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Risk management of transportation systems based on multilayer network analysis
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This study aims to establish a new theoretical foundation for managing
transportation networks in response to emergent situations by applying the latest insights from
rapidly advancing research on multilayer networks in network science to transportation systems. The
main research outcomes include: (1) a citation network analysis of vulnerability studies in
transportation and network science, (2) proposing a new method for analyzing evolution patterns in
temporal networks and its application to four major US airlines, (3) an analysis of changes in the
network structure of US airlines during the COVID-19 pandemic, (4) an impact assessment of airport
closures on air transport networks, and (5) an evaluation of the efficiency and robustness of
airline alliances.



& XX C—19, F—19—1 (Gt

1. WFZEBRME L PO 5

ZREMEETHE Y NU—=7 VAT AIZBWTIE, OEDDY AT A TRALZEE I O
AT KZETHETDEREN S D, AT, ITF, * v MU —7 BB W CTREIZE
DERLTWAEZERY NV —JICETOIRITOMAE, KBV AT LANLIGHT 27 e —
FERY, BEHEBIHTHLEL Yy NI =T~V A NOFT- B AR E RS2 &
FHBLET 5D,

2. WO EM

(1) I, KB LHEER Y NU—IRZOMSBHICE T 5%y N —7 ONesstEIc B3 205t
NABITHER L TWA, MABIIEBICEE L TWAIZE b b, ZOREEITHkA L L
THIRE Tl 72\, ARBFSETIX, WO BH OB RO 2K G % | OB SFBINICHMET 5 2
EEHEET S,

(2) FMESLOFR v U — 713, B REH GO EMIS & S L ¢, FEMIC2{E L T
B AWFZETIZ, 2D X 9 RIS Ry NU— ZREENELT DY AT ADIEASRE — B TE
BRI T D777 L— AT — 7 BRET D, £, METEZEMT AT, 7AU D
DRFMMZES L AL (T AV B 2F ATy R, TAHE FTRATZAR) OFRy NT—7 D
iR 7o i 2 b &2 E BRI Szt 5,

(3) COVID-19 /X7 X 7 [IMZEESNCEAN 2 B a B2 7=, Z O X 5 B EAFEIZB VT,
WIZEBR N %y N U — 7 OB 2 HIE L oo, MBSt oS 2T 2 2 L AEETH
Do ARFZETIEL, 2019 4E 1 A5 2021 4E 12 A £ TO 17 OXREEAMZESEOFR Y T —27 D
Hx OEEAZIAGNZTIHIZEEEMET D,

(4) HLEHEPHE LGB L RSN EHEEL, EAMEMERY T —7
BT AN I T TR E ST 57007 L— AU — 0 BB T 5, - 2 FEOFH
PEZB BT B0, BEEOELMHT DRy N U — 7 S FREE OHEBHIT

(5) WLZEEA X, MZESAEAINE « Bl U7 s DEMEICEL T 5, ARFZECld, ZRiiZEi s (A
B—=T FGAT VA ABNATFT—Ah, T T—)LR) BT D05 & Magstt o R HER 2 B &
MZT B,

3. WFgEDHik

() KEILFERy VT =7 RZOm SIS D EEEHEMITIc W, 5IHxy hU—7 %
WMEIToT2 T . A0 T4 VHIT — 2 X—Z2TH 5D Web of Science 725 HRRERER A INEE L .
J—ReéxzyUnRERERERY EBIHBERERT IRy FU— 7 B LT, RIZ, 705 /
— & 4,584 = v UM BIERK S LD B REFEFERC Y A L. ZivEk ot Lic, 2 OB Re5ERE
K LT, aa=T B, AL AN EEexry NU— T T &21T o7,

(2) AHFZE T, BESEREICB T A HIRME (recurrence) DBLENS ., TURT L « Ry R U —
T DRBNE = 5T B2 0H 27 L — AU — 7 2B 5, HIjtEE . xv U —
I HEE DS IRE L AT VIRRBIC R D Z & 2 BT 5, IRR LI TiE%Z, 1987 05 2019 &
TOXREOFEER A 4 HITEH LT,

(3) @QTHRELL-FEEZEA L, o2, Vo7 THITREEZEATA2Z2ET, Xy hU—7
ORI IERREE 5T LT,

(4) HHZEHEOAENPMZER Y MU —7 BIRICE 2 5 E L EENIGHMET 2 7L —A8 U —7
R LT, BENIZIE, 52 EORBEICHES TR N T 7 ¢ v 7 BT 2R EREL, £
OBARMEIZE SO THRMERA T E Ry NT—27 ZMEE - o LT,

(6) AWM TIL, BMEHEE DR v 8T — 27 W3 M L MegatE Db 27 M L=, F7z, izt
LR L7258 TS 5 2RI IETREIC OV T HIMEE T > 7=,

4. HFFERH

(1) aIa=FTsBRHICE-> T, FERMEEREZAONCLE (K128, RS- EH
PRWFFEREIRIC L. Ay PU— 2 b EEN TV, RIS, AL RS EEMAT 52 L T,
BEENZaIa=T NIZBT S, FELWIEORBEZALNII L, SHIT, RBLFEEXR
v N — 7 BRI S B OISR BI R Z — o B E RN S Lz, ZhuE, sy B
OMEBEMENERE L TREL TSI EAREBLTWS, TS DORIRE ARG T & P MRS
Public Transport T3FE L7,

