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An Evaluation of Damage Scale on the Local Governments in
Gangwon-do using Landslide Risk Maps
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Abstract

This study predicted damage areas due to landslides in Gangwon Province and estimated the scale of damage to
roads, buildings, and forests on the local government level. By using old research findings to predict landslides, the
study established techniques to make maps for landslide vulnerability, occurrence possibility, and risk. The scale of
damage to roads, buildings, and forests was estimated at the local government level by making a landslide risk map
for 100mm, 200mm, and 300mm of accumulated rainfall. The scale of damage to roads, buildings, and forests was
estimated to be greatest in Hongcheon-gun, Jeongseon-gun, and Hongcheon-gun, respectively, in case of
100mm~200mm accumulated rainfall, in Chuncheon City, Pyeongchang-gun, and Hongcheon-gun, respectively, in
case of 200mm~300mm accumulated rainfall, and in Hongcheon-gun in case of 300mm accumulated rainfall or
more. Those estimation results of scale of damage by landslides at the local government level will help to set
priorities in landslide prevention and provide basic data for budget decisions.
Keywords : Landslide, Disaster, Risk Map, Evaluation of Damage Scale, Accumulated Rainfall
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Figure 2. Method of Study
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Table 1. Weighted Value of Landslide Factor

Factor Value Code|Weighting
21~40 1 0.546
Slope 11~20 2 0.224
Etc. 3 0.091
Convex slope 1 0.263
Curvature Concave slope 2 0.108
Equilibrium slope 3 0.044
W, SW, E, NE 1 0.263
Aspect N, SE 2 0.108
S, NW 3 0.044
Igneous rock, Tertiary system| 1 2.227
Country Metgmorphlc rock, ) 0.916

rock Sedimentary rock
Volcanic ash 3 0.373
Soil 50~100 1 2.227
denth <20, 20~50 2 0.916
P >100 3 | 0373
somewhat excessively drained 1 2.227
Drainage| moderately well drained 2 0.916
poorly drained 3 0.373
Forest 0, D, M 1 | 4532
PD, Ca, Q, PK, PL 2 1.864
type R, U, W, L 3 | 0760
Small wood 1, 2 1 4.532
DIBH Medium wood 3 2 1.864
“a5S T arge wood 4 3 | 0.760
Low density,

Forest Middle density ! 5827
density High density 2 2.397
Etc. 3 0.977
O 1 0.168
Fault X 2 | 0.056

Table 2. Cell Statistics of Landslide Occurrence Point
on the Ist Landslide Vulnerability Map

Statistics Value
Count 215
Minimum 15.288
Maximum 22.545
Mean 19.897
Standard deviation 1.712

100
80
60
40
20

0

163164176 188 199 21.1 22.2

Figure 3. Frequency Distribution of Landslide
Occurrence Point on the 1st Landslide
Vulnerability Map
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Figure 4. Landslide Vulnerability Map
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Figure 5. Moisture Content Map of the Soil for

Saturation

Table 3. Cell Statistics of Landslide Occurrence Point
on the Moisture Content Map of the Soil

Statistics Value
Count 215
Minimum 12.53
Maximum 32.55
Mean 27.08
Standard deviation 1.30

200
150
100
50
0

125157 18.922.1 253 28,5 31.7

Figure 6. Frequency Distribution of Landslide
Occurrence Point on the Moisture Content
Map of the Soil
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Table 4. Comparison with Accumulated Rainfall of
Landslide Occurrence Point and Cell Value

