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Study on Landslide using GIS and Remote Sensing at the Kangneung Area (II)
-Landslide Susceptibility Mapping and Cross-Validation using the Probability
Technique

Sare Lee?*, Moung-Jin Lee' and Joong-Sun Won'

Geoscience Informarion Center, Korea Institute of Geoscience & Mineral Resources (KIGAM), Daejeon 305-350, Korea
 Department of Earth System Science, Yonsei University, Seoul 120-749, Korea

The aim of this study is to evaluate the susceptibility of landslides at Kangneung area, Korea, using a Geographic
Information System (GIS) and remote sensing. Landslide locations were identified from interpretation of satellite image
and field surveys. The topographic, soil, forest, geologic, lineament and land cover data were collected, processed and
constructed into a spatial database using GIS and remote sensing data. Using frequency ratio model which is one of
the probability model, the relationships between landslides and related factors such as slope, aspect, curvature and type
of topography, texture, material, drainage and effective thickness of soil, type, age, diameter and density of wood,
lithology, distance from lineament and land cover were calculated as frequency ratios. Then, the frequency ratio were
summed to calculate a landslide susceptibility indexes and the landslide susceptibility maps were generated using the
indexes. The results of the analysis were verified and cross-validated using actual landslide location data. The verifica-
tion results showed satisfactory agreement between the susceptibility map and the existing data on landslide locations.

Key words : typhoon Rusa, spatial database, susceptibility, cross-validation, Kangneung
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Table 1. Spatial database of study area.
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Classification Sub-Classification Data Type Scale
Geological Hazard Landslide Point coverage 1:5,000
Topographic Map Line and point coverage 1:5,000
Geological Map Polygon coverage 1 : 250,000
Lineament Map Line coverage 1 : 50,000
Basic Map Drainage Lineament Map Line coverage 1:5,000
Soil Map Polygon coverage 1 :25,000
Forest Map Polygon coverage 1:25,000
Landsat TM GRID 30 mx30 m
Image Data Land Use 4 GRID 30 mx30m
Kompsat Satellite Image GRID 6 mx6 m
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Table 2. Landslide susceptibility analysis technique to map scales (Turner and Schuster, 1996).
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Technique Characteristics Scale
Landslide distribution analysis Analyze distribution and classification of landslide r,m,l
Landslide activity analysis Analyze temporal changes in landslide pattern m,]
Landslide density analysis Calculate landslide density in terrain units or as isopleth map r
Geomorphologic analysis Use in-field expert opinion in zonation r,m,}
Qualitative map combination Use expert-based weight values of parameter maps r,m
Bivariate statistical analysis Calculate importance of contributing factor m
Multivariate statistical analysis Calculate prediction formula from data matrix

Safety factor analysis

Score method

Apply slope stability model

Apply score table

(r: regional scale, m: medium scale, 1: large scale)

Table 3. Available input data in Korea for landslide susceptibility analysis using GIS (Lee, 1998; Turner and Schuster, 1996) .

Type Layer Attribute items Data source

Landslide Landslide Date, type, activity, depth, dimension Field survey
Geomorphological units Geomorphological description Topographic map, Soil map
Altitude Altitude Topographic map

Geomor Slope angle Slope angel Topographic map
phology Slope direction Slope direction Topographic map
Slope length Slope length Topographic map
Curvature Concavity/convexity Topographic map
Lithology Lithology, rock strength, discontinuity spacing  Geological map
‘ . Soil Material typc?s, depth, U.SCS, classification, Soil map
Engineering Parent material, soil drainage
Geolo, Fault type, length, dip, dip direction, fold axis, = Geological map, Airphoto,
& Structural geology lineam}gr)lt lenggth, dirIe)ctiop;, density Satelli%e imageI,)Fielidpsurvey
Seismic accelerations Maximum seismic acceleration Observation data
Forest Forest Wood type, age, diameter, density Forest map
Land Use Land use map Land use and cover type Top ographlc map
Satellite image

Meterological station Rainfall, temperature, evapotranspiration Report

Hydrology Drainage Type, order, length, order, size . Topographic map
Groundwater table maps Depth of groundwater table Report
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Table 4. Spatial relationship between landslide and related factors in Sagimakri area.

