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Suggestion of an Evaluation Chart for Landslide Susceptibility using a Quan-
tification Analysis based on Canonical Correlation:

Byung-Gon Chae' and Yong-Seok Seo*

!Geologic Environment Research Division, Korea Institute of Geoscience and Mineral Resources, Daejeon 305-350,
Korea

Depart. of Earth and Environmental Sciences, Chung Buk National University, Cheongju 361-763, Korea

Probabilistic prediction methods of landslides which have been developed in recent can be reliable with premise
of detailed survey and analysis based on deep and special knowledge. However, landslide susceptibility should also
be analyzed with some reliable and simple methods by various people such as government officials and engineer-
ing geologists who do not have deep statistical knowledge at the moment of hazards. Therefore, this study sug-
gests an evaluation chart of landslide susceptibility with high reliability drawn by accurate statistical approaches,
which the chart can be understood easily and utilized for both specialists and non-specialists. The evaluation chart
was developed by a quantification method based on canonical correlation analysis using the data of geology, topog-
raphy, and soil property of landslides in Korea. This study analyzed field data and laboratory test results and deter-
mined influential factors and rating values of each factor, The quantification analysis result shows that slope angle
has the highest significance among the factors and elevation, permeability coefficient, porosity, lithology, and dry
density are important in descending order. Based on the score assigned to each evaluation factor, an evaluation
chart of landslide susceptibility was developed with rating values in each class of a factor. It is possible for an ana-
lyst to identify susceptibility degree of a landslide by checking each property of an evaluation factor and calculat-
ing sum of the rating values. This result can also be used to draw landslide susceptibility maps based on GIS
techniques.

Key words : landslide prediction, canonical correlation analysis, quantification analysis, influential factor, evaluation
chart of landslide susceptibility
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Table 1. Basic information of data number for quantification analysis

Total number

After elimination of data absent variables

Item
of raw data  No. of raw data Data No. on slided area Data No. of not-slided area
Geology Lithology 1214 310 121 189
Gyeonggi 97 53 26 27
Area Poha1.1g 91 81 39 42
Sangju 95 55 29 26
Sokcho 135 31 10 20

Table 2. Variables for the quantification analysis

Variables used for each analysis

Category Variable Geolo Area 1 Area 2 Area 3 Area 4
& (Gyeonggi)  (Pohang) (Sangju) (Sokcho)
Target variable Slided or Not-slided O O O O O
Lithology O O O O O
Weathering x x x x x
Elevation O O O O O
Slope Direction x O x x x
Slope Angle O O @ O x
Triggering Position x x x x X
Length X X X X X
Width X X X X X
Thickness x x x x x
Specific Gravity O O O x @]
Moisture Content O @] O x O
Void ratio O @ O x O
Input variable Porosity O O O O O
Saturation O O O X O
Wet Density O O O x O
Sat Density O @) O x O
Dry Density O O O O O
USCS (*) O (@) O o O
Permeability @) O O @) @]
Liquid Limit x x x x x
Plastic_Limit x x x x x
Plast_Index x X X X X
Gravel x x x x e
Sand x x x x O
Silt Clay X X X x @]
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Table 3. Results of canonical correlation analysis for
geologic data
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. Canonical Partial
Variable . .
coefficient correlation
Landslide 1(slided) 2.000 4, AALER F ek ®ItE JHe
O(not-slided) 0.000
Lithology Gneiss=1 -0.175 0.148 o] AoMe ok AalEl e7fe] Faxir tigh 7|
Mudstone=2 -0.416 0.148 % BANE AN, 2 HFEE LR CIANY
Schist=3 0.173 0.148 el Ryele]l BAE 283 st Y3 FRPo=
Granite=4 0.059 0.148 .
Tuff=s 0.000 0.148 2 X 3] A (linear regression)$} ZA] € 3] 7 (logistic
Elevation 20.002 0219 regression)’} AMS-EHSITE A& B0 Y (lithology)®l
Slope Angle 0075 0625 74 Table 7 %IHOW "WEHﬂ Aoz 2%
A =13
Content 0.060 0.084 M]—EH Ag g'} L}E}L“E]—
Void ratio 1.594 0.145
Porosity -0.023 0.184 Table 4. Calculation of importance of variables for
Saturation 0046 0138 geologic data
Wet Density 1.807 0.032 Variable cofr)rirlt;ilon Importance Rank
Sat_ Densi 1.376 0.000
= ..ty Lithology 0.148 6.6% 6
Permeability -0.464 0.217 Elevation 0219 9.8% 3
Dry density -0.038 0.000 Slope Angle 0.625 28.1% 1
USCS sm-sc=1 0.782 Specific Gravity 0.126 5.7% 9
sc=2 0296 o308 Moisture Content 0084 3.8% 10
sm=3 -0.940 0.308 Void ratio 0.145 6.5% 7
sw-sm=4 1.062 0.308 Porosity 0.184 8.3% 5
cl=5 -0.521 0.308 Saturation 0.138 6.2% 8
SW=6 0.555 0.308 Wet Density 0.032 1.4% 11
sw-re=7 ) 0.308 Sat_Density 0.000 0.0% 12
sw-sc=8 0.350 gggg Dry Density 0.000 0.0% 12
sp=9 0.808 0.308 USCS 0.308 13.8% 2
sp-sc=10 0.000 ’ Permeability 0217 9.7% 4
Canonical correlation 0.808 Total 2.226 100.0%
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Table 5. Importance ranks of each variable for geology and each area

