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Analysis of the driving forces of the landscape pattern evolution in a coal-mining subsided area

CHANG Xiao-yan', LI Xin—ju®, DIAO Hai-ting'

(1.College of Information Science and Engineering, Shandong Agricultural University, Tai’ an 271018, China; 2.College of Resources and
Environment, Shandong Agricultural University, Tai’an 271018, China)

Abstract: To explore the driving mechanism of landscape pattern evolution in a coal mining subsided area, this study considered 11 towns
with severe ground subsidence in the Weishan County, Shandong Province as the research area. Based on the interpretation of remote sens-
ing images, the characteristics of land use change in the study area from 2000 to 2016 were analyzed. On this basis, environmental, socio—
economic, and other driving factors were selected. The CLUE-S model and binary logistic stepwise regression model were used to study the
correlation and driving mechanisms between land use types and the driving factors. The conclusions were as follows. The cultivated land ar-
ea showed a decreasing, increasing, and decreasing trend. Urban and rural construction land and subsided seeper area increased the most
from 2000 to 2005. Among the driving factors for the change on cultivated land, urban and rural construction land, and water areas, the dis-
tance from residential areas was the main driving factor. Among the driving factors affecting subsided seeper areas, the distance from indus-
trial and mining areas was the main one. This research provides a theoretical basis for the local government to scientifically formulate land
consolidation and protection policies.

Keywords: coal-mining subsided area; land use change; driving factors; logistic regression model; CLUE-S model
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Figure 1 The location and scope of the research area
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Figure 2 Distribution maps of land use type in the research area from 2000 to 2016
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Figure 3 Raster maps of driving factors
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Table 1 Area change of land use types in the research area from 2000 to 2016

Fp— 2000 2005 2010 2016

Land use types [ L £ gt 1 [T =1 1A He B
Area/km’ Proportion/% Area/km’ Proportion/% Area/km’ Proportion/% Area/km’ Proportion/%

B 317.38 26.97 271.33 23.06 324.17 27.54 287.07 24.39
oA FH b 352.86 29.98 397.84 33.81 310.19 26.36 363.21 30.86
Wk & H 5 52.13 443 80.43 6.83 106.07 9.01 98.02 8.33
BPERUK X 6.96 0.59 11.10 0.94 13.01 1.11 11.69 0.99
sk 253.40 21.53 372.63 31.66 364.90 31.01 314.04 26.69
WEVR VA 194.14 16.50 43.53 3.70 58.53 4.97 102.83 8.74
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Tabel 2 Land use type area change and dynamic degree of single land use in the research area from 2000 to 2016

2000—2005 2005—2010 2010—2016 2000—2016
I S e T L S e e T
Land use types Area chjnge/km2 Smgle Area change/km2 Smgle Area change/kmz Slngle Area c}iamge/km2 Slngle
dynamics/% dynamics/% dynamics/% dynamics/%
Mt -46.05 -2.90 52.83 3.89 -37.10 -1.91 -30.32 -0.60
HAb AT b 44.98 2.55 -87.65 -4.41 53.03 2.85 10.36 0.18
2 @A 28.30 10.86 25.64 6.37 -8.05 -1.26 45.89 5.50
BRIABUKIX 4.14 11.90 1.92 345 -1.33 -1.70 473 425
K 119.24 9.41 -1.73 -0.41 -50.86 -2.32 60.64 1.50
WEVR TR -150.61 -15.52 15.00 6.89 44.31 12.62 -91.31 -2.94
R3 M5 REEFHEEFITER
Table 3 Regression analysis result of cultivated land and driving factors
%Mﬂf} ¥ 8 . Wald o Sig Exp(®) 95% ¥ X [7] 95% CI for Exp(B)
Driving factors T FR Lower _EFR Upper
i R A -0.974 0.010 9 740.695 1 <0.001 0.378 0.370 0.385
PE TR
HERTERZ e 0.894 0.012 5487.817 1 <0.001 2.446 2.389 2.504
RF e A B -1.769 0.042 1793.042 1 <0.001 0.171 0.157 0.185
1 A SRR B 1.588 0.041 1502.495 1 <0.001 4.894 4.516 5.303
e -0.190 0.006 881.866 1 <0.001 0.827 0.817 0.838
Yz -0.136 0.006 438.795 1 <0.001 0.873 0.862 0.884
s -0.009 0.006 2.207 1 0.137 0.991
x4 HitR A S ERNEFHEESHTER
Table 4 Regression analysis result of other agricultural land and driving factors
e 95% BA% X 7] 95% CI for Exp(8)
D:fi nj; [ijf)rs B S.E Wald df Sig Exp(B) W Lower i U;pj
B IR 0.136 0.008 262.454 1 <0.001 1.146 1.127 1.165
PR B 2 0.316 0.027 137.770 1 <0.001 1.371 1.301 1.445
JiERIENY -0.101 0.014 49.480 1 <0.001 0.904 0.879 0.930
iR QIR TN R -0.738 0.051 207.664 1 <0.001 0.478 0.432 0.528
A SR B 0.655 0.048 185.369 1 <0.001 1.925 1.752 2.116
oL 0.045 0.007 43.063 1 <0.001 1.046 1.032 1.060
Wepg 0.104 0.007 238.610 1 <0.001 1.109 1.095 1.124
i -1.284 0.007 35 684.112 1 <0.001 0.277
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Table 5 Regression analysis result of urban and rural construction land and subsided seeper area with driving factors

IR B B £ 1% A Urban and rural construction land AR AKX Subsided seeper area
Driving factors B Wald Sig Exp(B) B Wald Sig Exp(B8)
P I -3.282 1307.861 <0.001 0.038 1.197 40.004 <0.001 3.311

PE TR -1.112 149.829 <0.001 0.329 -5.813 177.390 <0.001 0.003
JiER e SRR -0.216 47.158 <0.001 0.805 -0.833 54.626 <0.001 0.435
JiERIRAIN ) -1.562 33.785 <0.001 0.210
T YA SRR B 0.207 13.419 <0.001 1.230 0.481 5.110 0.024 1.617

=y 0.044 7.224 0.007 1.045 0.571 331.412 <0.001 1.770

YoE -0.057 10.285 0.001 0.945

B -5.483 6218.752 <0.001 0.004 -8.940 1317.953 <0.001 <0.001

Fo KFBEMRBESZEIEFHEIASHER
Table 6 Regression analysis result of water area and intertidal zone and marsh with driving factors

IR ZH T JKI Water area FEVR VAT Intertidal zone and marsh
Driving factors B Wald Sig Exp(8) B Wald Sig Exp(8)
B R 1.564 11531.974 <0.001 4777 0.562 173.469 <0.001 1.754

SR  EX) -0.419 167.957 <0.001 0.658 1.274 265.637 <0.001 3.573

T -1.221 3582.202 <0.001 0.295 -0.603 178.918 <0.001 0.547

JEER T BN 3.396 3749.783 <0.001 29.834

EERAE SN -3.337 3779.304 <0.001 0.036 -2.287 813.851 <0.001 0.102
[ 0.214 575.905 <0.001 1.239 0.225 173.227 <0.001 1.252
Y 0.051 32.445 <0.001 1.052 0.275 290.088 <0.001 1316
fiifs -1.779 33 393.861 <0.001 0.169 -4.237 15 214.910 <0.001 0.014
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