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Abstract

Resilience, defined as the process encompassing disaster preparedness through recovery, has become a key paradigm
in disaster research, particularly as the unpredictability of disasters increases due to climate change. Despite its growing
importance, accurately measuring resilience which is essential for its application in urban areas poses significant
challenges. Previous studies have primarily concentrated on regional indicators rather than examining the processes
before and after a disaster, thus failing to distinguish themselves from traditional vulnerability assessments. Our study
addresses this gap by considering damage level, duration of damage, recovery level, and recovery period as attributes
of resilience, based on its conceptual definition. We estimate the threshold and resilience of an area from a perspective
of functional continuity. While earlier research suggests that areas with abundant economic and social resources
demonstrate greater resilience, our findings show that factors such as the extent of damage, recovery period, and
frequency of damage also significantly affect resilience, offering a more comprehensive reflection of its attributes.
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Holw 2p g 7] A] Z3HYang et al., 2021). A Y &40
23S e 3EY A WY ARIEA|I R o2 TEst A
U5 5o L4514 W7HE Ths/dol =L, B REo| WA
4E A9 AR 2 4522 A Asfoll 2-838HA] Hdhe A
Aol B3, thA] LA BT EA4ET Alolof ZlolE Helck
(A4 9], 2022).

S FZ 9 WA A A ¥ TEAAS D3R ¥l A
Ao Lol 2HE & AL, AEHY FR E4U HS R
gh5ol wE XY g3 947 Aol 3]EF | KHgstr| o F
THMarasco et al., 2022).

A9 259 ol et B2 A7 3E AL Qleel= A1
9] B4 35 HA| Y32 Sshe A o413 43|
of & EAlolH, &4 EHE HHEZF T A9 HEsh= AE
HA ot} olof £ aFolMe 35HY 712 g HA A4
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ojF AT Rl UiF 1FE T TS Hoh F ugE
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315 (resilience)°] THA HEoPIt ek & 71 2HRlo]
resiliere oA Atk FollA & 4= %ol ‘T4 9% o)A
o) A= Bshe 580l 31839 7123 £401% 7P d
2] 424 JfdolcKlein et al., 2003). 3 7Hd-2 A4 <
ol TS T U, FFl gAY 2 AR
B 4571 31588 AAshe 29108 24HPimm, 1984;
Tilman and Downing, 1994). Z7]2] 3|52 |9} o] 54

02 Q3 7|59 FEE WABIAL 4143] &3 Ao 23L&
23 Qi HollA 333 358 oz Ao Qi)
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2000 Sarewitz et al,, 2003; Brooks et al_, 2005), o]2{gF FoF
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7} Skt v g A 7] AL Qi

Ty, F2Y Asle G LEF 20N oF AEH 2 29
o2 Ws3laL 9lo] X% e] Hof aQlnt ohz} A AT
A, FA)T AF Y- F 290& FAl a2 Fart gt
(Cutter et al., 2008). TS}, 7| FH3IE Q18] Aalle] AAY A)7],
A4 dlFe] 2240l 713 Wg Bk BHAQl a9E9 9
F BA ol i3t £40] 275 Qi

Aol lofAl BEe g2ttt o= IR, vt
o2 At diu| e B47HA A B9 oot adss =8
sk 7g o= B85 Qlrke HollA, SHA Aa% kel &
AdE RS 4= L AoR R Qv 2 d7ES A
ol di-g3ta B 5 Ue AladY 58S 3RS os TF
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(Cai et al., 2018; Carvalhaes et al., 2021: Zobel et al., 2021;
Yabe et al., 2022).
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SCOPUS)of| AAE =F = A|Eo] Tesilience assessment 2}
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A A o] FlEHS /&75}‘3}7—}'—}(Gong et al,, 2020, Tan, 2021;
Manandhar et al., 2023), A 92| £4& 7|REo.& B3], A3
A &4 ol U 35 A+E sk I+ At Mavhura
etal,, 2021; Khan et al,, 2022),

olgjgt A9 7MY & AL EAS 3l AE slEdEn
AA| Al wjs] Atole] o] Qick. o7 8219 EJFAQI A4S
g0z AYE= gafof o837 #3l 25 NdE 283t
al glon, AA| A4S REgskR] Z3ehdE 2o vAof 885t
7] gA] gk, (& 1)} Zo] AP AFollA 3= Ao 83t
ARES AHEH F4 WA D gt A Z2A|ARLE R

