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ABSTRACT

Urban areas are experiencing considerable damage from urban flooding due to climate change. Vulnerable groups (e.g.,
older people and infants) are susceptible to such damage, as they generally exhibit higher social vulnerability. Moreover,
damage from urban floods differs in terms of type and scale based on the distribution features of local adaptation resources
and characteristics of the urban environment. Therefore, the purpose of this study is to identify the major vulnerability factors
along with their spatial clustering considering the social vulnerability of socio-economically vulnerable groups, as well as the
urban and residential environments under increasing urban flooding. Specifically, the regional distribution features of these
vulnerable groups, conditions of the urban and residential environments, and provision status of adaptation resources should
be comprehensively studied. This research identified the major vulnerability factors through correlations, principal components,
and cluster analysis of the considered vulnerable elements. In particular, our results show that the elderly to are the most
vulnerable group. Furthermore, elderly people living in poverty require the most active adaptation measures. Improvements
in land cover distribution (e.g., increases in green areas and protected areas) considering regional spatial plans and provision
in adaptation resources are also required to reduce vulnerability. The results of this study can be used to assess the status
of social vulnerability and improve previous flood vulnerability assessments due to climate change. We expect that

consideration of social vulnerability may contribute to successful adaptation policies for urban floods.
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1. M2 HoiE 2L 4= ATH(Choi, 2004). =AIAHY 2 EF
FHAE, HE 5pRE S5 TR AT A, A4
E4 7HE S 713Hs e Aol wagnle o wbg FSie] WK} S EE FAH &Y & Ath(Ha
2wt 27130 wet A, A4E w7 Skt Qiek. and Jung, 2017). JTHER ARG tig WS E0)7]
oaeto] AL Ed &4 S Zoa) mejrt AA e A FFFAEE AT BAIY ARRIEAIA, e
o] oF 90% o]AFS AR|ste] Tim ol gk =2 E¥H 89 tAER HESHL 9 2ot ok
Q1 A tf-go] "agt AXoltMOIS, 2018; RNAS, TAER Higt A= BA 2 SHOA &
2020). EAAGL 7% A AT o oyurz ol iRt HFS Friste A FE CIEH 3
olsl 27t WSS o tFE AAEA, gt ol o FFE v 8RICE ASAA|E 82l QoE A
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ol AE-EA &4, Adl ts= AT 14, =4
ol A-3AH, 715822l 5o| AAE HE ATH(Choi, 2004;
Kim et al., 2013a; Shin et al. 2019). =A|XF9] A-3A-L
(Adaptation resources)> A= 215t T & A5l 0]
o ZgE sgHstet I JgFel Wit FSs

(Adaptation capacity)S TSI, dAIE= TS A7
St As FA 0= sin, S92 Q1 FH O AHT} AFRIA|
AHE BE zAgith tjRFoE X4, T, AFA6E
=3 5 Fdd o, 7I1FASE Qe omde Sy,
ARG A E #e 5ol Slot ojdok® 5 FHeHd
o IS A= 92107 AT AHAA, FFY &+
59 89lo] &HH v} YthKim et al.,, 2013b). 17t

EQF A= v &R Aol

FAAFB]o A= TIPCC 52 H LA FE 7|53} A 5fiof
sl AFSlA F9FAI(Social vulnerability) 12fof st &
QAjo] 73z = QI th(Oppenheimer et al., 2014). AF3]A F
o2 AAA Y FFE S, HS, A7, FED 5= 3l
= 599 ¥F= A= el 2 Y E4E n)eitt
(Blaikie et al., 2003). 7]%0f tigt =&, AEH A7} 2HAY
Skl W ARSI FoF2 49 A A e AEUH,
A%, P, o]F-olxloj o] wet 11 FiFo] 7H5E 5= 3
THOtto et al, 2017). AS1H Fobd Fokale] Eat
Q7otd, WBot EAS mAHS ABAAA ok
Z(Socioeconomic vulnerable groups)¥ TA| W F73H43
(Urban and residential environment)S EI5}o] &35}
QltH(Table 1 %F11).

