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Abstract: [Objective] This paper analyzed the advantages and disadvantages of current crop yield estimation methods and
proposed a novel hybrid yield estimation model which combines statistical yield estimation and yield estimation methods. [Method ]
The model consists of three parts, trend yield estimate (Y7), remote sensing correction yield (Ys) and random error. The trend yield
estimation was firstly calculated by using the polynomial regression method based on a long time series data of historical yield and
then corrected by ARIMA model, which was set up by using the bias between the trend yield estimates and the historical yields. After
that, a multiple linear regression model was set up to further reduce the estimation errors by using the bias between the trend yield
estimates (Y7) and the reference yields as dependent variable and NDVI in critical growth period of crop as independent variables. In
order to verify the feasibility and accuracy of the new hybrid estimation model, this paper estimated the yield of winter wheat in
Beijing in 2015 based on three HJ Imagery obtained in winter wheat growing season, winter wheat yield of 30 sampling fields in

2015, and a nearly 30 years time series data of winter wheat yield (1985-2014) of Beijing. The estimation results from the hybrid
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yield estimation model was then compared with the true yield (2015 statistic winter wheat yield). [Result] The accuracy of winter
wheat yield by using novel hybrid yield estimation model was 98.7% at city level and above 90% at country level. Except
Fangshan(90.3%), the relative accuracy of yield estimation at the other countries was above 95%. The accuracy of winter wheat yield
by using traditional trend yield model in Beijing was 94.75%, but the accuracy by using traditional trend yield model at country level
was low, especially was lower 80% in Fangshan. ARIMA model was used for improving the accuracy of the traditional trend yield
model. The accuracy of winter wheat yield improved in average by introducing the ARIMA model. For the remote sensing correction
model established in this paper, using three remote sensing images for improving the accuracy was better, and this method improved
the accuracy of winter wheat yield by 3.55%, especially the accuracy had a significant ascension in Fangshan and Pinggu.

[ Conclusion] The accuracy of winter wheat yield by using the novel hybrid estimation model is good at city level and county level.

The model considers the change of time and spatial and can be used in crop yield estimation.

Key words: yield estimation model; winter wheat; ARIMA model; NDVI
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Table 1 The data of yield estimation applications
LICEEAS Kt ik ] G &
Data name Data time Resolution Purpose
HEE ARG 2015-04-22 30m  3KfFZIFHH NDVI Get multi-phase NDVI
HJ imagery 2015-05-07
2015-05-19
K NZERRETH ARSI The raster map of winter wheat area 2015 10m 3RS /NEZFMETEM Get the range of winter wheat area
SRR 2015 — AN R RS S
The yield data of sampling field Calculate the yield of sampling yield and build model
Ty XEZHF=HdE Yield data at city and country levels 1985-2014 —  EEER Build model
i KGR HE Yield data at city and country levels 2015 —  RAEEIRURSEE Verify model accuracy

AR K X BATBOL S —

Administrative boundary of Beijing (include city and country)

—  WHRIXALE Location of study area
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Table 2 The traditional trend model of winter wheat yield in

Beijing
Hiy X TG AR R
Region Traditional trend model (Yc¢)
Jestili Ye=0.0487X° - 292.2X % + 584934X - 4E+08  0.8838%*
Beijing
IFIEIX Yc=0.0971X"° - 582.95X > + 1E+06X - SE+08  0.688**
Haidian
St x Ye=0.0566X" - 339.95X 2 + 680278X - SE+08  0.7492%*
Fangshan
TN X Ye=0.0675X > - 405.39X % + 811361.X - SE+08  0.8762%*
Tongzhou
PFX Ye=0.0553X" - 332.32X % + 665846X - 4E+08  0.891%*
Huairou
IS X Ye=0.0584X" - 350.57X % + 701417X - SE+08  0.7571%*
Shunyi
KX Yo =0.048X " - 288.5X 2 + 577696X - 4E+08 0.8779**
Daxing
B PIX Ye=0.0678X" - 407.07X % + 815061.X - SE+08  0.8469%*
Changping
FHrll Ye=0.0328X" - 196.84X 2 + 394352X - 3E+08  0.6443%*
Miyun
PARIX Ye=0.0484X° - 290.55X > + 581791X - 4E+08  0.7558%*
Pinggu
FaKX Yo =-0.7881X > + 3149X - 3E+06 0.7144%*
Fengtai
IR X Ye=-0.8462X 2 + 3382.8X - 3E+06 0.8343**
Chaoyang

