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Development of a Disaster-resilience-based Priority Index
Assessment Model for Road Recovery

PSR I

Sim, Jaewoong®, and Cho, Gi-Hyoug™

Abstract

The concept of disaster response routes for damage reduction has emerged owing to recent large-scale earthquakes. Disaster response
routes play an important role in the initial disaster response and recovery by evacuating populations and transferring supplies for
disaster response. This study estimated the importance of each road that can be used as a disaster response route after the outbreak
of disaster from the viewpoint of disaster resilience and network centrality and developed six types of priority indexes for road
recovery based on the purpose of disaster recovery and the function of the disaster response route. Using these priority indexes
developed in this study, critical roads for disaster recovery can be identified in short- and long-term periods. Disaster recovery
is assumed to improve if disaster response routes are promptly assigned and restored based on these priority indexes.

Key words : Earthquake Disaster, Disaster Response Route, Road Recovery, Disaster Resilience, Network Centrality

2 X
A2, iFE A D A St A wet w3 AR AT AFWAL D AR Ade] AT Ak A
4G A =2E FUEC) O] U B4 £59 /5L /AN, 25 S D A B0 F23 482 st ok B A7E
A EEs} w5 vES TS BHAA A A A PATLE 2L 5 e £20| FRES AHHH, A By
2a3 529 7)5el] et /b R0 B2 B $He9) A4E ARsATh £ AFoA ABF BT e AL
MO R A ol glo] B1HOR FRF SR A/HOR FAF R2E FY & YATE ALY AFE PO

A g A ER2e] BT 94 ARSI AH Bratn A AR ¥U F Ue Ao Ay

MO : A A, HAER, =2 57, A 5Y, HEND T4

)
£

1. M &2 2585 T3l 1A - =2 s HAslsh= Zlo] T8
3tH(Koo et al., 2017).

A 20163 AF AR, 20173 Z3F X3} o] =
5 oPde] & XX It iAYEtel wet it X712
E3Asfel t)-&-8 ool tlF= L ot XL sA),
A, 59 9 B F8E FHKHKim, 20198 ¥
ole} ojzfwle] A 2 glo]xElRle] wk=o 7 13t 715
AL 73 A1 el m=gh IAYAIZITH Aldrich, 2011). ARS)Z3A]
2 dlell= AlRYe] Algel mE X|&53lA] sk o], Al

S22 7R gy, 575 913 <1F - 24 A 24
T50] 7l5& b Az el 25 8ol F83 9Es
A 7K Chung et al., 2015; Noh et al., 2017), |1l 2]gF
N3} A H(Cooper, 2016), A& 23 el o3 v
T ARle] Az A1 mjafel] FHepdo] Atk wiZel, dEo
VFTEER, 1|52 A'd7d Z(Disaster Route), =52 ¥
A7 Z(Chung et al,, 2015)9} 2] At A] EH 02 O3

g3, AR Y EASA TR S A (E-mail: ryghl1994@unist.ac.kr)
Member, Combined MS/Ph.D. Candidate, Department of Urban and Environmental Engineering, UNIST

A AL, 8 Y, 24T Y TASH TS 1S (Tel: +82-52-217-2818, Fax: +82-52-217-2849, E-mail: gicho@unist.ac.kr)
Corresponding Author, Member, Professor, Department of Urban and Environmental Engineering, UNIST

- 11 -


http://crossmark.crossref.org/dialog/?doi=10.9798/KOSHAM.2023.23.4.11&domain=pdf&date_stamp=2023-08-31

¥ 4 e 225 HAHOER Suske Jlo] Fas)
T, SR L9 Gl A g SR B
Psolnt 24 Fa glow,

5 2 g E A% 1F A
At B 913 I A A A Ads s
25 aeskA o vk A B (Recovery)= A
T3l AL o]HrTh U FHIE 3] E3= AE ofnlsi
(Bidwell and Dell, 2011) Ad31EH 2] 7Pd-& Z3sHt A
3] =2 (Holling, 1973; Timmerman, 1981)2] 4ol t)-$-
58)(Coping response)¥} 21-3- 3]=-2(Adaptive resilience)
A el Fola A&3HA BAG] 715E Bsl] 218l
"oz gHsfof 3H= Q40 |tHCutter et al., 2008).

