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Methodology of an Analysis of Snow Disaster Risk for
Establishing Climate Change Adaptation Measures

Abstract

This study applies the concept of risk defined by IPCC’s fifth assessment report to Daegu City, Ulsan City, Gyeongsangbuk Province,
and Gangwon Province to assess and analyze snow disaster risks. Sub-indicators of three hazards, six exposures, four vulnerabilities,
and five adaptive capacities were selected, and spatial information based on grids or administrative districts was constructed. The
weight of each indicator was calculated with the Analytic Hierarchy Process (AHP), and the maximum inconsistency of the expert
survey result was 9.86%, indicating high consistency. The results show that administrative districts with an space average risk of
“very high” are Ulleung, Gangneung, Sokcho, Yangyang, Pyeongchang, Goseong, Donghae, Samcheok, and Jeongseon, accounting
for 16.7% of the entire administrative district. One region has a “high” risk, Taebaek (1.9%), and those with a “moderately high”
risk were Uljin and Inje (3.8%). These regions have very high levels of hazards, very low exposure, very high vulnerability, and
low adaptive capacity; hence, hazard, vulnerability, and adaptive capacity had a significant effect on the increased risk. Pyeongchang
had the highest standard deviation of gridded risk among the 12 regions with a risk above moderately high. The standard deviation
of gridded risk for Pyeongchang was estimated to be 1.0 with the highest value, followed by Inje, with 0.69, and Jeongseon, with
0.55; therefore, differentiated climate change adaptation measures should be established according to gridded risks.

Key words : Snow Disaster, Climate Change, Adaptation, Risk, Measure

Q X
B AFel A= IPCC AsxE 71538 Hrira A A A= MgS A5t gl FFGA, SAFIGA, AAEE,
FUEE ggdoz Ha AIEE Hrista B3390 9EE HHE A f6iA 30, =EA 670, A N, HedH
5] AR HFE AGsta A 2 PG 7Y 7Nke] FAARE FEIAT e HiEe s HE AFFEH S T3
2t om AEVF AEZATS] udAAY HAGS 9.86%= aHFE dAA 0] =L Aoz Y. °4?EH*0P11°%‘91
Asjel e Adx HrF A3, AETE 9IE FF TF0 WMeES A AGe &5, FEA, S2A, FST, AT,
AT, SIA, AHEA, AT AA PATYE F 16.7%, ‘=S¢ (AL AR 1.9%, ‘el (He 3F,
AATFOZ 38%A Aoz Yehth o] A& ey Had 552 A4 s, =84 ¢S, G s
, A A Aoz L}E}”D} Asl AE=

L ASAF WS SFOE A, A, Aol APE Fvbl 2 IF
F ol 127 AY F A4 A= EEAR} 7 BATZOE 100, o]0l Az
e £

= e} 598 AT NAE 9 sl 4T A sgslord Aow

*WAA A, A Y, FFEFAAD - HrrATY I FHE A SAE 2 AT (Tel: +82-44-415-7983, Fax: +82-44-415-6770 E-mail: isyu@kei.re.kr)
Corresponding Author, Member, Invited Research Fellow, Korea Adaptation Center for Climate Change, Korea Environment Institute

- 351 -



1. M2

A AAAR] AFF7Ee) BARFoRE Qe 247t~
HjE&Fo] S7kstal lom o= AMA 3E3kol 24a9E
Yo A 7|7 FFHE A= 5 7] FHS
Ylo] FHojghtt 19701d ~2000d B2t olketekAr) Az
1.3% =713 WA, 20001 ~2010% F<koll= A7F 2.2%7}
Skl H B0 olikslera wiEHe] Us STk
ALE 53], 55 719 VR Aed 24 9 S
u-9- &GS vRItk F5le tiFd SR 454
7HA] AAYE 7Fe 2719 80l EehEo 8 2ypolar
vortex)7} A5kl Tk AE7]F(et steam)7} BFFHE
w2A EHA W 2 371Q0 ERA P AE 232 0]
A TN ZITL Qo HT A F 2dstE 3] 3ol
51 855 430 257 ST18HHA A EZF7) delaie]
2 H97F AR =)o dtkFig 1), ZehRold o] Je)
e S 23R vl ] T AA 35kl 4843

N
i

T B2 Al Fal7F EASkaL ATHYu, 2016).

= - & FA D& AEHEA, 20161 1€ H]7ol A
ZAZ IS 9189 DCSF & T vl FEAYe] A gL
T garso] =] 7,000 T o] HAEU
o}t YA E D.C.oF mEHE, wAYol, kA7) Eto,
AR EStoIY, AR Foll e 129 e] 7)) 42
73, WEARLE 1390] w5l AA2F0E 21 A,
MBS EF ARLE 49 0] AP 5 9F 8,500 9
ALz B s ATk

ol

How the polar vortex works

Stable polar vortex Wavy polar vortex

Strong jet

stream
Ej Cold air = .
contained bl Cold air
% moves south

Ja
!

