I (Crisisonomy Vol.12 No.11, 85-97

Crisisonomy
e N

ISSN 2466-1198 (Print) ISSN 2466-1201 (Online)

http://dx.doi.org/10.14251/crisisonomy.2016.12.11.85

™ © 2016 Crisis and Emergency Management : Theory and Praxis. All rights reserved.

Crisisonomy

Predicting Disaster Vulnerability in Gangwon Province Using the Disaster Risk
Index Based on RCP 8.5 Climate Change Scenarios

Dae Ju Hwang'’, Suk Ho Lee’, Mun Mo Kim’, Byung Sik Kim®'

" Department of Tourism Development, Samchecok City Hall, 296 Jungang-ro, Samcheok-si, Gangwon-do, Korea
? Department of Urban & Environmental Disaster Prevention School of Disaster Prevention, Kangwon National University, 346 Joogang-ro,

Smacheok-si, Gangwon-do, Korea

* Department of Civil Engineering, Shingu University, 377 Gwangmyeong-ro, Jungwon-gu, Seongnam-si, Gyeonggi-do, Korea

Abstract

There is a growing concem over climate change all over the world, particularly due to the impact of extraordinary
climate. The IPCC (Intergovernmental Panel on Climate Change) predicted that the annual average temper-
ature of the earth would increase by 2.3°C in 2050 and by 4.8°C in 2100. It was also predicted that the
annual average temperature in Korea would increase by 3.2°C in 2050 and by 6°C in 2100. This study
aims to find out an effective measure against climate change that recently emerged as the global issue,
through a disaster vulnerability analysis for flood, drought, intense heat, and heavy snow. The disaster vulner-
ability index was calculated separately for the present (2000) and the future (2020 and 2050). The results
revealed that Yeongdong region and Wonju city were the most vulnerable in 2000. In addition, Sokcho,
Gangneung, and Chuncheon cities were predicted to be the most vulnerable in 2020 and the central region

of Gangwon would be the most vulnerable in 2050.
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Figure 1. Disaster vulnerability analysis process
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Table 1. Disaster vulnerability index

Type Division Indicator name Source
Daily amount of precipitation days more than 80 mm Meteorological Administration
Risk Daily maximum precipitation (mm) Meteorological Administration
5 days duration of precipitation (mm) Meteorological Administration
Low-lying areas less than 10 m (generation) Korea National University of Education
Population under 13 years of age (persons) Korean Statistical Information Service
Population over 65 (persons) Korean Statistical Information Service
Basic livelihood ratio (%) Statistical Yearbook of Social Welfare
Vulnerability Road area ratio (%) National Geographlc Information
Institute
Flood — Percentage of elderly living alone total population (%) |Korean Statistical Information Service
— Population density (persons / ki) Korean Statistical Information Service
— Area average slope (deg) Ministry of Environment
— Total population (persons) Korean Statistical Information Service
— Number of civil servants per population (persons / 10,000)|Korean Statistical Information Service
— Number of emergency medical institutions per population Ministry of Health and Welfare
(pes / million) Statistical Year Book
Adaptability — Financial independence (%) National Statistical Office
~ Levee area ratio (%) National Geographic Information
Institute
— Gross regional domestic product (GRDP) Korean Statistical Information Service
— Maximum number of consecutive rainless days Meteorological Administration
— Day maximum temperature Meteorological Administration
Risk — Number of days when the maxoimum daily temperature is Meteorological Administration
over 33 °C
— Days The number of days when tohe minimum temperature Meteorological Administration
exceeds 25 °C
— Farm population User Climatic Factor
Drought - - - -
Vulnerability — Crop area Korean Statistical Information Service
— Crop yield User Climatic Factor
— Industrial water supply User Climatic Factor
— Agricultural water supply User Climatic Factor
Adaptability — Domestic water supply User Climatic Factor
~ Water supply ratio Korean Stgtistical Infor'mation Service,
Ministry of Environment
— Daily maximum temperature Meteorological Administration
‘ — Number of days when the maxoimum daily temperature is Meteorological Administration
Risk over 33 °C
— Days The number of days when tohe minimum temperature Meteorological Administration
exceeds 25 °C
Heat wave — Population under 13 years of age (persons) Korean Statistical Information Service
- — Population over 65 (persons) Korean Statistical Information Service
Vulnerability . - . - -
— Percentage of elderly living alone total population (%) |Korean Statistical Information Service
— Population density (persons / ki) Korean Statistical Information Service
Adaptability — Number of Emergency Medical I-ns.titutions per Population Ministry 91" -Health and Welfare
(Number / Million) Statistical Year Book
. — Days The number of Qays when the minimum temperature Meteorological Administration
Risk is below zero
— Snowfall Meteorological Administration
— Population under 13 years of age (persons) Korean Statistical Information Service
Heavy snow Vulnerability — Population over 65 (persons) Korean Statistical Information Service
— Percentage of elderly living alone total population (%) |Korean Statistical Information Service
— Population density (persons / ki) Korean Statistical Information Service
.|~ Number of civil servants per population (persons / 10,000)|Korean Statistical Information Service
Adaptability