Class Domain (%) Landslide (%) Ratio
0~5 18 0 0.00
6~10 11 0 0.04
11~15 16 3 0.18
16 ~ 20 19 11 0.56
Slope 21 ~25 17 : 20 1.21
26 ~ 30 11 : 34 3.03
31~35 6 22 3.83
36~ 40 2 6 3.06
41~90 1 3 4.58
Flat 4 0 0.00
North 12 7 0.58
Northeast 15 12 0.81
East 16 17 1.08
Aspect Southeast 13 i1 0.83
South 9 14 1.58
Southwest 9 10 1.14
West 11 17 1.57
Northwest 12 13 1.06
Concave 29 30 1.02
Curvature Flat 41 28 0.69
Convex 30 42 1.40
Buffer (100 m) 74 72 0.98
Distance from Buffer (200 m) 20 22 1.14
Drainage Buffer (300 m) 5 4 0.82
Buffer (400 m) 2 2 0.99
Buffer (endm) 0 0 0.00
No data 2 0 0.19
Lower hilly area 0 0 0.00
Valley area 15 14 0.90
Mountainous area 77 84 1.10
Topographic Type Plains area 3 0 0.00
Valley and alluvial fan 0 0 1.60
Hilly and Mountainous area 0 0 1.10
Vally and Piedmont area 1 1 0.76
Lower hilly and Piedmont area 1 0 0.00
Sandy loam 915636 61 1.28
Fine sandy loam 8648 0 0.00
Gravelly sandy loam 2625 0 1.60
Loam 35391 1 0.48
Soil Texture Silt loam 32060 0 0.00
Gravelly loam 27715 1 0.76
Overflow area 43180 0 0.19
Rocky sandy 627654 31 0.94
Rocky loam 224294 5 0.45
Gravelly sandy 271 0 0.00
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Table 4. Continue.

Class Domain (%) Landslide (%) Ratio
No data 2 0 0.19
Poorly drained 6 2 0.34
Soil Drainage Somewhat poorly drained 5 6 1.12
Moderately well drained 1 1 0.66
Well drained 10 7 0.70
Excessively drained 76 84 1.11
No data 2 0 0.19
Colluvium 2 1 0.59
Soil Valley alluvium 15 14 0.90
Material Granite residuum 66 79 1.21
: Fluvial alluuium 3 0 0.00
Pluton residuum 12 5 0.45
No data 2 0 0.19
Soil Poorly shallow 0 0 0.00
Thickness Shallow 44 36 0.82
! Normal 51 62 121
Deep 2 1 0.57
Non-forest 23 26 1.14
Borad leaf tree 2 2 1.06
Pine 54 55 1.03
Cultivated 3 3 0.90
Forest Paper pulp 0 0 0.00
Type Artificial pine 1 2 2.18
Larch 4 4 0.90
Korea nut pine 8 5 0.57

Artificial rigida pine 0 1 2.31
Mixing tree 5 3 0.67

Non-forest 26 29 1.11
Forest Very small diameter 14 12 0.87
Diameter Small diameter 46 50 1.09
Medium diameter 14 9 0.64
Non-forest 26 29 1.11
Ist age 14 12 0.87
Forest 2nd age 31 40 1.30
Age 3rd age 16 10 0.66
4th age 13 8 0.61
5th age 1 1 1.18
Non-forest 39 40 1.02
Forest Loose 46 43 0.94
Density Moderate 10 12 1.13
Dense 5 5 1.07
Geology Grainte 99 100 1.01
Alluvial deposit 1 0 0.00
Buffer (100m) 24 52 2.12
Buffer (200m) 22 25 1.15
Distance from Buffer (300m) 17 10 0.57
Lineament Buffer (400m) 13 6 047
Buffer (500m) 9 4 047

Buffer (endm) 15 3 0.21
No data 0 0 0.00
Water 0 0 0.87
Urban 2 4 2.10
Land Cover Forest 89 88 0.95
Grass 2 1 0.55
Rice field 6 6 1.07
Barren 0 0 1.80

Domain : pixels in study area

Domain (%) : domain / total pixels in study area

Landslide : number of landslide occurrences

Landslide (%) : Landslide / total number of landslide occurrences
Ratio : landslide (%) / domain(%)
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Table 5. Spatial relationship between landslide and related factors in Samkyori area.

