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ABSTRACT

With the increase in disasters and damage caused by climate change, the global population and infrastructure are gradually

being concentrated in urban areas as a result of rapid urbanization, and concerns for disasters in urban areas are increasing.

Vulnerability to and risks of disasters are particularly serious issues in declining areas with poor physical and social

environment. The improvement of urban resilience is necessary to prevent disasters in these areas, and an index for evaluating

the current resilience level in these areas is necessary. To determine the suitability of evaluation index application for disaster

resilience in declining areas, this study generated a list of 24 evaluation indices by reviewing published studies on this topic

and examined the applicability of these indices in a survey conducted with 30 experts. The independence of each index was

assessed through policy network analysis. In addition, the relevance and applicability of the indices were determined, and their

effectiveness was assessed using the fuzzy multiple-criteria decision making method. Lastly, the priorities of the evaluation

indices were suggested by combining the two analysis methods mentioned above. The results of this study will likely

contribute to the development of an evaluation index for effective evaluation of urban resilience in declining areas.
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2017), B2 ZAO)A 3EE FHE ZA|9 WG
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Table 1. Difference of resilience index by urban category and scope
Classification A B C D E F G H 1 J K L M N (6] P
Environmental
@) @) @) @) O O @) @) @) @)
/Nature
Infrastructure o o o o o o o o o o o 0 0
/Physical/Built-in
Economic
. . @) @) @) @) O O @) @) @) @) @) @) O O O O
/Financial
Human/Health @) @) @) @) O O O @) @) @) @) @)
Cate-
gory Knowledge O @] O O O
Social O O O O O O O O O O O O O O O
Cultural @) O O
Institutions O O O O O O
Governance
/Political/Community | O @) O O O @) O O O @)
/Leadership
National Level @) O
Province Level @) @) @) @) O
Scope City Level @) @) @) O O @) @) @) @) @) @) O O
Community Level O O O] O] O] O @)
Site(Building) Level - - - - - - - - - - - - - - - -

A: Baseline Resilience Indicators for Communities [BRIC]
(Cutter S L et. al. 2014)

B: Climate Resilience Screening Index[CRSI] (EPA 2017)

C: Climate and Disaster Resilience Initiative [CDRI]
(Shaw R et. al. 2010)

D: Climate Resilient Development Index [CRDI]
(Miola et. al. 2015)

E: Coastal Community Resilience [CCR] (U.S. IOTWS 2007)

F: City Resilience Framework [CRF] (The Rockfeller &
ARUP 2014)

G: Urban Climate Resilience (Kim D H et. al. 2015)

H: Community Resilience (Kang S J et. al. 2013)

aH=

EQ3 —‘?—%ﬂ 2 Node(l-E) 4
Moz sl Fhsaiti BHE 27 3
2007; Newell et al., 2018) HEQZ —E‘_—@.%

erote uH_,_ N O}E]r(Ch(n et. al 2011; Lee and Lim
2014). WebA, AbE] - OlE - 5} S Hop= whEshy o

I:

J:

K:

zZZ

Community Disaster Resilience Index[CDRI]

(Yoon DK et. al. 2013)

Community Resilience Indicator [CRI] (Argonne National
Laboratory 2020)

Australian National Disaster Resilience Index [ANDRI]
(Morley P et. al. 2020)

: Community Disaster Resilience Index[CDRI]

(Peacock W C et. al. 2010)

: Community Resilience Index [CRI] (Sherrieb K et. al. 2010)
Disaster Resilience of Place [DROP]

(Cutter S L et. al. 2010)

: Resilient Capacity Index [RCI] (Foster K A 2014)
: Social Vulnerability Index [SVI] (Flanagan B E et. al. 2011)
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yEYae) B8
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Vg ol BEE 7] ol
2018). FRATE BFF NAH 74
sol, 33 719 BAE Bt
FASHA Eoh(Kim, 2008). 2U3}E]
299 3RBLS 1654, JF
ALt B2 o] SH491S Tore
7(]- 5—.9_ k‘tﬂ H]—la.g_ ];ﬂE 0_]_23_ T']f]_‘&l]-g—
et. al, 2018). L ZOME FAHL

oA Z+ &7} 7= ZQ wal on) g, 38 o
Fold FHHS Adas) FAL0l WAL T2
2 sops 44 S BN w2 fuE 5
10 71291 A% 3N AT Ao 2 MzE

Nzt AN % Ut T, AA A T 5 U
% Srlolois e PHE 27 AckKim, 2005
Seo, 2019).

