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Hazard assessment model of land subsidence based on
geographical detector
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Abstract: Risk assessment of land subsidence is a significant indicator of the potential risk for urban safety
caused by land subsidence. The widely used factor overlapping model and fuzzy analytic hierarchy process
model have a problem that is the determination of index weights of the models is affected significantly by
human experience which resulting in relatively subjective assessment result. We propose amethodby
combining factor overlapping model and fuzzy analytic hierarchy process model with geographical detector
separately. Index weights are determined by the relationship of geographical distribution between factors and
land subsidence. Three models combined with geographical detector( Geographical Detector-Maximum Value

Factor Overlapping  Geographical Detector-Weighted Factor Overlapping Geographical Detector+uzzy
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Analytic Hierarchy Process) were applied to assess the hazard separately and validated by comparing the three
models with three originalmodels. The result shows that the overall assessment accuracy of improved models
are 75.23% 89.56% and 76. 38% the overall assessment accuracy of originalmodels are 60. 51% 53.73%
and 65. 05% . Models combined 00 with geographical detector have a higher overall assessment accuracy.

Keywords: land subsidence; hazard assessment; geographical detector; weighting comprehensive evaluation

method; fuzzy analytic hierarchy process
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Table 1 Index score table
0~2 2~4 4~6 6~8 8 ~10
/( mm/year) 0~10 10 ~20 20 ~30 30 ~40 40 ~50
/mm 0 ~100 100 ~300 300 ~500 500 ~ 800 800 ~1 000
/( m/year) 0~ -0.5 -0.5~-1.0 -1.0~-1.5 -1.5~-2.0 -2.0~-2.5
/m 15~ -17 -17~ -19 -19 ~ =21 -21~-23 -23~ =25
/m 100 ~ 110 110 ~ 120 120 ~ 130 130 ~ 140 140 ~ 150
/mm 731 ~673 673 ~614 614 ~555 555 ~497 497 ~438
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Fig.3 Distribution of sampling points
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Fig.4 Assessment results of land subsidence hazard

5 InSAR

Fig.5 Actual subsidence rate and subsidence hazard distribution
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3 GD-MVFO “ o 7
MVFO “ oo 49.48% 93. 32% -
7 30. 15% 89.82% 83.89% 100.00%  75.23%; GD-WFO
40.37% 44.31% 78. 67% ~100%  60.51% ; WFO 91.67% - 63.37% « 68.56% + 70.85% « 97. 88%
40.25% 40.91% 44. 31% 50. 95% 74. 26 % 89.56% ; GD-¥FAHP 72.95% 54. 28% +69. 46
53.73% ; FAHP 63.36% + 43. 85% - 50. 00% - 53.79% +89.45%  76.38% -

49.05% 75.81%  65.05% -

3
Table 3 Accuracy of model assessment results
MVFO GD-MVFO
1% 1%
836 1187 453 297 0 30. 15% 1372 982 335 84 0 49.48%
0 151 89 109 25 40. 37% 5 349 20 0 0 93.32%
0 1 148 167 18 44.31% 0 300 30 0 89. 82%
0 0 1 332 89 78.67% 0 0 1 354 67 83.89%
0 0 0 0 2 265 100. 00% 0 0 0 0 2 265 100. 00%
60.51% 75.23%
WFO GD-WFO
1% 1%
1116 1 306 329 22 0 40. 25% 2 542 231 0 0 0 91.67%
0 153 161 59 1 40.91% 8 237 129 0 0 63.37%
0 18 148 137 31 44.31% 0 30 229 75 0 68. 56%
0 0 97 215 110 50.95% 0 0 51 299 72 70. 85%
0 0 57 526 1 682 74.26% 0 0 0 48 2217 97. 88%
53.73% 89. 56%
FAHP GD-¥AHP
/% 1%
1757 801 211 4 0 63.36% 2 023 682 68 0 0 72.95%
0 164 173 37 0 43.85% 0 203 163 8 0 54.28%
0 33 167 116 18 50. 00% 0 7 232 88 7 69. 46 %
0 0 109 207 106 49. 05% 0 88 227 107 53.79%
0 0 45 503 1717 75.81% 0 0 239 2 026 89.45%
65. 05% 76.38%
2.3.3 Kappa GD-MVFO . GD-WFO +~ GD-FAHP
Kappa 0. 663 7.0.842 9.0.665 1.
2.3.4 Fl-measure
Kappa
- Kappa 0 1 o
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Kappa 0.485 1.0.405 2.0.525 5, MVFO ~WFO FAHP
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