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Abstract ; The coal mining areas in the Lower Yellow River Basin are mostly high water table mining areas. Coal min-
ing leads to surface subsidence and serious water accumulation. At the same time , there are problems such as the con-
tinuous decline of a cultivated land area and ecological imbalance ,which seriously affect the sustainable utilization of
resources , and social and economic construction. In the key period of ecological protection and food security, it is ur-
gent to reveal the dynamic change law of cultivated land resources and solve the problem of land resources utilization
and protection in coal mining subsidence areas. In this study, Jining mining area in the “coal grain” composite area in
the Lower Yellow River Basin is taken as the research object. Based on the probability integral method ,the subsidence
land expansion and land resource damage in Jining mining area from 2019 to 2030 are predicted. Combined with the
Morphological Spatial Pattern Analysis (MSPA) ,1 pixel and 2 pixel width thresholds were selected ,the patch impor-
tance index (/,,;) was used to extract the large and concentrated core areas of cultivated land in the study area under
different thresholds. Finally,the dynamic evolutionary process of cultivated land fragmentation caused by collapse dam-
age in the core area of cultivated land from 2018 to 2030 was quantitatively analyzed by the integral index of connec-
tivity (1,,.). The results show that:(D the coal mining subsidence area in Jining City will continue to expand from
2018 to 2030. By 2030, the coal mining subsidence area is predicted to be 50 613. 52 hm’ , and the cultivated land are-
a of damaged land is 32 603. 65 hm”, and Dongtan coal mine is the most seriously damaged cultivated land. 2 In MS-
PA analysis, the threshold setting of edge width will lead to significant changes in the number of patches and internal
connectivity , and the fragmentation of small cultivated land caused by collapse is obvious at 1 pixel threshold. @) In the
next 10 years, the coal mining sub-sidence in Jining city will cause the continuous decrease of cultivated land area,and
the important core area of cultivated land will gradually fade away. The cultivated land in the mining area will be frag-
mented and scattered ,and the small-scale change of cultivated land area in the coal mining area will lead to the de-
crease of cultivated land connectivity in large areas around. @) Different coal mining areas have different resource oc-
currence , production and utilization status, which leads to obvious differences in the fragmentation characteristics of
cultivated land in different coal mines. The average I, value of cultivated land in Daizhuang Shengjian coal mine and
Beixulou coal mine decreases by 0. 65 and 0. 64 respectively. The average [, value of Gaozhuang coal mine ,Henghe
coal mine, Jining No. 2 coal mine, Sanhekou coal mine and Yangzhuang coal mine decreases by 0. 58,0. 55,0. 55,
0.51 and 0. 51 respectively,which indicate that the cultivated land connectivity in the mining area decreases signifi-
cantly and the degree of fragmentation increases in the next 10 years. In general , the reduction of cultivated land in the
subsidence areas has reduced the connectivity of cultivated land in the city to a certain extent. Therefore ,in the future
land reclamation work ,the coal mining areas need to strengthen the intensity of cultivated land reclamation to reduce
the negative impact on agricultural production.

Key words: Yellow River Basin;coal mining subsidence area;cultivated land fragmentation ; morphology ; spatial pat-

tern analysis; Jining city
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Fig. 1 DEM image of the study area and land use status map in 2018
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Table 3 Prediction of mining subsidence damage in Jining City from 2019 to 2030
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Table 4 Statistics of land types damaged by coal mining subsidence in Jining City from 2019 to 2030
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Fig. 5 Distribution of MSPA types in the core area of cultivated land with different edge widths in 2018—2030
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Fig. 8 Importance distribution of cultivated land core areas with different edge width in 2018—2030
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Fig. 9 Importance distribution of cultivated land core areas with different edge width in 2018—2030
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Table 6 Statistics of the graded area of connectivity of the core area of cultivated land in 2018—2030
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Table 7 Changes of cultivated land connectivity and area statistics of coal mines in 2018—2030

2018 4F 2019 4 2025 4F 2030 4F 2018—2030 4

e Py Hb Ty B st i T Bt i Ty Bt S 1y
Iyc 8 H/hm? Iyc B /hm? Ine fH F/hm? Iyc B B/hm? ERta