— Financial independence (%)

National Statistical Office
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Table 3. Climate exposure substitution variables
. . Day maximum 5—day cycle maximum Number of days of Daily maximum temperature
Admllmst.ratlve precipitation precipitation precipitation over 80mm (°c)
district 2000 | 2020 | 2050 | 2000 | 2020 | 2050 | 2000 | 2020 | 2050 | 2000 | 2020 | 2050
Chuncheon 81,7 132.6 118.8 172.4 269.1 239.0 0.8 2.2 2.1 14,2 14,9 16.6
Wonju 103.8 106.6 121.8 2127 253.1 258.3 0.9 1.9 2.0 14,5 15,3 16.9
Gangneung 108.7 113.8 113.7 181.0 217.1 235.9 1.0 2.0 2.4 12,4 13.5 15.4
donghae 106.0 134.2 126.8 177.0 226.5 236.2 1.2 2.0 1.7 13.4 14,5 16,4
Taebaek 85.5 180.7 11,4 1289 268.5 193.2 0.7 1.0 1.0 10.9 12.0 13,7
Sokcho 100.4 146.9 162.8 186.0 2176.2 263.7 1.2 2.8 2.6 12.5 13,6 15.5
Samcheok 97.6 130.6 118.8 156.0 2157 226.2 1.0 1.7 1.3 12.7 13.8 15,7
Hongcheon 87.6 119.6 143.0 173.7 255.5 251.4 0.6 1.9 2.2 13.1 13,9 15.6
Hoengseong 99.9 99.4 113.6 197.5 2473 226.9 1.1 1.8 2.1 13.7 14,5 16.2
Yeongwol 97.5 117.4 96.2 174.6 234.9 212.5 0.8 1.4 1.2 13.2 141 15.7
Pyeongchang 95.6 96.0 11,5 159.3 211.5 2134 0.8 0.9 1.9 1.5 12,5 14,2
Jeongseon 90.9 107.2 79.8 1435 199.9 161.6 0.5 0.7 0.8 11,7 12.6 14,4
Cheorwon 88.0 128.3 115.5 173.6 260.0 242.3 0.9 1.8 2.6 13,6 144 16,1
Hwacheon 81.8 126.5 1419 156.0 2422 268.0 0.7 1.8 2.1 13,0 13.8 15.5
Yanggu 74.1 128.5 93.5 1527 2488 189.0 0.3 1.8 1.1 12,6 13.4 15,1
Inje 75.4 128.3 124 4 136.8 243.8 216.6 0.4 1.8 1.7 11,4 12,3 141
Goseong 100.2 1471 144 4 185.6 269.2 2475 1.4 2.5 2.7 12,2 13.3 15.2
Yangyang 102.3 1475 1447 175.7 2641 2591 1.0 2.0 2.7 121 13.3 15,1
Days The number of days when|Days The number of days when| Maximum number of Days Lowest
Administrative| the maximum temperature the minimum temperature successive rainless |Temperature The number| Snowfall (cm)
district exceeds 33 °C (times) exceeds 25 °C (times) days (times) of day (time)
2000 2020 2050 2000 2020 2050 2000 | 2020 | 2050 | 2000 | 2020 | 2050 |2000|2020 |2050
Chuncheon 0.4 1.8 8.4 - 11 12.6 6.5 4.7 48 | 1285 | 121.8 | 108.0 | 0.2 | 0.2 | 0.1
