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Abstract : Due to climate change, there is an increasing risk of complex (hybrid) disasters, comprising rising sea-levels, typhoons, and torrential rains.
This study focuses on Marine City, Busan, a new residential city built on a former landfill site in Suyeong Bay, which recently suffered massive flood
damage following a combination of typhoons, storm surges, and wave overtopping and run-up. Preparations for similar complex disasters in future will
depend on risk impact assessment and prioritization to establish appropriate countermeasures. A framework was first developed for this study, followed by
the collection of data on flood prediction and socioeconomic risk factors. Five socioeconomic risk factors were identified: (1) population density, (2)
basement accommodation, (3) building density and design, (4) design of sidewalks, and (5) design of roads. For each factor, absolute criteria were
determined with which to assess their level of risk, while expert surveys were consulted to weight each factor. The results were classified into four levels
and the risk level was calculated according to the sea-level rise predictions for the year 2100 and a 100-year return period for storm surge and rainfall:
Attention 43 %, Caution 24 %, Alert 21 %, and Danger 11 %. Finally, each level, indicated by a different color, was depicted on a complex disaster risk

map.
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Fig. 1. Conceptual diagram of complex disaster.
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Fig. 2. Framework of IPCC (a) and Complex disaster

assessment (b).
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Fig. 3. Flow chart of complex disaster assessment.
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(0.66 cm/year), 210032 85 cm(1.06 cm/year) 2] A F5ES
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Fig. 4. Example of inundation depth data (MOIS, 2019).
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Table 1. Materials of risk factors Adaptability check

Data characteristics o

Data New Inlttz;,gr I;Rlil;;g cab lQut:;n lrg,rrm b,:tyya

Population Census O O O O O Ofa

Total Population (Total)-100 m grid 0O 0 0O O O O]o
Digital Topographic Map(Building) O A O O O O0]O0
Road Name Address (Building) O A O O O aAa|O
V-World (Building) - A O O O Aa]O

Vehicle Registration Status 0O O O x 0O O]«
Digital Topographic Map(Road) 0O A O O O O|aA
(Street name address)Actual width road O A O O O O | O
V-World (Road) - A O O O Aa]O

Digital Topographic Map(Bridge) O A O O O Of«x
Public Transportation Route O A O x x Ofx
Public Transportation Station O A O x x Of«x
Public Transportation Operation Information © © O x x O | x
Digital Topographic Map(Parking Loty © A O O O O] x
Digital Topographic Map (Sidewalk) O A O O O OfO0
Land Cover Map A O O O O Of«x

Digital Topographic Map(Manhole) O x O x O Of«x
Drainage Grade O O O O O Of«x

Digital Topographic Map(River Boundary) © A O O O O] x
Advertising Materials O O O x O Ofx
Earthquake Shelter O O O x O Ofx

Digital Topographic Map(Embankment) © A O O O O | x
Digital Topographic Map(Lake, Reservoir) © A O O O O x
Digital Topographic Map(Farmland) O A O O O Of«x
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Table 13} Zo] I
St MET AFEAT 53

19 golyo] Wolx = A7t YTt e, AWy
A, WEE A gEekE AT dom, FAd F
AA el A9 B AT A AR wFATE el A9 &
35| orgrr). HH—’F, s}ﬂ A =9 X}E %?OMPE =

2, AR, AE, A, APE F 5
HAoltt, B2, 9%, AF ARE AEFAIE A7, <
FAsE FEADARAY 100m A7 Q75 ARE FE
steleh 1o ASAAARE AFRAE B A9 B

5131 tH(Table 2).

Table 2. Materials and References of risk factors

Risk factor Data Reference Data Format
date
(Street name ..
Road address)Actual M‘?“Stry of the 2017.07 SHP
. Interior and Safety
width road
Basement Basement Self-construction ~ 2018.12 Dj\gg ’
. Digital Topographic National Geographic
Sidewalk Map(Sidewalk)  Information Institute 2017.07 SHP
o Digital Topographic National Geographic
Building Map(Building) ~ Information Institute 2019 SHP
National Geographic
. Total population Information
Population = 00" orid Institute/Ministry of 201004 SHP
the Interior and Safety
+48 AnSe oz 994 B A A4
£ 7537] 9150 100m, S0m, 25m Aol AWH O 91
4 LS FBHRAL. 100 m Axe] A9 DR A2} 3m
ARAQ AL adstd A E &3k smoothing) ¥ = S
Felstgieh. v 25m A9 A5 AAY EFHE APa
2] 7k o] AR R4S WdH BT 994