Variable Geology Area 1(Gyeonggi) Area 2(Pohang) Area 3(Sangju) Area 4(Sokcho)
Lithology 6 - 13 2 9
Elevation 3 7 3 6 3
Slope Angle 1 2 1 1 -
Specific Gravity 9 12 6 - 4
Moisture Content 10 8 11 - 8
Void ratio 7 11 12 - 5
Porosity 5 8 9 5 9
Saturation 8 8 8 - 6
Wet Density 11 6 7 - 7
Sat_Density 12 4 5 - 9
Dry Density 12 5 10 3 9
USCS 2 1 4 4 1
Permeability 4 3 2 7 2
Gravel - - - - 9
Sand - - - - 9
Silt Clay - - - - 9
Slope Direction - 13 - - -

Reliability High High High High High
Table 6. Result of influential variable selection by Min, 220

quantification analysis

Variable Score(Importance) Rank
A. Lithology 10(9.7)% 5
B. Elevation(m) 15(14.4)% 2
C. Slope angle(®) 40(41.2)% 1
D. Porosity(%) 12(12.2)% 4
E. Dry density(t/m’) 8(8.4)% 6
F. Permeability(cm/s) 15(14.2)% 3
Total 100%

Table 7. Landslide probability dependent on lithology
Lithology(n=1057) Probability : P(y=1)

Granite(n=833) 0.911
Gneiss(n=139) 0.806
Mudstone(n=_85) 0.529

M, 3% (elevation)ell theh B4 47te] s|AE2d
I a9k BAAE Fg 13 7Z2th Fg 2 A=
e o= 7B Huel mYsl 2AANE AW
vekd 2dojoh WA, yEo] 03} 1 Aol HELS 1

T Hpo) wE MRS (IEE 0y Yepin, 3%
o] e IHE Ve H 7 b g e s
1570) Moz Jepligion, dxtge ts) 21’519‘4?]
o 2293l Ag Het FAE a7 Zel =
off AAE e A ABE 1519 5T Ve @-4

HE©

1st Qu. 1100

o [ Median 3470
& Mean 3475

3rd Qu. 5740
2 Max. 785.0
-

Frequency
100

0 50
I

0 200 400 600 300
Elevation (m)

Fig. 1. Histogram and summarized statistics for elevation.