of Moisture Content Map

= AR a2 75
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Gangwon Rainfall coll value Z¥7; ZIALE FRoln, el TlEom AASISIT
province (mm) v olof I AFAE AHIAHY TS FHalshe]
Pyongchang 933 26.85 100mm, 200mme} ¥ Ao A HEF ARAE] @AY
Inje 654 26.85 F5o] wlh§- 52 300mmE F7Iete] FA 7ol wh
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Samcheok 490 29.70 TR 655 AT Eoko] &A3] Z3lel=d e
Yangyang 301 26.85 3 ZFo|t(Table 5).
Yangyang 332 26.85
Donghae 399 26.85 ) ) o
Count 14 Table 5. Landslide Forecasting Criteria
Minimum 301.00 26.85 Class of | Accumulated Moisture
Maximum 933.00 32.55 landslide | rainfall(mm) | coment of | Source
Mean 578.08 27.15 the soil
Standard deviation|  241.25 1.29 Warning 100~200 26 Forest
Alert 200~299 33 Service
80 Occurrence over 300 65 Research
60
0 Moisture content map of the soil for saturation
o 0 10|26
~24 25 |65 | 32 55
0 subtraction
27|55 |23
301 403 505 607 709 811 913 +:0 -~ +:0
. - §d - -:1
Figure 7. Frequency Distribution of Accumulated
Rainfall in the Landslide Occurrence Point 1/1 1/1 1]1]1
0 1|0 111
& & 5 Q2 wEkA FHRFo) 300mm ool o1l 12101 L1
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AFENZ} WAEE 4= 9l keEk 73S 7|E M AAF 0|0 |2 102 1|10]2
AHIE =8 715 AAsknk (Warning) (Alert) (Occurrence)
A APAS B Z972 013 AE] 2 Bals Landslide occurrence probability map
Q-2 23l ARrES 840}7] Qe E A= 7) Figure 8. Method of Landslide Occurrence Probability
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Figure 9. Landslide Occurrence Probability Map
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(c) Landslide occurrence(300mm) of road

Figure 10. Risk Map of Road using Landslide
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Figure 11. Risk Map of Building using Landslide

Occurrence Maps

Legend
Kangwon.do

s

[ 2 Class

ws 2

Scale : 1/1,000,000

iometers
0 50

77



78

nnnnnnn

T E
Scale : 1/1,000,000

(¢) Landslide occurrence(300mm) of forest

Figure 12. Risk Map of Forest using Landslide

Occurrence Maps
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Table 6. An Evaluation of Damage Scale on the Local Governments in Gangwon-do using Landslide Risk Maps