|

A7kel weo] WolAi: Jlow wuar. Be 344
B ARAA A 2 FARS) V|HFEAGGEY o

o3

T Al 11457 ¥ Y, A, 284 58 188t 50m
Azt FEsHE Zlo] Adatriar ddakar A Bkl A
g AzpA A wEt FPE FAAEES So0m 272 2

a5t

2.3 ?18d 37t
& PGrlEe uel BEAY wEo dAdsts A
Az &), Uz dYsts 9Fdesrs: BAE4) ¢

S 2 8.5tk NOAA
(National Oceanic and Amosphenc Administration)ol| 4= = 7}
715 Mul=E F3l aalel dig 715 Fig 59 2ol yEl
Wk wEA s 85, °F 15em®] HFAlelA A2l
o] 222  QaL, °F 30emol A &% Asa7F HEH 9
o} 283l °F 45~ 60 cm A4 = tE Suy, Hl, EFlo] |
29 4= dohar AlA| 8 bl 9l th(National Weather Service, 2020).

N

Fig. 5. Example of inundation depth data.
(National Weather Service, 2020)
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vl QI THNDML, 2014). A54lol] W& vy of Ko u}
W ok 17 emell M= B9 7bs, 7ol oF 35em
o] oJH 9] AA =S o]&e It 7hE, FEold oF 45em
ANM= tu 7t Brhssittar AaE Al AI8HS T(Table 3). ©]
A ARE i usfrt 7Hed Agead A, AE
Brte] H7A SHE Ao 2833l

9?JE

Table 3. Walking test results according to the flood depth

(NDML, 2014)
Height Evacuation
17cm  (Adult ankle) Possible
. Possible if using supports such as
35cm (Shin) handrail
45cm  (Over knee) Impossible
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Table 4. Diameter of the front wheels and height of air cleaner E &2 ¢F 36cm, A= 2F 100cm, P ZEZ LS °F 135cm,
by car type (http://www.kidi.orkt/) EFHE oF 52cmO| TH(Table 4). ©] A3}E AH5ke] dlF&
S A= =8x)e =2z A 5;07301:
Car t Diameter of the Height of air cleaner = Abek ) 7+l Oﬂj_ 5 i] A ]_ I& °F 54em
- pe front wheels (cm) (cm) 2 ZAR ZAFa 7t 7Hsd 9B oA AFAE, 2
Car 62~71 54~ 57 AD B7re] o Aol FEsiglvh
| ton truck P 2631 AP assel vsl Aed A4 49 L 54 Ang 2
AR 1% B7t 7155 A7A3kaL Table 59 #Fol 47 &5
2.5 ton truck 73 36 1 87 7152 dABhL Table 55 2] 44 58
_ oz g A7 AYLLE SFS A4 F 2Y
Cleaning car 84 10 A AEEE e A4 AEes SHE S
Dump truck 107 13 F4g ARG Bl weHE APeLTt BE BAD
Tractor 104 52 FTLEE 7P glvka 1] oy, Add Fam &
ol& 7HAaL Qith o]d e 1 A FoE AAS
A% gele Agee) ol w AFAFA G otk Hste] B AR WS ow ARZAE AN
A B A Fd A DE b - 8F T A (Samsung Traffic Safety Tk A& div]al BEARFHQL AHP £41S skl B4 AT
Research Institute, 2019)°ﬂ Me Al Ag/2 e DBE vig o g IR A4 AL E Q4 ASAA, AE, 9%, =2 £0
AP Y R A AastdE BEsgeh 2 ekRkhTable 6)
AR BT e AFUSE £ 5 A1) AP
aw, &3 F 2F @T’\}—T’—% AR EAFE E3 WE F  Table 6. Weight results of risk factors
olo] =3 ¢Jolo 13k v} Qo) ek Bty ) .
dol T4 Ao nargh v alnk S 29782 (Korea Risk factors Weights
Insurance Development Institute, 2018)° 4= A-52k2] oo & ;
Population 0.37
U7t AAH o] & FolHth F97F oW, dlojE ey
Basement 0.22
£ Tl o w =o] fFPH] Alsol AA Fae] FUl -
o Building 0.14
o= ARGtk oldl Asak T oSy HA] EolE P— 014
‘ } idewal .
Sqstel Bastgdrh A, dlolZel 9HE g o s
oa .
o] A F 54~57cm, 18 EFC] A9 oF 26~31cm, 258
Table 5. Risk criteria for each risk factor
Risk factor Da‘?’age Risk criteria Risk grade Reference
object
Basement Car Air cleaner height in car Gride Criteria (d :dflo(())dmg depth) Korea
2 0<d<027m Insurance
Development
Road Car Air cleaner height in car 3 027 < d<0.54m Institute
4 0.54m < d
. Walking test results according to the Grade Criteria (d =flooding depth)
Sidewalk Human flood depth 1 d=0
2 0<d<0.17m
Building Human Walking test tﬁzlcliltz eacﬂclordlng to the 3 0.17m<d<045m National
P 4 045m <d Disaster
Grade Criteria(T:Flood levelxNumber of people in grid) Management
1 T=0 Research
Institute
Population Human  Flood level X Number of people in grid 2 0<T =T~
P people 1 gl 3 T,<T < T,*
4 T.<T
X T 1, T ,=CQuartile of T
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Fig. 6. Complex disaster assessment result by risk factor