R A Rofo] £TL YEYT BAGHE U
240 BETE 244 AR A4 o] v e
ZA| Stk (Zafarani et. al., 2014). 92 HALE mjolsl= &
25 AZF=A X (Degree Centrality), = E5 Y= ¢t
Aol fo] Egtel 1eE 52 FAlo] gl A2 Hjot
5l= 238544 (Closness Centrality), 523t X ¥} o
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=31 QJth(Zafarani. et. al.,, 2014).
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Fuzzy o|&< 7|¥C 2 M3 Fuzzy 7| JAHEA
HE ofjuigt Aojd #HES FASfote o] FE GEE«=
HA7]Ho]th(Zedah, 1965). Fuzzy O]22 AA| ZA| o)A
Aok R34 ESAA MdS addoR A
T U ol I o], o5} F5t T thgt #ofo]
A S8E1 Qlon(Lee and Lim, 2014), Fuzzy Th7|&

AEZRARE 7INEo R AEH EAIE S
Ast= dpgo g ey 9k F7t AES L&A

2 AE A7gs7] AshAle Aol T-gt ols)
A &2 T AP AR 35 SR EE 7tst
of Brstal, S JAE FHPoh= Bgol Lasitt
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Fuzzy t7]% OAARHL 7d A% 5L =
7t 7jole] Mo SEety RS A= shhe] 5]
= H¥ste ol g 5 AExA] s +yE 9
& o= O 2 (Russell et. al., 2001), 7|&£9] WHE
o] FAE Fusp] o SHE shtel 42 wEsR
o H{X¢E Fojsto] 17t r HE AT (Dubois and
Prade, 1978). HX|9] = A2 E Qo] ot ot
5P AT & YA, e A8 4 Gk B
o] &= AZT A|4>(Triangular Fuzzy Numbers)7} 2
S8 QUth FREES #OE RS, TR e
G B AR AZazo] MdE FAEE £33
A =9, 2o 22 PHoE ALE FdET HaE
Aol 7FsstttE A2 Zh=T(Shon et. al., 2001).

Fumzy T71% GRS HeARE 27 oAz
FESE 4 9o, HA: L3 ZrhKwak et. al,
2009; Lee and Lim, 2014; Kwak and Lee, 2015).
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Table 2. Fuzzy numbers corresponding to language value

Linguistic Values
W (Relevance/Applicability) S (Reliability) Fuzzy Numbers
Very low Very low (0, 0, 0.25)
Low (0, 0.25, 0.5)
Moderate Moderate (0.25, 0.5, 0.75)
High (0.5, 0.75, 1)

Very high Very high 0.75, 1, 1)
F=(Y,Q,%) @)  79~180f AAfsien, FA E=AIAPAIY 0] Fa5)
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Table 3. Evaluation criteria of policy network analysis

goE -

0{g3

- {3

. . Duplicate Evaluation. Duplicate Evaluation. |Affected by Circumstances buf Independent Evaluation.
Relationship . . L . .
Influence Concerning Due to Close Moderately Concerning as Independent Evaluation is Possible Due to Little
Interrelation Affected by Circumstances Generally Possible or No Interrelation
Grade 3 2 1 0
MEAS TEFG00, ol AP T YA Hag  HE/FSA Sl o AHY=S Yoo, HFAo
2 0, HRF 9074 7+ 0“1} 2 32 A4 Fuzzy@td F-87154 Fuzzydt= &

LﬂE-ﬁlJEL F AL Netminer, Giphy, Python 32 -89

Felgon], BN E2EE REE 2 BAAE
e, J3E 7t BANES ABlEHS ofuigict 7
olgolE HAAT o] ARHE FAo
2 A3to] HEF A THKo, 2007; Shin, 2017), & A+
EYT LAYEE Botel WAAEDS A 7
gromA AN F2E Werskn Agetsna o
o}

