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Abstract 

As supply chains in today’s world become more complex and fr agile , enhancing the resilience of maritime transport is incr easingl y 
imperati v e. The COVID-19 epidemic in 2020 exposed the vulnerability of existing supply chains, causing substantial impacts such 

as supply shortages, procurement constraints, logistics delays and port congestion, highlighting the need to build resilient maritime 
tr ansportation netw orks (MTNs) and reigniting resear c h on the resilience of maritime transport. Based on science mapping, we quan- 
titati v el y anal ysed the domain of r esilience of MTNs. We mainl y study the r esilience of MTNs fr om the following aspects: the con- 
struction of MTNs and their topological c har acterization, vulner a bility-orientated r esilience anal ysis of MTNs, r ecov er y-orientated 

r esilience anal ysis of MTNs, inv estment decision-orientated r esilience anal ysis of MTNs, climate change-orientated resilience anal- 
ysis of MTNs and pandemic-orientated resilience analysis of MTNs. This study re vie ws recent advances in MTN resilience resear c h, 
highlighting resear c h topics, shortcomings and futur e r esear c h agenda. 

Ke yw ords: maritime transportation networks (MTNs); science mapping approach; maritime transport resilience 
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1. Introduction 

Maritime transport is the backbone of international trade and the 
global economy. Bad weather conditions [ 1 ], natural disasters [ 2 ],
terr orist attac ks [ 3 ], geopolitics [ 4 ] and labour strikes [ 5 ] are the 
main factors causing disruptions of maritime transportation net- 
works (MTNs). The dependence of maritime transport on major 
shipping channels is very evident, especially after the COVID-19 
outbreak and the Suez Canal’s congestion, making the study of 
MTN resilience imminent. 

As early as 1973, Holling [ 6 ] presented the definition of re- 
silience as ‘the ability to r ecov er fr om wild shoc ks or the un- 
expected’. Subsequentl y, r esearc hers gr aduall y a pplied r esilience 
to other disciplines, including engineering r esilience, tr ansporta- 
tion resilience, ecological resilience, economic resilience and so- 
cial resilience [ 7–10 ]. Another scholar builds on Holling’s proposed 

definition of resilience to derive the concept of recovery further 
[ 11 ]. In an MTN, ports and shipping routes are often disturbed by 
earthquakes , tsunamis , storms , etc. [ 12–14 ]. These disaster e v ents 
can cause the closure of ports and interruption of MTNs, thus 
affecting MTN transportation efficiency and causing huge socio- 
economic losses. Gener all y speaking, the a ppr oac h to cope with 

disasters includes two different methods: one is ex-ante pr e v en- 
tion, which aims to reduce the losses caused by disasters . T his 
is ac hie v ed thr ough the implementation of defensiv e measur es 
that minimize the probability of disaster occurrence and enhance 
the resilience of affected objects; the second is to impr ov e the 
Recei v ed: September 16, 2023. Revised: December 11, 2023. Accepted: Mar c h 4, 2024
© The Author(s) 2024. Published by Oxford Uni v ersity Pr ess on behalf of Central So
terms of the Cr eati v e Commons Attribution License ( https://cr eati v ecommons.org/
r e pr oduction in any medium, provided the original work is properly cited.
 ecov ery ability of the involved entities after the e v ent of dis-
sters. MTNs’ resistance and recovery capacity significantly im- 
acts maritime transportation’s efficient operation. In the study 
f MTNs, the first a ppr oac h to responding to disasters reflects
he vulnerability of MTNs, which mainly describes the ability of
TNs to resist disasters . T he second approach to disaster re-

ponse demonstrates the resilience of MTNs, which describes pri- 
aril y their r esilience. Considering the two together, ‘resilience’
ust be used. The study of the resilience of MTNs is expected

o use external r esources r easonabl y and effectiv el y to r ecov er
uic kl y and r eac h a normal state e v en after being affected. Study-

ng the resistance and resilience of MTNs from a resilience per-
pective can help to improve the flexibility and resilience of MTN
tructures and functions and assist relevant authorities in tak- 
ng selectiv e measur es to r educe the impact on MTNs. In vie w
f this, this study r e vie ws MTN r esilience r esearc h in terms of
ublications , journals , k e yw or ds , co-authors , citations and coun-
ries, quantitativ el y summarizes de v elopments in the r esilience
f MTNs and proposes possible future research agendas. 

Most of the existing r esearc h has focused on specific topics
elated to maritime resilience and supply chain resilience, and 

 esearc h on the resilience of MTNs needs to be more extensive
y comparison. At the same time, there are insufficient system-
tic r e vie ws of MTN r esilience and fe wer quantitativ e anal yses.
iven this, some work was conducted in this r esearc h, includ-

ng: 1) analysing the k e y research topics in the resilience of MTNs
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Fig. 1. Resear ch flo w chart. 

Fig. 2. Yearly publications from 2012 to 2023. 
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r om differ ent perspectiv es, 2) pointing out the limitations of the
urr ent r esearc h and 3) r aising possible hotspots for futur e r e-
earch. The main contributions of this study lie in the following
spects. First, based on a science ma pping a ppr oac h, it examines
ow journals , scientists , publications and countries ar e interr e-

ated in the field of resilience of MTN. Second, it summarizes the
 esearc h hotspots of the resilience of MTNs. Finally, possible fu-
ur e r esearc h hotspots ar e pr oposed to pr ovide insights for r e-
earchers. 

