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Application of Frequency Ratio and Analytic Hierarchy Process to
Subsidence Hazard Assessment around Abandoned Coal Mine

Jangwon Suh, Yosoon Choi, Hyeong-Dong Park*,
Hyun-Ho Kwon, Suk-Ho Yoon and Wa-Ra Go

Abstract : This study provides GIS analysis model combined with Frequency Ratio (FR) and Analytic Hierarchy
Process (AHP) that evaluates and predicts subsidence hazard around abandoned coal mine. A spatial database was
compiled based on data from topographical map, borehole data and mine drift map including the locations of past
subsidences. Eight factors (i.e., drift depth, drift density, distance from drift, distance from road, groundwater level,
rock mass rating, slope, flow accumulation) were extracted from the database to assess the relationship between
each factor and subsidence events based on the frequency ratio model (statistical method). Analytic hierarchy process
model was used to weight each factor affecting subsidence occurrences. As a result, subsidence hazard mapping
using different models were performed and verification of prediction accuracy was implemented based on the area
under curve (AUC) technique. The proposed GIS model in the study gives a measure of subsidence initiation
localities and can be useful tool for mine planners and developers for their effective mine reclamation planning.
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Fig. 1. Location of mine drifts and subsidence occurrences in the study area.
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Table 2. Selection of factors for evaluating a mine subsidence
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hazard in this study

Category Factors Details
Geohazard map Subsidence event Polygon type in a vector layer to raster grids
Drift depth DEM* - sea level of drift
Mine drift data Drift density Magnitude per unit area from polyline features

Distance from drift | Distance was computed from polyline features

Rock mass rating Orinary Kriging interpolation method applied to 10 boreholes data

Borehole data

Groundwater level Orinary Kriging interpolation method applied to 10 boreholes data

Topograhic data Slope Slope was calculated by degree from DEM

Distance from road | Distance was computed from polyline features

External data

Flow accumulation Flow accumulation was calculated from DEM

* DEM : Digital elevation model
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Fig. 2. Study process of subsidence hazard assessment in this study.
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Table 3. Correlation between subsidence occurrences and related factors
Subsidence Subsidence No. of Grids | Domain ratio Frequency
Factor Class occurrence occurrence R . .
. . in domain (%) ratio
grids ratio (%)
0 1,425 82.37 88,502 94.35 0.87
0-100 81 4.68 1,706 1.82 2.57
Drift depth 100-150 105 6.07 1,476 1.57 3.86
(m) 150-200 45 2.60 1,002 1.07 2.44
200-250 40 2.31 530 0.57 4.09
> 250 34 1.97 584 0.62 3.16
0 656 37.92 66,612 71.01 0.53
0-0.1 362 20.92 13,956 14.88 1.41
Drift density 0.1-0.2 266 15.38 5,672 6.05 2.54
0.2-0.3 139 8.03 2,713 2.89 2.78
0.3-0.4 119 6.88 2,011 2.14 3.21
> 0.4 188 10.87 2,836 3.02 3.59
0-25 959 55.43 23,281 24.82 2.23
. 25-50 253 14.62 11,213 11.95 1.22
Distance 50-75 204 11.79 9,107 9.71 121
from drift
(m) 75-100 163 9.42 7,812 8.33 1.13
100-150 108 6.24 12,630 13.46 0.46
> 150 43 2.49 29,757 31.72 0.08
0-25 803 46.42 27,726 29.56 1.57
Distance 25-50 618 35.72 20,327 21.67 1.65
from road 50-75 248 14.34 13,989 14.91 0.96
(m) 75-100 47 2.72 10,436 11.13 0.24
100-150 14 0.81 13,385 14.27 0.06
> 150 0 0.00 7,937 8.46 0.00
32-35 1,336 77.23 20,119 21.45 3.60
35-38 128 7.40 26,866 28.64 0.26
Rock mass 38-41 88 5.09 11,657 12.43 0.41
rating (RMR) 41-45 136 7.86 12,901 13.75 0.57
45-48 19 1.10 11,335 12.08 0.09
> 48 23 1.33 10,922 11.64 0.11
12-20 38 2.20 22,167 23.63 0.09
G d 20-32 73 4.22 10,149 10.82 0.39
rOT:VXater 3242 685 39.60 17,484 18.64 2.12
(m) 42-46 353 20.40 19,574 20.87 0.98
46-48 179 10.35 11,721 12.50 0.83
> 48 402 23.24 12,705 13.54 1.72
0-15 444 25.66 16,178 17.25 1.49
15-20 664 38.38 16,089 17.15 2.24
. 20-25 341 19.71 18,532 19.76 1.00
Slope ()
25-30 144 8.32 18,809 20.05 0.42
30-35 107 6.18 14,428 15.38 0.40
> 35 30 1.73 9,764 10.41 0.17
0-10 217 12.54 12,843 13.69 0.92
10-30 362 20.92 20,952 22.34 0.94
Flow 30-50 258 14.91 14,441 15.40 0.97
accumulation 50-100 345 19.94 20,366 21.71 0.92
100-500 392 22.66 19,278 20.55 1.10
> 500 156 9.02 5,920 6.31 1.43
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Fig. 6. Correlation analysis between subsidence occurrence and related factors.
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Table 4. Pairwise comparison judgment matrix on eight factors

Drift Drift Distance Distance Ground- Flow
. . RMR water Slope accumul-
depth density from drift | from road .
level ation
Drift depth 1.00 1.00 3.00 5.00 3.00 3.00 7.00 3.00
Drift density 1.00 1.00 3.00 3.00 1.00 3.00 5.00 3.00
Distance 033 0.33 1.00 3.00 033 1.00 3.00 1.00
from drift
Distance 0.20 0.33 033 1.00 0.20 033 3.00 1.00
from road
RMR 0.33 1.00 3.00 5.00 1.00 3.00 5.00 3.00
Ground-water |, 43 0.33 1.00 3.00 0.33 1.00 3.00 1.00
level
Slope 0.14 0.20 0.33 0.33 0.20 0.33 1.00 0.33
Flow . 0.33 0.33 1.00 1.00 0.33 1.00 3.00 1.00
accumulation
Weighting of each factor contributing mine subsidence 9, AAME, 749 55 FAF F)of tis) Fojw wieH|

Drift Depth 0.2660
Drift Density
Distance from Drift

Distance from Road

0.00 0.05 0.10 0.15 0.20 0.25 0.30

Fig. 7. Relative importance among the factors contributing
mine subsidence.
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Fig. 8. Subsidence hazard maps. (a) Frequency ratio (b) Integrated model (FR with AHP).
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