Source: Woodward, 2019
Fig. 1. How the Jet Stream Impacts the Polar Vortex
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Fig. 2. Comparison Between Concept of Vulnerability and Risk
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Table 2. Weights

of Indices and Sub-indices for Snow Disaster Risk Assessment

Indices Weights Sub-indices V\;ei%lits
Mean of annual daily maximum snow depth (cm) Hl 0.2386

Hazard 0.4358 : ;
o o Design ratio of snow depth for greenhouses (%) 0 0.0790
Mean of annual maximum unit snow weight (kgf/m’) H3 0.1182
Road area ratio (%) El 0.0250
The number of houses (houses/km) b7 0.0165
Exposure 0.1849 | Population density (people/km’) E3 0.0195
E B The number of cars (cars/km) B 0.0363
Farm area ratio (%) E5 0.0297
School area ratio (%) EB 0.0579
Urban area ratio (%) "1 0.0533
Vulnerability 0.1993 | Population ratio vulnerable to disaster (%) 2 0.0666
4 0l Past natural disaster damage (in million KRW) %3] 0.0303
The number of dilapidated house ratio (%) V4 0.0491
Gross regional domestic product per capita (in million KRW/person) Al 0.0300
Adaptive 0.1800 Financial independence ratio (%) A2 0.0464
capacity 5 The number of medical and rescue personnel (people/thousand of people) A3 0.0490
A The number of construction equipment (equipment/thousand of people) A4 0.0220
The number of civil servant (people/thousand of people) A5 0.0326
Total 1.0000 - - 1.0000
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Fig. 3. Study Area’s Snow Disaster Risk Map
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Table 3. Results of the Indices and Snow Disaster Risk According to Administrative Districts

. Adaptive Snow disaster St.anfiard
. . o Hazard Exposure Vulnerability . . deviation of
Administrative districts capacity risk .
(space-mean) (space-mean) (space-mean) snow disaster
(space-mean) (space-mean) risk
Buk -0.93 -0.54 -0.25 -1.17 -0.99 0.21
Dalseo -0.93 -0.05 -0.74 -0.77 -1.09 0.19
Dalseong -0.92 -1.06 0.84 -0.68 -0.89 0.23
Dae Dong -0.94 -0.79 0.65 -1.24 -0.80 0.15
gu Jung -0.95 0.46 0.86 2.61 -1.16 0.18
Nam -0.94 -0.33 0.06 -0.58 -0.98 0.23
Seo -0.94 -0.18 -0.11 -1.23 -0.89 0.17
Suseong -0.95 -0.17 -0.33 -0.89 -1.01 0.26
Buk -1.01 -0.58 0.33 1.56 -1.37 0.22
Dong -1.01 -0.64 -0.38 2.61 -1.74 0.23
slilll Jung -1.01 -0.06 -0.39 0.92 -1.36 0.20
Nam -1.01 -0.59 0.04 1.22 -1.40 0.21
Ulju -1.07 -1.24 0.72 1.45 -1.44 0.19
Andong -0.33 -1.47 1.80 -0.32 -0.20 0.21
Bonghwa -0.04 -1.64 1.42 -0.45 -0.03 0.41
Cheongdo -1.09 -1.38 1.33 -1.17 -0.90 0.19
Cheongsong -0.45 -1.55 1.69 -1.30 -0.21 0.19
Chilgok -0.85 -1.31 0.60 -0.51 -0.95 0.19
Gimcheon -0.61 -1.33 2.60 -0.84 -0.16 0.22
Goryeong -0.87 -1.28 1.20 0.53 -0.98 0.13
Gumi -0.74 -0.84 0.70 1.61 -1.08 0.35
Gunwi -0.74 -1.60 1.66 -0.56 -0.62 0.14
Gyeongju -0.93 -1.11 1.38 -0.22 -0.84 0.18
Gyeongsan -1.02 -0.66 0.57 -0.58 -0.99 0.23
Gyeong
buk Mungyeong -0.54 -1.30 1.50 -0.30 -0.45 0.14
Pohang -0.65 -1.05 1.49 0.71 -0.69 0.21
Sangju -0.48 -1.11 1.97 -0.38 -0.22 0.15
Seongju -0.78 -1.40 1.67 -0.08 -0.70 0.14
Uiseong -0.51 -1.25 1.88 -0.62 -0.26 0.14
Uljin 0.45 -1.72 1.84 -1.08 0.64 0.32
Ulleung 3.95 -1.50 0.82 -0.52 3.72 0.16
Yecheon -0.29 -0.78 1.57 -1.15 0.04 0.16
Yeongcheon -1.02 -1.16 1.52 0.14 -0.96 0.13
Yeongdeok -0.30 -1.60 1.96 -0.81 -0.08 0.16
Yeongju 0.11 -1.16 1.45 0.07 0.13 0.14
Yeongyang -0.02 -1.67 1.81 -1.41 0.24 0.13
Cheorwon -0.55 -1.19 1.04 -0.59 -0.51 0.27
Chuncheon -0.42 -1.40 0.99 0.09 -0.55 0.16
Donghae 1.60 -1.42 1.04 0.44 1.36 0.24
Gangneung 2.75 -1.45 2.79 0.07 2.96 0.45
Goseong 1.45 -1.50 1.42 -0.29 1.41 0.47
Hoengseong 0.01 -1.43 0.99 1.10 -0.30 0.27
Hongcheon 0.20 -1.59 0.99 0.61 -0.07 0.72
Hwacheon -0.27 -1.77 1.19 -0.45 -0.34 0.20
Gang Inje 0.35 -1.75 1.51 0.11 0.26 0.69
won Jeongseon 1.40 -1.73 2.00 0.93 1.27 0.55
Pyeongchang 1.55 -1.64 1.70 0.49 1.42 1.00
Samcheok 1.18 -1.81 2.98 0.48 1.36 0.20
Sokcho 2.40 -1.12 0.01 -0.81 2.14 0.46
Taeback 1.37 -1.62 0.34 0.58 0.90 0.29
Wonju -0.08 -1.16 0.63 0.08 -0.26 0.17
Yanggu -0.17 -1.54 0.96 0.33 -0.38 0.29
Yangyang 2.02 -1.62 1.98 0.25 2.00 0.36
Yeongwol 0.42 -1.71 1.18 1.24 0.07 0.25
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