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Abstract
This study performs a systematic review of literature on Container Supply Chain (CSC) using advanced
bibliometric analytics, network analytics and text mining. These analyses are performed to understand
the past and the current state of the CSC and to get insights about possible future of this field. The
literature published during 1976-2018 is reviewed and it shows that CSC registered incremental growth
in literature with its beginning in the concepts of cost minimization to the current focus on achieving
sustainable operational effectiveness. The thematic analysis, i.e. mapping of literature over time through
text mining with network analysis, revealed that in the recent years, sustainability, risk management,
digital storage, Artificial Intelligence (AI), etc. were the focus of research in CSC. The in-depth review
of papers from key domains identified through domain analysis points out that clusters of papers on
topics of use of AI, blockchain, and data analytics to solve the challenges of traffic management, waste
management, international supply chain, etc. have been significantly increasing in size. Through
analysis and review, it is evident that use of industry 4.0 technologies to achieve sustainable operations
and circular economy is the future of the CSC.
Keywords: maritime transportation; bibliometric analytics; network analytics; trend analytics;
systematic literature review.
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1. Introduction
The globalization has narrowed down the national boundaries by means of import-export and bring
substantial benefits to the economic growth of the country. The majority of world trade is carried out
by maritime transportation due to its tendency to carry thousands of tonnes of cargo in economical and
sustainable manner. According to Lloyds’ Marine Intelligence Unit report (2009), 52% of cargo by
value is transported through ships. Similarly, as per UNCTAD (2016), world seaborne trade volumes
have crossed 10 billion tons in the year 2015. Container supply chain (CSC) being the backbone of
international freight logistics justifies need of understanding its research growth and research trajectory.
It is important to identify the potential research areas of improvement and influential researchers that
can facilitate this improvement. Moreover, the shipping industry which owns a billion-dollar value
chain, if improved even to 2-3% can bring significant cost reduction across the maritime supply chain.
The overview of various challenges faced by the CSC along with the suggested trade and operating
agreement is described in Notteboom (2004). Steenken, Voß, & Stahlbock (2004) presented the survey
of the various optimization methods used in container industry and also classified main logistics
processes. Stahlbock & Voß (2008) presented the state-of-the-art on CSC of post 2009 publications
with respect to model features used for berth and quay problem, which is further classified in Bierwirth
& Meisel (2015). The berth allocation problem and scheduling refer to operational decision level and
have been referred in large literature. On the other hand, the network design and port competitiveness
are equally indispensable to CSC and refer to tactical and strategical decision levels respectively.
The “Network Design and Routing” is the core of CSC and is widely covered in literature (Brouer,
Alvarez, Plum, Pisinger, & Sigurd, 2014; Christiansen, Fagerholt, & Ronen, 2004; Tran & Haasis,
2015). The most common constraint that influences global network design is found to be ‘cabotage’
(Wang, Meng, & Sun, 2013). The tactical decision level problem of network design is NP-hard in nature
(Brouer, Desaulniers, & Pisinger, 2014). The selection of port of call and service route while satisfying
the demand-supply constraints, are the aims of network design problem. The link-based network flow
model is developed in Wang (2014). The maritime network can be designed in number of manner like
for empty containers only, for laden containers only o for both (Bell, Liu, Rioult, & Angeloudis, 2013;
Dong & Song, 2009; Huang, Hu, & Yang, 2015; Song & Dong, 2013).
Another intrinsic characteristic of CSC is the “Competition and Cooperation”. The impact of port
strategies to have front foot in the competitive environment is discussed in Hales et al. (2017). This is
helpful to achieve the economies of scale with high operational efficiency and service effectiveness
(Lee & Song, 2017). Lei, Fan, Boile, & Theofanis (2008) modelled the operational performance of
vessel schedules using mixed integer programming, under three policies namely, non-collaborative,
total sharing and slot sharing. The improvement of operational performance is also a subject of customer
satisfaction and is a crucial part of competition (Feng, Mangan, & Lalwani, 2012; Hsu, 2013) . Gelareh,

Nickel, & Pisinger (2010) modelled hub and spoke network design issue considering competition
between the new as well as existing dominating liners. This is achieved by means of mixed integer
programming and Lagrangian-primal heuristic. Lot of game theoretical models are developed such as,
to ascertain the competition between two shipping lines entering a nascent shipping market (Wang,
Meng, & Zhang, 2014); to model tactical and operational problems of alliance among carriers (Agarwal
& Ergun, 2010) and; to compute capacity exchange costs in order to motivate collaboration among
individual shipping lines (Agarwal & Ergun, 2008). However, the green maritime operations have
recently become the focal point of research on CSC.
It is worth to note that in last five years, the research trajectory has turned towards the sustainable
growth and industrial revolution. The focus of port logistics research which before was optimizing
freight logistics, has now been the sustainable logistics and circular economy. The performance analysis
of ports are often evaluated with respect to sustainability (Rashidi & Cullinane, 2018; Spengler &
Wilmsmeier, 2019). There exist a direct relation between maritime security and environment (Germond
& Mazaris, 2019). The green financing scheme are introduced that drives the sustainable CSC and
monitor ecological footprint (Jasmi & Fernando, 2018). Moreover, safety management (Banda &
Goerlandt, 2018) and waste management (Cardoso, 2017) bolster new generation shipping practices. In
order to have holistic understanding of the CSC, it is crucial to be aware of its changing course. The
available literature reviews are either focussed on strategical or tactical or operational decision levels
but, does not provide the overall picture of the research conducted under CSC paradigm. Furthermore,
the CSC is not untouched by the Industry 4.0 concepts which are blockchain, internet of things,
digitization etc. The data analytics techniques are employed in order to solve challenges related to
circular and sustainable maritime logistics and supply chain.
The remainder of the paper is divided into seven sections, Section 1 is an introduction part. Section 2
describes the methodology used and the data statistics. The bibliometric analysis is carried out in
Section 3 with detailed description of methods and results. The Section 4 provides network analysis and
clustering. The thematic evolution of CSC over time is conducted by means of text mining in Section 5
which represents the import constituents of industry 4.0 and circular economy concepts in maritime
logistics. The discussions and key insights are presented in Section 6 followed by conclusion and future
scope at the end.
2. Research methodology and data statistics
The aim of the literature review is the identification of potential research gaps by exploring the body of
knowledge (Tranfield, Denyer, & Smart, 2003). The extraction of knowledge, from the accumulated
vast body of literature, is a way of getting rid from knowing less than what elite researchers have proven.
Moreover, it instigate finding answers to the new questions from historical data (Glass, 1976). Looking