APBA FoRg2 f-Euket ARt E A2ap 27t 7]+ H
3t o)A PAISEL U= 7153}t FFA SO
St WA FAfster. 713 H3) FfAISS 7SR <l
St o758}t 71 A sl Feksto] ®ASHA WHEStaL,
o|Z I3t o] &Stz Tl B He AT oH
ste, sl 8ol Ao g uEsof s
o7 ol FFok Aol 5 A= FHd, ALa=s
5, 2534 AFH T ARAEAA FHE, AP
AR 502 AES 4 9tk(Shin et al., 2011; Wang
et al., 2012). E3F AR A Fopdo] WA= FFRULS &=
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Ao AE-EE A 344, 7|5HsH Asfof t-35H7] 9
3t ey 2HS 2T 1 gcKSchimidtlein et al.,
2008; Fekete, 2009; Armas and Gavris, 2013; Torok,
2018; Chakraborty et al., 2020).
a9ug2 AEA HgS 1Bt 7|1 $ RS HIASY
AR H&S AsiAE A7 EsHE 1 71+
A3} HIAZS R2E 1T FAlO] ZAIE, HS
Aho) 2 5 TA 2 A FHFQRlE xEHo R
AETo] Bastr}. k3t FUHASTE Bl et A3
21 Bueo] =2 VRS A= ZoE dEA,
FASE, HEFLAE, AgE EAHS Esto] At
S vpEsfof gtrh. oA E AMEA FHoFdo] o
FallS AEstste] -3 E 27t ltH(Oppenheimer et
al, 2014). oj2igt #jAF o2, £ A9 EX2 AHFH F
oFgo] LRIl 7|5 Hs} HFAFZ BE, TA H F
A7 FHoFallZ st 8 FHFRJAS FE5HL
AQE HFQRIY FHEELE AAok= Aol
o2 fisto] A1BlH Fopde] Rl 7| FHst 3
OFA|Z(Vulnerable groups, O3t ‘FFAIS )T A B F
A% F9FQQl(Urban and residential environments)© 2
TESIATE FIASS ARAAIRH SHE 1Esto] 5
Mol AZLE A&ESH, 7t ASE ZAEol et EA
U =A% JFQ QS LA 8 (Urban environment
factors), Z-3- A} (Adaptation resources), TLA| 2 T 50|
& (Urban flood damage history)0.2 o] HESIT
2 A7 352 ¥R th33 Ark(Fig. 1 ).
= &0 ZAIZSl TS HIA= ARIEAA
HIASES 7ot A 9 FARE HIedE 52
, ATE A (Correlation Analysis)& 3l 2+ HS$
SIS A E QT FA EE A (Principal Component

Analysis) 0.2 AF5] A 2ok JFQQlo] FAJHo] Tl

T AU
A F&ota, FE2H F/9E0] ol K-means 73E4]
(Cluster Analysis)& AM8-5to] F8 FAEO] thgh F7HE
25 A2A PP E S99 A2 LS 35482
2 AA FHekgo J9aclS 7|FHs) A3 ¥
oA YA LHAEet AT FysHo| &8
T UAEE P G2 BATH e FHEEE AA

shait.
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Fig. 1. Research flowchart

Table 1. Cases of social vulnerability classification for climate change disasters in previous studies

Validated variables
Sub-division

Aged 65 and older, Aged 0-4 years, Unemployment, Female, Education level, Foreigners,

Country
(Authors) Category
Socioeconomic . . . L . . .
. Low income, Psychological and physical disability, Lone parents, Illiteracy, Immigration,
Canada vulnerability Ethnicitv. R Unattached elderly. N. vat hicl
(Chakraborty et ' . n.1c1 Y, a.ce, na. ached elderly, No private \./e icle '
. . House with major repair, Dwellings built before 1970, Apartment with 5+ stories constructed
al., 2020) Urban and residential . . . . . L
. before 1980, Renters, Dwelling size, Urban population density, Commuting/transportation in
environment . .
public transit
Socioeconomic Aged 65 and older, Aged 0-4 years, Unemployment, Female, Education level, Foreigners,
Romania vulnerability Immigration, Illiteracy
(Torok, 2018) Urban and residential | Piped eater, Sewage network, Heating system, Kitchen area, Fixed bath, Housing structure,
environment Reinforced structure, Accessibility to transportation
R . Socioeconomic Aged 65 and older, Aged 0-4 years, Unemployment, Female, Education level, Low income,
omania
vulnerability Economically active, Social dependent people, Women having 3 or more children
(Armas and - -
. Urban and residential .
Gavris, 2013) . Area of dwelling rooms
environment
Socioeconomic Aged 65 and older, Aged 0-5 years, Unemployment, Female, Education level, Foreigners,
Germany vulnerability Handicapped Unemployed, Persons in need of care, Social welfare Recipients
(Fekete, 2009) Urban and residential | Small apartments, Rent subsidies, Dwelling size, Urban areas have more than 150 persons per
environment ki per municipality, Open space, Hospital bed, Day-care center, Medical care centers
. . Aged 65 and older, Aged 0-4 years, Unemployment, Female, Education level, Income,
Socioeconomic . L ; . L
U.S. inerabilit Immigration, Race, Living in poverty, Employed in transportation, communications, and other
T vulnerabili
(Schimidtlein et Y public utilities, Employed in service occupations
al., 2008) Urban and residential . . . .
. Renter, Dwelling size, Urban population density
environment
http://www.ekscc.re.kr
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AEs S7H7Ie FerRQlE EAIE 821(Urban
environment factors), -3 X} (Adaptation resources), &=
A& 1| 5fo]=(Urban flood damage history) 0.2 4175}
o Amshict. AoHAZSl Bt Aokadle] 43S 7]
ZAYATS TR ATRA, o2 v, A8
FHor dole @ BAATe) g4 By, AT o
4A9] o7, HEATE wiEow HFelolrHDiener

