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A Prediction Model of Landslides in the Tertiary Sedimentary Rocks
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This study developed a prediction model of debris flow to predict a landslide probability on natural terrain com-
posed of the Tertiary sedimentary and volcanic rocks using a logistic regression analysis. The landslides data were
collected around Pohang, Gyeongbuk province where more than 100 landslides were occurred in 1998. Considered
with basic characteristics of the logistic regression analysis, field survey and laboratory soil tests were performed for
both slided points and not-slided points. The final influential factors on landslides were selected as six factors by the
logistic regression analysis. The six factors are composed of two topographic factors and four geologic factors. The
developed landslide prediction model has more than 90% of prediction accuracy. Therefore, it is possible to make
probabilistic and quantitative prediction of landslide occurrence using the developed model in this study area as
well as the previously developed model for metamorphic and granitic rocks.
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Table 1. Variables for the logistic regression analysis ( * : categorical variable)

Target . . ) !
variable Landslides (Target, 1: occurred 0: not occurred)
&
TGec;loiy I *Lithology, Elevation
P g) Py Slope direction, Slope angle
Soil Property Gravity, Mois’mre, Yoid ratio., Porosity, De.:gree of saturation,
Input (10) Wet density, Saturation density, Dry density,
variable *USCS, Permeability
Engineering Liquid limit, Plastic limit, Plasticity index, Gravel percentage,
property Sand percentage, Silt and clay percentage, Cohesion,
) Friction angle, Montmorillonite
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Table 2. Basic statistics of categorical variables
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Variable Frequency (N) Percentage (%)
Mudstone 77 95.06
Lithology
Tuff 4 494
sC 31 38.27
SP-SC 6.17
Uscs
SW 4 494
SW-5C 41 50.62
Table 3. Basic statistics of numeric varjables
Variable Frequency Average Star.lda?rd Min. value Max. value
N) deviation
*Elevation 81 96.219 48.578 37.20 340.00
*Slope angle 81 27.691 17.453 3.00 80.00
Gravity 81 2582 0.039 249 265
*Moisture 81 28.618 6.116 11.30 4841
*VoidRatio 81 1.236 0.251 0.60 2.00
*Porosity 81 73477 7.016 43.08 87.64
*DegSaturation 81 60.808 11.784 26.17 90.79
WetDensity 81 1.500 0.140 1.18 1.96
*SatDensity 81 1.717 0.081 1.50 1.99
*DryDensity 81 1170 0.131 0.84 1.62
Permeability 81 0.205 0.504 0.00048 252
LiquidLimit 81 31.269 4.367 22.00 43.68
PlasticLimit 81 16.847 2372 11.25 22.45
PlasticityIndex 80 14.398 3.998 246 27.01
*Gravel 81 4.755 5494 0.07 23.96
*Sand 81 84.019 6.023 67.61 94.00
Silt/clay 81 11.237 4.705 0.94 2256
Cohesion 81 0.046 0.023 0.007 0.12
*FricAngle 81 35.570 2.263 31.44 41.22
Montmorillonite 26 8.081 9.298 0.00 3690 |
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Table 4. Result of T-test (5% of significance level)
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Effective Elevation (0.0355), Slope angle (<.0001), Moisture (<0.0001), Void ratio (0.0020),
. Porosity (0.0006), Degree of saturation (0.0464), Saturation density (0.0012), Dry
variables Density (0.0011), Gravel (0.0029), Sand (0.0008), Friction angle (<0.0001)
Not effective Gravity (0.4330), Wet density (0.1774), Permeability (0.0526)
, Liquid limit (0.3602), Plastic limit (0.5184), Plasticity index 0.4998)
variables Silt/clay (0.4614), Cohesion (0.6344), Montmorillonite (0.4090)

Table 5. Result of logistic regression analysis

Parameter DF Estimate  |Standard Error| Wald Chi-square .Pr g
Chi-square
Intercept 1 0.6099 279.40 0.00 0.9983
Slope angle 1 1.4143 1.7418 0.66 04168
DryDensity 1 -2.9086 146.20 0.00 0.9841
Elevation 1 -0.1216 0.3377 0.13 0.7188
FricAngle 1 -1.1961 9.0672 0.02 0.8950
Permeability 1 -8.0495 23902 011 0.7363
Porosity 1 0.3206 35182 0.01 0.9274
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logit(p) = 0.6099 + 1.4143 - 30
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Table 6. Observation data and inference result of landslide occurrence at PH_02 position

sl Fricti
MAP-ID | Elevation ar:’;j Porosity | Dry density | Permeability ;Cgl‘;“ Target | Inference
PHO2 | 548 | 30 | w52 | 113 12303 | 3411 ! 0.999
(Occurred)
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Table 7. Increase of odds for each input variable
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Input variable Increase of odds (unit: times)
Slope angle 4114
Dry density 0.055
Elevation 0.886
Friction angle 0.302
Permeability 0.000
Porosity 1.378

Table 8, Confusion matrix of the results of logistic regression analysis

Inference result Occurred Not occurred Total
Observed results (Target=1) (Target=0) °
Occurred 57 0 5
(Target=1)
Not occurred 0 20 40
(Target=0)
A 37 40 77
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Fig. 1. The efficiency of the logistic model dependant on grouping
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