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Abstract Achieving rapid and accurate crop yield estimation on a large regional scale is significant for China’s food security,
crop planting structure adjustment, and import and export trade. Oilseed rape is one such commodity in high demand for both
national and global consumptions. The development of remote sensing technology has brought new innovations to agricultural
yield estimation. Research on oilseed rape in Hubei province sought effective, practical use of limited ground observation data to
estimate its yield in a large area. By combining remote sensing data and meteorological data, changes in leaf area index (ILAT)
during growth and key growth periods are simulated through WOFOST model. The results were used to build a large regional
rape yield estimation algorithm based on GF-1 WFV data. The study found that the comprehensive LLAT of rape bud moss stage
and flowering stage can achieve early, accurate prediction of rape yield. In the bud moss stage, the SR vegetation index showed
the best correlation with LAT whereas in the flowering stage, the visible light atmospheric impedance (VARI,..,) vegetation
index has the best correlation with LLAI. The yield estimation algorithm was then tested in Yangxin county to verify its
effectiveness and robustness. Results show the yield estimation error is <<6% in contrast to the yield data in the statistical
yearbook, indicating that the proposed algorithm has potential usability in large regional scale rape yield estimation.
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Table 1 Study area and weather station locations

W eather station location

N31°6'00",E112°20" 24"

Study area

Zhongxiang

Macheng N31°6'36" ,E115°0" 36"
Jianli N29°30'00”,E112°32" 24"
Jiayu N29°35’24" ,E113°33"00"

Jingzhou N30°12'36" ,E112°5"23"

Yangxin N29°30'36",E115°7"11"

BT M sE g/ X
Fig.1 Ground test plot
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Table 2 GF-1 WFV image information for model construction Table 3 GF-1 WFV image information of Yangxin County for
Coverage area Number of images model validation
Jingzhou 4 Get time Growth period
Macheng 2 2015-01-22 bolting stage
Zhongxiang 2 2015-03-12 flowering stage
Wuxue 2 )
. 2016-02-03 bolting stage
Jiayu 4
2016-03-19 flowering stage
(http://data. cma. cn) , G b B0 9 2 B2 AR 5 b 2018-02-06 bolting stage
(0.0 38 35T R 7 ik 55 4 5 5 M R 5 20190117 bolting stage
Jey {Eﬂjt%\éﬁlf}%?ﬁ% © 2019-04-01 flowering stage
e _ ~ [l = AN N,
FEABETE LAL I LAL-2200C #4756 )2 53 7 4 2020-01-29 bolting stage
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Table 4 Data information of weather station in Jiayu county in the first 30 days of 2017

flowering stage

Minimum Maximum Average air ) ) . Average wind
Year Day 5 5 Sunshine time /h  Rainfall /mm B
temperature /°C temperature /°C pressure /Pa speed /(m-s™ ')
2017 1 5.2 9.8 10152 1.9 0 15
2017 2 6.7 8.6 10158 2.5 3.7 14
2017 3 3.3 6.7 10202 3.2 13.5 13
2017 4 —0.3 3.3 10187 3.6 35.1 16
2017 5 —1.2 1.3 10192 2.3 0 29
2017 6 1.1 2.5 10140 3.2 4. 24
2017 7 —0.7 1.7 10152 2.8 1. 24
2017 8 —0.5 7 10210 3.4 0. 22
2017 9 —2 10.1 10217 4.2 0 22
2017 10 —1.3 10.7 10237 2.2 0 27
2017 11 —1.2 10. 8 10253 2.8 0 20
2017 12 —2 .2 10257 3 0 16
2017 13 0.5 .8 10212 2.6 0 23
2017 14 2 13.8 10165 2 0 28
2017 15 3. 10. 4 10126 1.5 0 23
2017 16 5.8 9 10115 1.7 2.2 25
2017 17 4.9 12 10115 2.1 0 9
2017 18 4 10152 2.6 0 17
2017 19 4.8 10175 1.8 2.8 20
2017 20 5.2 .7 10148 0.7 3.8 25
2017 21 6.1 .4 10130 2.1 12.1 15
2017 22 3.7 12.5 10122 2.8 0 27
2017 23 3.9 8.5 10139 4 26
2017 24 2.2 4 10146 4.3 4 27
2017 25 —1.8 2.2 10177 4.8 14 17
2017 26 —2.5 —0.9 10232 3.7 3.4 23
2017 27 —2.8 —0.8 10185 3.6 11.5 18
2017 28 —3.8 —1.3 10225 2.9 0.8 23
2017 29 —5.6 1.2 10248 1.6 0 32
2017 30 —5.4 2.8 10215 2. 0 28
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Table 5 Coefficient of determination R* and standard error (SE) of estimated yield of rapeseed ILAI in the four growing periods

