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AVE(B#-EA=%): Average Varience Extracted
CR(EMIAIZ|I): Composite Reliability

DDoS (AB]A AXL -Z-A): Distributed Denial of Service

OECD (BAI@=7f¥7]7h): Organization for Economic Cooperation and
Development

SD (AJAF] Tho]iE]A): System Dynamics
TOS (B9t 2 A]AH]): Terminal Operation System

VTS (G -5LAIAE): Vessel Traffic Management System
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EXECUTIVE SUMMARY

A Study on the Measurement Model for
the Port Resilience

Sung-Ki Kim - Chan-Ho Kim - Ga-Hyun Kim - Sung-Ah Kim

1. Purpose

» This study aims to develop a model for measuring port
resilience, which can be defined as a port’s ability to swiftly
adapt to a variety of shocks as well as restore, once lost, the
original functions of the port itself. Such capabilities are
important under the current environment with a number of

threats against port operations rapidly increasing.

- First, having conducted a review of preceding studies as well
as factor analysis, the study intends to develop a model for

estimating port resilience and verify its feasibility.

- Second, a system dynamics simulation model was utilized to
present a measurement model for port resilience. Utilizing such
a methodology was undergone with the intention of addressing
weaknesses of a survey model while laying the groundwork for

future advancement.

Vii



- Third, by utilizing a survey-based resilience model, this study
aims to build a solid foundation for policy-making processes

to boost the resilience of ports.

- Fourth, this study presents policy directions for laws and systems

to improve port resilience.

2. Methodology and Feature

1) Methodology

» Two methods were utilized to develop a measurement model
for port resilience; one with a survey for data collection as well
as factor analysis and the other utilizing system dynamics

simulation for the construction of a conceptual model.

- As for a survey-based model, the study conducted exploratory
factor analysis to verify whether measuring indicators are able
to properly explain factors. Following this process, confirmatory
factor analysis was carried out to verify the feasibility of a port

resilience measurement model.

-In the case of a model utilizing simulations, this study
constructed a system flow of port operations, analyzing the
impact of an infectious disease such as COVID-19 on port
operations. After estimating port resilience with port traffic
volume and productivity as performance indicators, this study
aims to seek a direction for support measures to enhance port
resilience based on the impact analysis of quarantine policy in

the event of infectious disease outbreaks.

viii



EXECUTIVE SUMMARY

2) Feature

» Conducted as a basic research, this study first defined the
meaning of port resilience based on relevant literature. After
selecting components constituting port resilience, the study

developed a measurement model and then verified its feasibility.

- The constructed model can be utilized in measuring capabilities
relevant to port resilience and establishing plans to strengthen

these capabilities.

» Furthermore, by representing port operational systems into
system dynamics model, this study built a conceptual model for

estimating port resilience.

- These efforts show the possibility of quantifying the impact of
a port's risk response planning to port resilience while providing
a basic model to utilize in measuring port resilience in the field

through calibration.

3. Results

1) Summary

» According to the results of literature review, port resilience
consists of three factors including absorptive capability,
adaptive capability and restorative capability. This study
selected robustness, redundancy and visibility as measuring
indicators of absorptive capability while choosing flexibility,

cooperation, agility, and information-sharing for indicators of



adaptive capability. Moreover, factors used for measuring

restorative capability included response and recovery.

- Targeting relevant officials in port operators, stevedoring
companies, shipping companies, port authorities as well as port
and logistics associations, this study used a survey and obtained

a total of 199 responses.

- After verifying structural feasibility through exploratory factor
analysis and confirmatory factor analysis, the results of this study
confirmed that the model was appropriate for measuring port

resilience.

- The analysis of responses shows that Korean ports possess a
certain level of absorptive capability and adaptive capability but

shows vulnerability in restorative capability.

{Picture) Estimation Model of Port Resilience

Port resilience

[

| Absorptive N Adaptive Restorative
capability capability capability
e

—
Robustness Flexibility
s,
Redundancy
— Agility
S
Visibility Information-
sharing

» Next, this study included construction of a model for measuring

port resilience in the event of an infectious disease outbreak

by utilizing an operational system flow of container terminals



EXECUTIVE SUMMARY

based on system dynamics models. The analysis results of
demonstrative simulations confirmed the applicability of the

model.

- According to the results of the analysis, the most effective
countermeasure in the event of an infectious disease outbreak
is to prevent human to human contact at the initial stage by
implementing stringent quarantine measures. It has been shown
that simply reducing the number of contacts or a belated

quarantine is ineffective in boosting port resilience.