The rest of this study is constructed as below. Section 2 de-
cribes the process of bibliometric search and science mapping.
ection 3 focuses on the presentation of the results of science
a pping. Section 4 pr esents the k e y topics in the resilience of
TN analysis and possible future research agendas. 
. Methodology 

he latest r esearc h r esults in the resilience of MTNs published
n Web of Science (i.e. 2012–2023) were evaluated using a science

apping method. A systematic review aims to use a method to
inimize human bias and provide more reliable findings [ 15 ]. 

.1. Bibliometric search 

urr ent r esearc h [ 16–18 ] indicated that vulner ability, r ecov ery, r e-
undancy and robustness are essential components associated
ith the concept of r esilience. Vulner ability r eduction and redun-
ancy impr ov ement hav e been recognized as goals of resilience
ptimization [ 19, 20 ]. Ther efor e, the liter atur e searc h is emplo y ed
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Fig. 3. Journal visualization in the resilience of MTNs. 

Table 1. Quantitativ e anal ysis of journals on the r esilience of MTNs. 

Journal Acronym 

Number of Total Average Ave. Norm. 
Publications citations Citations Citation 

Reliability Engineering & System Safety RESS 7 415 59 .3 1 .929 
Tr ansportation Researc h P art E-Logistics and Tr ansportation Re vie w TRE 4 198 49 .5 2 .179 
Maritime Policy & Management MPM 3 63 21 .0 1 .076 
Tr ansportation Researc h Record TRR 3 23 7 .7 0 .368 
International Journal of Maritime Engineering ME 2 4 2 .0 0 .091 
Journal of Infr astructur e Systems IS 2 14 7 .0 0 .195 
Journal of Marine Science and Engineering MSE 2 2 1 .0 0 .066 
Journal of Transport Geography TG 2 12 6 .0 0 .170 
Maritime Economics & Logistics MEL 2 27 13 .5 1 .875 
Networks & Spatial Economics NSE 2 27 13 .5 0 .719 
Ocean & Coastal Management OCM 2 5 2 .5 0 .362 
Sustainability SUS 2 19 9 .5 0 .629 
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by Boolean k e ywords , where the title , abstract and k e yw or ds are 
limited as follows: 

TOPIC TI = (resilience OR vulnerability OR recover ∗ OR redun- 
dancy OR robustness) 

AND 

TS = (maritime transport ∗ OR maritime shipping OR w aterw ay 
transport ∗ OR maritime network) 

In addition, the liter atur e searc h focused on the last 10 years.
To further increase the relevance of the literature, we eliminated 

liter atur e that contained topics of vulnerability and resilience but 
did not match the content. During the search, review literature 
with more similar research topics was found. Álvarez et al. [ 21 ] 
analysed articles related to MTN topology and vulnerability of 
MTN, incor por ating a total of 97 papers in the research frame- 
work. Gu and Liu [ 22 ] focused on the r e vie w of articles related 

to maritime transport resilience, and a total of 110 papers from 
he last decade were included in the research framework. This
tudy focuses on MTNs’ ability to r ecov er and ada pt to c hallenges,
ontrasting with the first article’s emphasis on complex network 
nalysis for understanding maritime traffic and the second’s con- 
eptual fr ame work on r esilience in maritime transport. Its nov-
lty lies in offering a multidimensional perspective to understand 

nd enhance the maritime system’s capacity to respond to vari-
us disruptions, such as natural disasters, economic fluctuations 
r political changes, highlighting the importance of adaptability,
 ecov ery and pr epar edness. 

.2. Science mapping 

cience mapping is a graph that demonstrates the evolution of
 discipline or field based on the theoretical methods of biblio-
etrics , informatics , webometrics , knowledge metrology and sci-

ntometrics, which can minimize the artificiality and bias of re-
iew studies. It has the dual nature and characteristics of ‘graph’
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Fig. 4. Visualisation of k e yw or ds in the resilience of MTNs. 

Ta ble 2. Keyw or ds analysis of the resilience of MTNs. 

Ke yw ord Occurrence 
Average Ave. Norm. 
citations citation 

Resilience 22 59 .7 1 .2171 
Vulnerability 21 52 .8 1 .1085 
Centrality 15 48 .5 0 .9309 
Complex networks 9 56 .6 1 .2265 
Robustness 8 97 .0 0 .9595 
Model 8 13 .6 0 .7467 
Systems 8 16 .8 0 .8474 
Risk 7 63 .1 0 .8013 
Reliability 7 91 .3 1 .3476 
Maritime transport 6 17 .0 0 .8241 
Disruption 5 87 .0 1 .0700 
Ports 5 32 .0 1 .1387 
Performance 4 120 .0 1 .1812 
Gr a ph theory 4 179 .0 1 .4783 
Shipping network 4 3 .8 0 .4759 
Infr astructur e 4 43 .8 1 .3379 
Climate change 3 146 .0 1 .6571 
Maritime Silk Road 3 7 .7 0 .3592 
Strategies 3 129 .7 1 .3526 
Competition 3 28 .7 1 .1368 
Evolution 3 26 .0 0 .7591 
Integration 3 56 .7 1 .7721 
Maritime risk 3 47 .3 1 .5986 
Optimization 3 70 .3 1 .5409 
Perspective 3 2 .3 0 .1184 
Safety 3 22 .3 0 .3904 
Liner shipping 3 104 .0 1 .0639 
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Fig. 5. Evolution of k e ywords for resilience in MTNs. 
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nd ‘spectrum’. As a practical and comprehensive visual analysis
ethod and tool, it has been widely applied and has obtained re-

