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Abstract: The extraction and change analysis of cultivated land covers based on multi- temporal images are
important means to effectively manage and protect cultivated land resources. However, as far as the
classification and extraction of multi-temporal cultivated land covers are concerned, the existing methods have
limitations in the comprehensive expression of spatiotemporal features and the accurate modeling of
spatiotemporal context relations among geographic objects, leading to the poor extraction accuracy of cultivated
land covers. In addition, for the analysis of cultivated land change, the existing methods usually only focus on
the statistical areal change of cultivated land cover based on administrative units, while consideration is seldom
taken into the spatial correlation distribution characteristics of changes in cultivated land covers. Accordingly,
first of all, this paper proposes a multi- temporal spatiotemporal context classification method, which
comprehensively expresses and utilizes the multi-temporal spectral, texture, and spatial features of geographic
objects, and models the contextual relations of features and semantics among geographic objects in both spatial
and temporal dimensions of multi-temporal images, so as to improve the classification accuracy of cultivated
land covers. Then, based on the extracted results of cultivated land covers, spatial statistical method of
Geographic Information System (GIS) is used to analyze the spatial correlation characteristics of cultivated land
changes in regular grids and administrative division units. Finally, Shunyi District of Beijing is taken as the study
area while multi-temporal Sentinel-2 images in 2015-2019 are used as the data sources to conduct verification of
the proposed method. The results show that, compared with the two existing common multi- temporal
classification methods, the proposed method achieves the highest accuracies in the classification of multi-
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temporal cultivated lands. The average user's accuracy and producer's accuracy reach 91.21% and 90.53%,
respectively, while the overall accuracy of all categories is 90.79%, indicating that the proposed method can
accurately extract the multi-temporal cultivated land cover information. Furthermore, according to the analysis
of the spatial distribution characteristics of cultivated land changes, this study found a phenomenon of regional
aggregation of the cultivated land change in Shunyi District from 2015 to 2019, which mainly presents the
characteristics of concentrated reduction. The aggregation reduction phenomena of cultivated land covers in
Zhaoquanying Town, Gaoliying Town, Mulin Town, and Yang Town are especially obvious, indicating that the
problems of cultivated land encroachment and reduction are quite serious in these areas.

Key words: cultivated land; multi-temporal data; spatiotemporal features; spatiotemporal context; conditional
random field; image classification; spatial statistics; change analysis
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Fig. 1 The framework of multi-temporal cultivated land extraction and change analysis based on spatiotemporal context
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Tab.1 Introduction of features used in multi-temporal classification
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25—28 GLCM-Contrast
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Fig. 2 Spatialization of multi-temporal pixels
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Tab. 3 Information of multi-temporal Sentinel-2 data from 2015 to 2019
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Tab. 4 The total number of samples of each class for 5 images from 2015 to 2019
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Fig. 6 Classification results of three methods in 2018 of sub-region A and 2019 of sub-region B
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Tab.5 Average user's and producer's accuracies of each

class in 5 times from 2015 to 2019 (%)
Gy
20 .
NOC PPC o

B 81.27 88.14 91.21

et 80.01 87.96 90.03

e i 80.36 87.32 88.92
Fh e [z 87.19 89.25 90.85
X 88.82 84.16 91.84

EE 89.73 83.58 90.41

TR 96.79 95.06 96.62

i 80.83 87.75 90.53

pi:ih 80.94 87.24 89.72

1] Fih 81.59 88.38 90.98
i [ = 86.93 88.62 91.06
HERRIX 88.95 84.76 91.17

T 88.57 84.19 90.64

PINES 96.02 95.86 96.93

6.13%. X FIA SR E A & IR 2 B 5 ks
JET R, BE T MR b SRR 22 B AR 7 o 2 R

K AR SO i 5 A BRI T Bk 2
RN FAER A 545 R . PRI 2018 12019 4F 1y 45
RIATIRAR T (B 7)o I IX 3 2 35 A A
R ALK, BRHTE 4 X B A I AT AR
Mot B A AR AR AT . REBE L BT AT A, 2018—
2019 4F (1] 5 SL DX A 56 3 A ra b, sl 45y
B J 9 DX an R 2T B HE T 7 9800 BB L AE 2019
A RGO B NX, DA e o AR 1 XS
B S A5 S 5 1T A A A AR S AT

4.2 T EEE ST
421 FEFATHIX KA L 53 Hr

H 2015—2019 4I5S X143 2 45 5 5 )i L
DX AT I DX R 2 i PR e i, a8 T 45 & ARSI B
RS EAHT . 267 R 8 M L IX 4% & b
HARGETH 2R . S AFIR14% S B M 1 AR Bt A ] 270
S SN 5 SR SR Y 70 B P e o= 4 B
AT R MR FEE AR, A7 B b X B AR A /) ke 2 41
A7 TR I ) A5 0 CUN AR MR 2016 4F- 31 2017 4F- T

36 2015—2019 F 5/ EHHE £ 3 Fh o K AU EE (KIS E 70 Kappa 744

Tab. 6 The overall accuracies and Kappa coefficients of five times for three classifications from 2015 to 2019
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Fig. 7 Results of cultivated land covers in 2018 and 2019
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Tab.7 Cultivated land area of towns in Shunyi District from 2015 to 2019 (hm»)
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Fig. 8 Cultivated land area of towns in Shunyi District from 2015 to 2019
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Fig. 9 Change of cultivated land area in Shunyi District
from 2015 to 2019
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Tab. 8 Global Moran's 7 of cultivated land area change rate in Shunyi District from 2015 to 2019
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Fig. 10 Local Z-score distribution of cultivated land area change in Shunyi District from 2015 to 2019
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Fig. 11 LISA distribution of cultivated land area change in Shunyi District from 2015 to 2019
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Fig. 12 Results of cultivated land cover and change in Zhaoquanying town from 2015 to 2016
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