Table 1. Similarities between resilience assessment and vulnerability assessment

Resilience assessment

Vulnerability assessment

Béné etal. (2017) Rasch (2016)
eneetal Vulnerable (age) Tate (2013)
Vulnerable (age g
(age) Fuetal (2016) Flanagan et al. (2011)
y G Tate (2013)
Disability
Social capital Cutter et al. (2010) lanaganicral (20%])
, : Tate (2013)
Social Social .
= " Minority (race) Flanagan et al. (2011)
resilience Public space ES);?Qldgngnﬁl)en (2015)  vulnerability Schmidtlein et al. (2008)
: Flanagan et al (2011)
llliteracy rate Rasch (2016)
2 Hunget al (2016)
Level of education 5 Tate (2013)
Cox and Hamlen (2015) E]?tliﬁs;?;na;l Flanagan et al (2011)
Schmidtlein et al. (2008)
Hunget al. (2016) Flanagan et al (2011)
Employmentrate o iareral (2010) Unemployed o ere 2000)
Bénéet al (2017) Tate (2013)
Income Cutter et al. (2010) Income Fekete (2009)
Sherrieb et al. (2010) Schmidtlein et al. (2008)
Economic Economic Tate (2013)
resilience Commercial facility  Cutter et al. (2008) vulnerability Poverty Flanagan et al. (2011)
Schmidtlein et al. (2008)
: ; Flanagan et al (2011)
Home ownership Cutter et al. (2010) Home ownership Rasch (2016)
. Rosales (2011) Vehicle
Energy consumption Fuetal (2016) availability Flanagan et al (2011)
Green Adger (2006) Forest Crona et al. (2009)
. Rasch (2016)
Park Adger (2006) Proximity Fekete (2000)
Rasch (2016)
Farmland Hunget al (2016) Infrastructure Chang et al (2020)
Physical Physical
resilience Sewage Wehmeyer et al. (2011) vulnerability Open space Fekete (2009)
NE 2 g Fekete (2009)
Old building Mileti (1999) Sewage Crona et al. (2000)
e Rasch (2016)
Old buildings
Urbanization Fuetal (2016) Chang et al. (2020)
Impervious area Rasch (2016)
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Resilience assessment
Tierney (2009)
Shelter Hung et al. (2016)

Cutter et al. (2010)

Bénéetal (2017)

aiditise Cutter et al. (2010)

Institutional
resilience

Hung et al (2016)

Fireand police Cox and Hamlen (2015)

Hung et al (2016)

Medicalservie Cutter et al. (2010)

Vulnerability assessment

Disaster Fekete (2009)
preparedness Rasch (2016)

o Furlan et al. (2021)
Institutional Laind use Chang et al (2020)
vulnerability o

arning
system Alves et al (2022)

Medical service Fekete (2009)
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Figure 1. Resilience triangle with 4R

Table 2. Four factors of disaster resilience

A(rapidity)> B 717h& E53H Ao 93 |9, 719
d(redundancy)® AHFE4 (resourfulness)> AH2] T4
2 A4 ZHE 9] B8-2 T3 AlL"Y 7]50] s RS WA
813l A 715-& 35Sk ol 7]ofgtt,

1" DI ol sl oM dAEEs S5 4489 |
ol= 3402 Qs &AE 7159 2719} nlFgit, ol=dt £4
& G850 ATt tof) wEh ks 75 A TS AR S+
QUchA 358 4o 83 4= & Aol

o

1= =8 YEE o

foi
re

4,

1

Ao} Gt 54 3L SEHo| vigslr] A= 24
oA TS A4S B3] AT 4= Qlofof gk, U, 7
T FAE W o|F WEA B3 AX A ot S0 B
ol 251 AlZto] 2% BA|%o] ltal 7HE o, 3158 42ty
o 2= FUT HolE 7HRE F A9 Alo|E AEs1R] &gt
t}, v & 22 7o) A7} dAgste ehe x| ulct Al
8= 349 27171 t27] "ol 54o] ojd A g Alaglel Y
£ 715& FAE Tg & SEUA AEE = s 71E0l ¥
asjct,

£ AFolM= A A ool et A3 o] AAANE
AT & A, dAE dolMe 240 B 0] 3E
gg dYshs $a% 20| E = & Aolztal |l
TA9] 715 0| TSk 49 dAAE AR5 A =
g 2N (19 209 vlz2ys d44 Be] 29 (Business
Continuity Management, BCM)& 2183199t} 3g 22

Factor (R) Explanation
Eobiisknke - The strength of the system, measured by determined ability to withstand the impact of a disaster,
as indicated by the extent of damage it incurs.
- The degree to which system components can be replaced by one another when their functionality is lost or
Redandancy diminished.
Rapidity - The speed at which a system can restore an acceptable level of functionality.