(2) HMEFEZ KEFEM A AHICEE LR, Stoxy FU—213, BCHEE., A
ORI, ZNHDEODEICEBWTERD Z ERBALNI o7, Fi2, fx DfizEEttox
v MU — 7 T, RETRRICE LT A Z BB LTE, 20X 9 xy T — 7 OZAM A
VL, MR BRICEET D L) I EON A HERENFR LD b, Ktto T zE#kicBT 5
HEHOEERBL Tz (M2, £7-, YUV RATTZ R MLEOL=— 7 IR 72—
HEH LN E o T, B, BETIEIL., MZEEEOFESCBIRIE  FHYYE~DOXL % B 50N



THDIZAHATHD EHFEEIND T TR, W, EMFEN, BX OOy b —7
O BT 2 Z LI FTHETH 5, Z DR 2 BTl & 4S5 Scientific Reports
THE L,

(3) /— K&y UL 2021 47 HEHIZIZI RV T I v ZHIOKEZEST2-HOD, TDFR v
O — 7 REEIIEIRE L TR T I v JETERELS BB EBbroTz, oy Fy hU—7F
OGN, ST LI RE< B o7 (W3BM), 7Y —EAXxy ) TiExy bYU
— 7 REE DTN T AN 20 < L WKL DN KRE Do 72DICx L, 1F & A Yot ze Sttixse
BNTH LVEE BT L, ISR Z M2 5 Z LN TE - aREMEN D 5, K ZeMiZe S b 2e s
FEMTHEREVRH Y | EFREFEESHERZRICR Y NI — 7 EEZBIICET LT\, &
%Iz, FEBREE DO LI-fER. Ry T —27 OFTL 0 fOIC/iE L, JEEo 2o A 20
ZeHE R FESEC, BB O WEEEESMEN, 1T LA COMZESETRYICEE T 2 EmNH
HZEbbhotlm, ZTbOMEEE AT E FMTHEES Journal of Air Transport Management C
BE L,

(4) MZER Y FU—ZIZBWT, HAZEENHAEHLZGEITREBE L CRIA SN 25 AFFE L,
fize sz WU — 7 SIROTERNEZ BN L=, 2012 4E~2021 4E12351F 5 H ARDE N Ze/@Iz st L
TRETFEZHEA L, ZORR, ZEOMRERERICH T 2 BB —Frks o Lz,
ZHIE. VI OEREZEE LRVIERFIETIEHLMNCTERWEE TH Y | #i-2 A nG
LNTEEE R D, £ EBHON Y 7T v RS EIROIR L, 3 oI KE LTS
nNsZEbbhotz, ZNHDOEE 2023 4 7 HICBIES NIz 2 EESETH D
ATRS 2023 THEZITH-T-, T, L FANHEE~EER L, BESERTTH D,

(5) COVID-19 /N> 7 X w ZHIZEB VT, = ARKMZEESIIWT NS Ry MU — 7 M 28N s
HTWe, £, AX =T FA T AT X 0EER Ry N — I EES~EEE LT e, TAY
T DRIZEEAEDO BB OB T AMEMCH D —T7, MLV afiZe s X — A ZEnpi& L=54
DOEBIIHIMERICH D Z & bbbt

Scattered community

Metro and maritime
.networks 5. P

. . Topological
. wvulnerability

Interdependent
networks

Transport
. vulnerability

g : . Resilience

Cascading failures

M1:5lixry hUV—=2rLasa=T7 ¢ #E



(a) American, state 1 — 2 (b) American, state 2 — 3 (c) United, state 1 — 2

2 KEFEHZESA 44D R v U — 7 OARFELAL & HTHL - HORKER



(a) American (AA)
2019 Jan.
Apr.
Jul.
Oct.

2019 Jan.
Apr.
Jul.
Oct.

2021 Jan.
Apr.
Jul.
Oct.

~

2019 Jan.

c
o
o
&
o
~

—_

(i) Spirit (NK)

5
4

Apr.
Jul.
Oct.
2020 Jan.
Apr.
Jul.

2021 Jan.
Apr.
Jul.
Oct.

2019 Jan.
Apr.
Jul.
Oct.
2020 Jan.
Apr.
Jul.
Oct.
2021 Jan.
Apr.
Jul.
Oct.

2012 Jan.
Apr.
Jul.
Oct.
2020 Jan.

2021 Jan.
Apr.
Jul.
Oct.

2019 Jan.

2020 Jan.
Apr.
Jul.
Oct.
2021 Jan.
Apr.
Jul.

0.0

oct. 3

Y
-4
<

2

(b) Alaska (AS)
2018 Jan.