#EER P<0.01 ZEF I (B RBREERE, RF>0.463 WL
REEMEAKCE 0.01 () W R

**means a significant difference at P<0.01 (by checking student-t test table,
R*>0.463 stands for passing the significance test at the 0.01 level)
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HgGertir R ST DU L) ARIMA i
T, WAL AIC HENR, SRR 2SR 3 PR

T3 ARINA ZIERE S
Table 3 The parameters of ARIMA correction model

X Region p d q

Jb3 417 Beijing 2 0 0
J51liX. Fangshan 4 2 1
J X Tongzhou 0 0 0
JIi SCIX. Shunyi 2 2 1
ESF-[X Changping 6 0 0
K¥[X Daxing 0 0 0
P4 X Pinggu 1 2 1
M ZX Huairou 2 2 1
# 2 B Miyun 8 1 5
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Table 4 The estimated values of winter wheat yield by different estimation models

HiIX Region 1* 2% 3* 4% 5% 6* 7* 8* 9% 10*
Jb5{Ti Beijing 5.3568 5.6378 0.9475 -0.1027 5.5351 0.9667 -0.2432 5.2919 0.0649 0.9879
IFUEX Haidian 5.0973 5.2162 0.9767 — 5.2162 0.9767 — 5.2162 0.1189 0.9767
S5 1LX Fangshan 4.8323 5.8813 0.7829 -0.2681 5.6131 0.8384 -0.3137 5.2994 0.4672 0.9033
1 JH[X Tongzhou 6.1304 6.3359 0.9665 0.0060 6.3419 0.9655 -0.1961 6.1458 0.0155 0.9974
= Miyun 4.2048 4.5472 0.9186 0.0669 4.6141 0.9027 -0.3544 4.2597 0.0549 0.9869
A X Pinggu 4.8644 5.6155 0.8456 -0.1833 5.4322 0.8833 -0.4487 4.9834 0.1191 0.9755
KXIX Daxing 5.1090 5.5772 0.9084 -0.0323 5.5448 0.9147 -0.4121 5.1327 0.0237 0.9954
E*f[X Changping 4.0850 4.2028 0.9711 -0.1061 4.0967 0.9971 0.0496 4.1463 0.0614 0.9850
JIi XX Shunyi 5.5596 6.0121 0.9186 -0.1500 5.8621 0.9456 -0.0535 5.8086 0.2490 0.9552
M FIX Huairou 4.2200 4.4198 0.9527 -0.3828 4.0369 0.9566 0.3758 4.4127 0.1927 0.9543

1* EL9{H True value(thm?); 2% fL45E %7 Traditional trend yield (Y, thm?); 3% L% k5 Accuracy of traditional trend yield; 4% ARIMA
KRS IEMH Corrected value by ARIMA model (Y, thm?); 5% #4385 Trend yield (Y, thm?); 6* JAIFAP RS Accuracy of trend yield; 7% B
f&1F #.7** Remote sensing correction yield (¥, thm?); 8* JE& L HZ T #27 Estimation yield by the hybrid yield estimation model (¥, thm?); 9% i
Bl PR B PSR 2235 Yield error of the hybrid yield estimation model (U, thm?); 10* JRE& i HKS B Accuracy of the hybrid yield estimation model
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Fig.2 A contrastive study of relative error
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