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Identification of Multi-year Distribution Information of Winter Wheat
Based on Correlation Transfer of Multi-phenological Feature Indices

WU Xifang' HUA Shihao' ZHANG Sha® GU Lingxiao' MA Chunyan' LI Changchun'
(1. School of Surveying and Mapping and Land Information Engineering, Henan Polytechnic University, Jiaozuo 454003, China
2. School of Geographic Sciences, Hebei Normal University, Shijiazhuang 050024, China)

Abstract; In remote sensing crop identification, the quality of sample data significantly influences the
accuracy of identification. However, collecting sample data for multiple years in large regions is a
laborious task. To reduce the workload of annual sample collection and improve crop identification
efficiency, a sample transfer strategy was proposed based on multi-phenological feature indices. Utilizing
the winter wheat distribution map of Jiaozuo City in 2019, high-quality sample data for 2020 and 2021
were generated by the correlation of multi-phenological feature index time series curves. Then the random
forest machine learning method was employed to achieve automatic and efficient identification of winter
wheat in Jiaozuo City for 2020 and 2021. The results indicated that by employing the proposed sample
migration strategy to obtain the sample data, the overall accuracy of winter wheat identification in both
years exceeded 94% when the correlation reached 0.001 at the significance level. Additionally, the
Kappa coefficient was above 0. 91. The coefficient of determination (R*) between the identified area and
the statistical area for each county ( city) reached 0.957, with root mean square error ( RMSE) of

20. 16 km®. This demonstrated the effectiveness and precision of the proposed method in winter wheat
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identification. Compared with the method of transferring correlation based on single vegetation index time
series curves, the overall accuracy of the method in 2020 and 2021 was improved by 1.32 percentage
points and 2. 27 percentage points, respectively. The Kappa coefficients were increased by 0. 022 and
0.037, respectively, and the R* between the identified areas and the statistical areas of each county was
increased by 0.026 over the two years, the RMSE was decreased by 20.1%.
applying this transfer strategy to Xinxiang City and Hebi City, the overall accuracy of winter wheat

Furthermore, when

identification exceeded 92% , and the R’ between the identified areas and the statistical areas was 0. 92.
The research result demonstrated that the proposed sample transfer strategy performed well across both
time and space, providing insights and technical support for rapidly and accurately obtaining long-term
crop distribution information in large regions.

Key words: winter wheat; distribution information identification; Sentinel — 2; time series; transfer

learning ; multi-phenological feature indices
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Fig.3 Winter wheat distribution map in Jiaozuo City in 2019
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Tab.2 Winter wheat identified area, statistical area,
absolute error and relative error for each county ( city)

in Jiaozuo of reference year

WX geitimB/km® ARG/ km®  AE/km? RE/%
i 2 B 135.0 116.5 18.5 13.7
M 222.8 195.2 27.6 12. 4
rR= 219.8 239.8 20.0 9.1
P 378. 8 399. 6 20.8 5.5
Bt B 151.8 163.8 12.0 7.9
W B T 230. 6 250.5 19.9 8.6
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Fig.4 Fitting curves for identified area and statistical area of

winter wheat in each county (city) of Jiaozuo in reference year
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£3 FRERBET 2020,2021 £ £ /NERJREE
Tab.3 Identification accuracy of winter wheat in 2020

and 2021 under different thresholds

ARy r ARG B/ % Kappa %
0.93 ~1 94. 48 0.9145
2020 0.84 ~0.93 94. 45 0.9132
0.79 ~0. 84 95.02 0.918 3
0.93 ~1 95. 86 0.9343
2021 0.84 ~0.93 95.85 0.9327
0.79 ~0. 84 96. 12 0.9391
£4 FTEBEET 20202021 ££NERFNER.

SITERRIRE
Tab.4 Identification area, statistical area and error of

winter wheat in 2020 and 2021 under different thresholds
Eneanil

WU T AE/

A5y r RE/%
B/km?  F/km? km?

0.93~1 1518.1 26. 4 1.8

2020 0.84~0.93 1518.2  1491.7 26.5 1.8
0.79 ~0.84 1534.7 43.0 2.9
0.93~1 1498.8 1.3 0.1

2021 0.84~0.93 1504.2  1500.1 4.1 0.3
0.79 ~0.84 1528.5 28.4 1.9
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Tab.S5 Absolute error and relative error of winter wheat
identification for each county (city) in Jiaozuo in 2020

and 2021 under different thresholds

. 0.93<sr<1 0.84<r<0.93 0.79<r<0.84
L HIX
AE/km? RE/% AFE/km®> RE/% AE/km?> RE/%
MR 236 17.5 18.2 13.4 18.5 13.7
TN 120 5.6 4.5 2.1 4.6 2.1
i 29.0 13.1 48.4 21.8 48.4 21.8
2020
RBBE 132 3.4 228 5.8 235 6.0
BEE 1229 87 21.6 145 20.5 13.8
WM 26.1  11.4  21.7 9.5 21.1 9.2
WZH 226 16.8 231 17.1 21.9 16.2
M O15.6 7.2 11.9 5.5 9.2 4.2
i E 30.7  13.9 39.6 17.8 42.7 19.2
2021
REBE 2.0 0.5 7.3 1.8 11.4 2.8
BRE 17.1  11.5 16.9 11.4 17.9 12.0
WM™ 13.7 6.0 25.2  10.9 26.7 11.6
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LA AT B —HE B4R £ (ND V) £ 5% 1 U050 25
B, Z YRR TR ECE R W U 25 R AL, 2 4R
() S K B 43 i 4 FH 1.32.2.27 4~ A 43 45, Kappa
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Fitting curves of identified winter wheat area and statistical winter wheat area for each