iable conclusions, which has attracted more and more scholars’
ttention. VOSViewer is used for network visualization of journals,
 esearc hers , institutions , countries , k e yw or ds, etc. [ 23 ]. 
. Results of science mapping 

ased on the abov e searc h form ula, articles fr om the last 10 years
 ere sear ched, resulting in 198 relevant articles . T he researchers
eeded out articles that did not meet the topic r equir ements, and
ltimately selected 69 articles, as shown in Fig. 1 . 
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Fig. 6. Citation-authors analysis in the resilience of MTN research. 

Table 3. Highly cited literature profile in the resilience of MTNs. 

Article Number of citations Norm. citations 

Mattsson and Jenelius [ 20 ] 379 2 .425 
Tukamuhabwa et al. [ 27 ] 328 2 .099 
Kim et al. [ 28 ] 290 1 .856 
Ducruet and Notteboom [ 29 ] 195 2 .127 
Wan et al. [ 30 ] 122 2 .773 
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3.1. Liter a ture re vie w of pre vious years 

Based on screened literature, the number of publications per year 
was analysed, as shown in Fig. 1 . As can be seen from Fig. 2 , there 
has been an increasing focus on the resilience of MTNs in recent 
years, with a large part of the reason being the impact of COVID-19 
(which started to increase in 2021). Overall, the number of articles 
in this paper is still r elativ el y small compared to well-established 

fields such as maritime safety (572 papers), studied by Luo and 

Shin [ 24 ], and maritime transport risk (1181 papers), studied by 
Huang et al. [ 25 ]. 

3.2. Journal sources analysis 

Based on science mapping, this study analyses the journals to 
which the retrieved articles belong. Fig. 3 provides a comparative 
analysis of the journals and the number of articles published, as 
well as their interrelationship. 

In Fig. 3 , the colour of the line segments between nodes is 
an indication of the interconnectedness of journals. Ne v erthe- 
less, it onl y partiall y r epr esents the quality of the article. As 
shown in Fig. 3 , Reliability Engineering & System Safety (RESS),
Transportation Research Part E-Logistics and Transportation Review 

(TRE), Maritime P olic y & Management (MPM), Transportation Research 
ecord (TRR) and International Journal of Maritime Engineering (ME) 
ave made significant contributions to the research of MTN 

esilience. 
Four indicators ar e pr esented in Table 1 , including the number

f publications , total citations , a v er a ge citations and av er a ge nor-
alized number of sources. To some extent, they quantitativ el y

 v aluate the impact of the journals. RESS and TRE are the two
ournals with the highest number of publications and the highest
v er a ge number of citations, r espectiv el y, as shown in Table 1 , in-
icating their high le v el of r ecognition in the field. Table 1 also lists
 number of journals that are less dominant in terms of their per-
ormance on the indicators but which deserve attention, such as
etworks & Spatial Economics (NSE), International Journal of Maritime 
ngineering (ME), Journal of Infrastructure Systems (IS) and Journal of
arine Science and Engineering (MSE). Regarding the publications 

nd citations, TRE and MEL (Maritime Economics & Logistics) are
ess influential than RESS, still, regarding Ave . Norm. T hese three
ournals are less influential in the resilience of MTN, where the
umber of publications and the time of publication are the k e y
actors. For an ideal e v aluation of the impact of a journal or pa-
er, mor e citations ar e needed, and a combined judgement based
n the methods in the latter section is r equir ed. 

.3. Co-occurrence of ke yw ords 

eyw or ds are the central summary of a study. Identifying rela-
ionships between topics through the frequency of occurrence 
etween k e ywords in the r esearc h ar ea is a dir ect r eflection of
urr ent r esearc h hotspots. As sho wn in Fig. 4 and Table 2 , w e
ltered some of the unsuitable ones, such as complex network,
omplex netw orks, netw ork and shipping netw orks, and finally
etained 31 major k e yw or ds. Similarly, the visualization metric
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Fig. 7. Visualisation of highly cited literature in the resilience of MTN research. 

Fig. 8. Mapping of countries’ cooperation in the resilience of MTN research. 
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f the k e yw or ds in Fig. 4 is chosen as the frequency of their
ccurrence. 

Table 2 shows the e v aluation of quantitative indicators for k e y-
 or ds . T he visualization of the frequency of occurrence is shown

n Fig. 4 . Resilience, vulnerability and centrality occupy a central
osition, which is the hotspot of study. From the average citations,
t can be found that gr a ph theory is the basis of MTN r esearc h
s m uc h as other k e yw or ds. Climate change is another topical is-
ue of interest to researchers, which has a significant impact on
he safety of transport infrastructure, and mitigating the effects of
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Table 4. Countries active in MTN research. 

