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ABSTRACT

It is necessary to grasp the characteristics of traffic flow passing through a specific road section
and the topological structure of the road in advance in order to quickly prepare a movement
management strategy in the event of a disaster or disaster. It is because it can be an essential basis
for road managers to assess vulnerabilities by microscopic road units and then establish appropriate
monitoring and management measures for disasters or disaster situations. Therefore, this study
presented spatial density, time occupancy, and betweenness centrality index to evaluate vulnerabilities
by road link in the city department and defined spatial-temporal and topological vulnerabilities by
clustering analysis based on distance and density. From the results of this study, road administrators
can manage vulnerabilities by characterizing each road link group. It is expected to be used as
primary data for selecting priority control points and presenting optimal routes in the event of a
disaster or disaster.
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HA AdA g AAskE v E25F ALEAD At Al = 2, s kA, " 5 2 ZF0]
oA B ol wet ASA Ald-S E3sid I ojvlrt EJ'EHQ%E]'. 199518 L E-2] a1Hll(kobe) ol A
A Zo] MAYE o] & wg Fopo] FHekdol tigt #e FUFeH o, 2001d 9€ 1Y w4 HAE H]
HAA L AZIZ F5743H = A tH(The Korea Transport Institute, 2011). Y7 ofyz} At FH Aol = B
A Ad A A B2 QlzZet] JE2 g FE-ET #H 24 2 g9 FUE RS o|FHEY
AFH FA g A FHI AIAZAF 5 T IS T3t UTh(Lee, 2013).
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o PlAle FFS FIPAL D HEYT Y48 SHolA B89 T, Chikaraishi et al.(2020)2] Aol Al
At 22 BdEA ERAEE gotetr] A RS ARE B8t 3 SHAA 9
T2 A ATE Cantillo et al.2019)7F EA oI 3l ATl = H2E 2 AAAL AEE &85t
AFANA Z038 YIS AE 5 Q= DEY HFY HrF mhS A% }9} . Bono and Gutiérrez(2011)
o] AFexe AT 2 AAE ARE &&3te] Tz o] MdF GIS 7|8k FIHEA S AR,
Ad-AsZ A3 =Zro] FEA E/\l%ﬁ Aol ogA Z%Ao}—xl H7}5t99 ). Dehghani et
al.2014)= THAY ARE &gt ZET FHol wE HFH vx= FEFS AW A dugF
ZHAY T NLEA T, Scott et al. (200602 E2ETF L VEYT EZZXE 8319 T8 P37 A ¢
HESL A AsS B7ketr] S A28 Ao HdAS AASA o

UES A 943H] SHoA B2 HY A7+ UES T EZEA B AAA v&S Z83t] T4 U
Ef IS ¥ S Adsta, BAF B8 J39 AH25ES 1HT MEE UEYA P &
& YA Chen et al.2012)9] ATFAME WEHNZ EZZX E AAAG v&-& &8l H3 H4
9 ARE Hrletr] g “impact area”E Z-835t FHEAF A HIHA S A3 TE Hong et al.(2016) X
g o] &3te AINIEY AFHE AR =ES U] 98 SEES A RES ARE ARSSHAT
3} El-Rashidy and Grant-Muller(2014)& &5 270] kAo g Hypdy AAS Yate] mEFo 7]
YEHZ A AFE ALsHAE L 9 Yin and Xu(2010), Dong et al.(2020)2] Aol &= JEHZ
d ZHE 13 A E4, Jenelius et al.(2006), Dalziell and Nicholson(2001)2] Aol A = E3du]-§
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TollA AAIBE vhel o] AIZEA-FHA SHI VEL TS 4 SHE BT =
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<Table 1> Summary of literature reviews

Authors Key finding Vulnerable index Methods
Berdica(2002) Framework for Analysis of Vulnerabilities in | Accessibility, avzﬂlabﬂlty, risk i
Road Traffic Systems probability
Dalziell and Nicholson | Investigate potential hazards to close road | probability of closure, closure | benefit-cost ratio, Monte
(2001) sections on Desert Road, New Zealand duration, economic cost Carlo simulation
Development of a transportation network | social costs, deprivation costs,

Cantillo et al.(2019) | evaluation model that can identify important accessibility, resilience, economic analysis

road links in preparation for disasters vulnerability

generalized cost, Network

Balijepalli and Oppong | Network Vulnerability Analysis Considering | efficiency, importance, Network
(2014) Serviceability of Urban Road Link Robustness Index, Network