county (city) of Jiaozuo in 2020 and 2021 under different thresholds
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Tab.6 Overall accuracy and Kappa coefficient of winter
wheat identification of Jiaozuo City in 2020 and 2021

under different conditions

AR AR TRAL SRS R/ % Kappa F %L
H— RS B 93.13 0.8929
2020
EAYRCERNERA 94. 45 0.914 5
HL— 46 5L 93.58 0.8977
2021
L Y5 FRAE 45 50 95. 85 0.9343

x7T AEZGTEETLESNESHTERRINER
REMIRE
Tab.7 Statistical area, identification area and error
of winter wheat in Jiaozuo City under

different conditions

N U T BN AE/ RE/
AR Ei R
F1/km? F1/km? km? %
B — PR AL 1401.5 90.2 6.1
2020 1491.7
LY ERRIEE S 1518.0 26.3 1.8
B — YR B 1359.3 140.8 9.4
2021 o 1500. 1
YA ETE AL 1498.7 1.4 0.1

e S B RAE S dr b, e BRI 2 Bh AR 7
HEPR RS R ()2 Fr&/hEm A, IF 5 gt
XS (R 8 7)o & 8 il L, 3 T Z Y iy
AL BOE A B9 FE AR T 2 4R 25 B () PR 1 AL 4
THI B S 33 28 % 1R 22 5 S XA X iR 22 il
18.2 km® 9. 6% , Al 4 T #0 — il 4 46 BOT B R 5 43
S 3.2 km® (1 ASE Sy, BB Al WL, R H £
Py o 5 A i BT #8453 B A9 00 AR S S8 T T AR Y
R H1 8 T o — A B 4 B8R & 0. 026, RMSE Ui 2>
20.1%

T AR ST RS B AS BT TR R 2
Py o RS AR 95 T 215 2 A9 2457 2020 ,2021 4E 4/
22 o3 A1 T 5 R AR R 2 AR 2 e B R AR 1 AT A
$2 fit 19 2020 2021 47 [E 25 A] 23 B R 10m & /N A
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Tab.8 Winter wheat identified area, statistical area,
absolute error and relative error for each county ( city)
in Jiaozuo under different conditions
41t B —FH B G B £ W5 AE 45 KX
ARy WX WBY RSN AE/ RE/ RSIET AE/  RE/
km®> F/km® km®> % F/km® km® %

iz H 135.0 102.4 32.6 24.1 111.4 23.6 17.5
T 214.1 182.1 32.0 14.9 202.1 12.0 5.6
mAE 221.5 2359 14.4 6.5 250.5 29.0 13.1
2020 pFE 389.3 375.5 13.8 3.5 402.5 13.2 3.4
B H 148.2 153.5 5.3 3.6 161.1 12.9 8.7
IDPHTT 228.0 241.1 13.1 5.7 254.1 26.1 11.4
iz 134.4 100.4 34.0 25.3 111.8 22.6 16.8
#@MT 216.1 178.7 37.4 17.3 200.5 15.6 7.2
B 221.6 238.2 16.6 7.5 252.3 30.7 13.9
2021 ®pFE 401.7 356.6 45.1 11.2 399.7 2.0 0.5
Bt 148.2 155.8 7.6 5.1 165.3 17.1 11.5
IGPHT 229.1 224.4 4.7 2.1 242.8 13.7 6.0
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Fig.7 Fitting curves of identified winter wheat area
and statistical winter wheat area for each county of

Jiaozuo under different conditions
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Fig.8 Winter wheat distribution map and slope map in Jiaozuo City from 2019 to 2021
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Tab.9 Overall accuracy and Kappa coefficient of winter

wheat identification in Xinxiang City and Hebi City

i [X AN B/ % Kappa R4
E A 93.43 0.902 8
o BE T 92.98 0.9012
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Tab.10 Identification of winter wheat area, statistical
winter wheat area and error in Xinxiang City and

Hebi City

WX R BEA/km? G5 L/ km? AE/km? RE/%

Be 3876.1 3858.3 17.8 0.5
1 BE T 957.6 897. 4 60. 2 6.7

Fx11 #FHom BETEE(T)LENZRIER,
Gt ER . EIREMBIIRE
Tab.11 Winter wheat identified area, statistical area,
absolute error and relative error for each county ( city)

in Xinxiang City and Hebi City

X PR/ km? o E A /km® AE/km? RE/%

P 201.5 206. 6 5.1 2.5
Mewn B 294. 4 267.3 27. 1 10. 1
JEC P B 664. 1 711.4 47.3 6.6
JUE £ 599.9 553.7 46.2 8.3
E = 769. 3 654. 4 114.9 17.6
[ $5 T 515.8 560.0 44.2 7.9
TAE T 325.5 327.1 1.6 0.5
=) 444.7 486. 5 41.8 8.6
wa 664. 4 554.2 110.2 19.9
B 183.5 205.5 22.0 10.7
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Fig. 10 Winter wheat distribution maps in Xinxiang City and Hebi City in 2019
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