- This study bears its significance through empirical evidence that
damage resulting from the spread of an infectious disease can
be reduced by increasing the absorptive capability of ports,
which can be obtained by securing the capacity for handling

additional traffic volumes.

2) Policy suggestions and relevant activities

» Through a review of literature from a variety of fields as well
as factor analysis, this study confirmed that port resilience
possesses a multi-level structure consisting of nine factors which
is the theoretical contribution of this study. In addition, a
practical model for measuring an abstract concept of port
resilience was constructed, with the capability to connect
specific measures for strengthening port resilience with the

model.

- Henceforward, it is necessary to conduct research for defining
actual port activities for nine factors which consist of port

resilience, subsequently connecting them with relevant

Xi



performance indicators

» This study presented the concept of a model capable of
quantifying port resilience against threats such as infectious
disease. In doing so, it laid a solid foundation for establishing
a system for simulation-based planning to enhance port

resilience as well as an assessment system.

- For future progress of this research, it is necessary to conduct
a case study on the subject of actual port terminals as well as

to advance the model through a calibration process.

3) Expected benefits including policy contribution

» With the suggestion of establishing a new provision concerning
the assessment of port resilience to the ‘Act on Maintaining
Marine Transportation and Port Functions to Prepare for
Emergencies’, legal and institutional grounds can be provided

for estimating port resilience.

» Follow-up studies suggested by this study include as follows;
assessing the resilience of individual ports in Korea to identify
shortcomings, drawing activities to strengthen the resilience by
ports, advancing the simulation model as well as calibrating the
model based on actual data with specific case studies. Through
such efforts, this study will further contribute to the invigoration

of research relevant to port resilience.
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g9

The ability of a SC to maintain, resume and
recover operations aftermath of a severe
disruptive event.

The ability to maintain, execute and recover
(adapt) the planned policies along with
achievement of the planned (or adapted, but
yet still acceptable) performance.

Ability of SC to prepare for unexpected events,
respond to disruptions, and restore from them
by maintaining continuity of operations at the
desired level of connectedness and control
over structure and function.

The ability of chain to withstand, adapt and
grow in the face of turbulent changes.

The ability of SC to proactively plan and design
the SC network for anticipating unexpected
disruptive events, respond adaptively to
disruptions while maintaining control over
structure and function and transcending to a
robust state of operations.

A network-level attribute to withstand
disruptions that may be triggered at the node
or arc level.

The adaptive capability of a SC to reduce the
probability of facing sudden disturbances,
resist the spread of disturbances by
maintaining control over structures and
functions, and recover and respond by
immediate and effective reactive plans to
transcend the disturbance and restore the SC
to a robust state of operations.

The ability of a firm to cope with the
consequences of unavoidable events in order
to return to its original operations or move to a
new, more desirable state after being
disturbed.
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maintain
recover
disruptive

maintain
recover
planned

prepare
disruption
continuity

adapt
change

anticipating
disruptive
maintain

withstand
disruption

adaptive
disturbance
robust

unavoidable
return
disturbed
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g9

The ability of community units to mitigate hazards,
contain the effects of disasters when they occur,
and carry out recovery activities in ways to minimize
disruption and mitigate the effectors of further
events.

the ability of the system to apply adaptive responses
in the face of disruptions in order to avoid potential
losses

The inherent capacity of a system to adjust its
functioning prior to or following changes and
disturbances so that it can sustain operations even
after a major mishap or in the face of continuous
disruption or stress.

Static: The capability of an entity or system to
maintain function.

Dynamic: The capability of an entity or system to
recover rapidly from a severe shock to achieve a
desired state.

Ability of system to resist, absorb, accommodate
and recover from hazard.

The ability of organizational, hardware and software
systems to mitigate the severity and likelihood of
failures or losses, to adapt to changing conditions
and to respond appropriately after the fact.

Ability of the system to absorb shock as well as to
recover from a disruption so that it can return back to
its original service delivery levels or close to it.

