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Abstract

We develop a natural disaster risk index (NDRI) for evaluating risks of natural disasters based on the analysis
of quantitative data provided by public institutions. NDRI is measured by 32 sub-indexes representing 4
assessment areas: disaster risk, geographical vulnerability, social vulnerability, and response/recovery
capability. Using the database, 225 primary local governments are evaluated for NDRI for the years 2001-2014.
For verification of the effectiveness of the proposed model, we compare and analyze NDRI evaluation results,
regional safety grades from Ministry of Public Safety and Security, and actual amounts of damages from
the previous natural disasters. The NDRI evaluation results show a significant association with the regional
safety grades as well as the actual amounts of damages. NDRI is a tool to evaluate risks of natural disasters

objectively with less resources and time.
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Figure 1. Damage and restoration costs from natural disasters in the recent 10 years
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Table 1. List of the research cases included in the case study

Category Number Index or Related Case Reference Target Area Target Disaster
. National Emergency Management Heavy Rain, Wind,
1 Regional Safety Administrati6on, 2011 Korea Wave, Heavy Snow
2 Seoul Regional Safety Lee, 2006 Seoul Flood
3 Seoul Earthquake Disaster Risk Lee, 2005 Seoul Earthquake
4 River Risk Kim etc,, 2011 Korea Heavy Rain
. 5 Flood Risk Choi etc,, 2013 Korea Flood
Domestic
6 Heavy Snow Risk Area Hwang & Noh, 2011 Korea Heavy Snow
7 Heavy Snow Disaster Risk Koo etec,, 2013 Busan Snow Disaster
Regional Less Development Korea Development Institute,
8 Korea =
Index 2008
. Ministry of Public Safety and Heavy Rain, Typhoon, Heavy
9 Disaster Yearbook Security, 2015a Korea Snow, Heavy Wind, Storm
10  Displacement Risk Index (DpRI) Esnard etec,, 2011 USA Hurricane
11 Hurricane Disaster Risk Index Davidson & Lambert, 2001 USA Hurricane
(HDRI)
Disaster Risk Management Caribbean _
e Performance Index (DRMPI) Carreno etc., 2007 Countries
European Spatial Plannin, Landslide, Drought, Earthquake,
13 pe p g Schmidt—Thomé, 2006 Europe  Abnormal Temperature, Flood,
Observation Network (ESPON) -
Storm, Tsunami, Volcano
Natural Disaster Risk . .
Foreign 14 Assessment Model (NDRAM) Tsai & Chen, 2011 Taiwan Typhoon, Earthquake
15 Social Vulnerability Index (SoVI) Cutter etc., 2003 USA -
i W] B el ) Wikes e s B, 90 ek o raeelss, S, e,
Drought, Tsunami
17 Disaster Risk Index (DRI  UNDP, 2004 Peduzzi etc., 2009  World Cyclone, Earthquake,
Drought, Flood
g Tl ?ésggfr RSSO e, & @k, 09 USA Mt
19 Disaster Resilience of Place Cutter etc.. 2008 USA _
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Table 2. Selecting sub-Indexes for the natural disaster risk index

Number of Sub—Index Candidates

Candidate for Sub—Index

Geographical

Social Respond and

Disaster Risk Vulnerability Vulnerability =~ Recovery Capability Total

Original Candidates 64 121 141 181 507
After Applicability Check 37 108 137 179 461
After Redundancy Check 14 73 67 117 271
After Requirement Check 8 12 5 7 32
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Table 3. Calculation equations, units, and sources of the data for the natural disaster risk index