_EL

_4

¥R of rir m>4 A

3.3. Fuzzy TVIE 2AIZTHS 24 &

I

Z:

) “‘1"

YEgD 24 A% 7 GRS SPAS S
W, Fuzzy 1% OAEANS BAAE 2 BANE)
Mg wge sotstaat stk WK EY HHPL
4U43 A8Ms4e vEor WSt sl
Aol Y BAXEA AN U EAHA
o fBYe WSl 44T Arg, 487 A
Az dolg 44 - WL K5 JES ojuldt.
Fuzzy £42 Python 3& T8 S5 glon], HEZ

=gt DY

AR setEs 4840 8715 e A8 AR

& e B SHEAT =EFIA Sk

34. WIXE QN2 MY WY
YEYD EAL Lt 7k BAS sk, A

AAE To}st7] = 2] & o] AW (Chung et. al., 2020), Z}
it# 985S 717 gotels Hhgogl AHsA] ¢

= SHAI7F dth(Lee, 2020). T3}, Fuzzy ©7|S QAHE
Hue ghastthd, d o] AL WIls & 9)
A9k, stto] o] e FEI o' Ao Ao o
WA, Be AFH Fx0] tiste] wotd = gle o
A7} AthH(Han and Lee, 2018).

2 A9 HA2 TAIEY PR JE4S ¥
7¥otal 1 $AEE EESHs 2R, ofd st A
H7F A EES Hrlokes d 7P & 93 vA=A
ooz A 9k ofue} thE HIER LY FEEVL W
< ARE AAste A Fasit ZASEY HMhks
grlstdaA SA0] 2EE HI/XESE AASHA] Lo
24 B719] 51:%*3% Eol= Zo] "Rasty| wolth
TEhA, 2 AoAs GAH R HEQA A4S
A B

I_IZimE:

o] $_EE 5ot wstal 7 A#o it $HS 89 %ﬁ/‘éﬂ ﬁ% BE g7 14} shqich dut
@ (1) ~ HEG) ~ e 22(5)02 54 AEg oz e BAN FUM0] £ AL G2 AX
Y5t th(Table 4 1), 2 9 AIF4E2 Fuzzy 9 AAKo] w2 ARE HriEEd], £ AFolA 44
BolE AR A8 A% AREFOR, AU o AEAIHEL QAN FREL AP 4L 4 9]
Table 4. Evaluation criteria of Fuzzy Multiple—Criteria Decision—-Making
Very low Low Moderate High Very high
Relevance
1 2 3 4 5
Very low Low Moderate High Very high
Applicability
1 2 3 4 5
Very low Low Moderate High Very high
Reliability : 5 3 ] 5

* Relevance: The extent to which the evaluation index is suitable for evaluating the resilience of the declining areas.
* Applicability: The extent to which data collection and evaluation is feasible in declining areas.

* Reliability: The level of confidence in relevance and effectiveness.
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Table 5. Resilience evaluation indicators
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through studies review (preliminary)