Wonju 0.3 1.3 7.1 - 0.5 10,5 6.8 4.7 47 | 1239 | 1174 | 1027 | 0.1 | 0.1 | 0.0
Gangneung - 0.3 2.7 - - 5.3 4.2 4.0 39 | 1194 | 1059 | 893 | 23|14 |04
donghae 0.9 2.0 8.9 0.2 0.2 8.2 4.7 4.5 43 | 18,0 | 107.0 | 90.3 | 1.4 | 0.8 | 0.2
Taebaek - - 0.7 - - 0.4 5.3 4.1 41 | 1422 | 1323 | 119.0 | 0.7 | 0.6 | 0.2
Sokcho 0.7 1.1 6.4 0.2 0.2 6.4 5.2 4.6 4.8 1251 | 1142 | 100.4 | 2.7 | 1.7 | 0.5
Samcheok - 0.4 4.0 - - 3.8 4.3 3.8 37 | 1215 | 1101 | 932 | 1.2 | 0.9 | 0.2
Hongcheon 0.1 0.9 3.9 - - 2.2 4.8 4.2 4.4 1327 | 1259 | 1125 | 0.4 | 0.4 | 0.2
Hoengseong 0.1 1.0 5.2 - - 5.1 6.1 4.9 4.7 1287 | 1224 | 1084 | 0.2 | 0.2 | 0.1
Yeongwol - - 2.8 - - 1.1 4.6 3.8 3.4 1353 | 1281 | 1134 | 0.2 | 0.2 | 0.1
Pyeongchang - - 0.8 - - 0.3 4.3 3.7 3.6 | 1432 | 1355 | 1223 | 0.8 | 0.6 | 0.2
Jeongseon - - 1.3 - - 0.3 4.7 3.6 3.4 | 1412 | 1330 | 1198 | 0.6 | 0.6 | 0.2
Cheorwon 0.1 1.6 6.5 - 0.2 5.8 7.3 5.7 6.2 | 1315 | 1252 | 1129 | 0.2 | 0.2 | 0.1
Hwacheon 0.1 0.9 3.9 - 0.2 4.1 6.8 5.2 55 | 1348 | 1277 | 1148 | 0.3 | 0.2 | 0.1
Yanggu 0.1 0.7 3.4 - 0.1 2.1 6.5 5.7 55 | 1355 | 1285 | 1153 | 0.3 | 0.3 | 0.2
Inje - 0.2 2.3 - - 1.0 4.8 4.2 44 | 1375 | 1293 | 1163 | 1.0 | 0.8 | 0.4
Goseong 0.3 0.1 3.0 0.1 0.3 6.6 4.3 4.5 42 | 1210 | 1081 | 938 | 28 | 1.3 | 0.6
Yangyang 0.4 0.4 3.5 - - 4.7 4.5 3.9 4.4 1232 | 111.3 96.1 24114104
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. . 10m or ‘less Population | Population Basic Percentage Total Area Popula‘tion Cultivated | Household Crop
Administrative | low-lying L of elderly . Road Area density ) .
o . under 13 over 65 | Livelihood |.. . population . Average land area | population | production
district furniture (persons) | (persons) | Ratio (%) living alone (persons) Ratio (% Slope (deg) (Persogn s/ (ha) (persons) (ton)
(household) (%) km’)
Chuncheon - 47,500 27,900 4 2 260,000 2 18 233 7,062 18,713 19,408
Wonju - 57,700 28,200 4 2 284,000 2 16 321 9,030 23,952 29,139
Gangneung 12,003 39,500 25,800 4 2 221,000 2 18 213 7,928 19,735 48,227
donghae 934 18,300 10,300 4 2 93,000 3 18 516 1,006 5,756 3,792
Taebaek 8,910 6,120 4 2 55,200 1 22 182 1,011 1,651 563