Country 
Number of Number of Average Ave. Norm. 

publications citations citations citation 

China 28 626 22 .4 0 .8676 
USA 17 1016 59 .8 1 .1595 
UK 14 990 70 .7 1 .5240 
Singa por e 4 166 41 .5 1 .3686 
France 3 269 89 .7 1 .2590 
Netherlands 3 89 29 .7 1 .5420 
Venezuela 3 314 104 .7 1 .5258 
Australia 2 34 17 .0 0 .4386 
Belgium 2 318 159 .0 2 .4635 
Sweden 2 419 209 .5 1 .1529 
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climate change by reducing carbon emissions from shipping has 
always been of interest to researchers [ 26 ]. Integration, climate 
change and maritime risk-related themes, while not of greater im- 
portance across all indicators, remain hot issues of continuing in- 
ter est to r esearc hers . T he emergence of a new field may indicate 
the de v elopment dir ection of the theme. 

The results obtained by the most powerful citation bursts iden- 
tify the trend of the theme of maritime shipping r esilience ov er 
time, as shown in Fig. 5 . Bursts refer to k e ywords with a sudden 

increase in w or d frequenc y in different periods, and the higher 
the frequency of k e ywords in the liter atur e, the gr eater the at- 
tention of the k e yw or d in the r ele v ant academic r esearc h field.
‘Begin’ and ‘End’ r epr esent the start and end years that the key- 
w or ds highlight. The period highlighted by the k e ywords mark ed 

in red is arranged in the order of the year in which the k e yword 

is highlighted, and the result can be determined in which years 
the hot k e yw or ds appear and when they end. It can be seen from 

the strength value that the resilience of MTNs has changed sev- 
er al r elativ el y pr ominent r esearc h hotspots in the past 10 years.
In 2012, the main focus was on liner shipping and port hier arc hy; 
in 2015, the r esearc h on gr a ph theory and robustness in this field 

attracted attention; in 2016, cyberattacks became a new research 

hotspot, until the past tw o y ears, when the significant impact of 
the epidemic in the shipping industry has led r esearc hers to focus 
on the resilience of MTNs . T he latest study focuses more on the 
vulnerability and resilience of port infrastructure and MTNs. 

3.4. Cita tion anal ysis 

1) Citation-authors analysis 

Citation-authors analysis examines the interactions between 

scholars in a field of study, mapping different periods so scholars 
can r e vie w the tr ajectory of knowledge de v elopment in collabo- 
r ativ e networks while providing valuable information for future 
scholars to help collaborate with established scholars in the field 

of study. In this study, the resilience of the MTN domain is anal- 
ysed by the citation-authors, as shown in Fig. 6 . Some groups are 
not connected, and only the most prominent groups are shown in 

Fig. 6 . As the central point in the largest cluster, Zaili Yang is one 
of the prominent authors in the field. 

As the most published scholar , Y ang’s research interests are 
analysing and modelling transport networks’ safety, resilience 
and sustainability, particularly maritime and logistics systems. In 

addition, two other scholars have published articles in this field 

mor e fr equentl y. Cesar Ducruet concentr ated on the spatial struc- 
tur e of tr ansport networks, health issues in port cities, port-city 
socio-economic r elationships, and vulner ability in tr ansport sys- 
ems. His r esearc h pr ovides a detailed account of the long-term
volution of shipping networks from a global perspective, carry- 
ng out a wealth of r esearc h on topics such as k e y channels, port
ities, maritime transport flows and network disruptions. 

2) Citation-document analysis 

Unlike the citation-authors analysis abo ve , literature citations 
uantitativ el y e v aluate an article’s standing in its field of study.
he number of citations to a r epr esentativ e article is a direct re-
ection of the author’s status. Table 3 provides a quantitative eval-
ation of the six most cited papers. Fig. 7 is a visualization of the
ost r ecognized liter atur e on shipping network r esilience in r e-

ent years . T he authors r epr esented b y the y ello w nodes are the
ost recognized in the field of MTN resilience in Table 3 . Clearly,

he most prominent literature is Mattsson and J enelius [ 20 ]. T his
rticle is a synthesis of the r esearc h on vulnerability and resilience
f transport systems at that time. After analysing the more promi-
ent liter atur e, it was found that mor e than half of these articles
er e r e vie w articles, whic h usuall y tend to ac hie v e a mor e signifi-

ant number of citations . T he most recent one was published five
ears ago, and there needs to be more reviews on the resilience
f MTNs. As a r e vie w article, this pa per explor es curr ent r esearc h
nd brings forw ar d possible future research hotspots. 

.5. Country cooper a tion mapping 

ig. 8 is a visualization of the inter-country cooperation relation-
hip, whic h is quantitativ el y anal ysed in Table 4 . Intuitiv el y, the
rominence of a node represents the current state of the coun-
ry’s de v elopment in the r esilience of MTN. In terms of the num-
er of articles, China, the United States and the United Kingdom
re far ahead of other countries. But in terms of the total number
f citations and av er a ge citations, Belgium and Sweden occupy a
onsider able adv anta ge. 

. Research topics and agenda 

ased on the science mapping analyses described abo ve , this
tudy provides an ov ervie w of the current k e yw or ds co-
ccurr ence, pa per publication, citation analysis and countries ac-
ive in the resilience of MTN research. Next, this study will analyse
urr ent r esearc h limitations and provide unique insights into fu-
ur e r esearc h tr ends by r efining the k e y topics in the resilience of
TN r esearc h. 