. Subdivision
Main Sub — -
Contents Description Indicators
D . Amount of damage or scale of life loss | Amount of damage, scale of life loss,
amage from disasters .
caused by disaster etc.
- Area (or population) of region Area of vulnerable region, vulnerable
Area of vulnerable region . . -
Stabilit vulnerable to the occurrence of disasters | region population, etc.
4 Disaster occurrence The number or cycle of repeated or Disaster occurrence cycle, occurrence
frequency expected disasters period, occurrence time, etc.
Envi . Environmental conditions of Slope, distance from river, distance from
nvironmental conditions -
disaster-prone areas coast, etc.
- 1 Natural elements that function as disaster | Impermeability, park green area
Ecological resilience P : P
mitigation and precautionary measures distribution, etc.
Building and structure Safety and durability of urban facilities | Year of construction, structure, material,
safety (age, structure, material, etc.) etc.
Adapt- - - - - - — - -
ability Compliance with legal Inspection of areas for compliance with | Illegal buildings, illegal extension and
. | and institutional standards | legal and institutional standards alteration of buildings, etc.
Physical P :
Indicator Fear and likelihood of | Areas with high accident risk due to the Distribution of gas stations, hazardous
- P o chemical substance facilities, industrial
accidents proximity of dangerous facilities frroe
facilities, etc.
Facilities and functions that can contribute
Complex responsiveness | to mitigation, evacuation, and response . o
h A ) Roads, community facilities, etc.
to land use to disasters while having separate
original functions
Response infrastructure Placement and capacity of facilities for Disaster prevention facilities, evacuation
Transfor- adequacy mitigating, evacuation, or response (o facilities, water supply facilities, etc
ransis disaster occurrence, possibility, and influence ’ e
mability - -
Reinforcement, avoidance, and
Land use reorientation adaptation of disaster vulnerable areas Walking areas, natural green areas, etc.
through land use restructuring
Public service facility Activation through public service facility Administrative facilities, social
placement that can induce increased -
placement - infrastructures, etc.
local resident use
Population composition Composition according to regional population | Population, age, vulnerable groups,
change, vulnerable group ratio, change etc. | population change, etc.
Composition of economically vulnerable .
Number of employment opportunities,
. . groups and current level of, and changes -
Socio-economic : . 2 ratio of self-employment, number of
0, regional employment and economic basic i -
e asic income recipients, etc.
conditions
Stabilit illi i . R .
Y . Efforts and willingness of community Ratio of university graduates, ratio of
Education level members to recover from disasters, hieh school eraduates. etc
according to their education level g g >
Social network composition according
. . to community member family Years of residence, family relationship,
Social bonding : I : p p .
relationships, interaction level, and foreign migrant ratio, etc.
foreign migrant composition
P Preparation of a system capable of predicting | Alarm system, ratio of (liability) insured,
re-response system . . e .
disasters and quickly delivering information | etc.
Customized emergency A system that provides prompt rescue Medical facility accessibility, number of
Social Adant support system and medical treatment to victims of disasters | hospital beds, number of rescuers, etc.
Indicator abililiy Social service provision A system that provides social services
level p such as energy, security, safety, and Police, firefighters, social workers, etc.
medical care, etc.
Local government budget | Budget routinely allocated for physical | Local government general budget, safety
administration and social community maintenance budget, fire service budget, etc.
H Workforce reserve and budget scale Disaster management fund, financial
uman resource s . . . >
o e administered for post disaster emergency | independence ratio, fiscal independence
availability - .
response and damage recovery ratio, number of civil servants, etc
Risk communication Local organization system for the Number of communities, program
P preparation of disaster response, and its : L
activity level : S operations, degree of activation, etc.
Transfor- degree of operational activation
mability Preparation of programs that guide

Behavior guidance
program

unconscious behavior for reducing the
extent of disaster damage

Number of open nudge facilities, number
of developed nudge programs, etc.

Resident participation in
policy-making

Methods for encouragement of resident
participation in the establishment of
local plans and policy-making processes

Local community participation rate,
voting rate, etc.
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1 Damage from disasters 9 | Complex responsiveness to land use 17 | Pre-response system
2 | Area of vulnerable region 10 | Response infrastructure adequacy 18 | Customized emergency support system
3 | Disaster occurrence frequency 11 | Land use reorientation 19 | Social service provision level
4 | Environmental conditions 12 | Public service facility placement 20 | Local government budget administration
5 | Ecological resilience 13 | Population composition 21 | Human resource availability
6 | Building and structure safety 14 | Socio-economic 22 | Risk communication activity level
7 Elzziltllz?gf ::;Td;fdg:ﬂ and 15 | Education level 23 | Behavior guidance program
8 | Fear and likelihood of accidents 16 | Social bonding 24 | Resident participation in policy-making
Fig. 1. Policy network analysis about resilience evaluation indicators
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Table 6. Result of Policy Network analysis (total 24*24 metrics)