Sokcho 2,856 17,200 8,660 4 2 84,700 3 19 804 611 2,533 1,765
Samcheok 1,194 11,000 11,200 4 2 68,000 1 23 57 4,676 10,623 13,436
Hongcheon - 11,600 11,800 4 2 66,600 1 20 37 12,335 18,979 38,997
Hoengseong - 6,000 8,250 4 2 38,700 2 18 39 10,075 14,889 36,629
Yeongwol - 5,810 7,730 4 2 37,000 1 22 33 6,639 8,929 3,348
Pyeongchang - 6,320 7,200 4 2 38,500 1 20 26 9,621 12,176 63,117
Jeongseon - 5,790 6,630 4 2 41,000 1 23 34 7,301 8,268 12,403
Cheorwon - 8,510 6,470 4 2 43,500 1 15 48 13,553 12,476 11,233
Hwacheon - 4,490 3,720 4 2 21,700 1 21 24 3,285 5,489 8,822
Yanggu - 3,760 3,070 4 2 19,400 1 21 28 5,076 5,978 17,510
Inje 6,090 4,500 4 2 30,400 1 23 18 4,387 7,653 8,822
Goseong 2,083 4,400 5,290 4 2 29,000 1 17 44 4,142 6,281 18,692
Yangyang 2,129 4,190 5,150 4 2 29,500 2 20 47 3,434 7,841 2,780
Table 5. Substitute variable of ability to adapt
Administrative| Regional GDP Per C.apita. nuTnbe‘r of . Financial E}mbankmlent CiVi.l Servants per Household  |Industrial water| Agricultural Water.
district (GRDP) medlcal @shtutms independence area ratio capita(Person/Ten water supply supply water supply penetration
(Unit/Million people) (%) (o) thousand people) (%)
Chuncheon 27,583,480 18 31 1 85 47,275 6,671 66,333 8
Wonju 27,583,480 18 33 2 85 77,521 3,556 102,750 838
Gangneung 217,583,480 18 26 1 85 37,381 2,622 89,900 838
donghae 217,583,480 18 21 2 85 18,646 11,289 9,838 838
Taebaek 27,583,480 18 21 0 85 15,953 378 7,148 8
Sokcho 27,583,480 18 26 1 85 6,736 325 40,277 838
Samcheok 27,583,480 18 15 1 85 16,516 2,974 42,414 838
Hongcheon 27,583,480 18 16 1 85 14,963 7,359 120,492 838
Hoengseong 27,583,480 18 13 1 85 12,432 4,571 97,711 838
Yeongwol 217,583,480 18 12 1 85 8,318 426 50,667 83
Pyeongchang 27,583,480 18 16 0 85 10,819 2,373 68,542 838
Jeongseon 27,583,480 18 21 1 85 12,811 302 51,864 838
Cheorwon 27,583,480 18 12 1 85 11,336 339 169,170 838
Hwacheon 27,583,480 18 13 0 85 6,937 453 30,106 8
Yanggu 27,583,480 18 18 1 85 6,092 1,113 47,659 838
Inje 27,583,480 18 13 1 85 12,330 88 37,985 8
Goseong 27,583,480 18 14 1 85 8,931 1,219 57,468 838
Yangyang 27,583,480 18 17 2 85 6,736 325 40,271 838