2 A= BA19 Ad 98) AHxke 218l Ads]EEe
ol A At gl A&sHA BEsljof & =20 B
9] RS APty 20179 iR AR F)§)7)F Ay
3 ZFAE AT VAR AAFoH, Ads|EEe 7t
£ Sl a5, A8TtE e AsE X3 A
54 HolHE AT 3, Adtol HEvtey 23
A ZA A G5 B FTHES GO E AHP
AEZAHE Jste] B4 dioled Ad3] = 7sX|E
Btk AzARs A sl {3l wet ARl BP,
TAAA B, B B2 A AdSEEs Hrle
ok 7k Ads]EEE g8 {FPEE Ado R HE 13|
7} A3 w2 A slEstH, AdSES 98l dask 14 - &
2 Ado] FHE AEE on|gitt ol& ETE B 4w
A Are AdS EEo] w2 A9 84S aEsie]
29| FREE 4HSE A7 A Al 220 mjo=w
ISl 1 7)5e] vHEE AdSolA 2Eedt XY 35
of a3t Q1A - &4 Ao o =25 A& H6)
= A& U8 5 3(Coping response)} 2}-5-3]5-2(Adaptive
resilience) & FE3IA ot B AT BT SHE=
3l - Aee]ol wet vl 28 A&t B
sl S ES ol T8 E29 ¥ 7S AT
T JA Ik

3k Ads] B3} A WEY ST S 4(Freeman, 1979)
ATE aHste] E29| B 949 AFE /et
7] F4)/d(Betweenness Centrality)S E-83to] A AY
2% B2 75 59 Al o8l Zed =25 Wrlsh,

m o

e
r2

TolM FRERE B 9w Aae =419 715E]
B2 917 1F - =3 A F o] Ad3lEHe] s
< 1Hste] =20 FAEE AR, =20 543
715, HESHAD 3] So5E vEos 529 Fa5S
AT A8 ATreke] APEHE 7T ol Ald AdgellA
2 UESAIE T AUET =M 7e 57E TFe
< Zlo= gt

12 si2uxjas| =22, M233 45 20234 8

2. M- S == Al 2 E7t JI=

E25 Ad S Al olARIe] I, oS- Q1 9 e
T, BT ARG olFEE 8T Ad A Al Al
A g 2 EFE 984 78 =29 7S fAlske
Zo] A o)7] wiol, el =2 A gl th-83}7]
213 At t-§ =25 vldskal JtiChung et al., 2015).
At g E2= Ad I Al SETSE, 7], 7E5E
F 55 FFehe EEE AoH1 ok 19 At dig
E22= v=re] Ad Z Z(Disaster Route), 7Ucke] Adt
-5 74 Z(Disaster response routes), Y| IIF5E27} o
H, o]H g A g =2 It AIRIES] tiY] F =29}
TEEo] FFETh 2L olAvle] Aty Fx, 435}
&5 T WE 8-S A =221 IgnFE9} oAl
RS A% 24 757 A71H BHE H3EE S
NETFEEE 838 &9sta ok FHelAE Ahd

< 220 A B2 Ado] E9Eo] - A5t
&rs] = Qi

T3, olgE At il B2 1SE2Y (MER,
FTaAAETE] AR T A Tt olFol AMgEE FeER
QT2 A=, olof tigk AAIKR] 7o) FE3 Aol
ot HZ, FHdlA BAER A 7S vkds] 98]
AHP 37} U EL A FA(Centrality) A+ 52 €83}
E29| 75E Wriske 750l 8= AL ok Park and
Kang (2010)2] d7olAE =2 HES T} tlsus UE
oM rro] AAH R ¢ AR I AAEE
9 8-S 1#st k& IF A ASFE Gtk
Kim et al. (2012)9] ATolAE IEEE ICE YR
7154 d(Betweeness Centrality)3} 2 ¥-5-AAd(Information
Centrality)& WO 2 WHAE FAEE L3I o9
2 Ad ATeE T2 HEYA 75 HEoE At
& Aistal wE 575 98 283 T8 EES
AAstol) &85 4 ok a8, % 7)eS X3
Wrke A9 Ads|5E-S wgshA] Zehk= SHAIE 7R
ok & dATellxe A 7159 Al 18-S ffEl vIESA
FART AGSEE S Mg T2 B XS] Ag
E st AoA 71 AT ApEAAS etk