and Suh, 1997; Niemeijer, 2002; Armas and Gavris,
2013). BR7EE BAXAE vigroz A8 AAH Hot

#H|%Z(Socioeconomic vulnerable groups)d EA| U FA &
74 #9FQ Ql(Urban and residential environment) .2 7|

Ueglon, AR Her el ) @ge nejsio] g
S weE Agsigh
BAo] AMREH ARE Z7HE7HYE EE(National

Spatial Data Infrastructure Portal), T EX|Z|Y FEHHE
= (Geospatial Information Platform), +7357Hg E A H]
2 EX & Z(Land cover map), A&A] EHGo|EHH
(Seoul Open Data Square) A|&A] HAYFH FHE 37t
Z H(Seoul Legal District Spatial Information), =+7}5#|
= E A
o E3DBHE A|AE(KOREA Database on Protected
Areas) 5 77} FTAEE E&otlon, 7 3208 ¥
A3} Hlole &4, ¥4 Ao et FALEHE Table

20]| A&k

3" (Korean Statistical Information Service),

2.1.1 MIEHH
groups)

Z|okH1Z(Socioeconomic vulnerable

gl ARSIEAA ﬂ4°*74]‘i~° APl 2.21(Social
factors), AA|Z Q9l(Economic factor), AFS|FAA] E3+Q
9l(Social and economic complex factor)?] 37} O
2 7Rl AR FHAE et AZOR 654
oA} :-Cl(Elderly, aged 65 and older), 0~ 4A] %-F-of

(Infants, aged 0-4 years), %o Q](Disabled)S. &2 E&35}17,
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BAAA FHHdE dHES= ATLE 7RSI A
(Basic livelihood security recipients), AF3]ZAA £33
lofl 93t FoFHdE t#sh= AZTCE 7I128STEA
% 65A] ©o]A4} LRQI(Elderly among Basic livelihood
security recipients)2 A17slo] EA5}ct 7€t ASA

Hopgel 2YRN0E RAR v g, FAA AFRIA
P, 1909 FARE, BSE, 19F7H7E A5 52

£ % glou, Awe 7184S TEdte] B AT 24
L =S gtk

2.1.2 A Y F=HEA 292(Urban and residential
environment factors)

B4 9 FABA AU TATRA G A 7}
SA171= TA|E7 2.91(Urban environment factors)S 7
EY EXo7 A5 WA (Dong Administration area),
EEHZ (Impervious  area), A3 23 A 7-H 2] (Natural
ZARARHAT A (Housing

environment amelioration area), 35 o4} H =S AZE

disaster prone area),

Z*(Number of aging building more than 35 years)& H
= g5kt

-3 A (Adaptation resources)> S50 -35H7] 9

3 B 2o A%, B4 Queg oy, &
8 W4 FEY S (Number of the civil servant), HY
o]

2 Ak (Number of hospitals and hospital beds), <"
WAL F TWA  $(Number of
shelters as prevention facility), X & X< ™HZ](Protected
2 AEsiyth. A Hdfo](Urban
flood damage history)2 42 915t AE9] &< (flooded
building), ¥tTh(half-destroyed)® AES] 4>(Number of
flood damaged building) IS HESH A0 & ALA Y
¥ YAdRE B8sAt F4vdE 9o ase 4
ARt grudFe 214 }
Qe WA, GHE SRR 24| Zksstol

TolA &85kt

Z|(Green area),

area)S HS$

AESEHAR 20159 7%
7H 9= 20204 7|&0

SRS ARSI
(Table 2 F11). 7]%0] | P Akt 20154 71E A
A ZARE HA FIAR 7 AZAe|Z AF FHE
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A3 SARAS STATA 1512 AHgstglon,
7&%}&— ArcGIS 10.8.1&
UERH T