Index Seedling stage Bolting stage Flowering stage Pod stage Bolting stage+flowering stage
R’ 0.21 0.70 0.59 0.84 0.72
SE /(kg-hm %) 764 475 561 352 424
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Table 6 Vegetation index used in study

Vegetation

- dex Formula
NDVI (st 0ma)/ (Prix + Ont)
VARL,., (Open et )/ ( Pseen + 0r)
MSAVI  [2Rux+ 1 — J(2Rux + 17 — 8( Ry — Ro) 1/2

p,ed)/(l + ok + 2.4 X {o,ed)
SR ONIR /{Orcd

EVI2 2.5 % (i —

TSR B AR R, O ELAE Y R 6 B A SR DR B T
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Table 7 Vegetation index and LAT

Inversion model Vegetation index Decisive factor R* Period
NDVI y = —2.10762" + 4. 6991x + 1. 4882 0. 7498 bolting stage
VARL, y =3.6302x + 2. 9215 0.6917 bolting stage
MSAVI y = 2.8876x + 1. 3787 0.746 bolting stage
EVI y= —1.01042" + 2. 99262 + 1. 4482 0.7602 bolting stage
SR y = —0.2229z" + 1. 7857z + 0. 1191 0. 8209 bolting stage
NDVI y =5.36122" — 4. 5728x + 4. 3207 0.1384 flowering stage
VAR, y = —61.405x" + 19. 333z + 2. 7307 0.7708 flowering stage
MSAVI y = 14.3422” — 18. 852z + 9. 5592 0.154 flowering stage
EVI vy = 0.7645z + 2. 6508 0.1282 flowering stage
SR y = —0.0384x” + 0. 5389z + 2. 0373 0. 1508 flowering stage

114°45'0"E 115°00"E 115°15'0"E 115°30'0"E
N @ ®)

05 10 20 30 40
L —— s legend

29°15'0"N 29°30'0"N  29°45'0"N  30°00"N  30°15'0"N 30°30'0"N

rape @ artificial building
m farmland B water [ woodland

3 20194 GF-1 WEV SR BB H ¥ 70 K458 . (a) 20194 4 A BHBT & GF-1 WEV 2485 (b) 3 T & 7 B 5% 22 M 4% 1) GF-1
WEV 24 ¥y 7 4521
Fig. 3 Classification results of GF-1 WFV image in Yangxin county in 2019. (a) GF-1 WFV image of Yangxin county in April 2019;

(b) classification results of GF-1 WFV images based on pyramidal bottleneck residual network
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Table 8 Comparison of rapeseed yield estimated results and statistical yearbook

Year Illustrateq Classiﬁcatic/)n [llustrated Forecast Error rate total
data /km’ data /km’ output /t output /t output /%

2015 16. 82 17. 36 32393 34142.53 5.4

2016 16. 44 15. 67 33372 31420.02 —5.8

2018 15 15. 48 35397 36037. 11 1.7

2019 17.66 18.16 37086 36064. 74 2.7

2020 18.3 17.67 39622 41210. 17 4.0
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Comparison of rape extraction results and statistical
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