£ Uehirt,
2 Aol Hiel 2AZE} IHAAT A 23
(KIGAM, 2009258 4046} @488 it the2)

1o O =
‘zl"é/}—l’é‘ oLj.E O]E]'

log( i p) 0.5344+0.0041 - Elevation
|

. exp(0.5344+0.0041-Elevation)

Ee p= : €))
1+exp(0.5344+0.0041 - Elevation)
X8 T p=0.6590+0.0004-Elevation (10)
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Fig. 2. Landslide probability of each class of elevation and goodness of fit model.

Tabie 8. Calculation of percentile for elevation

Logistic regression Linear regression

Percentile Inferred Inferred
probability probability X

100 09764 7776201  1.0000  852.4950
95 09624  660.5310 09486  724.1171
90 09583 6339837 09370  695.0094
85 0.9549 6141718 09283 6732872
80 09513 5943599 09196  651.5651
75 09461 5686026  0.9083  623.3263
70 09409 5448301 0.8979 5972597
65 0.9351 5203621 0.8872  570.4328
60 09244 4804414 08697  526.6627
35 09020  411.0997  0.8393  450.6352
50 0.8748 3437392 0.8097  376.7799
45 0.8312 2584488 07723  283.2660
40 0.7968  202.8764  G.7479 2223354
35 0.7678 1613801  0.7297  176.8383
30 0.7462 1327028 0.7172  145.3955
25 07273 1089681 07067 1193724
20 07109  89.1562 06981  97.6502
15 06983 742973 06915  81.3586
10 06806 643913 06872  70.4975
5 06782 515136 06816 563781
0.6511 217957 06685  23.7949
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(Lithology= Gneiss)+(Elevation=234)

+(Slope Angle=28)+(Porosity=18.4)

+(Dry density=1.58)

+(Permeability=2.44-10%)
=0+54+40+0+0+15=69 ayn
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Table 9. Evaluation chart of landslide susceptibility by quantification analysis

Observation Item Class and score
Class Granite Gneiss Mudstone
A. Lithology Class No. 1 2 3
Score 10 9 6
. Class 431-~785 20-225 226-430
B. E(lren\;atlon Class No. 1 2 3
Score 15 10 5
C. Slope angle Class >27.1 23.1~27.0 19.1~23.0 15.1~19.0 <15.0
o Class No. 1 2 3 4 5
O Score 40 30 20 10 0
. Class >80.1 75.1~80.0 67.1~75.0 46.1~67.0 <46.0
b I(’(ﬁz;’s“y Class No. I 2 3 4 5
Score 12 9 6 3 0
. Class 0.80~1.18 1.19~1.31 1.32~1.38 1.39~1.47 >1.48
E- Dry density ¢ No. | 2 3 4 5
(g/emr) Score 8 6 4 2 0
Class <IF107 LI*107-2,5%107  2.6%107-4.5%107  4.5%107-6.0%107  6.0%107°~1.0*107
F. Permeability Class No. i 5 3 4 5
(cm/s) Score 15 11 7 3 0

Table 10. Observation values to calculate landslide susceptibility

. . Elevation Slope Angle Porosity Dry density =~ Water contents Permeability
Variable Lithology (m) © (%) (g/em’) (%) (cm/s)
Value Gneiss 234 28 184 1.58 8.05 2.44x10°

Table 11. Categorized chart of quantified score
Quantified score  Not-slided Slided  Probability
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Table 12. Result of goodness of fit for logistic regression model (quantification analysis)

Criterion Intercept only Intercept and Covariates Chi-Square for GF Test
-2 Log L 155.122 61.007 5.4027 with 8 DF (p < 0.7138)
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Table 13. Inference result of maximum likelihoood (quantification analysis)

Parameter DF Estimate Standard Error Chi-Square Pr>Chisq
Intercept 1 -9.0937 1.7321 27.5638 <0001
Quantified score 1 0.1460 0.0263 30.7138 <0001

Table 14. Inference result of Odds ratio (quantification
analysis)

Point 95% Wald
Effect Estimate Confidence Limits
Quantified score 1.157 1.099 1.219
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