Resourcefulness

- The inherent capacity to dynamically respond to a disaster by enhancing rapidity and robustness.
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Figure 2. Business continuity management model
(Torabi et al., 2014)

Ui/ 79 $ifo] Bl2Y A Z2A| A |2 P2 AL,
23 Y v2Y29 g5 B8 33 o FHoENH 2
A& B3357] 918 HEEUR FY 2opelA F2 B-8E )
HTorabi et al., 2014).

(¥ 2o - BCME 5422 QI3 7|59 Ayt 545 ot
FI3 Qi AollA (O™ 1) 9] 315E 449 gt A3 &
ARRE 1 & = Qlok, ey, 583 Ao dFshe 239
/43 2ol wEk MBCO(Minimum Business Continuity
Objective)2} MTPD(Maximum Tolerable Period of Disrup-
tion)& et FH o2 Qg 7[5 Fo] WAR = e
AFE Al Agre Eatiths Foltk 97]4 MBCO=
4 YA A 239 75 &40l AAI1E7] A% ulE, 48,
U7 5 &3] 29 FRAE uigitt, oE At ARHolA19
slEeo] 283 A Y sEolA 38 5 A= 549 dAA
£ 448 4+ .

T, 7159 FE A8 Bdshe FAoA MBCO= "¢
8% Mol 239 AYY FA & 9¥E P
MBCOE Z7sl7] 918 #& WPHEL EASHA] ¢=rHTorabi
et al,, 2014), w2HA 35 9 AR 7o A A Al2H]
9] 715 FEo] W= XS sk A4 BEHFo R
YT = e 715 W Hske BYo] AdEolof & Aolt,

Table 3. Data for resilience & threshold analysis

. gte] EA
1. g72] Hel & djolH

£ 97 A g8 2 74 dlojHE 7RkeE A x99
35S Brlshs 2& B3 0R it} ol 3l 3liF HlolErt
A== 7P 22 91l A5 ERIE st A=9] 25070
AHAR 7 obd F= 3 7 43 Aol 2FhHE tde
2 JBAE s

YAA E BEE 23S el 2 Aol A 4F = ol
o] A== g3f olglo] EAsh= 71 AlZHA W l7F st ol
2001 97E] 20209744] 20697 dlolElE &-83151aL, A7
3|58 H3LE FA517] Y3l A 4 149 o) 3= 13
dlolgE R 4= 9= 58S TR 4 R Wieo] B4
of @83t (& 3 & AtollA &85t Holg EFo=
Z}z}o] Aol A dlolElE Aesh= A1l 22 ok Ao
kg

2, g7 HEE

£ AtoAl= AR Q13 34 9 Eto] wit YA 2o
QolA] FeFA I ApEskE = 315 e E4S Bt & Higslr]
A3l ohe Al 71 ARRR o] B4E 23S,

A, 716 A58E L8] Y’ MBCO 7|&& A sk
7|7PE/AHE MBCOE AP}, E4, MBCOE 7|&02
A o] Ad = &= AAEA, e ARAE AgR,
AR, 715 A& MdS B9 3158 A9 e AHS 2
slo] 3= Al 8E8-S 4T

1) MBCO =&

2730l A] HIZY A 2HH0] MBCOE 52 ' Al 239 7%
&0l FAIE7] 1Rt H Ao £ FRAZ AofH U &
oA 71 ASdol=t SFRH IR 917] ARlA B9 A
716S THOA AL A B2 4 U TR S48 ¢

Type Data Explanation Source
MBCO Legal standards Criteria for declaring a special disaster area MOLEG
determination Financial ability index Determining the standard damage for special disaster areas KRILA
Duration of rainfall Number of days the rainfall lasted KMA
Thr_eghold R Intensity of rainfall Maximum precipitation for 1 hour KMA
resilience analysis
Flood damage Damage costs for each flood MOIS / KMA

Note: MOLEG (Ministry of Government Legislation); KRILA (Korea Research Institute for Local Administration); KMA (Korea Meteorological Administration);

MOIS (Ministry of the Interior and Safety)
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Table 4. Standards for establishing MBCO according to financial ability index

Financial ability index (F)

Criteria for declaration of disaster area

F<01 Amount of damage > 2 billion won

01=F<02 Amount of damage > 2.6 billion won
02<F<04 Amount of damage > 3.2 billion won
04<F<06 Amount of damage > 3.8 billion won
06<F Amount of damage > 4 4 billion won