T A= AWEA(Correlation analysis)e 53]

rhr HE
rﬁ mlru

ol of

ol &3l Elol8E 7HEstaL,

FopAST, AR A814 HeH FHR wA

, A, ZAISS FsfolE o FEEAE 24
FoAZE AR Qe Fotacle Eaela
B 5 A (Principal Component Analysis:
PCAYE £ T U TENE B w4 ol U 7
2 FFacle 2aeqlt FAREAL oj2Hoz ¥
HElo] QA 2 S BAT o, E4% HolH e +
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i
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Table 2. Vulnerability factors of vulnerable groups to urban flood, and data and variables reference

Category Variable Data reference (year) Variable reference (year)
Socioeconomic vulnerable groups
Number of aged 65 and older
Social factors Number of aged 0-4 years GIP (2019)

Number of disabled

Chakraborty et al. (2020),

Economic factor

Number of Basic livelihood security recipients

Torok (2018), Armas and
Gavris (2013), Fekete (2009),

Social and economic

complex factor

Number of aged 65 and older among Basic

livelihood security recipients

SODS (2019) Schimidtlein et al. (2008)

Urban and residential environment

Urban environment

factors

Dong Administration area (m?)

SLDSI of Eup, Myeon, Dong
(2016)

Impervious area (m?)

Chakraboty et al. (2020), Kim

Land 2018
and cover map (2018) et al. (2013a), Kim et al.

Natural disaster prone area (m?)

(2013b), Shin et al. (2011),
Kim et al.l. (2011), Yeo et al.

Housing environment amelioration area (m?)

NSDIP (2020) o1y

Number of aging building more than 35 years

GIP (2019)

Adaptation resources

Number of the civil servant

SODS (2018)

Number of hospitals

Number of hospital beds

KOSIS (2017)

Green area (m?)

Kim et al. (2013a), Kim et al.
Land cover map (2018) (2011), Yeo et al. (2011),

Number of shelters as prevention facility

Niemeijer (2002)
SODS (20138)

Protected area (km?)

KDPA (2019)

Urban flood damage
history

Number of flood damaged building (flooded
building, half-destroyed)

Internal document of Seoul .
Armas and Gavris (2013),

city .
Wisner et al. (2004)

(2018, 2019)

*Abbreviations and Web-site: Geo-spatial Information Platform (GIP); National Spatial Data Infrastructure Portal (NSDIP); Seoul Open Data
Square (SODS); Seoul Legal District Spatial Information (SLDSI) of Eup, Myeon, Dong; KOREA Database on Protected Areas (KDPA);
Korean Statistical Information Service (KOSIS)

“Protected area types: scenic spots, ecosystem and landscape conservation area, national park, natural monument, water source protection
area, wildlife conservation area

http://www.ekscc.re.kr
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EAS Totol=t 3835 vhHEo|t}(Jolliffe, 2002). &
Aol AHEEE 7 Mg 719 @97 gt 227 A
T oE H5E vush] feiA Z-253E go g 74
gttt ANFAAE(PC D2 7H & 542 YEH, A2,
A3, AnA] FHE(PC n) <22 HojA|H, Y "7t
71 Q= BT HFo] S4Eo] Yt APt &
Sk
FRAEEAS B0 TET F8 FHILKUCE AEA|
o 935e 79 2HoR i, 2 F Aoke
QU YHE Bole] AALEES FHAT} Kmeans 2
HEA(Cluster Analysis)> o8 AAE FARE EEE
Ausialol 2 Une] 42e stk B dojg
A H}‘ﬂ o=, 3 39 F4(Centroid)t 2+ AA|S Aol
== A2 (Buclidean distance)?] QXA F3o]
5\_7]- HEE 238 FASH( Anderberg, 2014). I
UL S B4 UehE 242 THEH o] 54
o] 1 2¥e gEs S4o| e,