.1. Key topics in the resilience of MTN analysis 

.1.1. The data source of MTN modelling 

s the basis of the resilience of MTN r esearc h, constructing a com-
lete and accurate MTN is the first challenge we have to face . T he
ata sources in the liter atur e in recent years are summarized in
able 5 , and we found that consulting agencies, shipping service
nformation and r ele v ant r eports ar e the mor e common ways to
btain data. In addition, weight is also one of the critical indicators
eflecting the characteristics of MTN. Thanks to the de v elopment
f computer technology, establishing a shipping database makes 
TN more complete and the academic community is incr easingl y

nterested in the research of weighted network. Howe v er, how to
btain container capacity in each direction between regions has 
r oubled man y sc holars. It is crucial to r eflect global shipping ac-
ivities accur atel y. Meanwhile, due to the scarcity of data for long-
erm studies, the data used in major shipping studies can only

eet the needs for short-term studies, and fewer studies have
onstructed long-term network matrix datasets [ 31, 32 ]. Remark- 
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Ta ble 5. Data sour ce used for MTN construction. 

Author Database Data 
Weighted or Directed or 
unweighted undirected 

Gonzalez Laxe et al. [ 33 ] Lloyd Container ship call data Weighted Directed 
Xu et al. [ 34 ] Containerization 

International 
Container ship route 

information 
Weighted Directed 

Ducruet [ 35 ] Lloyd Container ship trajectory 
data 

Weighted Undirected 

Wang et al. [ 36 ] Some world-leading shipping 
companies 

Container ship route 
information 

Unweighted Undirected 

Calatayud et al. [ 37 ] Containerization 
International 

Container ship route 
information 

Weighted Directed 

Liu et al. [ 38 ] Maersk shipping line Container ship route 
information 

Weighted Directed 

Fang et al. [ 39 ] A global AIS dataset 
http://www.myships.com/ 

myships/

AIS data Weighted Undirected 

Wu et al. [ 40 ] Unknown Container ship route 
information 

Weighted Undirected 

Shen et al. [ 12 ] World Meteorological 
Organization 

China Ports website 

Container ship route 
information 

Unweighted Undirected 

Rousset and Ducruet [ 41 ] Lloyd’s List Intelligence Actual vessel movement data Weighted Undirected 
Mou et al. [ 42 ] Tanker AIS trajectory data AIS Weighted Directed 
Wan et al. [ 43 ] Alphaliner 

some world-leading shipping 
companies’ official website. 

Container ship route 
information 

Unweighted Directed 

Wan et al. [ 44 ] Alphaliner officially 
published information 

Container ship route 
information 

Weighted Directed 

He et al. [ 45 ] China Ports 
China Shipping Gazette 

Container ship route 
information 

Unweighted Undirected 

Xu et al. [ 46 ] Alphaliner Container ship route 
information 

Weighted Undirected 

a  

f  

s

4
N  

t  

t  

n  

a  

G  

c  

a  

d  

c  

C  

b  

C  

v
 

s  

o  

r  

M  

e  

t  

t  

a  

u  

d  

a  

a  

e  

b  

f  

p  

r  

t
 

s  

[  

c  

m  

t

4
T  

e  

a  

t  

e  

r  

o  

s  

t  

d  

w  

n

D
ow

nloaded from
 https://academ

ic.oup.com
/tse/article/6/4/tdae009/7624204 by Technische U

niversiteit D
elft user on 06 February 2025
bl y, some sc holars use automatic identification system (AIS) data
or MTN modelling, making obtaining data to support subsequent
tudies easier. 

.1.2. Modelling and topological analysis of MTNs 
etwork models usually comprise nodes and edges. In the con-

ext of MTN r esearc h, these nodes often stand for ports, and at
imes for entire regions or countries . T he edges that connect these
odes signify trade interactions, which are usually represented as
ctual shipping routes . T he Gr a ph of Dir ect Links (GDL) and the
r a ph of All Links (GAL) are the two prominent approaches to
onstructing network models [ 29 ]. Under the GDL a ppr oac h, ports
r e exclusiv el y connected to their neighbouring ports in accor-
ance with the sequence of stops in shipping routes . T he criteria
onsider solely ports that hold direct trade links with each other.
onv ersel y, the GAL a ppr oac h posits that ther e ar e connections
etween ports irr espectiv e of whether there is a direct trade link.
onsequentl y, an y port can ac hie v e contact with any other port
ia intermediary ports. 

MTN topology c har acteristics ar e the basis for empirical re-
earch and the prerequisite for research work on the resilience
f MTNs, where researchers have achieved a wealth of research
esults. As the fundamental indexes to describe the topology of
TN, degree, shortest path length, clustering coefficient, network

fficiency and centrality [ 34, 37, 38, 40, 43, 47 ] are widely used on
he resilience of MTN research, as shown in Table 6 . Howe v er, with
he gr adual impr ov ement of MTN r esearc h, independent metrics
re not suitable for compr ehensiv e e v aluation of MTNs, and the
se of multiple indicators to analyse MTN characteristics from
iffer ent perspectiv es gr aduall y emer ges [ 37, 40 ]. Calatayud et
l. [ 37 ] adopted a multiplexed network a ppr oac h, using network
nalysis metrics to analyse topological characteristics from differ-
nt perspectiv es. Degr ee, network diameter, clustering coefficient,
eta and gamma indices are used to evaluate the network per-
ormance. Betw eenness centrality w as used to estimate the im-
ortance of nodes in MTNs. Based on these studies, it is novel for
 esearc hers to deriv e ne w e v aluation indicators [ 43, 48 ] or to cus-
omize new indicators [ 18, 49, 50 ]. 