PRS- 0.92 2719. 96 0.92 2 719. 68 0.92 2719. 68 0.92 2719. 68 0

WA 0.87 161.47 0.87 161. 47 0.87 161.47 0. 87 161. 47 0

WA B 0.79 99. 32 0.79 99. 32 0.79 99. 32 0.79 99. 32 0
RS 0.99 732.79 0.98 731. 69 0.98 731. 69 0.98 731. 69 -0.01
SRR 0.98 715. 66 0.98 714.36 0.97 714.36 0.97 714.36 -0.01
SCREMET 0.99 2 464.28 0.98 2412. 82 0.97 2381.83 0.97 2 369.25 -0.02
ey 0.96 2 916. 96 0.94 2 891. 85 0.94 2 891. 85 0.94 2 891. 85 -0.02
HERY 0.94 1327.36 0.90 870. 81 0.90 866. 67 0.90 866. 67 -0. 04
KA 0.92 1 473. 68 0.88 1214.83 0.88 1214.83 0.88 1214.83 -0.04
uipen 0.92 4510.94 0.88 4 244,27 0. 87 4048.25 0. 87 3 885.53 -0.05
B 0. 89 2 312.55 0. 86 2212.86 0. 86 2212.86 0. 84 2192.85 -0.05
VT - 0.99 3101.22 0.93 2 044. 56 0.93 2 044. 56 0.93 2 044. 56 -0. 06
LI 0.95 1274.70 0.88 1161.75 0. 88 1161.75 0. 88 1161.75 -0.07
piAGre20n 0.72 633.33 0.65 632. 09 0.65 632. 09 0.65 632. 09 -0.07
BRI 0.99 4842.03 0.91 4701. 82 0.91 4701. 82 0.91 4701. 82 -0.08
ERTIPSRT 0.84 545.39 0.82 401. 05 0.76 272.36 0.76 272.36 -0.08
REHERLE 0. 89 1155.85 0. 86 1018.15 0. 84 831.72 0. 80 752.26 -0.09
g 0.92 6 842.35 0. 88 6 015. 58 0.83 5 956. 00 0.83 5 956.00 -0.09
AR 0. 40 821.55 0.37 540. 82 0.32 486. 64 0.30 420.92 -0.10
HEFERY 0.34 154. 62 0.24 78.58 0.24 78.58 0.24 78.45 -0.10
T 0.95 477.57 0.95 399. 82 0. 87 283. 38 0.83 200. 67 -0.12
HH I 0.89 441. 46 0.77 275.74 0.77 275.74 0.77 275.74 -0.12
SRR 0.99 1 440.72 0. 86 992. 18 0. 86 977.18 0.86 977.13 -0.13
FH A 0.97 3 140. 37 0.91 2 708. 65 0. 88 2 299. 33 0. 84 2082.13 -0.13
By 0.99 1 605. 15 0. 87 1 484. 35 0.85 1 378. 96 0.85 1378.96 -0. 14
B 0.99 4 878. 69 0.92 4 146.03 0. 87 3671.73 0.85 3327.49 -0. 14
JE L 0.92 4 786. 87 0.83 3291. 44 0.78 2 787.20 0.78 2 787.20 -0. 14
BRIl 0.96 234. 83 0.91 164. 58 0. 86 164. 58 0. 81 164. 58 -0.15
MR 0. 87 523.97 0.72 342. 64 0.72 274. 68 0.72 274. 68 -0.15
Ha 0. 88 1222.51 0.83 739. 62 0.72 739. 62 0.72 739. 62 -0.16
ey 0. 66 809. 87 0.50 218. 80 0.50 218. 80 0.50 218. 80 -0.16
AT 0.99 1 712.00 0.81 719. 46 0. 81 696. 35 0. 81 696. 17 -0.18
A 0.98 1182.25 0. 86 518.58 0. 81 391. 98 0. 80 348. 07 -0.18
FER R 0.96 753.18 0.78 352.96 0.78 352. 96 0.78 352.96 -0.18
i i 4 0.78 1 185. 50 0. 62 797.52 0. 60 726. 28 0. 60 606. 70 -0.18
FR 0.99 4059.91 0. 82 3169. 04 0. 80 2 750. 60 0. 80 2 750. 60 -0.19
R 2 0.99 532. 86 0.82 486. 96 0. 80 482.03 0. 80 481.76 -0.19
ST 0. 83 1 834.04 0.76 1 604. 64 0.65 1 604. 64 0. 64 1 604. 64 -0.19
M e 0.99 2099. 21 0.83 1378.53 0.79 1 282. 40 0.79 1282. 40 -0.20
IR 0.91 691. 48 0.76 390. 12 0.72 390. 12 0.71 390. 12 -0.20
)5 R 0.50 1118.15 0.38 410. 88 0.31 330. 61 0.28 252. 87 -0.22
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AR 0.79 3 841.13 0. 62 2214.95 0. 60 1762.32 0.57 1290. 38 -0.22
ISR 0.98 3 607. 01 0.76 2 296. 83 0.73 2296. 11 0.73 2296. 11 -0.25
T =50y 0.97 1.814.87 0.76 1 304. 29 0.74 1185.76 0.72 1 130.97 -0.25
SR 7 0.99 928. 41 0.72 499. 19 0.72 499. 19 0.72 499. 19 -0.27
MBI 0.99 1.870.72 0.72 544. 00 0.70 487.39 0.68 440. 14 -0.31
S BH 0. 88 1539.16 0.72 886. 17 0. 66 659. 48 0.57 541.04 -0.31
L iRy 0.50 404. 00 0.30 111.79 0.21 65.71 0.18 51.83 -0.32
WA 0.99 1505.72 0.68 659. 68 0.65 648. 39 0.65 648. 39 -0.34
SRR 0.99 665. 65 0.58 666. 06 0.58 666. 06 0.58 666. 06 -0. 41
E R 0.99 326.00 0.85 189. 17 0.72 118. 61 0.57 99. 74 -0.42
R 0.97 68. 08 0. 62 59. 00 0.50 32.31 0. 50 32.28 -0. 47
TGN 0.92 382. 81 0. 46 141. 68 0.44 112. 56 0. 44 112. 56 -0.48
AR 0.96 1 065. 81 0.47 479. 44 0.47 464.75 0.47 464.75 -0.49
= 0.99 313.55 0. 64 120. 59 0.56 92.79 0.48 78. 62 -0.51
e 0.99 704. 10 0.48 375.65 0.48 375.65 0.48 375.65 -0.51
B 0.99 440. 83 0. 47 234. 64 0. 46 234. 64 0. 44 234. 64 -0.55
TR 0.93 1 890. 93 0. 68 983. 82 0.38 755. 82 0.38 622.97 -0.55
e A 0. 90 1011.53 0.34 836. 84 0.32 781.49 0.32 740. 11 -0.58
Jeipe s 0.99 47.15 0.99 42.21 0.35 10. 42 0.35 10. 42 -0. 64
IS 0.86 482. 87 0.23 38.69 0.23 34.43 0.21 25.00 -0.65
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