Calculation Equations of

Area Number Sub—Index Direction the Sub—Tndexes Unit Data Source
1 Heavy Rain n Number of Annual Heavy Rain number/year
Frequency Occurrences
2 Heavy Rain Strength A The Maximum Annual Rainfall mm
3 Typhoon Frequency + Number of Typhoon Rain Occurrences number/year Korea
g : Meteorological
4 Typhoon Strength a4 e Lzt ASI;I;ZEI gl ieem Bifine m/second Administration
Disaster . .
11; :ke 5 H;avy Snow n Number ofO Annual Heavy Snow number/year National Climate
requency ceurrences Data Service System
6 Heavy Snow Strength A The Maximum Annual Snowfall cm .
National Typhoon
Heavy Wind and Number of Annual Heavy Wind and Center
7 + number/year
Storm Frequency Storm Occurrences
8 Heavy Wind and o The Maximum Annual Heavy Wind and m/second
Storm Strength Storm Wind Speed
9 Greenhouse Density + Greenhouse Area / Total Area m?/m?
10 Road Density + Road Length / Total Area m/m?
1 House Density + Number of Houses / Total Area number/m?
12 School F.a el + School Facility Area / Total Area m?/m?
Density
13 River Density + River Area / Total Area m?/m? Korean Statistical
. o Information Center
Geographical 14 Irr1ga]§1;§1S$‘acﬂ1ty + Irrigation Facility Area / Total Area m?/m?
Vulnerability Railroad Fy it Primary Local
15 al r]ga .tacl w + Railroad Facility Area / Total Area ~ m*/m’ Government
Cnsity Statistics Yearbook
16 Water Pipe Density + Water Pipe Facility Area / Total Area m?/m?
17 Pen Density + Pen Area / Total Area m?/m?
18 Aquafarm Density + Aquafarm Area / Total Area m?/m?
19 Farmland Density + Farmland Area / Total Area m?/m?
20 Ship Density s Ship Tons / Total Area ton/m?
21 Population Density - Population / Total Area man/m?
99 Vulnerable " (Less than 5 + Greater than 64) man/man  Korean Statistical
Population Ratio Population / Population Information Center
Social 923 Recipient of Basic + Number of Basic Living Recipients / man/man
Vulnerability Living Ratio Population Primary Local
94 Higher Education _ Number of University Graduates / / Government
Beiiio Population man/man - Statistics Yearbook
25 Foreigner Ratio - Registered Foreigners / Population  man/man
26 Per Capita GDP - Regional GDP / Population million
won/man
o7 Dis%s;cg;elzr;;i?otlon _ Disaster Prevegflié);letBudget / Total won/won  Korean Statistical
Information Center
28 Road Ratio - Road Length / Total Area m/m?

Respond and 29 Populgtlon per + Population / Number of Policemen  man/man Primary Local
Recovery Policeman Government
Capability i Statistics Yearbook

30 Popu.l G et + Population / Number of Firemen man/man
Fireman
. National Disaster
31 POpgiﬁf:d per + Population / Number of Sickbeds man/bed  Information Center
Population per .
32 Shelter + Population / Number of Shelters man/shelter
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Table 4. Estimation results for area importances in the natural disaster risk index

Case Index Case Disaster Geographical Social Respond and
Number Risk Vulnerability Vulnerability Recovery Capability

1 Regional Safety 0.1500 0.1278 0.0556 0.6667
2 Seoul Regional Safety 0,2250 0,2050 0.0850 0.4850
3 Seoul Earthquake Disaster Risk 0.2750 0.2330 0.1300 0.3620
5 Flood Risk 0.1780 0.,2960 0,4030 0,1230
6 Heavy Snow Risk Area 0.0800 0.4050 0.3050 0.2100
10 DpRI 0,5417 0.0458 0,1816 0.2309
11 HDRI 0,4000 0,1110 0.2680 0.2210
13 ESPON 0,5000 0.0500 0.1500 0.3000
16 WRI 0.,4000 0.,0208 0.3054 0.2738
17 RDRI 0,5000 0,1035 0.1388 0.2577
18 EDRI 0.3021 0.1413 0,3480 0.2086

Area Importance (Average) 0.3229 0.1581 0.2155 0.3035
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Table 5. Estimation results for sub-index importances in the area of disaster risk

Annual Amounts of Damages in Terms of the Individual Disasters

Year (Million Won, Reduced Price based on Year 2014)
Heavy Rain Typhoon Heavy Snow Heavy Wind and Storm
2001 578,922 - 951,431 -
2002 772,422 6,782,336 = =
2003 212,431 4,674,584 - -
2004 250,377 414 271 783,310
2005 423,120 171,350 655,242 11,265
2006 2,252,743 14,097 6,067 21,612
2007 48,642 204,124 8,800 47,092
Average 648,380 1,751,537 343,550 11,424
0,2354 0.6538 0,1247 0,0041
Importance Frequency Strength Frequency Strength Frequency Strength Frequency Strength
0.1177 0,1177 0.3179 0.3179 0.0624 0,0624 0,0021 0.0021

Table 6. Estimation results for sub-index importances in the area of geographical vulnerability