Main Sub Subdivision Degree Centrality Degree inverse Rank
1 | Damage from disasters 11.391304 0.087786262 24
Stability 2 | Area of vulnerable region 10 0.1 22
3 | Disaster occurrence frequency 9.826087 0.101769911 21
4 | Environmental conditions 8.652174 0.115577888 15
5 | Ecological resilience 8.608696 0.116161611 14
Physical Adapt- 6 | Building and structure safety 7.826087 0.127777777 11
Indicator ability 7 | Compliance with legal and institutional standards 7.043478 0.141975314 4
8 | Fear and likelihood of accidents 9.130435 0.109523807 18
9 | Complex responsiveness to land use 7.652174 0.130681817 9
Transform- 10 | Response infrastructure adequacy 8.956522 0.111650482 16
ability 11| Land use reorientation 8.086957 0.123655907 12
12 | Public service facility placement 10.347826 0.096638656 23
13 | Population composition 9.695652 0.103139015 20
Stability 14| Socio-economic 7.608696 0.131428565 6
15 | Education level 6.434783 0.155405396 2
16 | Social bonding 5.130435 0.194915246 1
17 | Pre-response system 7.608696 0.131428565 7
Social Adapt- 18 | Customized emergency support system 7.608696 0.131428565 8
Indicator ability 19| Social service provision level 9.086957 0.110047841 17
20 | Local government budget administration 9.391304 0.106481485 19
21 | Human resource availability 7.73913 0.12921349 10
Transform- | 22| Risk communication activity level 8.086957 0.123655907 13
ability 23 | Behavior guidance program 7217391 0.138554223 5
24 | Resident participation in policy-making 6.956522 0.143749995 3
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Table 7. Result of Policy Network analysis (physical/social 12*¥12 metrics)

Subdivision (physical) Degree Centrality Degree inverse Rank

1 | Damage from disasters 15.909091 0.062857142 1
2 | Area of vulnerable region 14.909091 0.06707317 6

Stability -
3 | Disaster occurrence frequency 14.090909 0.070967742 4
4 | Environmental conditions 13.181818 0.07586207 7
5 | Ecological resilience 13.727273 0.072847681 3
Adapt- 6 | Building and structure safety 12.363636 0.080882355 5
ability 7 | Compliance with legal and institutional standards 9.727273 0.102803735 9
8 | Fear and likelihood of accidents 13 0.076923077 10
9 | Complex responsiveness to land use 11.181818 0.089430896 8
Transform- 10 | Response infrastructure adequacy 12.272727 0.081481483 2
ability 11| Land use reorientation 10.636364 0.094017091 11
12 | Public service facility placement 10.272727 0.097345135 12