92 Crisisonomy Vol.12 No.11

& Al5(Disaster Risk Index), Ce=

23]

L
s

{714 DRI

-Z(Climate exposure), Sex= HIZ=(Sensitivity),

o3
T

7]

HABEASA AR, =71AE

B

L
o

o
[¢

Z]

(Ability to adapt)©|™ A, B,

oL
oogv

7ol

. B 7
e SaolRs|R

A

<

. ARIEAIEAGE, =75

1=
=

(]
=,

A ]

%, AR,

L
R

{Table 5)

¢ A

=g

l

J W) Y 715

G918

A

o,

200019f= A

o 2483

].

3
RS

=z
T

it

o ZAEglom,
ol FA A= 20201

3
=
L AEA} e BRAclo] Ikl 7Kg 2 Ao

o= FEAGel A

u

2=

-

=
=

I

2

A ()3 o] 247} Tjguiso] 715

=S
o

7h e

= FEA AT

Apel

7.

B9t 2050E tholl=

e SHA|So] el 7

o7

A=
=

obe 3719f A

Tz
, i

= AR

galo] w3

2) 7t

A

(Cex A)+(Sex B)—(Aax C)
A+B+C

DRI=

(c) 2050

(b) 2020

(a) 2000
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Figure 4. Result of vulnerability analysis(Drought)
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Figure 6. Result of vulnerability analysis(Heavy snow)

Table 6. Result of disaster risk index

Administrative Flood Drought Heat wave Heavy snow
district 2000 2020 2050 2000 2020 2050 2000 2020 2050 2000 2020 2050
Chuncheon 0,23 0,49 0.44 0,62 0.61 0.69 0,17 0.19 0,28 0.52 0,51 0,44
Wonju 0.30 0.41 0.44 0.67 0.65 0.72 0.18 0.20 0.28 0.49 0.48 0.42

Gangneung 0.30 0.41 0.46 0.69 0.70 0.75 0.13 0.15 0.20 0.84 0.65 0.44
donghae 0.27 0.41 0.39 0.41 0.43 0.50 0.11 0.14 0.23 0.64 0.52 0.37
Taebaek 0.16 0.43 0.27 0.47 0.46 0.49 0.06 0.07 0.11 0.55 0.50 0.40
Sokcho 0.27 0.53 0.53 0.49 0.50 0.56 0.10 0.12 0.19 0.82 0.64 0.42
Samcheok 0.24 0.39 0.35 0.57 0.57 0.62 0.09 0.11 0.17 0.65 0.56 0.40
Hongcheon 0.20 0.42 0.47 0.70 0.70 0.75 0.10 0.12 0.17 0.55 0.53 0.45
Hoengseong 0.27 0.36 0.39 0.71 0.71 0.76 0.10 0.12 0.18 0.50 0.49 0.42
Yeongwol 0.23 0.36 0.29 0.60 0.60 0.63 0.09 0.11 0.15 0.53 0.52 0.44
Pyeongchang | 0.21 0.26 0.36 0.75 0.75 0.78 0.07 0.08 0.11 0.63 0.58 0.47
Jeongseon 0.17 0.25 0.19 0.60 0.59 0.62 0.07 0.08 0.12 0.57 0.54 0.43
Cheorwon 0.21 0.40 0.43 0.69 0.68 0.74 0.10 0.12 0.19 0.51 0.49 0.44
Hwacheon 0.18 0.40 0.47 0.60 0.59 0.64 0.08 0.10 0.16 0.52 0.49 0.44
Yanggu 0.13 0.40 0.25 0.62 0.62 0.65 0.08 0.09 0.14 0.50 0.48 0.42
Inje 0.14 0.41 0.37 0.56 0.56 0.60 0.06 0.08 0.12 0.64 0.59 0,49
Goseong 0.28 0.49 0.49 0.56 0.57 0.62 0.08 0.09 0.15 0.87 0.61 0.45
Yangyang 0.24 0.46 0.50 0.55 0.55 0.61 0.07 0.09 0.15 0.80 0.62 0.42




94 Crisisonomy Vol.12 No.11

(a) 2000

Figure 7. Result of disaster risk index
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