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Abstract: Efficient and accurate rice distribution extraction is crucial for analyzing crop yields and adjusting agricultural
planning and management. Based on Google Earth Engine(GEE) cloud platform, this study uses multi-source data including
multi-temporal Sentinel images,to supervise and classify Panjin City in 2016 through various machine learning algorithms,
and updates the spatial and temporal distribution of rice from 2017 to 2024 through CCDC algorithm. Additionally, it further
explores the dynamic changes of rice in different years. The results show that: (1) The comprehensive use of remote sensing-
terrain features to build a rice extraction model and the time-division feature optimization method effectively improves the
performance and accuracy of the classification model. (2) The tile-based random forest classification method (TB_RF)
demonstrates high accuracy and applicability in rice extraction. The extracted distribution range of rice in Panjin City in
2016 achieves the highest precision, with an Overall Accuracy (OA) of 95.4% and a Kappa coefficient of 0.91. The error
between the calculated rice planting area and the actual area is less than 1%. (3) CCDC algorithm performs well in the long-
time series extraction in Panjin City using Sentinel images. The classification results for 2021 have the lowest accuracy, with
an OA of 95% and a Kappa coefficient of 0.90. The difference between the calculated rice planting area and the actual area
across the years remains below 0.5%. (4) From 2016 to 2024, the distribution range of rice in Panjin City shows no

significant changes, with a slow expansion in area, reflecting an evolution trend characterized by "overall stability, local

kS EEA: 2025-07-09 &= HHA: 2026-06-20

E€WB: TEARKZRHAATHE P EHSR R RS RE G HIBL” (CMA2024ZD02) ; B Bt & 4% BTl 55 9%
(20247001)

FVERBIN: XIREER(2001-), 55, BREAF T A8, BF 98 75 1)  FE 4 I8 BT 78« E-mail: 2023521178@link.tyut.edu.cn
*BI{EZE : Author for correspondence. E-mail : rongpingli@aliyun.com



. 620 - AR A R 224 (H SRR A R

57 %

adjustment and gradual expansion". The findings of this study can provide a scientific reference for the planning, monitoring,

and analysis of rice cultivation development.

Keywords: Remote sensing; rice; classification; Google Earth Engine; CCDC; Sentinel-1/2; time series analysis
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Fig. 1 Location diagram of the study area
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Fig. 2 Distribution map of samples in Panjin City
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Table 1 Number of training and testing samples in various regions from 2016 to 2024

2 P BN PINEN T s Hhith ANBIK S
Land category Paddy  Nonpaddy Waterbody Wasteland Wetland  Plough Impervious surface Sum
NZRAEA L
Number of training samples 617 541 111 79 73 31 247 1158
2016 AFHIEFE A KL
Number of validated 154 136 28 20 18 8 62 290
samples in 2016
2017-2024 4F B IERE AL

Number of validated 340 230 570

samples in 2017-2024
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Table 3 CCDC algorithm parameter settings
e e Ui ZHUH
Parameter name Description Parameter value
breakpointBands AR I B GREEN, RED, NIR, SWIR1, SWIR2, NDVI, MNDWI
tmaskBands = ISR B GREEN, SWIRI
minObservations 5/ S WAL 8
chiSquareProbability RO R IR A B 0.99
minNumOfYearsScaler e/ INVAE 4 T R B 1.33
dateFormat s T 2 1
lambda LASSO Bl RAZ T TIREL 20/10 000
maxlterations LASSO [l e Rk AR AL 25 000
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(Producer” s Accuracy, PA) . Fl F' #& & (User” s
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Fig. 5 Distribution map of rice in Panjin City in 2016
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Table 4 Accuracy of rice classification of four methods in 2016

D1
SVM CART RF TB_RF
Method -
JH PRSI (KA ) User accuracy (Paddy) 0.784 0.959 0.961 0.968
He A B (JKFE) Producer accuracy (Paddy) 0.899 0.899 0.946 0.946
JAKEE Overall accuracy 0.811 0.924 0.95 0.954
Kappa % Kappa coefficient 0.614 0.849 0.9 0.907
F143%( F1_score 0.838 0.928 0.953 0.957
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Table 5 Rice precision verification and area comparison in Panjin in 2016

FHFORTEE ORAR)
User accuracy

(Paddy)

Az RS R ORAE)
Producer accuracy

(Paddy)

SAORS EE
Overall

AEf

Year
accuracy

Kappa 2%
Kappa

FIr80  SEBhRmif/hm?

Actual area

T A /hm?

F1_score Calculated area

coefficient

2016 0.968 0.946 0.954

0.907 0.957 104 557 104 221
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Fig. 6 Distribution map of rice in Panjin City from 2017
to 2020
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Table 6 Rice precision verification and area comparison in Panjin from 2017 to 2024

b i = R -

gy 0 ROIRD - IRIELORED e Kappa ZEC  FIAMK  ShRBUNM® 3 1S9 BYhm?
User accuracy Producer accuracy .

Year Overall accuracy ~ Kappa coefficient F1 score  Actual area Calculated area

(Paddy) (Paddy)
2017 0.977 0.969 0.971 0.941 0.973 104 560 104 440
2018 0.977 0.977 0.975 0.950 0.977 106 592 106 097
2019 0.977 0.984 0.979 0.958 0.981 106 563 106 284
2020 0.940 0.977 0.954 0.907 0.958 108 069 108 282
2021 0.976 0.930 0.950 0.899 0.952 108 356 108 388
2022 0.984 0.969 0.975 0.949 0.977 109 716 109 846
2023 0.977 0.992 0.983 0.966 0.985 109 918 109 886
2024 0.984 0.984 0.983 0.966 0.984 110 883 109 933
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Fig. 7 Comparison of changes in small rice planting areas between adjacent years
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