Annual Amounts of Damages in Terms of the Individual Facilities
YVeoar (Thousand Million Won, Reduced Price based on Year 2014)
Green— School . Irrigation | Railroad | Water Aqua— | Farm-— .
house Road House Facility River Fafility Facility | Pipe Pen firm land Ship
2001 340 54 1 2 167 33 0 9 270 9 10 1
2002 59 844 16 17 1,767 505 95 103 25 40 437 5
2003 191 367 96 13 923 316 56 69 37 257 117 32
2004 238 41 8 5 208 69 5 8 164 6 21 0
2005 91 32 15 3 154 32 1 1 213 27 28 1
2006 22 365 25 8 455 132 4 33 2 13 141 2
2007 27 21 6 1 o1 10 1 6 3 25 11 3
Average 138 247 25 7 532 157 23 34 102 54 109 6
Importance| 0,0965 | 0,1719 | 0,0176 | 0,0049 | 0,3710 | 0,1092 | 0,0160 | 0,0237 | 0,0711 | 0,0374 | 0,0762 | 0,0044

Table 7. Estimation results for sub-index importances in the area of social vulnerability

Case Number Use or not Total Importance
Sub—Index 1 2 3 4 5 6 7 8 9 10 11 12 183 14 15 16 17 18 19 P
Population Density v v v v v v v v v v v v v 13 0.4483

Vulnerable
v v v v v v v
Population Ratio 7 0.2414
Recipient of Basic v VY
Living Ratio 3 0.1034
Higher Education Ratio v v v v 4 0.1379
Foreigner Ratio v v 2 0.0690
Total 29 1,0000
Ao A TS 7|0 R SR TS APFR A, 0% f 2 5855 Foldk= WAoot (Table 7)
o1, =&, A, BIdskeL, B, FAL A oA V" 7S B AEA T} Sl ARElollA] AR
A, FE, A, StuAld, A A= S Oulsh= Ao}, ARE3lgof BlHslo] Fa
Fa/ Yepdel, B8 VIR A, QT HorRIT vlg, WEES

AFB) Foby o] MRAE FRE APRS 9 ulg, 712ABSF vg, A9 v SH2 30
FRE AVPRAT GARE Ve BAS BES E ekt o U BT G ARAE
oh B HHS B ARAEA AA 107 ATAR F A AV oA AR1A Feky gelat FUsh WHoR

2 i) Aol ASHAEIE F1E0R S8 SREON, T AT (Table 8)0] ekt 9lck, 0h
o Z @S ATARII AGE ARAE AhE Ao AP BS BE FFH] Fe] 10]
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Table 8. Estimation results for sub-index importances in the area of respond and recovery capability

Case Number Use or not Total Importance
Sub—Index 1 2 383 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
Per Capita GDP v v v v 4 0.1250
Disaster Prevention
Budget Ratio Y Y Y Y Y 2 0.16ie)
Road Ratio v v v 3 0.0938
Population per Policeman v v v v 4 0.1250
Population per Fireman v v v v v 5 0.1563
Population per Sickbed v v v v v v v v 8 0.2500
Population per Shelter v 4 v 3 0.0938
Total 32 1,0000
Table 9. Importance weights for the sub-indexes in the natural disaster risk index
Area Number Sub—Index Weight Area Number Sub—Index Weight
1 Heavy Rain Frequency 0,0380 17 Pen Density 0.0112
2 Heavy Rain Strength 0.0380  Geographical 18 Aquafarm Density 0.0059
3 Typhoon Frequency 0.1026  Vulnerability 19 Farmland Density 0.0120
4 Typhoon Strength 0,1026 20 Ship Density 0,0007
Disaster 5 Heavy Snow Frequency  0,0201 21 Population Density 0.0966
Risk 6 Heavy Snow Strength 0,0201 22 Vulnerable Population Ratio 0,0520
7 Heavy P‘{ind and Storm 0.0007 Social 93 Recipient of Basic Living 0.0223
quency Vulnerability Ratio
g  Heawy Wind and Storm 5 554, 94 Higher Education Ratio  0,0297
Strength
9 Greenhouse Density 0,0153 25 Foreigner Ratio 0,0149
10 Road Density 0.0272 26 Per Capita GDP 0,0379
1 House Density 0.0028 gy Disaster Pr;‘;fgion Budget ) (474
Geographical 45 g}00] Facility Density  0.0008 Respond and — og Road Ratio 0.0285
Vulnerability . . Recovery . .
13 River Density 0,0587 Capability 29 Population per Policeman 0,0379
14 Irrigation Facility Density 0,0173 30 Population per Fireman 0.0474
15 Railroad Facility Density  0.0025 31 Population per Sickbed 0.0759
16 Water Pipe Density 0.0038 32 Population per Shelter 0.,0285