An intrinsic property of a system that describes the
system’s ability to absorb the shock of a disruptive
event and recover to a pre—defined level of
performance.
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mitigate
recovery
disruption

adaptive
disruption
avoid

adjust
disturbance
sustain

maintain
recover
rapidly

resist
absorb
recover

mitigate
failure
adapt
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disruption

absorb
disruptive
recover
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ol Q) AL Alg 205 8 Aol gIXe |4 29l 17]
7h SE 3 37)7F BE wEEQl oW, ARLL Adro] FEQl 9 et
At HEstuA Avjnel H3 9w ARs} SAFA

O 3-6) Wzt HaIX| T30 M= Al LjsH L
=T=) Ij5H L Q1 m|af
stot m| Z|ZE FE5 8637 |= ¢t 7 25 Q1 7 |AL
o 8483815 7| & &4 18 Z0J8H3%F) 2
I3 MR 2 YR AM(IE =25 §)
M0 SHE AL AN -EM(M 7102 5)
Aber e m2Ee) DI Z0| &4 -

I FAIHX) S

K2 SHUAE HEXFZR(2020. 5. 4)

24) of{eA e HEXZ(2020. 5. 4).
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e ALALR] F2 ZPMCAHRRE A8 27 RS we 37
2 2712 Az AR o AaFE H8e 2509 9 olgow &
ArEe, SheE 2719 S8 g7 sk A BB Qg 3

#<1 Hsjolet 3009 Lefo] olF Ao ofEch Eat 174 A4
2 ARgEHA) ol WAk 99 £A7HA) A Hejoe WA S
ofd Ao Holr] J¢f &4 3] Aol 4TS oA Azl A
Y Aoz BekEeh) ] 2 9 ARo] £asE 717k 19 6
g7 m 24AT20 G2 ZPMC & AEA7 ZRHoR
Q18 ol Aol HA BT s|zko] Sold o o gHr,

2. BA ZE B2LHO U

—_

20209 6 214, FAF ] At Ao =4 YEskEA
o] A 217 F 16%°] U thx &2l 220 Z2HH19 &7 B4

25) HEHFA(EMLY 2020. 6. 22)
26) Y22 (AU 2020. 6. 22)
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H3Y 2 =S ?Ieh ST 271 A 24

HA, 7|ETE e Az A9 2100l 45t
£3] Atold] HZFHeF 22 §19 232 43 AdY
AP §&=2 AYEHEA SHT A=z il
sot A2 V1€ Y 295 o @2 W= dojudl Q. I
AULE W3 FH= ALt AL Z2 871 FARA ZA UEhtaL 9l
o mrEbA gk ofu] &l Agdet Hqud Zo] otz Ve
o] w=h MEA 58T HE 8AS AHH s FASHAL )

tiulsforst gt

e 9% QQlnte gute] A Agko] thrks Holth A
o, Abael 2 acle urel B4 750 W Fol H7kE
HSA7I, AfolH el ZelHQl Fajs F1] FAw A A
~Rle vl A7 3o e wAh e Add] hE 4%
o 79] QAT AY 29 Zo] 2 FF nA = 2 AF 23
o ol|gt WAl 0% B S0l AL FiA| wersti Tof ghe
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H1E e

2 A2 AHla F8E 545t tEZAQ] 2P0 SERVQUALT
TAHA AZRAE 83 5T 54 B2 150 A<
EHZ Sttt SERVQUALS Parasuraman 5(1985)°1 &Jaf 7idre 73
FEt Hok] 1A AH|A FH S BPoltt ABlA FES 7IHet

ox,
5 Y3
a
19

Zlo|& 45k, olF ST 4 U= WA 7HA A Y

ol AAlstHTE. 2912 FA(tangible), A& A(reliability), ®F
—-*é(responsweness) A1 (assurance), 324 (empathy) 522
TEH, o]F S35 A%t ARE 227H4] A7 22 /L5t
239 gL o} SERVQUAL X232 5 o|% A9
A&ARQl AFE Elg/do]l d5% U2, SERVPERF & &
ndo] 7|gto] o AR = 7MY dE] AREEE A A 4

g Lol

Ao AZE9]

L=
=
(<)

o

A b
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M2 sl=Ery 2ol

1. SEAE =20k

SHARE I EHEAAE A0k 8y, JEEE AT Bl
FAHE9] 5 (capability)oll g A= FLE35| o]FolA gt
BAQ AFE 2 7HA AHEH, WA Pettit 520100 SFAREY]
oGS Fdote 9213, EHSHAPT TG TFAE 899
el AFsEIh ok 89lo g7 AM(turbulence), 1192 9¥