Vulnerability Index

multiple routes based on
user equilibrium
principle

Vol.22 No.2 (2023. 4) The Journal of The Korea Institute of Intelligent Transport Systems 31



MR Aets oiH|E 2 AR 24 (gt T2 IH F oty Hot o
Authors Key finding Vulnerable index Methods
Bono and ?;Zi?:iot;lzf;iosz;lt:r?zoriombhﬂf Cau:eﬁ Cost distance, accessibilit GIS Network analysis,
Gutiérrez(2011) Y Y & grép ’ Y graph cluster analysis

theory concept and GIS-based spatial analysis

Chen et al.(2012)

Development of vulnerability analysis
methodology for impact area

demand variations, travelers’

risk-taking behavior

reliability-based user
equilibrium (RUE)
model

Dehghani et al.(2014)

An algorithmic framework for explaining the
effects of road network conditions on
vulnerabilities

network efficiency, vehicle
miles of travel

condition-based
vulnerability assessment
(CBVA)

Jenelius et al.(2006)

Based on the increase in travel costs when the
link is closed, importance indicators and site
exposure indicators are derived from two
perspectives: “equal operations” and “social
efficiency”

travel cost, importance indices,

site exposure indices

user equilibrium model

Scott et al.(2006)

A system-wide approach to identifying critical
links and evaluating network performance

network flow, link capacity,

network topology

user equilibrium
assignment model

Proposal of the evaluation method for

El-Rashidy and vulnerability of highway network and the physical and operational | fuzzy logic, exhaustive
Grant-Muller(2014) | physical characteristics of road link and network vulnerability indices search optimization
vulnerability index based on traffic flow
An Analysis of the Effect of Geographical |link redundancy, network scale,
Jenelius(2009) Unbalance on Road Network Structure and |road density, population density,| regression models

Traffic Patterns

user travel time, traffic load

Yin and Xu(2010)

Measurement of Vulnerability in Road Network
Structure and Proposal of Improvement Model

connectivity, efficiency,
distance

Network topology, graph
theory

Dong et al.(2020)

A framework for integrating network theory into
infrastructure network assessment for safety
evaluation of transportation networks

connectivity

network theory

Chikaraishi et al.(2020)

Applying machine learning models for
non-recurring congestion such as disasters

traffic volume, time occupancy

random forest,
XGBoost, deep neural
network
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<Table 2> Data descriptions

Type Data component
Road network GIS Node - Node ID, Intersection ID, Signal type, X/Y coordinate
Database Link - Link ID, Link length, Number of lanes, Number of signal, Road ID &
ViewT 2.0 Database - Link ID, Travel time, Average traffic volume, Average speed &

AEA ZEHRAZE(TOPIS)INA AT JE AN B5F A ARE FRUANERE 9 TA TS
T2 5 F 1457 2AAAANA AFHA 7 (Loop) s &85t T2E-AHE-E- A E R S HE O
Rl Aol dlolBle N e o] 5 A (Trajectory) ol thall AlZHe] ALEAH F3te] AAAo] FAll
HEe dAA F=H e tﬂomow} WAl AAA B = point to point(P2P) HE| = AFFo] o] Fof e}
3zmbt}h AZH 9144 FH3 B ATE Q5] 20173 12€ 69 HOHE F8319oH, F 1,716
el 2+, 6,067,62874 2 ?ﬂ AR HE &gate] B4E FP3H3

AT FHE st AHA-FHA HLE S o] AAsAT EANEY &

Fdudo] 23, HFAIZY HHFAZEY] Fudo] th27] Wi o] BT sty FHFE
AFMAFATE AP B2 Aok =3 A7) Al 2 Ad A& wFe] EFHEHE 1s)
of AU & F43517] el <Fig. 2>} o] A Mee AE5EAN Ao g AAsAth o=
E wFS St X9 9 A=sh] vl wge] B J%P | HAA I E 3 157/ olFol Ak
fo] e Fxtolet & & Utk #A2 AoEE FAOE ¥ SkmE M M E AAsHoH, o+
© 757870, B2 9,62470 23T},

o

b o°" l‘l

<Fig. 1> ViewT 2.0 web service <Fig. 2> Spatial scope of the study
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<Fig. 3> Process diagram for the study
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Q] DBSCANS Sl om, nigo H5H7IE 9% Silhouette 41 +Y3ly HFLFS =&}