EE2 243 ZF AEAFH 7153 (Table 9y 0] A

el=lo] gk

ook 2o Atfel 91l chet ARAE W 5
2=F el 750 e A3 T U,
HRAR ZES S AN HFAEE T 5
S, w, & ARAT i 2] 7152 Hoje, A 1o

ohat 7| 2AAH j o] AiAlE SRAE 9 NDRI,
= thea} o] sl AIRAES ) 1% Frow Ak
4 9l

NDRI,

szxut

i=1

Il. XiAxlsH H&EXlE XE

1. X ASRIE Hot

ARl 1A BIHE f18f 20015 E 2014
WS dio 2 3270 ARAIRS] H71E $fet RS
2257 7|ZAAGAEE =RIPAA, FA, 713,
APAAGA| 5 55718 TelskaL = vlolEHo]
AR Sl
O] 2|7 AKXRIE: o} gslo] A ¢ o] gt 7] 2T
7O AIRARE i gt X, & AR S (A )3k (4] 2)F
o] g3to] A= tof thet 7|2AXHA 5o 3 A
FA3E ik @, 5 ALK 0%, (Table 9ol U}
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U Sl ARAIR 9 7R w9z, & (4] 3)ol] o
ATFOZH Ak tof gt 7|22 A 5 9] Ay s
AHRAE gt NDRI,E Akt

20014 ~ 2014'd°]] ok IE|E Hatgho] 7 =
U 1070 712 GA|, 1ejal 715 AR el A
=5 AR 7171 2000 ~ 2007def| oigt 1§ E
Bk 72 28 918 AR ARSHA] gokd
20084 ~ 2014 tigt JER|3E Btglo] 7 =5k
107} 712ARR A7} (Table 10) 9] Aol Lt
ek, T3t Htgo] 7 Word 1071 7|2 EA| o
A] (Table 10p &] spetto] Ueft St (Table 10 ]l
A J@A3E gro] AW 255 ARl ik 1 4
7L AR o =5 ojulghtt, BrHEE AT
HH, A 07 FolE x| o] IS AAIE) AT
o8 A AR} = Ao FFE et v
H, tHEA] 292 81915 A8 a0 8 Zpzfa]
AR =T} 2 A o' FrhE|git,

(Table 10)3} 2 B/ e 913 243}

7] $fal, 20014 ~ 20140] Tk A E Hagro]
7¥a 988 107009) ~ 109)) 712Xk Alek 74 o
¥l 107h(169] ~ 2259) 712Xl chsh Apsh
SR, A=l Hopy, ABIE Hopy, thg B B
2 o] FRgre FougiTh (Figure 3] vheht
= Hlok o), SIBAE 519] 7| 2N BASL A2
Fopgo] S (heal/t YL v slsieio]
% Gl AARSo] BE)olE Bsh, s 184
AFB)E Fopile] Ao W, g W BTk
o] A Glo] B Whe SIHAE ghe 2 Hl9leS
% glek, B3, A8 Fopy GOl w5 1)
Hol7k A5 sk 9he-S o 4 glek. (Figure

4= 712AR A tiet YA ® H7HEAE FY

2

w1 &oph g

Table 10. Evaluation results for the high and low rank 10 primary local governments

Average for Years 2001 ~ 2014

Average for Years 2001 ~ 2007

Average for Years 2008 ~ 2014

Rank Primary Local Government NDRI Primary Local Government NDRI Primary Local Government NDRI

1 Kyeongnam Sancheong  0,4358 Kyeongnam Sancheong 0,4391 Kyeongnam Sancheong 0,4361

2 Kyeongnam Sinan 0.4185 Kyeongnam Sinan 0,4294 Kyeongi Namyangju 0,4108

Risky 3 Jeonnam Jindo 0.4074 Kyeongnam Namhae 0.4270 Kyeongnam Sinan 0.4088
A 4 Jeonbuk Kimje 0,4066 Kyeongbuk Kyeongju 0,4260 Kyeongnam Boseong 0,4078
5 Kyeongnam Namhae 0,4061 Kyeongbuk Uljin 0,4257 Kyeongnam Koheung 0,4045