(deliberate threats), 9% U (external pressure), ASHE A

£ of

(limited resource), T1ZE(sensitivity), 924 (connectivity), &5}

/2174 BT (supplier/customer disruption) & 77FAE AASFR L

H SEEHAY g9logE= L A (flexibility in sourcing), F
E 3= 594 (flexibility in order fulfillment), 8% (capacity), &&

(efficiency), 7HAA3(visibility), Z-54d(adaptability), &4
(anticipation), 3] & (recovery), A (dispersion), ]

(collaboration), &%](organization), Al X (market position), &
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OHsecurity), AF AXA(financial strength) 5 147FA1& AAIoHA
T} Pettit 5(2013)2 Pettit 5(20100& 7|8tO.E 5o (FFAHES]
= g4 =4 2 32| (Supply Chain Resilience Assessment and
Management) 2t= &4 #HE| =5 /LA Jittneret
Maklan(2011)2 35AE 58t/ 334k e, F9H4 149
HAE AFSHEA SRS F4 aRleE /A4, &k
(velocity), 7FAA, B8-S AAISHATE Hohenstein 5201502 2003
WRE 201397H4] St 334 IS5 EoF =& 67H
et A5 Sste] & 36719 SlEREY Q& Ao, d o
T 23 7 S5 v A= oA 7] 8R0S AlAlske A
< A4, 7M. 8%, E8, o&/d(redundancy), W13/ (agility)
|

ojt}. (I 4-1)2 Hohenstein 5(2015)0] AAISE oAl 71A] 2219]

201 ol A 231
QeI 70| E|ASlOl LBt ARIOR HalsHs 2Tt 0[5
7Ad |40] Z| 2212 L=t Al 4 Iof= Bt Ofst - =(2010)

(Flexibility) — 2AXIS] 270 M3 4= U= 54
N

MNP b AR - Jitttnere}
(VisibiIT’: ) DASE JFS SN 28, M Tan 2 JE Maklan(2011)
g 2 2= B

|
8% MAHl 4

(Capacity) 24 Pettit S(2013)

=M™ Scholten}
%2 Schilder(2015)

O =

B 50149 3AS TR O HEN, 2
(Collaboration) | 2F& £=Z0|A 25 QA Z2HS W1 §

=4 02 32 YHIE Solf gt Halol| ti3e =+~ U= 5= Hohenstein &
(Redundancy) % Mit = 24 53O HRE & (2015)
oIEY O &k R| 28 AR 510 Al6kA CHSota 0f2fst
(Agility) 312 HIXUA 7|32 MEts}
K2 25 07 2 HiOR KK A

Jain §(2008)
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Chowdhury®t Quaddus(2017)= &9 HF83 354K 4 &
TARE FEEEA 7t IAE AotHA EEHAY 44 84
2 37 58% YF(proactive capability), 54 I (reactive
capability), 384K YA (supply chain design)] Al 7FX]E A|A|
st 553 9F9 oY Qooz: f9AA, gAY, 5T
(integration), &7, A&olA 9] %™ (market strength), 5 A&
A, #H] X (readiness) 52, 524 IF9| o} gQlozE HhgA
(response)T} 3124 (recovery), 181 TFARE txele] 519 8.9l
0 2= Wk (density), E&Z(complexity), YA Z(criticality) 5
AAIke] & 1271419 22102 BFS A5 Shashi 5(2020)
< 200395 2018W7HA] sEARE AEHEEE FAR o =%
2 AESH JESHAY 4] BE Y AHAE FA5Hu
(1" 4-1)2 Shashi 5(2020)°] 43t ZHAYZE LrepdTh

(13 4-1) BBMS BI=ERY £ DA

+
+ -
Competitiveness

s Effective investment decision-making + Supply chain
efficiency

Costs related to turbulences |

L™
Planning, designing and building capability ‘Working along Recovering and responding according to SCR
SCR principles principles

A& Shashi 5, Managing supply chain resilience to pursue business and environmental
strategies, 2020, p. 1224
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A AE HAuEY FTHAE EEEAAS ASA, AT
(resistance), 3E ¥H-3-2] Al 714 AP o= AFostal Z42te] &4
A#ES FHstAth. 8 (robustness) &4 - HAR] 52 A5
49 54 A=, G -1U¥AE 2 ALY &8 AEE, et
e 582 & ¥5e 54 A ®E FE 5t

o9 =EES ATE 1 TFAKE IETHA aQld] It A
TolA @A gRlog AXH AE2 AY FEHolH, st AS
oA &S YEstd