Given the complexity of MTNs, the perspectives on the re-
ilience of MTN r esearc h ar e equall y div erse , for example , r e vie w
 21, 22 ], computer simulation [ 51 ], modelling analysis [ 52 ] and
ase study [ 41 ]. This study will provide an introduction to the
ainstr eam r esearc h fields on the r esilience of MTNs in terms of

he following topics. 

.1.3. Vulnerability-orientated resilience analysis of MTNs 
he resilience of MTN is crucial for ports and liner services. Should
xternal risk factors, such as port accidents, force a halt in oper-
tions, the impact is dir ectl y felt by the connected liner services,
hereby diminishing their utility . Similarly , disturbances in k e y ar-
as or specific maritime transport corridors can disrupt shipping
 outes tr av ersing these corridors or regions . T his disruption not
nl y r educes tr ansport efficiency but may also lead to widespread
ystemic disruptions . T hus , protecting the netw ork b y identifying
he risk factors affecting the MTN is crucial. This section con-
ucts vulner ability anal ysis mainl y fr om the perspectiv e of net-
ork nodes (ports, countries or regions, and k e y maritime chan-
els). 

http://www.myships.com/myships/
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1) Port vulnerability 

It has been shown that network efficiency and connectivity in-
icators are very suitable for evaluating the resilience of MTNs
 45, 47, 54, 55 ], but there is not a consensus e v aluation method
 et [ 53, 56 ]. P eng et al. [ 56 ] assessed the resilience of a typical
argo ship transportation network from four perspectives, specifi- 
all y r andom attac k, degr ee-based attac k, betweenness-based at-
ack and flux-based attack. With respect to network vulnerabil- 
ty, Viljoen and Joubert [ 53 ] compared different disruption strate-
ies: link betweenness and link salience . T hey found that both
tr ategies r educe netw ork flexibility, but betw eenness does so to a
r eater extent, r esulting in r educed flo w of goods betw een major
hipping lanes. 

It then discusses the degree of overall resilience of different
etwork structures, the factors influencing them and the vari- 
us optimization strategies. By removing k e y nodes, Guo et al.
 57 ] analysed the vulnerability of the China-Ja pan-Kor ea MTN.
n China, the impact of major hub ports on the stability of the
hipping network is more pronounced than in the ports of Japan
nd K orea. T his is most notable in the more developed coastal
 egions, suc h as Shanghai, Ningbo and Lianyungang. Yang and
iu [ 47 ] assessed the resilience of MTNs by utilizing the method
f deleting nodes and identifying the critical ports in MTNs . T he
esults show that the addition of hub ports and the backup
f critical nodes are effective in strengthening the resilience 
f MTNs. 

2) Regional and national vulnerability 

As a major support for global trade, maritime transport is
 complex network encompassing ports around the world. Al- 
hough studying the ov er all MTN is desired by researchers, one
ifficulty is of obtaining long-term data, and another is that
hipping networks include multiple countries and regions; their 
nter actions ar e what we want to explore . T here are relatively
ew studies on global MTNs, and the data needs to be updated.
ucruet [ 58 ] built a global maritime network based on Lloyd’s
ist for selected months in 2008. The results show that MTNs
 el y mor e on those hub nodes whic h hav e higher degr ee v alues
nd flows. Based on container route data, Xu et al. [ 46 ] investi-
ated the variation of port congestion in MTNs while quantita-
iv el y assessing the impact of cascading failures on the resilience
f MTNs. He et al. [ 45 ] presented a resilience evaluation frame-
ork under disasters by analysing the dynamic evolution of MTN

esilience. 
More studies focus on countries (China-USA, China-Japan, etc.),

 egions (Eur asia, Americas, the Belt and Road) and shipping com-
anies. Hu et al. [ 59 ] examined Japan’s trade flows in the global
TN and analysed the connectivity of Japan’s ports to the world.
alatayud et al. [ 37 ] constructed an inter-American shipping net-
ork that included 32 countries, as well as a deliber ate attac k sim-
lation on some of the hub nodes. Mou et al. [ 60 ] analysed the dis-
ribution of maritime flows along the 21st Century Maritime Silk
oad, comparing changes in flows between regions and analysing 
heir interr elationships. Fr emont [ 61 ] took into account the evolu-
ion of the MTN container shipping company Maersk. 

3) Vulnerability of k e y maritime channels 

The Strait of Malacca, the Suez Canal and the Panama Canal
re the principal passages in MTNs . T hey are essential routes for
aritime transport between the Indian Ocean and Pacific Ocean,

he Mediterranean Sea, the Indian Ocean and the Atlantic Ocean.
ost of the ships tr av elling on these significant shipping lanes
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re long-haul vessels, and their proper functioning is critical to
he stability of the global economy. Based on data from container
iner companies, Wu et al. [ 40 ] quantitativ el y assessed the impact
f k e y maritime channel disruptions on MTNs . T he results show
hat k e y maritime c hannels ar e one of the k e y dri vers of MTN
ulner ability and ar e critical to the normal oper ation of MTNs.
ased on gr a ph-theor etical methods, Ducruet [ 35 ] analysed the

mpact of removing canal-dependent flows from the MTNs. Al-
hough dependence on channels is declining to some extent, some
 egions ar e r elativ el y mor e dependent, suc h as Asia, Eur ope and
orth America. Zeng et al. [ 62 ] investigated the potential role of

he Carat Canal in MTNs. Results show that the Carat Canal leads
o changes in flows in the Strait of Malacca, resulting in the reor-
anization of trade flo ws betw een hub ports and contributing to
he evolution of the MTNs. 