6 Jeonnam Koheung 0.4060 Jeonbuk Kimje 0.4232 Kyeongnam Jindo 0.4038

7 Jeonnam Wando 0,4048 Kyeongnam Changnyeong 0,4220 Kyeongnam Haenam 0,4032

8 Jeonnam Naju 0,4038 Kyeongnam Yeosu 0,4194 Kyeongnam Naju 0,4030

9 Jeonnam Boseong 0,4034 Kyeongbuk Yeongdeok 0.4185 Kyeongnam Hapcheon 0.,4012

10  Kyeongnam Changnyeong 0,4017 Kyeongnam Jindo 0.4143  Kyeongnam Jangheung  0,4001

216 Seoul Jongro 0.2356 Seoul Seongbuk 0.2433 Busan Suyeong 0.2259

217 Seoul Seongbuk 0,2324 Seoul Seodaemun 0.2334 Seoul Jongro 0.2249

218 Seoul Kuro 0.2298 Seoul Kuro 0.2288 Seoul Nowon 0.2247

219 Seoul Jungrang 0.2292 Seoul Jungrang 0.2282 Seoul Seongbuk 0.2213

220 Seoul Keumcheon 0,2219 Seoul Kwangjin 0,2281 Seoul Keumcheon 0,2153

221 Seoul Kwangjin 0,2194 Seoul Keumcheon 0,2274 Seoul Kwangjin 0,2106

v 222 Seoul Jung 0.2106 Seoul Jung 0,2127 Seoul Jung 0.2072
Safe 223 Seoul Yangcheon 0.1965 Seoul Dongjak 0,1992 Seoul Yangcheon 0.1921
224 Seoul Dongjak 0.1956 Seoul Yangcheon 0,1987 Seoul Dongjak 0,1907

225 Seoul Dongdaemun 0,1932 Seoul Dongdaemun 0,1976 Seoul Dongdaemun 0,1875
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Figure 3. Evaluation results of individual areas for the high and low 10 primary local governments
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d 7.2001~2007
0.8

0.7

0.6

0.5

0.4

0.3 4

0.2

01

0.0
015

0,20 0,30 0,35 0,40 0,45

NDRI ; 2001~2007

(a) Years 2001 to 2007

d j2008~2014

0.8

.15

0,40 0,45
NDRI ; 2008~2014

0,35

0,30

(b) Years 2008 to 2014

Figure 6. Relationship between NDRI and damage averages in years 2001 to 2007 and 2008 to 2014

A|3E9}t mjsfiol] Alolofli= 1|3 glo] S7IshH 5|
N wEbA S7I5hs A SRR, 2 9t
oM Alkstar = AR A E] B8 7154
& SRS & 4 gl Aotk
(Figure 6)9] (a)9} (b)= 22} 715:%] At
AREEL 2001ERE 2007A7FA] 2] 91F)
NDRI, 1 —0r 2F FZ3FE 9IS H Bt d ;001 - a0r 2
O] BAL} 7152 APSE Slal ARSEIA] tE 2008
B 2014W7HA 9] YHRIE Hah NDRI, 052014 2t
3R Tl HA d g5 00 2] TAE
2 o Qlr}, QI A|Ee} wso Ht Afo]o] 4
WAGE FaEH 242 0,80929F 0,5509% 7154] Al

D

o_>£‘,
o

_or_]

=l

[e]

r:l_l

Al

5]

R

e f8) A=7E AR 717ke] SI9A B A= AL
SEA o2 717ke] SRR o] wis) o w2 g
= HEAL low, 7ReA] s flsl AmTE AR
E|A] e9kE 2008355 2014712] 7]7ke]| tsfAl =
Bl fopuet JREAlE ARk e &
o}, ek 12 SiEgef et freld A sl
W, FEE Q5AT ghol 247 422,99} 97 2% B
|5k 3,845 A0 2 AT} A Afolof 2
T AERAZE SRR & = Gk, o] Bk F
3, 2 AollAl ARk HRA|E Ho] By 7]
ARw7F ARGEIA] S o2 7IREel| ik $1E7EkE o

Solw 0 A AGE 5 9SS Helg 4 Uik

]
=2
o

N

Hm

f



182 Crisisonomy Vol.12 No.3

Correlation Coefficient : 0.4843
F=683 > 384
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Figure 7. Relationships among NDRIs, amounts of damages, and regional safety grades in years 2011 to 2014
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