2. 0z} A|AH ZOF

ol

g
B4

Az} AAH Fobe= IERHHY 2| (quantitative) 5
o] HHA A= A4t Wor 82052 Xﬂ/\]?l At= 7t

2Tt Bruneau 5(2003)2 A9 ﬂﬁi e A+E Bl A
JARl ZHAHZE A=, 2 E—l“éoﬂ gk | 7HA] &
dog FHA, o84, Y O%J,E—“.(resourcefu ness), Al&%
(rapidity)& AAISFATE Adjetey-Bahun 520142 o] Y] 7}x] X
< F4 S0 FEsto] (A" 4-2)9F F2 374 ALHE AA

ET T
shoict
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(2 4-2) Si=ENY 55 NEY 22X

K{EH
o od

[

Qe

Disturbance

Resourceflulness

Redundancy

Robustness

Rapidity Ehrye

Resourcefulness delay
Recovery tirmne

Atz: Adjetey-Bahun &, A simulation-based approach to quantifying resilience
indiicators in a mass transportation system, ISCRAM 2014 Conference Proceedings,
2014, p. 76

Shirali %(2013)% AAYoF o) &Egt
EREAdS Uetd 5 o= AEE FY management
commitment), %H}—‘E F3Hjust culture), 5 FSHlearning
culture), UAEL} EEYIE(awareness and opacity), =HZ
(preparedness), 1939 A 7HX & AAst] dEXRANE Bl &
S5 =5t} Vugrin 5(2010), Francis®} Bekera(2014), Yu &
(2015)2 3EHHAHS SH(absorptive capability), &89
(adaptive capability), & (restorative capability)®] o= A9
st (O9 4-3)2 Francis®t Bekera(2014)7F 73 3l&E854
Ade el T30l
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(2 4-3) El=ErY A2t

Absorptive
Capacity

Resilience
Capacity

[Adaptive CapacityJ [ REStora'ii\‘;e ]
apaci

XtZ: Francis and Bekera, A metric and frameworks for resilience analysis of engineered

and infrastructure systems, 2014, p. 95

o
]1‘,1011
1y
1%
1o
Ix
2
N
==
i
T

Vugrin 5201002 ZAAY} o &4
A} i@} A 52 (substitutability) 2 2-$-
stRoH 4 A9 gt A&3 2EHES

& = H*
AABFATH0. Nan¥} Sansavini(2017)= 3]Ee2d 448S 3

0
oln

30) R=d 5(2014)

39
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(T 4-4y BTN M2} 2T ST

- Disruptive

event(s) TRNS(D)
(\H TRNS(NS)
A * TRNS: Transition
> * MOP: Measurement of Performance
MORP(t) Negative effects
due to disruptive
events start
appearing
TRNS(R)
Original : : :
steady : Disruptive : Recovery i New steady
phase i phase : phase : phase
4 ................ ».( .................................... y
Iy
L4
© d Absorptive r Adaptive/ tns Time
capability Restorative capability

Xtz: Nan and Sansavini, A quantitative method for assessing resilience of interdependent
infrastructures, 2017, p. 37

99] EEES AWE v Qxe} AAH Hopol Ak H Fugh
94 449e 483 wgo] YKoz AgET glon, o2 &
o 2] FEstElL Aws} gol ool 3 ek, thit 5128
G4 AZROlA AN A 7 RS e B AdOR AEH
T 9] o], 2L AM] AL 2 ARSS ARAL
2 BRI S 9% Jolsts Ro] WaF Ao Holt
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Shashi §(2020), 1=} A|AH] Holoj| A= Vugrin 5(2010)°
o], o] & 7}A] B2 FAJol ot Shashi 5(2020)0014 F7gt
A

A&7, AFY(resistance), & WHg-2 242 sjEetey 479

0,

o §4d, 48, BPYR 3ot Aoz B 5 glom, 2
o B9 R4z AN AYEE G40l B FAH, oEAol
&4 el 59 aelow FAS ANHYeH, Heeo

S99l U dEm A SEe FFAe AT

(reengineering) ¥ WIHAL GASH /goz &

= T 3 o

2 915 B2 B A9 $4T Adeltt. wEkA & At
M 7 BES fARE A= stof, Fdote Ade 3 I
sEeEd 54 Z9l F&staat et