.1.4. Recover y-orientated r esilience analysis of MTNs 
an y r esearc hers hav e adopted a similar definition to Holling [ 6 ] –

he ability of a system to resist and absorb external influences [ 10 ]
but consideration of post-disaster resilience still needs to be im-
r ov ed. Fang et al. [ 63 ] anal ysed the r elationship between r epair
ime and resilience changes, and further explored the criticality
f network performance. Dui et al. [ 64 ] proposed a cost-based ap-
r oac h to system maintenance that further considered the im-
act of cost and time on system resilience. Dui et al. [ 65 ] proposed
 measure of node residual resilience that can dynamically ad-
ust the network traffic and select the optimal recovery strategy
y e v aluating the r esilience of nodes. Wan et al. [ 44 ] analysed net-
ork r esilience fr om a cost perspectiv e and designed network re-

overy steps based on different metrics. 

.1.5. Investment decision-orientated resilience analysis of
MTNs 

ased on investment decisions and strategic in vestments , some
c holars hav e made a nov el e v aluation of MTN vulner ability. Us-
ng network game theory, Chen et al. [ 66 ] examined the invest-

ent decisions of container transportation network participants
nd analysed the impact of their behaviour on the resilience of
he container transportation network at the time of investment.
sadabadi and Miller-Hooks [ 50 ] investigated a model based on
ame theory, which they used to propose a method to assess net-
ork resilience. Jiang et al. [ 67 ] used a mixture of fuzzy theory and
 vidential r easoning methods for port vulner ability assessment,
 anking the vulner ability of k e y ports. Li et al. [ 68 ] focused on in-
estigating the effect of cooperation and investment strategies on
he resilience of MTN. 

.1.6. Climate change-orientated resilience analysis of
MTNs 

urthermore, some other scholars also analysed the vulnerabil-
ty of MTNs and their post-disaster r ecov ery fr om the perspectiv e
f natural disasters and terrorist attacks. By removing ports from
ifferent classes of tropical cyclones, Shen et al. [ 12 ] examined
he vulnerability of the Northwest Pacific and North Indian Ocean
TNs to the effects of tropical cyclones . T he results show that the

erformance of the MTNs did not c hange significantl y e v en after
eing exposed to the disturbance of a tropical cyclone. Verschuur
t al. [ 2 ] analysed port disruptions worldwide that have been af-
ected by natural disasters . T he results sho w ed that usually sev-
r al ports wer e affected and closed at the same time, and it was
ot possible to pr ov e that port substitution had occurred. Poo and
ang [ 26 ] innov ativ el y combined climate metrics, common net-
ork analysis metrics and route optimization to investigate the
xtent to which climate affects network resilience. 

.1.7. Pandemic-orientated resilience analysis of MTNs 
ast but not least, the COVID-19 pandemic of recent years has
aused unprecedented disruption to the global supply chain, port
nd shipping industry. A series of uncertain e v ents suc h as soaring
r eight r ates [ 69 ], blank sailing schedules [ 70 ], port congestion [ 71 ],
abour shortages [ 72 ] and the return of empty containers [ 73 ] has
xposed the lack of resilience of MTNs. Cullinane and Haralam-
ides [ 74 ] examined the various impacts of the epidemic on ship-
ing, including shipping line alliances, port operations and poli-
ies. Notteboom et al. [ 75 ] compar ed and contr asted the financial
risis with the extent to which the shipping industry has been af-
ected by COVID-19. Results show that each shock may bring new
pportunities. 

.2. Future research agenda 

n this section, we delve into the complex interplay and dis-
inctiv e c har acteristics of the six aspects of MTN resilience. Be-
inning with topological analysis, we lay the groundwork for
nderstanding the structural backbone of MTNs . T his analy-
is is crucial as it sets the context for comprehending the
uances of vulnerability- and r ecov ery-orientated a ppr oac hes.
hile vulnerability-orientated resilience highlights the potential
eak points and risks within the network, the r ecov ery-orientated
erspective focuses on strategies and capabilities to rebound from
isruptions . T he in v estment decision-orientated anal ysis then
ridges these concepts by exploring how strategic financial inputs
an bolster the network’s resilience against identified vulnerabili-
ies and aid in quicker recovery post disruption. Furthermore, the
limate c hange-orientated anal ysis adds another layer, examin-
ng how environmental factors uniquely challenge the resilience
f MTNs, necessitating specialized ada ptiv e str ategies. Lastl y, the
andemic-orientated resilience analysis, accentuated by recent
lobal e v ents, sheds light on MTNs’ r esponse to unpr ecedented
arge-scale disruptions, underscoring the need for agile and com-
r ehensiv e r esilience planning. This holistic vie w, enca psulating
ll six aspects, underscores the multifaceted nature of MTN re-
ilience, illustrating how each aspect, while distinct in its focus,
ollectiv el y contributes to a more resilient and robust maritime
ransportation network. Building upon this comprehensive anal-
sis, we identify potential avenues for future research agendas, as
ollows: 