Gangwon Road(km) Building(km) Forest(km)
Province Grade 100 200 300 100 200 300 100 200 300
mm mm mm mm mm mm mm mm mm
1 26.5 84.2 115.6 0.09 0.50 0.76 105.97 206.65 212.8
Gangneung 2 29.0 70.5 101.1 1.52 7.00 10.50 231.09 418.39 425.59
1+2 55.5 154.7 216.7 1.61 7.50 11.26 337.06 625.04 638.39
1 8.9 28.5 34.3 0.03 0.09 0.14 25.22 130.12 | 13542
Goseong 2 5.2 8.3 12.1 0.35 0.97 1.64 83.52 11249 | 114.95
1+2| 141 36.8 46.4 0.38 1.06 1.78 108.74 | 242.61 | 250.37
1 4.1 45.3 57.4 0.04 0.36 0.45 12.85 66.68 67.68
Donghae 2 2.8 11.1 22.8 0.39 3.74 5.35 791 40.59 42.05
1+2 6.9 56.4 80.2 0.43 4.10 5.80 20.76 107.27 | 109.73
1 53.4 126.9 142.4 0.27 0.63 0.75 278.88 435.91 442 .4
Samcheok 2 20.1 37.0 46.2 3.06 6.72 8.06 352.16 469.77 474.37
1+2| 735 163.9 188.6 3.33 7.35 8.81 631.04 | 905.68 | 916.77
1 2.6 27.5 34.8 0.02 0.14 0.17 0.66 19.9 20.27
Sokcho 2 6.8 11.7 16.0 0.50 1.81 2.34 1.85 27.41 27.78
1+ 2 9.4 39.2 50.8 0.52 1.95 2.51 2.51 47.31 48.05
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1 167 [ 2900 | 364 [ 007 [ 011 | 016 [ 1976 | 102.65 | 10451
Yanggu 2 86 | 153 | 215 | 088 | 136 | 194 | 4096 | 107.25 | 108.22
1+2] 253 | 443 | 579 | 095 | 147 | 210 | 6072 | 2099 | 212.73
1 196 | 412 | 469 [ 009 | 018 | 023 | 1913 | 14075 | 143.28
Yangyang | 2 186 | 405 | 475 | 103 | 235 | 3.04 | 6645 | 207.82 | 210.13
1+2] 382 | 817 | 944 | 112 | 253 | 327 | 8558 | 34857 | 35341
1 488 | 611 | 739 | 022 | 031 | 038 | 300.13 | 32511 | 32671
Yeongwol | 2 317 | 404 | 460 | 306 | 432 | 507 | 4677 | 501.23 | 50434
1+2] 8.5 | 1005 | 1199 | 338 [ 463 | 545 | 767.83 | 826.34 | 831.05
1 76 | 465 | 615 | 004 | 019 | 030 | 1968 | 150.26 | 153.93
Wonju 2 101 | 486 | 728 | 075 | 391 | 566 | 90.79 | 359.81 | 363.81
1+2] 177 [ 951 | 1343 | 079 | 410 [ 596 | 11047 | 510.07 | 517.74
1 253 | 593 | 720 | 007 | 020 | 027 | 49.98 [ 171.29 [ 173.22
Tnje 2 240 | 606 | 719 | 135 | 262 | 351 | 34838 | 686.42 | 688
1+2| 493 [ 1199 | 1439 | 142 | 282 | 378 | 39836 | 206.65 | 861.22
1 825 | 1119 | 1272 | 049 | 056 | 0.67 | 17144 | 312.88 | 31581
Jeongseon | 2 338 | 557 | 604 | 571 | 673 | 797 | 32024 | 52833 | 530.19
1+2] 1163 | 1676 | 187.6 729 | 8.64 | 49168 | 130.12 | 846
1 5.6 7.6 94 | 001 | 003 [ 006 | 2094 [ 5327 | 5681
Cheorwon | 2 2.4 43 47 | 021 | 049 | 082 [ 3478 | 103.65 | 104.72
1+2] 80 [ 119 [ 141 | 022 | 052 | 088 | 5572 | 66.68 | 161.53
1 302 | 925 | 1353 | 043 | 048 [ 074 | 3007 | 93.55 | 96.63
Chuncheon | 2 545 | 1222 | 1447 | 226 | 7.19 | 1041 | 23595 | 575.18 | 57833
L +2] 847 280.0 | 239 | 767 | 1115 | 266.02 | 43591 | 674.96
1 322 | 465 | 498 | 026 | 035 | 042 | 40.66 | 6923 | 7157
Tacback 2 99 | 249 | 261 | 282 | 427 | 502 | 8031 | 137.67 | 140.9
L+2] 421 | 714 | 759 | 3.08 | 462 | 544 | 12097 | 2069 | 21247
1 592 | 1091 | 1275 | 039 | 062 [ 071 | 1314 | 197.85 | 202.13
Pyongchang | 2 382 | 695 | 839 | 564 | 911 | 1035 | 437.86 | 624.04 | 62895
L+2] 974 | 1786 | 2114 | 6.03 11.06 | 569.26 | 821.89 | 831.08
1 543 | 815 | 1305 | 022 | 040 | 069 | 13382 | 205.88 | 21835
Hongcheon | 2 88.8 | 1304 | 1647 | 399 | 7.10 | 10.67 | 75517 | 983.6 | 997.18
1+2 2119 [72952 | 421 | 7.50
1 241 | 529 | 652 | 016 | 026 | 031 | 1382 | 15594 | 157.98
Hwacheon | 2 175 | 413 | 481 | 179 | 310 | 3.67 | 4281 | 31094 | 312.07
1+2] 416 | 942 | 1133 | 195 | 336 | 398 | 5663 | 466.88 | 470.05
1 173 | 712 | 1154 | 009 [ 044 | 075 | 4179 [ 15861 | 169.25
Hoengseong | 2 309 | 751 [ 113.0 | 155 | 627 | 1026 | 12851 | 450.29 | 460.44
1+2] 482 | 1463 | 2284 | 164 | 671 | 11.01 | 1703 | 6089 | 629.69
1| 5189 | 11227 [ 14355 | 269 | 585 | 796 | 14162 | 2996.53 | 3068.75
Total 2 | 4329 | 8674 | 1103.5 | 3696 | 79.06 | 106.28 | 3726.44 | 6644.88 | 6712.02
142 | 951.8 | 1990.1 [ 2539.0 | 39.65 | 8491 | 114.24 | 5142.64 | 9641.41 | 9780.77
4. A 2 AReAE w2, AR, Y So ARssiel A4}
A D8] el SrE AEaslch
A w7k % AR AL g 913 o A3t AYEF] A5 J1E WA gt
AHEQ] g vk Bo] SRFAAA SHEE A 67.44%00 SlFShs 159 25 HoR TREglon,
T 5 QS AUk BAS Fu ATE Y FARFel 0 Ak WA 71FS 100mm(Tel
t}. 1), 200mm(AHE), 300mm(TY)E ARSIt ®