2 dFolM= HA 2 she] It AlA'C R mofskal
Vugrin 5(2010), Francis®t Bekera(2014)7} 733 35284 42t
F= 7IRoE BYgS FEUAT EHIES &Y, 488, 5
2o Al 7] 291 & FAg3te A2 Ao ARt SlEEE A
o] Aoet: A/ o7|o] FHEARS &okt 1Lt Al o)A
AARE St SEEEYd 2052 &Y, 488, 5= 34
ARE 75 Ade S 22 weol 8BS dsstaAt



57} B3 B840] AAEE okF A aQle ARSI AR
8212 A4, &4, 74, #94, |9, WEAd, AE 5+, &
S, SEoly, IA B ZARZ ZF 9912 Futo] sEetEA
THoll SA A5kt (& 4-2)= ZF 8219 Fojet ¥ & &
AE F7e HEolot
H 4-2) 971X 3|5Et5Y Q019 Ho| U 25 2
29l = =A
44 Z7| QFEHOI F149| tHE glo] 8t Hato X | Purvis &
(Robustness) & £Ae=7|5 (2016)
o2y Ol&X| 23t 7|5 820 e = U= &Y 55  Hohenstein &
(Redundancy) 2| 0{L= (2015)
7t SHA R ZEMA0 Chet HEE HAI0 M2 Jittner2t
(Visibility) 2 U= s Maklan(2011)
7Y Z{A5t0| O = Halot= SHE1t 7| s ZOjof| A =
I~ os A Ol L Erol S(2010)
(Flexibility) S8 A=
e At MEHQtS] MaX, 2HHN Ee= MeA 4~ Scholtent
(Collaboration) ' &=0IM S& /At ZHE W2|1 &=ote & | Schilder(2015)
2IEy Ol M X| ot ot8 Hatet 7|5 HOojof| M5t of |
" o= e s il L Jain 5(2008)
(Agility) 3ot 0|2{8t H3IE 7|3|= Metot= &9
~ 00
o e ODIELH Qo] 35 &g flet W22 HRUAO| -
(Information . A2 U AL OEN A Wu 5(2014)
. —y = = O —IT— o T
Sharing)
oS YX| +E2 FII5tD 52 SHGH | /I8t AL | Norrmantt
(Response) | EE= H|AALE{O|| CHel Q&= dis Jansson(2004)
3| - — Pettit &
T 28 HHZE HEoHH EHE = A= YIS

RiE: 23 917 ZUS HIZOR XX 5y
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Wieland2}
Wallenberg
(2012)

OlH| XS | XISt Chowdhury S
o2y (red2) S22 HIAAIZ 2|5 2 Of| LA X| AJARITHCH (2019)
(Redundancy) &= At ERSHLI QUCH
(red3) 22 Ol &X| Rt =2 HMES M2|5t7| 9| Zsidisinzt
st R s82 7HXLL AL Wagner(2010)
(visT)RHoll= 2E &S FEoP| X5k HE
A|AEIO] QLY.
VAPNES! (vis2)PH2 AH|, 217 SOl St AAIZHCIO[HE & Pettit &
(Visibility) 2|5t ULt (2013)

—~
=.
w,

@®
0ok
|-E|
=

= HIOJH 242 ?let 2utHQl H|=Y

[l

A QIEE|HA T2 T2H0| ULt
(flen)3t2t2 7|5 SHO| tiXo}7| Slo &2t L&
Y 4 At
KFAY (fle2)2tTr2 7|5 SHO| iAot &Y X2 s8S Mandal &
(Flexibility) &&= QICk (2016)
(fle3)3toto| $3 MEHERL 25 sH2 {6 =
He 4 Ut
(colMBP2 F2 AP SHE Moy | Qe B2 ¢
H|2f =St}
=E (col2)BP2 ME Lt 5502 Mty SHE M Mandal &
(Collaboration) | St} (2016)
(colR)ET2 =2 MELQ B2 A4S 0|98
2fsH =2fBict
(agin) YT IHSO|H UEH MHIAS HISSHH, 2
AR Q70 = LHSE 4= UL Altay S
SIESPS| (agi2)&tote] 2% RS FATH 24 Hajo| = wt (2018)
(Agility) =27 LS 4 UL
(agi32Ire| ZB 0f2f ZHO| RIS S5 2 Liu S
S HEH Metet s=E 7HK|1 Ot (2018)
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Xtz Buor. Applying System Dynamics Modelling To Building Resilient Logistics. A Case
of the Humber Ports Complex, 2015, p. 227
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