AL

°_l

3.1 MEIE 3o FBLOIN HEt AmEA Zi}
B ATE J) 5ot FopASS ASA, A HeH

505 FRYY S ANAH BFaos
of Zefstgct. 57} HOFAF Mol ol AS 21, F1e
AS3 7e EAYRR, A8, EAFS Tsol

-ITr‘

O HAS FYT Aok ik B Sl Hor
HRQ] e JUEY GAATRE FAROE §

URHE Table 3] FAISHL oM, A¥dA ol gt
A S9] ghol 0.2 oAl L= oﬂxqo}oaq o}
¥ EAZS gofjoldit FHFAS 1+ AdEA
gt s FAKCE FoF S HEill:s AF &
Aol Hls] #egdo] Arkal BTk FHAAF & EAl
5 Yofolg i 4uIATE Qe AoE Yehd ASS
=9l 7|2AESER § o E YEY, 53] k119
et ZAESY S M= 22 AR EAEUT =
AAZCN gt 7]5#s}t A-3AL2 7 2olu, FAA
A ZHoA FHHAZ F 7P FkRt Ao YEhyth
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65*11 01% =Ql5e} 0~4A1]
ABBA7} Y AR Yerd E}(o 6983, p = 0.0000). Z
w9lo] o] AZEs= o Afot S o] AFdtT
9&18‘% OP/\ oh;} ]IO]J,]_ ;(]-OH ]o 1,1,0 o"] %%174]
7} Y= Ao E YEFHTH-0.3172, p =0.0000). ©]& Q]

¢

o] @ol] AFst= 3ol Fol]l #7F iAo r A2 7
Fol A= KR 044 FFrotet Aol A
7 Qi Ao Uehith A4 SWe 1T Hop
29 YHsts 7| ZAAELZAE AofjQla)l Lo oFo] A}

A0 2 YERFTH0.3892, p = 0.0000). AH3]
Ao vt 7| 2PE+FA F 65
4= 654 o Wellget v =2 ¥ A
LA 7F %l‘%i"%(O 5371, p=0.0000). °]= =RIAFAY
A =25 9nlsitt. Zofl
= W2 39 AT e AR UEET
(-0.3010, p = 0.0000). =Qlo] Wo] AFs}= 3Lof &l
7t AdHo R A2 Aol U2 UErd

p=h
=
v

3.1.2 7|54

s FfA S

A BEEY4 E8Rlew A

A AAATF HH, EFFHA, —’Fﬂ@ﬂéﬂiéﬂ
LIASE 9 HYASHY o
65A] o] wQl4et FF HH(0.2874,
=21 2(0.3218, p=0.0000)2 2 oFo] AbytaA
At o= WAl YWEHE A7t @l ﬂ'H%Oﬂ, LRl
T ohh B2 Z0E YUEht Z o= siAE 044 FR
oot FPE HA(0.2887, p=0.0000), =FFHA
(0.3820, p=10.0000)> W2 FO] AHHA 7} A= Ao2
YERRLTE ol oA Q18 dfotvt w2 ¥ A
A7 oo, 22 FFFY ol A= HlEeo] &7]
o &of] fAFeE 237t yepd Ao whatEch Aoflat
TAIEEE ABBATE fle A2E YERH 7li*§%§
FFA F 654 olAF Qi) 359 oJAF H 13 FA =

S ool RIAE Y ACR UERETH0.2070, p=
0.0000). °]= 7|2AGTFA LS H= =Qlo] =57

o AFsHe Aol U ulsict,
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3.1.3 7|3Hat FHOPIST MSXR 7t MTEA %CH0.2942, p =0.0000). =Qlo] Ero] AFsH= B5o]

_ ~ _ _ AR oz ZTHY 27} © U:}o’}c?_]_o 6‘(1)47(4/(1:]_/_\_ el
NS HABT B4 W) EABS HgAgon o0 aow STE UL E Bl wdsl 3P A
; et o ot L ZErFulEd Bohn v S glck HAEE 02052
PAE W 35U &, BEE, B, SAHE, BAAA _ o

- p=0.0000)} ESA]HO] HZ(0.2046, p=0.0000)>
2 B A5t ch
= AT o o]:g] *J‘ﬂ—ﬂ'lﬂﬂ— oL A oz q—]q—bh:]- }]:o] o] l:ﬂ-o]
- o ' —_ T O puieul AT A— AXN . fE o
654 o4 wolzt g St we gol AuuAt T T T i o
AFchs FH50) BHACE o §2 WA X9t K