Class Domain (%) Landslide (%) Ratio

0~5 20 0 0.00

6~ 10 11 0 0.00

11~15 18 0 0.00

16 ~ 20 20 1 0.07

Slope 21~25 17 22 1.31
26~30 9 40 4.31

3t ~35 4 28 7.88

36~40 1 7 6.33

41 ~90 0 2 5.90

Flat S 0 0.00

North 12 20 1.66

Northeast 14 17 1.23

East 14 18 1.30

Aspect Southeast 13 8 0.64
South 12 11 0.98

Southwest 12 11 0.88

West 9 10 1.10

Northwest 10 5 0.48

Concave 27 32 1.16

Curvature Flat 44 30 0.69
: Convex 29 38 1.33
Distance from Buffer (100m) 84 87 1.04
Drainage Buffer (200m) 15 13 0.85
Buffer (300m) 1 0 0.00

No data 22 26 1.20

Lower hilly area 4 1 0.33

Valley area 17 11 0.68

Topographic Molumainous area, 45 59 1.30
Plains area 3 0 0.00

Type Valley and alluvial fan 0 0 0.00
Hilly and Mountainous area 6 1 0.11

Vally and Piedmont area, 1 1 1.57

Lower hilly and Piedmont area 2 0 0.00

No data 18 23 1.25

Sandy loam 47 28 0.60

Fine sandy loam 1 0 0.00

Gravelly sandy loam 0 0 0.00

Soil Texture Loam 7 2 0.30
Silt loam 0 0 0.00

Gravelly loam 1 1 1.57

Overflow area 3 3 0.98

Rocky sandy 22 42 1.93
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Table 5. Continue
Class Domain (%) Landslide (%) Ratio
No data 22 26 1.20
Poorly drained 5 0 0.00
Soil Drainage Somewhat poorly drained 9 8 0.92
Moderately well drained 3 1 0.20
Well drained 10 5 0.54
Excessively drained 51 59 1.16
No data 22 26 2.75
Colluvium 3 1 1.02
Soil Material Valley alluvium 17 11 1.56
’ Granite residuum 55 61 2.51
Fluvial alluuium 3 0 0.00
No data 22 26 1.20
Poorly shallow 1 0 0.00
Soil Thickness Shallow 22 42 1.93
Normal 54 30 0.57
Deep 2 1 0.67
Non-forest 27 13 0.48
Pine 68 82 1.21
Forest Type Aniﬁcial borad leaf tree 1 0 0.00
Cultivated 2 1 0.79
Korea nut pine 1 2 2.16
Mixing tree 1 1 1.11
Non-forest 29 14 0.49
. Very small diameter 2 2 1.03
Forest Diameter Smiall diameter 69 81 1.18
Medium diameter 1 3 3.40
Non-forest 29 14 0.49
st age 2 2 1.03
Forest Age 2nd age 62 68 1.09
3rd age 6 14 2.08
4th age 1 3 3.40
Non-forest 22 22 1.03
. Loose 39 55 1.42
Forest Density Moderate 9 7 0.75
Dense : 31 16 " 053
Geology Grain_te ' 100 100 1.00
Alluvial deposit 0 0 0.00
Buffer (100 m) 38 59 1.57
Buffer (200 m) 26 24 0.92
Distance from Buffer (300 m) 16 5 0.30
Lineament Buffer (400 m) 8 5 0.63
Buffer (500 m) 5 3 0.60
Buffer (endm) 8 4 0.52
No data 0 0 0.00
Water 0 0 0.00
Urban 2 1 Q.65
Land Cover Forest 89 90 1.01
Grass 3 6 1.85
Rice field 5 2 0.39
Barren 0 1 2.65

Domain : pixels in study area

Domain (%) : domain/ total pixels in study area

Landslide : number of landslide occurrences

Landslide (%) : Landslide / total number of landslide occurrences
Ratio : landslide (%) / domain(%)
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Fig. 1. Landslide susceptibility map by applying frequency
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Fig. 2. Landslide susceptibility map by applying frequency ratio of Samkyori to Samkyori.
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