(o]

3. g2 O|I2H &

3.1 Community Disaster Resilience (CDR)
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Table 1. Regional Characteristic Variable and Data Source
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Category Data

Contents

Source

Road (Link)

Road with more than four lanes in Pohang

Korea Transport DataBase

Networks (KTDB)
Data Korea Transport DataBase
Node Junction point and road point of Road data in Pohang P
(KTDB)
Medical facility Metric based on closest distance to medical facilities
accessibility from each node in networks data
. o Metric based on closest distance to police and security
Police accessibility s - .
facilities facilities from each node in networks data
Social Fire station and . . .
. . Metric based on closest distance to fire station and
infrastructure emergency facilities . .
o o emergency facilities from each node in networks data
accessibility accessibility
Government office | Metric based on closest distance to government offices
accessibility from each node in networks data

Commercial facilities
accessibility

Metric based on closest distance to commercial facilities
and commercial area from each node in networks data

Wholesale and

Annual sales of neighborhood living facilities and wholesale

Hanacard sales data

retail sales and retail within 500 m buffer of each node (2020)
Annual sales of personal services, education services,
E ) Service sales recreation related services, professional and scientific Hanacard sales data
c;nolmlc technical services within 500 m buffer of each node (2020)
cale
Accommodation and | Annual sales of accommodations, restaurants, beverage u d sales dat
anacard sales data
food service sales |services within 500 m buffer of each node (2020)
. Annual sales of hospitals, medical services, medical
Medical sales . . Hanacard sales data
retails within 500 m buffer of each node (2020)
. . Floating population within 500 m buffer of each node Mobile big data from
Floating population .
during November 14-16, 2017 SK telecom
Population . - - - - -
L. Resident population |Resident population within 500 m buffer of each node Statistics Korea 2020
characteristics
Non-Vulnerable Population ratio between 10-59 years within 500 m L.
. Statistics Korea 2020
age ratio buffer of each node
K T rt DataB
Number of road lanes | Average number of lanes on linked road orea Transpo atabase
(KTDB)
hvsical Buildi Average age of building within 500 m buffer of each Ministry of Land,
uilding age
P y51c.a. & a8 node on 2020 Infrastructure and Transport
vulnerability

Bridges and tunnel

Absence of bridge and tunnel on linked road

Korea Transport DataBase
(KTDB)

Degree centrality

Number of road linked with node
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AsEY 2|gee] 7hgx|9} kel 218l Hoh-H A Ast
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Table 2. Regional Characteristic Variable and Associated Disaster Resilience Components

Category Variable Effect Associated Disaster Resilience components
Medical facility accessibility Positive Rapidity, Resourcefulness (Human resources)
Social Police accessibility Positive Rapidity, Resourcefulness (Human resources)
infrastructure | Fire station and emergency facilities accessibility | Positive Rapidity, Resourcefulness (Human resources)
accessibility Government office accessibility Positive Rapidity, Resourcefulness (Human resources)
Commercial facilities accessibility Positive Resourcefulness
Wholesale and retail sales Positive Resourcefulness
Economic Service sales Positive Resourcefulness
Scale Accommodation and food service sales Positive Redundancy, Resourcefulness
Medical sales Positive Resourcefulness (Human resources)
Floating population Positive Resourcefulness (Human resources)
Population . - -
characteristics Resident population Positive Resourcefulness (Human resources)
Non-Vulnerable age ratio Positive | Robustness, Resourcefulness (Human resources)
Number of road lanes Positive Redundancy
Physical Building age Negative Robustness
vulnerability Bridges and tunnel Negative Robustness
Degree centrality Positive Redundancy, Rapidity
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Table 3. Descriptive Statistics of Variable and Normalization Result