Table 3. Result of correlation analysis on the socioeconomic vulnerable groups

. BLSR among
Category Elderly Infant Disabled BLSR
Elderly
Socioeconomic vulnerable groups
Elderly
0.6983%**
. Infant
Social factors (0.0000)
. -0.3172%**
Disabled
(0.0000)
Economic 0.3892 %%
BLSR
factor (0.0000)
0.5371%** 0.1524%** -0.3010%***
SEC factor BLSR among Elderly
(0.0000) (0.0013) (0.0000)
Urban and residential environment
. . ) 0.2874%** 0.2887%**
Dong Administration area (m°)
(0.0000) (0.0000)
. ) 0.3218*** 0.3820***
Impervious area (m”) 0.0000 0.0000
Urban ©. ) ©. )
. . ) 0.0990** 0.1129%*
environment Natural disaster prone area (m°)
(0.0374) (0.0175)
factors - - —
Housing environment amelioration area
()
Number of aging building 0.1254%%*%* -0.1976*** -0.1525%** 0.2070%**
more than 35 years (0.0083) (0.0000) (0.0013) (0.0000)
. 0.2042%** 0.1853%** 0.1316%** 0.4065%**
Number of the civil servant
(0.0000) (0.0001) (0.0056) (0.0000)
Number of hospitals
. 0.1093**
Number of hospital beds
. (0.0217)
Adaptation
5 0.2052%*%* 0.1079%** 0.1091**
resources Green area (m")
(0.0000) (0.0233) (0.0218)
. . 0.2048*** 0.2640%**
Number of shelters as prevention facility
(0.0000) (0.0000)
) 0.2046%** -0.1234%** 0.1476%**
Protected area (km")
(0.0000) (0.0094) (0.0019)
Urban flood . 0.16071%** -0.1003** 0.1315%**
. Number of flood damaged building
damage history (0.0007) (0.0350) (0.0056)

*Abbreviations: Elderly (Number of aged 65 and older), Infant (Number of aged 0-4 years), Disabled (Number of disabled), BLSR (Basic

livelihood security recipients), SEC factor (Social and economic complex factor)
“There was no correlation between each factor for flood damage, but the coefficient value of elderly, disabled and elderly among BLSR

was statistically significant.
""Standard errors in parentheses; ***p < 0.01, **p < 0.05, *p < 0.1
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Table 4. PCA Results comparison by 5 vulnerable groups

zZotd

e
W3} 2ok

3= 654 01“ ln‘ﬂ—’F@r

Category Model 1 Model 2 Model 3 Model 4 Model 5
Vulnerable
Elderly Infant Disabled BLSR BLSR among elderly
groups
Impervious area, .
Elderly, Infant, Impervious area,
PC 1 K . Green area, Green area
Impervious area Impervious area Green area
Protected area
Green area,
Number of . . .
. Protected area, Impervious area, Number of hospitals, Impervious area,
PC 2 hospitals, . .
Number of flood Number of hospitals Protected area Number of hospitals
Protected area o
damaged building
Number of the civil . Number of the civil
Number of the civil BLSR among elderly
servants, servants,
PC 3 servants, Number of BLSR, HEAA Green area,
Green area, . Green area, Number
hospital beds Protected area
Number of shelters of shelters
No. aging building, No. aging building,
Number of the civil Number of the civil
PC 4 NDPA, HEAA NDPA, HEAA NDPA, HEAA
servants, Number of servants, Number of
shelters shelters
PC 5 NDPA, HEAA HEAA NDPA, HEAA BLSR, NDPA NDPA, HEAA
Eigenvalue 1.01934 1.01858 1.03076 1.11979 1.02507
Cumulative (%) 58.65 58.51 56.83 57.01 58.33

*Abbreviations: Elderly (aged 65 and older), Infant (aged 0-4 years), BLSR (Basic livelihood security recipients), SEC factor (Social and economic
complex factor), HEAA (Housing environment amelioration area), NDPA (Natural disaster prone area), No. aging building (Number of aging
building more than 35 years)
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I Cluster A_1: PC1 Land cover type (+)
[ Cluster A_2: PCT Land cover type (-)
B Cluster A_3: PC2 Adaptation resources 1 (+)
] Chuster A_4: PC2 Adaptation resources 1 (-)
[ Chuster A_S: PC2 Adaptation resources 2 (+)
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o
P
<

s
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Fig. 2. Regional distribution by clusters for Elderly group (A)

Table 5. Regional classification by K-mean cluster and mean factors score of principal component for Elderly group (A)

Cluster . ]
No. of Gu in Seoul city N PC1 PC2 PC3 PC4 PC5
0. 0
) (Number of Dong Administration) _LCT _AR1 _AR2 _UE1 _UE2
__group

Gangdong-gu (1), Gangbuk-gu (2), Gangseo-gu (5), Gwangjin-gu (2),
Guro-gu (1), Nowon-gu (1), Dongdaemun-gu (1), Dongjak-gu (5),
1 Mapo-gu (5), Seodaemun-gu (1), Seocho-gu (1), Seongbuk-gu (2), 41 21575 -0.6881  1.1988  0.3006  0.2543
Songpa-gu (1), Yangcheon-gu (2), Yeongdeungpo-gu (5),
Yongsan-gu (2), Jungnang-gu (4)

