WL I T2 &L
Sentinel Z2 YR | PRI HL =5 2 [B) RS (] 233 23 11 ol Ay
VERERI R AL BEARRCE . Hl, EA IS
Sentinel —2 (4 5 VE WY [ 4L 25 5 AT A6 7, IE
HZ B B p AT AR CHET Sentinel
2 U5 V8 B (Sentinel — 1 7 A K 52 1 124 5% 7K
2 Sentinel — 2 %4l X 1 LAIL), #| H 4DVAR #i
EnKF BiFE 3k [ 1k LA #1438 55 K 3 % He 40 A
WA (] 40 B30 32 1 ) fk 4 B8, 5 A TR] AR RS 2 v 19
LAL 1 -4 58 5 7K S0 Al = A8 At 5 IX Y 4
INEE TR,

1 #Rl5F*
1.1 HRXER

WFFE XA T I P M X, A4 ) B sk
BAFEYrH (110°59'33” ~ 111°40'31" E,35°9'38" ~
36°3'14" N) (& 1), A Ja W 7 K itk 2 XU

fige AR [ K BHTE 450 ~ 600 mm 22 JA] | 4F S 2R
H 12 ~14°C , SAETCFEW 160 ~ 190 d, 1% X B AEY)
FIREAR R B AN 5 - KRG, & /NEZ Rl
1L 108 061 hm?, i HFHL A 73. 31% , ZAFFE X
A EERAEY S BFRIX & /NE—T 10 A EA)
&R, T 6 A _EAR,

111°0'E

111°20'E 111°40'E

35°40'N
35°40'N

35°20'N
35°20'N

5°0'N
35°0'N

“ 1°P0'E 111°20'F 111°40'F;

BT RS DX R B B R AR A o3 A1 5]

Fig.1 Geographical location and sampling sites of study area
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Fig.5 Linear regression analysis of 4DVAR — 6, EnKF — 6, simulated soil moisture with measured soil moisture
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map of farmland in 2019 in study area
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