Descriptive statistics of data Normalization
Varaiable All Node Buk-gu | Nam-gu
(Dong) | (Dong)

Max Min Mean Std. Mean Mean

Medical facility accessibility 0.047 0.000 0.001 0.003 0.053 0.017

Police accessibility 0.020 0.000 0.001 0.002 0.083 0.062

Fire station and emergency facilitiesaccessibility 0.010 0.000 0.001 0.001 0.099 0.076
Government office accessibility 0.030 0.000 0.001 0.003 0.050 0.065
Commercial facilities accessibility 0.018 0.000 0.001 0.001 0.063 0.050
Wholesale and retail sales (Million KRW) 2,561.488 11.087 404.414 528.935 0.355 0.149

Service sales (Million KRW) 251.115 0.193 58.544 64.728 0.493 0.249
Accommodation and foodservicesales (Million KRW) 915.812 1.370 198.584 232.254 0.442 0.249
Medical sales (Million KRW) 956.891 0.109 138.009 | 201.156 0.280 0.180

Floating population 4,110.633 0.217 929.891 780.559 0.375 0.242

Resident population 8,799.768 | 81.267 | 2,957.152 | 2,682.843 | 0.653 0.372
Non-Vulnerable age ratio 0.753 0.455 0.643 0.077 0.662 0.621
Number of road lanes 5.296 1.985 3.320 0.644 0.372 0.494
Building age 38.799 0.000 23.269 13.641 0.387 0.368
Bridges and tunnel 1.000 0.000 0.674 0.469 0.838 0.667
Degree centrality 6.000 1.000 3.105 0.721 0.465 0.435
Number of node (N) 239 68 81

Donghaean-ro
e JUngang-ro
Jungheung-ro
Saecheonnyeon-daero
Samheung-ro
Others
Daei-dong
B sangdae-dong
Yanghak-dong
I Yongheung-dong
[ Tangnyang-dong
I sukdo-dong
| Jungang-dong

I Haedo-dong

Fig. 1. Main City Area and Main Road in Pohang
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Table 4. Demographic Characteristics of AHP Survey Participant

Demographic characteristics Classification Number Ratio
Man 11 65%
Gender

Woman 6 35%

30's 7 41%

Age 40's 6 35%

50's 4 24%

Professor, Researcher 10 59%

Job Public officer (Disaster Prevention Policies) 4 24%

Public officer (Housing Stabilization) 3 18%
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Table 5. Weight of Regional Characteristic Variable from AHP Result

Level Variable For Social For Economical For Physical
recovery recovery recovery
Social infrastructure accessibility 32.54% 25.75% 31.37%
Economic scale 17.94% 25.66% 18.58%
Level 1 Population characteristics 23.06% 24.84% 18.70%
Physical vulnerability 26.46% 23.75% 31.35%
Total 100% 100% 100%
Medical facility accessibility 8.47% 5.69% 6.47%
Police accessibility 6.62% 4.90% 6.04%
Fire station and emergency facilities accessibility 8.13% 5.26% 7.13%
Government office accessibility 5.66% 5.57% 7.49%
Commercial facilities accessibility 3.68% 5.09% 4.22%
Wholesale and retail sales 3.64% 8.20% 4.54%
Service sales 3.33% 5.48% 4.14%
Accommodation and food service sales 4.59% 6.06% 5.04%
Level 2 Medical sales 6.38% 5.58% 4.87%
Floating population 6.10% 9.45% 5.95%
Resident population 7.31% 9.52% 7.19%
Non-Vulnerable age ratio 9.65% 5.23% 5.57%
Number of road lanes 4.52% 5.29% 5.98%
Building age 7.95% 6.09% 9.28%
Bridges and tunnel 6.47% 5.01% 6.89%
Degree centrality 7.51% 7.58% 9.20%
Total 100% 100% 100%
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