Source: Article 5 of The Regulations on Natural Disaster Relief and Recovery Cost Burden Standards

olgkct, whebal, A EolellAl sl a2 Ao ol A
o4 9l Y 34 R E s b &8 = Sl
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g1, Aszet ol Slot,

3T FEoA 7 AT FT 387 QY g 7|E
S8 EAGA Y A7t 7ss 93f 71EF9E AL 9L
3L, 8 S ol4ke] mlEjzt IR A A oA e
A glol= Al 715 FE] ogrhs e dFshaL ol
&, AYQ A&deo] 7159 A&44E A% ¢ = g Y
AE HH BN FAFCE AAJSEIL §ltk= oAl MBCO 4
7 71€0.2 B8-817| Agsirtal wsigr,

£ AollAE oA AAIE vk} ol (R 4] A A
Z=of| 7]8ksto] MBCOE Z743HaL, 24 339 dlolg 7t &4
32| 9= 20014, 2002492 F3l A=E 7|ELE, 20039 5E
= HET FUsHA A 3dzke] ARE A9 Wdaks 88
810] 2020917H4] & 20447E, 2507)) Alte] MBCOE =&31
A4 of] g8kt

2) &l Al AAIX| FH

A Q9] = A3l AR 4% 79 B/l 23] BAshe 1
371 A1G Wel A ZUE <= e TAE 233t0] &A1Y 75
A&A0] A EE AHE Yuiitt, ol gAane] AHHeA
MBCO7} &Ju]sh= H|4ghe] A4/ S} Aok /PLos,
ZF AYef| A AE MBCO® #dsh= F wafiel 9 gig-
3= 7% dlole e 24 B3l A A GAAE ARE
et

e AL AT w2 79l A3 HAE) = AT, A
£2Q1 7390 318 HE 23310 WAL= jitt, ofof &
Aol A=A AP, mm/hour)?t 7H9-A]
SAEAE717E A) F 71 SHAA ARE 3%

HA, W Al A Ha gfe] digh A4 = W 73S A
&9 PAE APk I8 AR Y8l 4 Al 208
(2001-2020) 7% dlojElE Aoz AAF FPHHE B831Y

MSE(Mean Squared Error)E #4838l o8 F483I
ARl 29 7t vlaof| A FetAlEFLAe] 7S 7H] MSEZF
AErE AT 2P Aol Lt AoE B 4+ QU
(Suetal., 2012).

MSE=— 3" [y— F(X)P n

i€ Data

814 0 2 MSEE 435l 38 Ad AWrE 4= =7
Lofli= A4 B Bolgh BalE BEale g 24T
3 A, AXRERET} n? oAl HE Q4R o) 1]
wj ol - (n)o] AAY Atk 7+ BV} B A TS v a3
olct,

WEAEE Python 3,108 88313132, the 34 of ek MSE
(©)7F 2&=gkoll LA Y2 3T f71R] HhE Seg¥ict

(1) 71 dlolg Bxof u}2 R5E() L vHE 31 47

(2) 345 & MSE(@) 44

(3) A3 7t MSE(@)<] &fo] A4 W ¥kE =3(719 3)

(" 4= T Aol SEEM =0.052 F4= Tafie} 7+
= Alolo] B8 Fgshe A o=, WHE: 3-E F9) e
27|ENE e IR sEshe AS #2UT 4 2

damage -
(1,000 won) | o o

Intensity (mm/h)

Figure 3. lterative execution to minimize MSE
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Figure 5. Concept diagram of resilience analysis
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R Flood Resilience

x Average loss exceeding MBCO
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T Duration of damage exceeding MBCO
T": Total recovery period
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Table 5. Summary of regional resilience and thresholds
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Region Resilience Rank Threshold (intensity, mm/hour) Threshold (persistence, day)
Seoul 0.8234 9 7721 593
Busan 07517 14 62.07 b17
Daegu 092565 1 7973 538
Incheon 0.8884 2 59.54 714
Gwangju 08273 8 81.06 529
Daejeon 0.8806 3 64 54 465
Ulsan 0.8690 5 5444 6.33
Sejong 0.7842 11 6382 11.04
Gyeonggi 0.8781 4 65.93 7.45
Gangwon 08422 7 60.91 8568
Chungbuk 07114 16 49 49 877
Chungnam 0.7833 12 5544 7.66
Jeonbuk 07724 13 4837 7.04
Jeonnam 0.7463 15 53.12 6.62
Gyeongbuk 0.8054 10 5428 7.61
Gyeongnam 0.6426 17 6098 833
Jeju 0.8444 6 7381 742
Average 08103 = 62 58 7.08

Note: The analysis results of 236 municipalities have been summarized by cities/provinces.
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