Subdivision (social) Degree Centrality Degree inverse Rank

13 | Population composition 9.727273 0.102803735 1
Stability 14 | Socio-economic 10.090909 0.0990991 6
15 | Education level 8.363636 0.119565223 11
16 | Social bonding 7.090909 0.141025643 10
17 | Pre-response system 9 0.111111111 3
Adapt- 18 | Customized emergency support system 9.363636 0.106796121 2
ability 19 | Social service provision level 12.454545 0.080291974 4
20 | Local government budget administration 11.818182 0.084615383 7
21 | Human resource availability 10.636364 0.094017091 5
Transform- 22 | Risk communication activity level 11.636364 0.085937497 8
ability 23 | Behavior guidance program 9.909091 0.10091743 12
24 | Resident participation in policy-making 9.909091 0.10091743 9
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Table 8. Result of Fuzzy Multiple—Criteria Decision—Making Method
Main Sub Subdivision Relevance Applicability | Effectiveness | Rank
1 | Damage from disasters 0.078938125 0.058144 0.004589778 2
Stabilit 2 | Area of vulnerable region 0.062747292 0.0487585 0.003059464 6
abili
Y 3 | Disaster occurrence frequency 0.063234167 0.0545585 0.003449961 4
4 | Environmental conditions 0.051791042 | 0.050762167 0.002629025 9
5 | Ecological resilience 0.061773333 | 0.056140333 0.003467976 3
Physical Adapt- 6 | Building and structure safety 0.054103958 0.050551167 0.002735018 8
Indicator ability 7 | Compliance with legal and institutional standards | 0.030974167 | 0.029354833 | 0.000909242 17
8 | Fear and likelihood of accidents 0.025374375 | 0.043380333 | 0.001100749 16
9 | Complex responsiveness to land use 0.033408958 | 0.035471167 | 0.001185055 15
Transform- | 10 | Response infrastructure adequacy 0.058608125 0.054242167 0.003179032 5
ability 11| Land use reorientation 0.02586125 0.026191167 | 0.000677336 19
12 | Public service facility placement 0.014296458 | 0.034205667 0.00048902 21
13 | Population composition 0.065912292 | 0.074700333 0.00492367 1
Stabilit 14 | Socio-economic 0.042052083 0.0499185 0.002099177 14
abili
Y 15 | Education level 0.002853333 | 0.027456667 | 7.83430E-05 23
16 | Social bonding 0.006627083 | 0.015223833 0.00010089 22
17 | Pre-response system 0.056173542 | 0.038845833 0.002182108 13
Social Adapt- 18 | Customized emergency support system 0.053617083 0.044962167 0.00241074 10
Indicator ability | 19 | Social service provision level 0.0515475 | 0.057300333 | 0.002953689 7
p
20 | Local government budget administration 0.038765208 0.056562167 0.002192644 12
21 | Human resource availability 0.049478125 | 0.046649333 | 0.002308122 11
Transform- | 22 | Risk communication activity level 0.039860833 0.022711167 0.000905286 18
ability 23 | Behavior guidance program 0.008087917 0.002253 1.82221E-05 24
24 | Resident participation in policy-making 0.023913542 | 0.021656667 | 0.000517888 20
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Table 9. Result of total analysis (policy network anlysis and Fuzzy Multiple-Criteria Decision-Making Method)

Subdivision (physical) Degree inverse | Effectiveness Total Priority
1 | Damage from disasters 0.062857142 | 0.004589778 | 28.85003275 1
- 2 | Area of vulnerable region 0.06707317 0.003059464 | 20.5207949 6
Stability 3 | Disaster occurrence frequency 0.070967742 0.003449961 | 24.48359422 4
4 | Environmental conditions 0.07586207 0.002629025 | 19.94432786 7
5 | Ecological resilience 0.072847681 0.003467976 | 25.26340094 3
Physical Adapt- 6 | Building and structure safety 0.080882355 | 0.002735018 | 22.12146968 5
Indicator ability 7 | Compliance with legal and institutional standards | 0.102803735 | 0.000909242 | 9.347347362 9
8 | Fear and likelihood of accidents 0.076923077 | 0.001100749 | 8.467300008 10
9 | Complex responsiveness to land use 0.089430896 0.001185055 | 10.59805305 8
Transfor- | 10 | Response infrastructure adequacy 0.081481483 0.003179032 | 25.90322419 2
mability | 11 | Land use reorientation 0.094017091 | 0.000677336 | 6.368116035 11
12 | Public service facility placement 0.097345135 0.00048902 | 4.760371792 12
Subdivision (social) Degree inverse | Effectiveness Total Priority
13 | Population composition 0.102803735 0.00492367 | 50.61716659 1
Stability 14 | Socio-economic 0.0990991 0.002099177 | 20.80265514 6
15 | Education level 0.119565223 | 7.83430E-05 | 0.936709827 11
16 | Social bonding 0.141025643 0.00010089 | 1.422807712 10
17 | Pre-response system 0.111111111 0.002182108 | 24.24564442 3
Social Adapt- 18 | Customized emergency support system 0.106796121 0.00241074 | 25.74576807 2
Indicator ability 19 | Social service provision level 0.080291974 | 0.002953689 | 23.71575204 4
20 | Local government budget administration 0.084615383 0.002192644 | 18.55314118 7
21 | Human resource availability 0.094017091 0.002308122 | 21.70029161 5
Transfor- | 22 | Risk communication activity level 0.085937497 | 0.000905286 | 7.779801291 8
mability | 23 | Behavior guidance program 0.10091743 1.82221E-05 | 0.18389275 12
24 | Resident participation in policy-making 0.10091743 0.000517888 | 5.226392599 9
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