1) The resilience of MTN in the post-epidemic era 

Maritime transport is fundamental to the global economy’s in-
egr ated de v elopment and the robust functioning of global sup-
l y c hains . P orts and shipping carry more than 90% of the world’s
ar go. Ov er the past three years, the port and shipping indus-
ry has experienced unpr ecedentedl y significant market volatil-
ty and a volatile environment, with increased congestion, soar-
ng freight rates, loading delays and disruptions to maritime sup-
l y c hains. COVID-19 and its associated r estrictions hav e also
aused se v er e disruptions to ports, and port-le v el risks will, in
urn, continue to be passed on and amplified across global sup-
l y c hains and cr oss-border tr ade. In addition to the COVID-19
andemic, escalating geopolitical conflicts, increasing trends of
ounter-globalization and new technological changes have put
normous pr essur e on port and shipping mana gement. Ther e-
ore, in a volatile and uncertain environment, it is essential to
tr engthen risk mana gement [ 76 ] in ports and shipping and en-



Resilience analysis of maritime transportation networks: a systematic review | 11 

 

 

 

 

 

t
a  

M
M
a
h  

i
i  

c

A
T  

C
F
Y  

2
B  

n  

C

C
T  

s  

t

R
1

2  

3  

 

4  

 

5
 

6

7  

 

8

D
ow

nloaded from
 https://academ

ic.oup.com
/tse/article/6/4/tdae009/7624204 by Technische U

niversiteit D
elft user on 06 February 2025
hance their resilience management capabilities in order to ensure 
the resilience of global supply chains. 

2) Relationship between climate change and carbon emission 

policies on the resilience of MTNs 

Climate change is a challenging global issue, impacting coun- 
tries politicall y, economicall y and cultur all y. The international 
shipping industry has significantly contributed to global green- 
house gas emissions, accounting for 3% of global greenhouse 
gas emissions yearly. The ongoing challenge for shipping com- 
panies is how to cope with incr easingl y stringent policies to re- 
duce emissions from shipping [ 77, 78 ]. Climate change is enabling 
ne w r outes to be opened up-polar r outes. Compar ed to tr aditional 
r outes, these r outes ar e m uc h shorter, sav e oper ational costs, r e- 
duce carbon emissions and are known as green routes, helping 
the shipping industry combat climate change and ac hie v e carbon 

neutr ality tar gets. 

3) Optimization and reconstruction of MTNs 

This r esearc h dir ection emphasizes enhancing the resilience of 
MTNs through meticulous design and planning strategies. It en- 
compasses the optimization of shipping routes and port config- 
ur ations, the integr ation of m ultimodal tr ansportation systems 
and consideration of environmental constraints, such as climate 
change . T he primary objective is to augment the MTNs’ capac- 
ity to respond and r ecov er fr om v arious external disruptions, like 
natural disasters and economic instability, while maintaining op- 
er ational efficiency, ther eby incr easing MTNs’ r edundancy and r e- 
silience. 

4) Emer gency mana gement and r ecov ery for MTNs 

This r esearc h dir ection focuses on exploring r a pid and effectiv e 
response and recovery strategies for MTNs in the face of sudden 

e v ents. It includes disaster risk assessment, allocation of emer- 
genc y resour ces and design of tempor ary alternativ e r outes. Mor e- 
ov er, the r esearc h will also pay attention to optimizing network 
structures and operational modes during the recovery phase to 
enhance MTNs’ capacity to withstand and r ecov er fr om futur e 
challenges. 

5. Conclusion 

This study uses a systematic r e vie w a ppr oac h to e v aluate network 
resilience based on the scientific-mapping method. By analysing 
62 pieces of shipping network r esilience liter atur e fr om the last 
decade, the study presents the k e y topics in the resilience of MTN 

analysis and possible future research agenda. 

1) The most influential journals in the resilience of MTN re- 
search include Reliability Engineering & System Safety (RESS), 
Transportation Research Part E-Logistics and Transportation Re- 
view (TRE), Maritime P olic y & Management (MPM) and Trans- 
portation Research Record (TRR). 

2) Co-author analysis examines the interactions between 

scholars in a field of study, mapping different periods so 
scholars can review the trajectory of knowledge develop- 
ment in collabor ativ e networks, while pr oviding v aluable in- 
formation for futur e sc holars to help collaborate with estab- 
lished scholars in the field of study. Zaili Yang is the author 
of the largest number of papers published on the resilience 
of MTNs and has considerable influence. 

3) Resilience, vulner ability and centr ality occupy a centr al po- 
sition, which is the hotspot of study. From the average cita- 
tions, it can be found that gr a ph theory is the basis of MTN
r esearc h as m uc h as other k e ywords. Climate change is an-
other hot issue of interest to researchers, which is directly
related to the safety of transportation infrastructure, and 

mitigating the impact of climate change by reducing the car-
bon footprint of maritime transport has always attracted re- 
searchers. 

The k e y topics include the construction of MTNs and their
opological c har acterization, vulner ability-orientated r esilience 
nal ysis of MTNs, r ecov ery-orientated r esilience anal ysis of
TNs , in vestment decision-orientated resilience analysis of 
TNs, climate change-orientated resilience analysis of MTNs 

nd pandemic-orientated resilience analysis of MTNs . P ossible 
otspots for futur e r esearc h in the field of MTN resilience may

nclude MTN resilience in the post-pandemic era, MTN resilience 
n the context of the regional conflict and the impact of climate
hange and carbon emission policies on MTN resilience. 
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