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Abstract: Landslide hazards in South Korea are typically assessed through a grid-based approach. This study instead
evaluates the applicability of a slope unit-based analysis, achieved by applying the landslide-hazard mapping technique
of the Korea Forest Service to Eomjeong-myeon, Chungju-si, Chungcheongbuk-do Province in South Korea.
Comparing the results of the two analysis units, the average landslide-hazard probability was approximately 0.42 +
0.17 for the grid unit and 0.40+0.16 for the slope unit. A Wilcoxon signed-rank test showed statistical significance
between the two units (p < 0.6) but a Cohen’s d effect-size analysis suggested minimal actual difference (d = 0.161).
The chi-square test for homogeneity of the landslide-hazard grades showed no statistical significance (p > 0.06) but
the slope unit-based analysis classified more areas as high-risk (Grades 1 and 2) than the grid-based method. The
chi-square test for independence confirmed statistical significance (p < 0.6), with higher-than-expected frequencies in
the highest-risk (Grade 1) and lowest-risk (Grade 5) categories. These results indicate that although the slope
unit-based approach yields similar landslide-hazard probabilities to the grid-based approach, it tends to classify areas
into higher hazard grades. Therefore, iin disaster management and risk assessment frameworks, the slope unit-based
analysis may provide a more practical and effective approach from administrative and managerial perspectives.
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Figure 1. Research site including elevation information.

Table 1. List of data used between analyses.

Data Source Scale

Forest type map KFS 1:25000
Forest soil map KFS 1:25000
Digital topographic ~ map NGII 1:5000

Digital geologic  map KIGAM 1:50000

(1) Extract analysis unit and overlay analysis

1-1. Extract grid unit(landslide source point) and slope unit

1-2. Analysis of forest environment characteristics

!

(2) Landslide hazard probability and hazard grade
assessment by analysis unit

2-1. landslide hazard probability and hazard grade
assessment by analysis unit(grid & slope unit)

!

(3) Review of landslide hazard probability and hazard
grade by analysis unit

3-1. Comparative review of results of analysis unit
(landslide hazard probability)

3-2. Comparative review of results of analysis unit
(landslide hazard grade)

Figure 2. Flow chart of research process.
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Figure 3. Distribution of landslide damage areas.
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Figure 4. extract landslide source point.
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Table 2. Parameters used for slope unit extraction.

Parameter Value Unit
t 5000 m’
a 5000 m’
c 0.05 -
T 1 -
m 10 -

liteigsconetiideogiemoval

Figure 5. Removal of geometric errors in slopes.
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Table 3. Classification of landslide hazard grade.

Grade Range
1 LS>0.121
2 0.121 > LS >—0.425
3 —0.425 > LS >—1.097
4 —1.097 > LS >—2.441
5 —2.441> LS

A11438 A3Z (2025)
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Table 4. Descriptive statistics of grid unit.

Value
Class
max min avg std mode
Slope 44.0 9.0 239 7.4 -

Slope length 298.7 10.0 51.6 53.8 -
Curvature 7.5 -8.0 -0.89 2.78 -
TWI 7.4 1.2 3.1

Soil depth 79.0 0.0 520 223 -

Forest type - - - - C
DBH class - - - - Y

Geology - - - - Jbgr
Aspect - - - - SE

C: Coniferous forest, Y: Young growth reproduction
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Figure 6. Overlay analysis results of target areas including landslide source points(n=131).
(6a: Slope, 6b: Slope length, 6¢: Curvature, 6d: TWI, 6e: Soil depth, 6f: Forest type, 6g: DBH class, 6h: Geology, 6i: Aspect).
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Figure 7. Slope unit extraction results and representative sites.
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Table S. Descriptive statistics of slope unit.
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Table 6. Descriptive statistics results(probability).

Class Value
max min avg std mode
Slope 42.6 3.0 22.6 6.3 -
Slope length 9989  10.0 60.5 98.8 -
Curvature 7.7 -1.7 0.16 1.13 -
TWI 12.5 1.1 3.0 2.9 -
Soil depth 82.0 0.0 48.7 16.6 -
Forest type - - - - B
DBH class - - - - M
Geology - - - - Ibgr
Aspect - - - - NwW

B: Broadleaf forest, M:Medium diameter wood

Value
Class
max min avg std
Landslide Grid 0.79 0.05 0.42 0.17

hazard
probability ~ Slope unit  0.72  0.02 040  0.16

Table 7. Descriptive statistics results(grade).

Count
Class
1 2 3 4 5
Landslide Grid 28 32 41 25 5

hazard
grade Slope unit 36 31 42 21 1
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Figure 8. Landslide hazard and hazard grade results by analysis unit.
(8a: Grid-base landslide hazard, 8b: Slope unit-base landslide hazard, 8c: Grid-base landslide hazard grade, 8d: Slope unit-base

landslide hazard grade).
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Table 8. Shapiro-Wilk test results.

Shapiro-Wilk test result

Class —
W-statistic p-value
Grid 0.98 0.38
Slope Unit 0.95 1.8E-04
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Figure 9. Visualization results of the statistical analysis on landslide hazard.
(9a: Violin plot including the results of the Wilcoxson signed-rank test, 9b: Cohen's d results for individual observations).
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Figure 10. Chi-square test results for landslide hazard grade.

(10a:

Homogeneity test results using bar graph, 10b: Independence test results using heatmap plot).
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