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Fig.1 Location of Study Area and Distribution of
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Tab.1 Genetic Coefficients of Winter Wheat in the

Guanzhong Plain

o N b E
L ZH L o
P1V/d FALYE I R4 46
P1D/% BAEECE 68
P5/(°C-d) THE SR R 500
Gl/g TEAE ) B0 A 56 S22 # A 1) R A 29
G2/mg T AE S T AR AT R i 29
G3/g BRI AR A T bk SRR TR R 2
PHINT/(’C-d) 58 R — R A A BT R R 90

[O8) ~
T T

M

2 3 4 5
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Fig. 2 Scatter Plot Between Simulated LAIs and
Measured LATs
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Fig.3 Changing Trend of VTCI at Different
Sampling Sites in 2017
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Fig.4 Heat Map of Pearson Correlation Coefficients
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Rainfall Amounts at Different Rain—fed
Sampling Sites in 2017
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Fig.5 Changing Trend of LAT at Different Sampling
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Tab.2 Accuracy Evaluation of Assimilated VTCI and
LLAI Based on Different Assimilation Algorithms

i br R? RMSE
EnKF VTCI 0.32 0.16
PF VTCI 0.65 0.12
EnKF LAI 0.45 0.97 m*-m?

2

PF LAI 0.72 0.65m’m *
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Tab.3 Principal Component Contribution Rates of
VTCI and LAI

TTHR F T

eI B 5% /%
- H—FWsr 5915 59.15
WM 30.05 89.20

EnKE VTCT B—EMS 59.50 59.50
WoEMS 3125 90.75

PEVTCT - 61.88 61.88
WEMr 27.68 89.56

AT HH—FMWS 88.50 88.50

E e oY) 9.72 98.22

ENKE LAL H—Fasr 92.26 92.26
E T Y 5.51 97.77

PE LAL F—Far 89.08 89.08
T Y 8.05 97.13

B—dmr 5152 51.52

VTCIH+LAI B EMSy 2774 79.52
W= RS 1165 90.91

H—FMsr 59.43 59.43

EnKF VTCI+LAL S EM4  19.65 79.07
WEEMRS 1213 91.21

H—ERMS 6259 62.59

PF VTCI+LAI W _EMS 1715 80.09
o EMS 1098 90.72
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(A K B, HLIE T P [R) A A8 8 A8 Al 7= 455
Ak RS JEE et o PF [R) Ak 45 SR 76 5 5 RO AN X
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Tab.4 Winter Wheat Yield Estimation Models

Yo

Jahr I 1 470
! AR
= 1547.05V + 3982.71 0.18

VTCI Y(V

)

LAT Y(L)=2219.71L + 3293.02  0.52
VTCI+LAT Y(G)=1937.77G + 3404.26  0.45
EnKF VTCI  Y(Viye) = 1407.92Vy 0 + 3 982.71 0.19

EnKF LAT  Y(Lgup) = 2 161.94L, . + 3313.03 0.53
EnKF VTCIHLAT Y(Gyer) = 2 178.14Gpr + 3 303.70 0.54
PF VTCI Y(Vyp) = 1462.60V, + 3538.15  0.21

PF LAI Y(Lpp) = 2 226.60L,, + 3277.80  0.55

PF VTCI+LAI
TE Y R &N AR 7= (kg/hm?) 5 VL Vi B Vi 43 51 0 256
A VTCL %4 VICI-EnKFE M4 VTCIPE; L, Lyl Lo 43
A LE A LAL LS LAT-EnKF f1%i & LAT-PF; G, Grir Al Gpp
SRR G LA GEnKF M4 GPF

Y(Gpp) = 2 201.01Gp + 3 286.14  0.55
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25 S0 E
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£ 0 B2 5 52 R AL () RMSE A 617.91 kg/hm?,
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1.51% , WL T 254 G-PF My £ 10 87 4 ) 45t 4
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Fig.6  Accuracy Evaluation Results of Estimated Yield
and Actual Yield
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Fig. 7 Estimates of Winter Wheat Yields in the Guanzhong Plain from 2017 to 2020
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Estimation of Winter Wheat Yield Using Assimilated Bi-variables and
PCA-Copula Method

WANG Pengxin' CHEN Chi' ZHANG Yue' ZHANG Shuyu® LIU Junming’

1 College of Information and Electrical Engineering, China Agricultural University, Beijing 100083, China
2 Shaanxi Provincial Meteorological Bureau, Xi'an 710014, China
3 College of LLand Science and Technology, China Agricultural University, Beijing 100193, China

Abstract: Objectives: Accurate, timely and effective monitoring of the growth and yield of winter wheat
over a large area can help optimize the wheat planting structure, adjust the regional layout and ensure the
country’s food security. Therefore, it is very important to further improve the estimation accuracy of winter
wheat yield. Methods: Vegetation temperature condition index (VTCI) and leaf area index (LLAI) at the
main growth period of winter wheat, which were simulated by the CERES (crop environment resource syn-
thesis) ~-Wheat model and retrieved from MODIS (moderate resolution imaging spectroradiometer) data,
were assimilated by using ensemble Kalman filtering (EnKF) algorithm and particle filtering (PF) algorithm.
In addition, the principal component analysis combined with the Copula function was used to develop uni-
variate (VTCI or LAI) and bi-variate (VTCI and LLAT) winter wheat yield estimation models, and the opti-
mal model was selected to estimate winter wheat yields from 2017 to 2020.Results : The experimental re-
sults show that, at the sampling—sites scale, both VTCI and [LAT after assimilated can comprehensively re-
flect the variation characteristics of MODIS observed and model simulated values, and the application of
PF algorithm has a better assimilation effect. At the regional scale, the bivariate yield estimation model de-
veloped by using PF algorithm has the highest accuracy. Compared with the accuracy of the models con-
structed by VTCI and LATI without assimilation, the root mean square error of the optimal assimilation
model is reduced by 56.25 kg/hm?”, and the average relative error is reduced by 1.51%. Conclusions: The
above results indicate that the model can effectively improve the accuracy of winter wheat yield estimation
and has good applicability for large area yield estimation.

Key words: assimilation; PCA-Copula; principal component analysis; leaf area index; vegetation temper-

ature condition index; crop growth model; winter wheat yield estimation
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