Table 7. Definition of color information by risk level

Grade  Definition Color RGB HTML
1 Attention 000, 000, 255  OOOOFF
2 Caution Yellow 255, 255, 000  FFFF00
3 Alert Orange 255, 153, 000  FF9900
4 Danger 255, 000, 000  FF0000
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AR ein Frtdde 7teAE A&ste] S@AT 9
g4 BT AEsHT AFAdE F 27719 Alve
Qo F /Mg =% 9 AuE s T fEE AdE e,
aga A ow g fl@dAdel 2 AlvE L] 3R
A71E AFudsat 30dn s ZEed 2 SEDS, 2050
d 7)E deuey) sodn s 3 d 2 SEAS-, 2100
W Eddss 10099 s FFE A 2 gGEA ) gk

5 =z
AHAR B2 3E Fig 79 GERAATH

Current sea level rise 30—year
frequency storm surge and rainfall

2050 sea level rise 50—year
frequency storm surge and rainfall

2100 sea level rise 100-year
frequency storm surge and rainfall

Fig. 7. Complex disaster assessment result of Busan Marine city.

Azl 84S BAF A b ¢
BAEE AFuds A4 71E 3090 E %
&5 A 0l M HATH 6%, Tl H
AR GH 8% Yl A EFL 1657

Table 8. Risk assessment results by three scenarios

/do] wrba
dd 2 s
14 %, 73A 12 %,
o] T}(Table 8).

Current_ 2050 sea-level 2100° sea-level
sea-level rise, <. 50 se. 100
Risk 30-year rise, 50-year rise, -year
frequency frequency
level frequency
storm surge storm surge
storm surge 4 rainfall 4 rainfall
and rainfall and rain and rainfal
Attention 66 % 53 % 43 %
Caution 14 % 21 % 24 %
Alert 12% 17 % 21%
Danger 8 % 8 % 11 %
Average 1.6 1.8 2.0
S A= AGE el SiAdS 20509 71 509
T EZFAd 2 FEAS AU dME BAGH 583%, 7
o5 21%, BA 17%, TS+ 8%= YE} Hil 5w
185 woldtt Fol537 BAGTH vl T71s s &
I e, o)A T R 2ol QlmoA Mo} u
Asto] BATTFAA Fo D AATHOR FsEHAY] W
Fo =7 Hlth

FEAds 2100 715 100301 % ZFad 2 SEFS-
Ay oA ALNSH 43 % TASH 24% BA 21%, 9
A5w 11 %2 e Fd5HS 20530tk 9, A,
AF5H &0 2F e, SEZ F
gl SRl AT HojHa, 45 BASTel ¢
Aemo 3 oA Fest 272 B9l

Avg e 2 Faede slgH ZIE @Al A 20504,
21009 0.8 Zs aeal FFEd 2 GEF-] Ad

w7} Aol we} 974
B Aol A3 )
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