°
~

(j) Southwest (

°

(n) SkyWest (00

0.2

WN)

0.4

(c) Delta (DL)
016 Jan.

Apr.
Jul.

Oct.
2020 Jan.
Apr.
Jul.

Gct.
2021 Jan.

Apr.
Jul.
Oct.

2

(d) Hawaiian (HA)
2019 Jan.
Apr.
Jul.
Oct.
2020 Jan.
Apr.
Jul.
Oct,
2021 Jan.
Apr.
Jul.
Oct.

§385833 523
b 2
] ] < ]
(g) Frontier (F9) (h) Allegiant (G4)
2019 Jan. 2019 Jan.
Apr. Apr.
Jul. Jul.
Oct. Oct,
2020 Jan. 2020 Jan.
Apr. Apr.
Jul. Jul.
Oct. Oct.
2021 Jan. 2021 jan. 4
Apr. Apr.
Jul. Jul.
Oct. Oct.

2019 Jan.
Apr.
Jul.
Oct.
2020 Jan.
Apr.

2021 Jan.

Jul.

~~ 2019 Jan.

(o
2019 Jan.
Apr.
Jul.
Oct.
2020 Jan.
Apr.
Jul.
Oct.
2021 Jan.
Apr.
J:

Oct.

0.6 0.8 1.0

X 3: awv @ik o kEMEStLOR Yy NU—7 DAL

2019 Jan.
Apr.
Jul.
Oct.
2020 Jan.
Apr.
Jul.
Oct,
2021 Jan.

2019 Jan.
Apr.
Jul. 385
Oct.
2020 Jan.
Apr.
Jul.
Oct,
2021 Jan.
Apr.
Jul.

Oct.



5 5 3 4

Sugishita Kashin Abdel-Mottaleb Noha Zhang Qiong Masuda Naoki 477

A growth model for water distribution networks with loops 2021

Proceedings of the Royal Society A: Mathematical, Physical and Engineering Sciences -
DOl

10.1098/rspa.2021.0528

Sugishita Kashin Porter Mason A. Beguerisse-Diaz Mariano Masuda Naoki 3

Opinion dynamics on tie-decay networks 2021

Physical Review Research -
DOl

10.1103/PhysRevResearch.3.023249

Sugishita Kashin Masuda Naoki 11

Recurrence in the evolution of air transport networks 2021

Scientific Reports 5514
DOl

10.1038/s41598-021-84337-2

Sugishita Kashin Asakura Yasuo 13

Vulnerability studies in the fields of transportation and complex networks: a citation network 2020

analysis

Public Transport 1 34

DOl
10.1007/s12469-020-00247-9




Sugishita Kashin Mizutani Hiroki Hanaoka Shinya

114

Disruption and recovery of the US domestic airline networks during the COVID-19 pandemic

2024

Journal of Air Transport Management

102504 102504

DOl
10.1016/j - jairtraman.2023.102504

12 1 11

Kashin Sugishita, Hiroki Mizutani, and Shinya Hanaoka

Disruption and recovery of the US domestic airline networks during the COVID-19 pandemic

25th ATRS World Conference

2022

Noha Abdel-Mottaleb, Qiong Zhang, Kashin Sugishita, and Naoki Masuda

Can Bio-Inspired network design improve the performance of water distribution networks (WDNs)?

World Environmental and Water Resources Congress (2021 EWRI Congress)

2021

Kashin Sugishita

Citation network analysis of vulnerability studies in the fields of transportation and complex networks

Science of Innovation and Success Workshop

2021




Kashin Sugishita and Naoki Masuda

Structural evolution of US airline networks

NetSci 2020

2020

Kashin Sugishita, Noha Abdel-Mottaleb, Qiong Zhang, and Naoki Masuda

A growth model for water distribution networks with loops

Conference on Complex Systems (CCS 2020)

2020

Noha Abdel-Mottaleb, Kashin Sugishita, Naoki Masuda, and Qiong Zhang

Bio-inspired water distribution network design

Fourth Northeast Regional Conference on Complex Systems (NERCCS 2021)

2021

Kashin Sugishita

Recurrence in the evolution of air transport networks

The 5th Japan-US Science Forum in Boston

2020




2020

2020

Sugishita, K., Porter, M. A., Beguerisse-Diaz, M., Masuda, N.

Opinion dynamics in tie-decay temporal networks

Third Northeast Regional Conference on Complex Systems (NERCCS 2020)

2020

Sugishita, K., Porter, M. A., Beguerisse-Diaz, M., Masuda, N.

Opinion dynamics in tie-decay networks

NetSci-X 2020

2020

Sugishita, K., Asakura, Y.

Citation network analysis of vulnerability studies in the fields of transportation and complex networks

The 22nd Euro Working Group on Transportation Meeting (EWGT 2019)

2019




Woratat Leelaworaset, Kashin Sugishita, Shinya Hanaoka

Identifying alternative airports in weighted air transport networks

26th ATRS World Conference

2023

Kashin Sugishita Web Page
https://ww.kashinsugishita.com/