Gangnam-gu (10), Gangdong-gu (5), Gangseo-gu (2), Gwanak-gu (7),
Gwangjin-gu (3), Guro-gu (8), Nowon-gu (9), Dobong-gu (5),
2 Dongdaemun-gu (4), Dongjak-gu (2), Seodaemun-gu (7), Seocho-gu (2), 125 -1.1792  0.0507 -0.4552 0.1622  -0.0433
Seongdong-gu (13), Seongbuk-gu (5), Songpa-gu (17), Yangcheon-gu
(5), Yeongdeungpo-gu (2), Yongsan-gu (6), Jongno-gu (12), Jung-gu (1)

Gangbuk-gu (4), Gwanak-gu (1), Nowon-gu (1), Dobong-gu (4),
3 Seodaemun-gu (2), Seocho-gu (1), Seongbuk-gu (2), Eunpyeong-gu (1), 18 2.8772  3.0818 -2.0302 -0.9886 0.1418
Jongno-gu (2)

Gangnam-gu (8), Gangdong-gu (1), Gwangjin-gu (1), Guro-gu (4),
G heon-gu (2), N -gu (1), Seod: -gu (2), Seocho-gu (1),

4 cumcheon-gu (2), Nowon-gu (1), Seodaemun-gu (2), Seocho-gu (I). = )9 401 1876 -1.0683 -0.8576 -0.1746
Seongbuk-gu (1), Songpa-gu (3), Yangcheon-gu (2),

Yeongdeungpo-gu (1), Jongno-gu (2)

Gangdong-gu (10), Gangbuk-gu (5), Gangseo-gu (7), Gwanak-gu
(10), Gwangjin-gu (4), Guro-gu (2), Nowon-gu (3), Dobong-gu (4),
Dongd: - 6), Dongjak- 7), Mapo- 10), Seod: -
5 ongdaemun-gu (6), Dongiak-gu (7). Mapo-gu (10), Seodaemun-gt 3 1007 5578 05746 00768  -0.0191
(2), Seocho-gu (2), Seongdong-gu (4), Seongbuk-gu (8), Songpa-gu
(5), Yangcheon-gu (9), Yeongdeungpo-gu (10), Yongsan-gu (7),

Eunpyeong-gu (3), Jongno-gu (1), Jung-gu (1), Jungnang-gu (11)

Gangnam-gu (8), Gangdong-gu (1), Gangbuk-gu (2), Gangseo-gu (6),
Gwanak-gu (3), Gwangjin-gu (5), Guro-gu (2), Geumcheon-gu (8),
Null Nowon-gu (6), Dobong-gu (1), Dongdaemun-gu (11), Dongjak-gu 98 - - - - -
(1), Mapo-gu (1), Seocho-gu (11), Seongbuk-gu (2), Yongsan-gu (2),
Eunpyeong-gu (12), Jongno-gu (2), Jung-gu (13), Jungnang-gu (1)
"N=442, 98 Dong administration that was not included in PCA has also been excluded from the cluster analysis.
" Abbreviations: LCT (Land cover type), AR (Adaptation resources), UE (Urban environment)
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Table 6. Regional classification by K-mean cluster and mean factors score of principal component for BLSR
among Elderly group (B)

Cluster
No. of Gu in Seoul city N PC1 PC2 PC3 PC4 PC5s
0. 0
(Number of Dong Administration) _LCT _AR1 _AR2 _UE1 _UE2
group (B)

Gangbuk-gu (4), Gwanak-gu (1), Nowon-gu (1), Dobong-gu

1 (4), Seodaemun-gu (2), Seocho-gu (1), Seongbuk-gu (2), 18 3.5316 -1.2182 -2.7421 -1.1457 -0.0901
Eunpyeong-gu (1), Jongno-gu (2)
Gangnam-gu (11), Gangdong-gu (10), Gangseo-gu (4),

Gwanak-gu (9), Gwangjin-gu (4), Guro-gu (9), Nowon-gu (7),
Dobong-gu (8), Dongdaemun-gu (2), Dongjak-gu (5), Mapo-gu
2 (6), Seodaemun-gu (8), Seocho-gu (3), Seongdong-gu (15), 164 -0.9211 -0.1781 -0.3938 0.1396 0.0627
Seongbuk-gu (6), Songpa-gu (21), Yangcheon-gu (8),
Yeongdeungpo-gu (4), Yongsan-gu (7), Eunpyeong-gu (1),
Jongno-gu (13), Jungnang-gu (3)

G - 2), N - 1), Mapo- 1), Seod -
3 angnam-gu (2). Nowon-gu (1), Mapo-gu (1). Seodaemun-gu ) o730 5000 06800 04621  -1.0804
(1), Yeongdeungpo-gu (1)