o2 9184 A SIFAE A ES At

% o

75

of w2 e AT w k=,



=154

) -

80 ol -
A5, Aol tigt 97l1e] AL @A =E AZFel

YPAFER AApA ] el St
& A A3 =29 A5 A4 715 100mm
(F-2l1), 200mm(7H) 300mm(EHy)2] T HEAIA]
T, T4, 3 som EAEdeH, HEe B¢ 4
A, BH, 3 woR BRI A 73%3 EF
THoRE A HSI

= AT AR =, 3, L ade] HRA
o thigh ApuF50] ofH Y AL el St

iy Oigiﬁ‘r agjar @ AJRelA Jel o=
Asshe vl gA7F Ak ot
& AT AHIE VRR B AT
71 ool ARl A AR T Ef o
o AP diks FHsk=T 71
z}JfL £9 F S AoR Foych
AN Ashs AR EA =S vl
FAsALY, 715 ARALE B ol g 7t
DB HE E3)] o ptazte] Ak FRE 93l 27}
A77F |t

_,d
jQ

PAEE ol

}

o

F"{U: oN o,
mlm

ﬁr_‘rﬂwm
ﬂjm
N

L»sz

—|—‘U}1_l

o mt me 3
{JT-{E td

)

lo
~

-

il
>

References

1. Choi, K., 1989, Methodologies for landslide prediction
and prevention efforts, Research Databases of
Korea Forest Research Institute, No. 27, pp. 1—3.

2. Ham, D. H. and Hwang, S. H., 2014, Review of
landslide forecast standard suitability by analysing
landslide —inducing rainfall, Journal of Korean Society
of Hazard Mitigation, Vol. 14. No. 3, pp. 299—310.

W. H., 2006,

landslide on maximum Accumulated Rainfall using

GIS, Master’s Degree Thesis, Kangwon National

3. Jeon, An assessment for effect of

University.

10.

. Pyo, S. 1.,

oA

b 1o

. Lee, M. G., 2011, Landslide susceptibility mapping

using frequency ratio and logistic regression model
in the bukgun—dong area, Gyeongju, Korea, Master’s
Degree Thesis, Kyungpook National University.

. Park, J. K., Yang, I. T., Kim, T. H., Park, H. G.,

2008, Extraction of landslide risk area using GIS,
Journal of the Korean Society of Surveying,
Geodesy, Photogrammetry and Cartography, Vol.
26, No. 1, pp. 27—39.

2005, Analysis of landslide hazard
prediction map using remotely sensed data & GIS
technic in Samcheok—city, Kangwon—do, Master’s
Degree Thesis, Chungnam National University.

. Quan, H. C., Lee, B. G, Lee, C. S., Ko, J. W.,

2011, The landslide probability analysis using logistic
regression analysis and artificial neural network
methods in Jeju, Journal of the Korea Society for
Geospatial Information System, Vol. 19, No. 3, pp.
33—40.

. Yang, I. T., Chun, K. S., Park, J. K., Lee, S. Y.,

2007, An estimation to landslide vulnerable area of
rainfall condition using GIS, Journal of the Korea
Society for Geospatial Information System, Vol. 15,
No. 1, pp. 39—46.

. Yang, I, T., Park, J. K., Jeon, W. H., Chun, K. S.,

2007, An evaluation of landslide probability by
maximum continuous rainfall in Gangwon, Korea,
Journal of the Korea Society for Geospatial
Information System, Vol. 15, No. 4, pp. 11—20.
Yoo, N. J., and others, 2012, Analysis of rainfall
characteristics and landslides at the west side area
of Gangwon province, Journal of the Korean
Geoenvironmental Society, Vol. 13, No. 9, pp.
75—82.



