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Abstract; To validate the feasibility of particle filter assimilation algorithm for crop yield estimation, and
improve accuracy of summer maize yield estimation in the central plain of Hebei Province, the leaf area
index (LAT) and vegetation temperature condition index( VTCI) simulated by the CERES — Maize model
were assimilated with the state variables retrieved from MODIS data. The random forest method was used
for determining the weights of different variables at the growth stages of summer maize. The maize yield
estimation model was established based on the weights of variables and measured yield. The results
showed that no matter at the sampling sites or at regional scale, the assimilated LAI and VTCI were better
able to respond the monitored LAI and VTCI, the assimilated LAI decreased the sharp changing points
which LAls were simulated by CERES — Maize, the assimilated VTCI was in good agreement with those of
both the remotely sensed VTCI and the simulated VTCI, and the assimilated VTCI was a good index for
indicating crop water stress of summer maize. The optimal model was selected for summer maize yield and
estimation accuracy of the year 2015 in the central plain of Hebei Province, normalized root mean square
error (NRMSE) between simulated and observed summer maize yields before and after performing PF
assimilation scheme was decreased from 12.71% to 10.50% , and relative error ( RE) was decreased
from 12.57% to 8. 43% . Therefore, the established yield model based on the assimilated LAI and VTCI
fully integrated the advantages of remote sensing information and crop model, and can be used for
estimating summer maize yield accurately.

Key words: summer maize; crop yield estimation; particle filter; leaf area index; vegetation temperature

condition index; random forest
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Fig. 1 Location of study area and planting area of maize
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Tab.1 Weights of LAI and VTCI at key growth

stages of summer maize

THEH— TATH— 8AHRH— 9 HARH—

W

-

7 Hpa) 8 H 1Ay 9 H A 9 H T4
WL LAT 0.180 6 0.255 4 0.3690 0.1950
4k LAI 0.158 3 0.2659 0.3660 0.209 8
W VICI  0.1914 0.3256 0.3101 0.1729
Fl{k VICI  0.2267 0.274 1 0.246 7 0.2125
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Tab.2 Yield estimation models of maize between weighted LAI and VTCI

S8 7 i A PeSE B R P
LAI Y=9121LAI +1 925 0.3356 <0.001
R VTCI Y= -2985VTCI +8 069 0.1399 0. 087
LAI + VTCI Y =8456LAI -3 894VTCI +4 518 0.5033 <0.001
LAI Y =8756LAI +2 330 0.3381 <0.001
[7l1k VTCI Y= -9777VTCI +10 667 0.2217 <0.01
LAI + VTCI Y =8253LAI -7 974VTCI +6 132 0.6156 <0.001

3.4 fHFHERWIE

Shy 6 TE Ak I ASE AR 8RS B2, 4 ) R R O8I ) £k
XU K5 B 7 Al AR U X6 9T b 48 S R 2015 4R 4%
(X)) M E KRBT (R 3), 45 KR,
FTF AL LATF0 VTCL XS $i oA 7= A I A% R 1) i A
B O Al 0 B2 77 (1 SF- $5 4H X R 25 8. 43% ,RMSE
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VTCL RS HCEL 77 ik 0 452 80 g e A7 B (X)) Al ) 7=
(- 15 A0 Xt iR 2% 8 12.57% , RMSE } 763 kg/hm®,
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Tab.3 Absolute and relative errors of estimated yield
and statistical yield in bi-variables optimal yield model

of study area in 2015

" M=/ Gt MR/ ARSI/
(kg-hm?) (kg-hm ™) (kghm™*) %
oy 7142 6 537 605 9.24
FeE i) 7616 7657 -41 0.51
M 5622 4842 780 16. 10
5k 6251 5683 568 10. 00
JRE Y7 5771 5161 610 11. 80
A X, 6 480 5976 504 8.43
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Fig. 6 Estimated yields of maize in different counties from 2013 to 2018
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