Gangnam-gu (4), Gangdong-gu (3), Gangseo-gu (2),

Gwangjin-gu (2), Guro-gu (6), Geumcheon-gu (2), Nowon-gu
(1), Dongdaemun-gu (1), Dongjak-gu (2), Mapo-gu (2),
4 Seodaemun-gu (2), Seocho-gu (1), Seongdong-gu (1), 51  0.4875 1.4974 0.4266 -0.5166 -0.1565
Seongbuk-gu (2), Songpa-gu (4), Yangcheon-gu (3),
Yeongdeungpo-gu (5), Yongsan-gu (4), Jongno-gu (2), Jung-gu
(1), Jungnang-gu(1)
Gangnam-gu (1), Gangdong-gu (4), Gangbuk-gu (7),

Gangseo-gu (8), Gwanak-gu (8), Gwangjin-gu (4), Nowon-gu
(5), Dobong-gu (1), Dongdaemun-gu (8), Dongjak-gu (7),
5 Mapo-gu (6), Seodaemun-gu (1), Seocho-gu (2), Seongdong-gu 105  0.5066 -0.5580 0.9170 0.2029 0.0553
(1), Seongbuk-gu (8), Songpa-gu (1), Yangcheon-gu (7),
Yeongdeungpo-gu (8), Yongsan-gu (4), Eunpyeong-gu (2),
Jung-gu (1), Jungnang-gu (11)
Gangnam-gu (8), Gangdong-gu (1), Gangbuk-gu (2),
Gangseo-gu (6), Gwanak-gu (3), Gwangjin-gu (5), Guro-gu (2),

Null Geumcheon-gu (8), Nowon-gu (6), Dobong-gu (1), 08
u - - - - -
Dongdaemun-gu (11), Dongjak-gu (1), Mapo-gu (1), Seocho-gu

(11), Seongbuk-gu (2), Yongsan-gu (2), Eunpyeong-gu (12),

Jongno-gu (2), Jung-gu (13), Jungnang-gu (1)
"N=442, 98 Dong administration that was not included in PCA has also been excluded from the cluster analysis.
**Abbreviations: LCT (Land cover type), AR (Adaptation resources), UE (Urban environment)
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I Cluster B_1: PC1 Land cover type (+)
[ Cluster B_2: PC1 Land cover type (-)
I Cluster B_3: PC2 Adaptation resources 1 (+)
[ Cluster B_4: PC2 Adaptation resources 1 (+)
[ Cluster B_S: PC2 Adaptation resources 2 (+)
3wt
& e
Fig. 3. Regional distribution by clusters for BLSR among Elderly group (B)
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Appendix 1. Factor loadings for each factor extracted by PCA for 5 vulnerable groups

Model 1. Elderly

Model 2. Infant

Model 3. Disabled

Model 4 BLSR

Model 5 BLSR among elderly

Category

PC1 [ PC2 [ PC3 | Pc4 | PC5

PC1 | PC2 | PC3 [ PC4 | PC5

PCl | pc2 [ Pc3 [ Pc4 | PCS

PC1 | PC2 | PC3 | PC4 | PC5

PCl | PC2 [ PC3 [ Pc4 [PCS

Socioeconomic vulnerable groups

Elderly | 04717

Social
Infant

0.4233

fact
At MDisabled

Economic
BLSR
factor

0.5009

0.5210

BLSR

SEC factor | among

elderly

0.4005

Urban and residential environment

Urban environment factors

NDPA (m?)

0.4870

-0.6496

0.4881 | 0.5415

-0.6921

0.4876

0.6530

Impervious area (m®) | 0.4877

0.5935

0.4526

0.4408

0.5340

0.5239

HEAA (m?)

0.4416

0.6953

-0.7716

0.4307 | -0.7159

0.5394

0.4420

-0.6328

No. aging building

0.4699

04112

Adaptation resources

Number of the civil

servant

05318

-0.4469

0.4330

0.4489

0.5058

Number of hospitals

-0.4865

0.5251

-0.4919

0.4972

Number of hospital
beds

0.4383

Green area (m?)

-0.4310

04112

0.4670

-0.4219

0.4753

-0.4776

Number of shelters

0.4680

0.5619

0.5566

0.5821

Protected area (km?)

0.4441

0.5744

0.4151

04291

-0.4600

Urban flood damage history

Number of flood
damaged building

0.4030

* Abbreviations: Elderly (aged 65 and older), Infant (aged 0~ 4 years), BLSR (Basic livelihood security recipients), SEC factor (Social and economic complex factor), HEAA (Housing environment

amelioration area), NDPA (Natural disaster prone area), No. aging building (Number of aging building more than 35 years)
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