1) k-means Z2{AEZ

k-means FH 2T #3 9 T4 (centroid) S 71ELE 7HF 77 HolHE MEste #3385t
oltt. Ty FAFL Agd dHolHEY B FASE F4A| o)FdH A 77k HlolEHE Al
FAAE Bt AFHLZ o]Fdhe ZEAAE Wy Fdth BE tlolEoA 1 o] A o]
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g2td 4 UthKwon, 2020). £ ATNAME kmeans FH2EHS F3517]) 98 SZETer ¢ugE
(Euclidean algorithm)< 7] 7P 02 Fa3tH a1, 24 @)olA de= Ao, x&F y& dHolg AH $x]ojth

A

2]
k)
=0

M__grlr
>

ol AL g2

2) Hierarchical 22{AE{Z

Hierarchical 21 2Eg-2 78 i 118 Al &t} Aol 2 tlolel7e] ¢ad o2 Wa 3 &
&gt o 2N ASTEE FA3N7F= WHolth Hierarchical 3 2~E 82 Agglomerative 3} Divisive HH
S.2 Ut} Agglomerative 'H-2 bottom-up WA .2 77 TRAE7E A&EHOZ FHsE ZE A
Eo] sh}el FHo &£8u7tA] X8st= A o)t Divisive HHHS top-down A 08 RE A ES 31}
o2 RSt T | FHEFE AR EEA I Th(Nielsen, 2016). Hierarchical S8 2E182 &
E 19 (Dendrogram)= &3t o] FAEE AHE HEs] ot + Jda, w7 FE vy A
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Yolx "o} I, tlolE7t I A4kAIZe] 232, B4 o] L
7 Bo] &85 Agglomerative hierarchical 22| 2E ¥ Z4WHE &83le E4E 43T

3) DBSCAN

DBSCAN> ¥ & 79| Sej2HY dagFo= 3tdeta Zaaoln, tlolele] EX7} 7|ststa o s
3438 HolHE 733171 7hsstth DBSCANS T-438te 7P 583 gt = A E(epsilon) @ 24
d 1B} 7]<(min points)©] Tk YA E(epsilone ME HOHE FALE JAHE HEE A= €989 99
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ot 2 o o
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<Fig. 4> Results of vulnerability index analysis
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G335t o, Silhouette 412 T 7P A3 2@ AHSAL ® =X nE EAN F
Ssdo] Folstal, HFAZ Y HIHFAIZLY] FY H&ol olE 4 IFHE &F
TS FHSAT <Table 3>04 Yeu+= Bl o] LHEA WY T 4B 7F 237 7HE 5
AL kmeans FE2E Y BMo|gom F#2E (k) /ME7F 870Y uf Silhouette coefficients ZE0] 7H3
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<Table 3> Results of performance evaluation by clusters

Temporal scope Number of clusters K-means HC DBSCAN
5 0.47 0.32 0.03
. 6 0.55 0.33 0.12
Peak time
7 0.53 0.37 0.14
8 0.63 0.35 0.2
Weekday

5 0.5 0.34 0.08

6 0.53 0.37 0.09

Non-peak time

7 0.58 0.36 0.17

8 0.64 042 0.22

5 0.55 0.32 0.08

6 0.57 0.36 0.09

Peak time
7 0.63 042 0.17
8 0.67 042 0.23
Weekend

5 0.47 027 0.03

. 6 0.56 0.3 0.11

Non-peak time
7 0.57 0.38 0.19
8 0.64 041 0.21
<Table 4> Vulnerability evaluation by clusters
Cluster Vulnerability evaluation
1 Spatial index, Temporal index, and Betweenness Centrality: Low

Spatial index: High

Temporal index: High

Betweenness Centrality: High

Spatial index, Temporal index: High

Spatial index, Betweenness Centrality: High

Temporal index, Betweenness Centrality: High

0| [N || WND

Spatial index, Temporal index, and Betweenness Centrality: High

2) k-means SHAEZ EAMA}

A% Hsh 2ol kmeans FH2EY BAS FAS] 93 £U8 HoHE FF ¥ TR TR
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(a) Peak time on weekdays

<Fig. 5> Results of K-means clustering analysis: Weekdays

(b) Non peak time on weekdays
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(a) Peak time on weekend
<Fig. 6> Results of K-means clustering analysis: Weekend

(b) Non-peak time on weekend
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