into literature of OT for folded assertions and statements that are absent in the research, might bring us
to entirely fresh insight (Raimond, 1993). Unbiased selection of studies in order to summarize it
objectively is what differentiates systematic literature review from literature review (Petticrew &
Roberts, 2006). The proposed literature review is systematic in nature and addresses the following
questions:
RQ.1: What are the most influential research articles, authors, affiliations and countries
working in the area of Container supply chain?
RQ.2: What are the major research dimensions and sub-dimensions of the Container supply
chain?
RQ.3: How does the research in Container supply chain has evolved with time to introduce the
concept of circular CSC and how to analyse it? What are the major themes of circular CSC?
RQ.4: What is the trajectory of the research in the area of circular CSC and what will be the
potential future research avenues?
The initial steps involve, defining appropriate search keywords and exploring literature simultaneously
(Hair, 2007). The stepwise methodology is proposed to identify the ongoing trend, potential
collaborators and implicit future subject area in the field of CSC as shown in Figure 1.
Table 1: Search keywords and results
Search title
Level 1

Level 2
Level 3

“container supply chain” OR “freight” OR “logistics” OR
“shipping” OR “intermodal” OR “intermodalism” OR
“transportation” OR "inter-modal” OR “multi-modal” OR
“multimodal” OR “naval” OR “maritime” OR “sea” OR
“port” OR “ocean” OR “waterway”
“cargo” OR “containerization” OR “bulk” OR “tankers” OR
“breakbulk” OR “supply” OR “demand” OR “consignment”
OR “consignee”
Inclusion and exclusion criterion

Search result
(No. of papers)
3592

1163
741

2.1 Data selection
The Table.1 shows the used initial search keywords on the Scopus database to gather a broader and
robust range of literature in the context of CSC. The initial search keywords are focused on the main
topic of the research i.e. Container supply chain. The keywords like “intermodal”, “maritime”,
“naval” also refer to CSC and hence are added at Level 1. The scope of the literature review is limited
to the operational aspects of maritime industry while omitting the other related fields like, material
management, ocean waves, cruising, tourism etc. Therefore, the keywords denoting cargo handling such
as, “cargo”, “containerization”, and “bulk” are used in Level 2 to narrow down the research area.

Furthermore, the keywords referring to the transportation and logistics in CSC are added to make the
literature review more focused in nature.
2.2 Data extraction and munging
The keywords are chosen in such a manner that all the strategic (e.g. competition and cooperation),
tactical (e.g. networking and scheduling) and operational (e.g. safety and disruption) level aspects are
considered. Since, the keywords used do not explicitly talk about disruptions, scheduling or
competition, but, are implicitly included when we talk about the entire CSC, providing 1163 articles in
total. This is further refined using inclusion and exclusion criteria by limiting the database to English
language and excluding the subject area like Psychology, Chemistry, and Medicine, which are not very
relevant to our objective. The entire bibliometric and network analysis will be carried out on obtained
Scopus database of 741 articles.

Figure 1: Proposed Research Methodology

2.3 Data visualization and analysis
The prime year for the publication in accordance with search criteria is as early as 1976. There were
not much research publications till 2008. Whereas, from 2009 onwards, the research picked up a
momentum and the number increased drastically. The publication trend is represented in Figure 2. It is
worth to note that in the fiscal year 2008-2009, the global crisis hit shipping industry hard. It was
observed by the experts that the one-fourth of the ships that were used to carry raw materials to-and-fro
pacific, were sitting idle. It was the revolutionary era for the transportation and logistics industry when

they started exploring the potential solutions for such inevitable. As a result, the research, too grew in
this area at commensurate level.
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Figure 2: Publication Growth on Container supply chain during 1976-2018
The top 10 contributing journals in the area of CSC are listed in Table 3. These journals have published
217 articles alone from the resulted database of 741 articles, contributing to the 36% of the total
publications. Due to space constraint the publications from year 2009 onwards is represented. Whereas,
years (2009-2019) are chosen such that there are 13 or more research publications in a corresponding
year. It is observed that from year 1976-2006, there were 1 or 2 publications followed by maximum of
11 publications in 2004, accounting for an average of 2.8 publications per year in the area of CSC,
which increased notably in following years.
Table 3: List of top 10 contributing journal in the area of Container supply chain
Journal

2009

2010

Maritime policy & Mgmt
Transp. Res. Part E: Logistics & Transp. Rev.
Journal of Transp. Geography

2

European journal of operational research
Transp. Res. Part D: Transp. & Env.

1
2
4
3
1

Transp. Res. Part B: Methodological

1

Transp. Science
Computers and Operations Res.

3
1
4
2

2012

8
2
2
1

4
1

Transp. Res. Part C: Emerging Tech.
Ocean Engineering

2011

1

Transp. Res. Part A: Policy & Practice

*considering papers published 2009 onwards

1
1

2

2013

6
4
1
2
2

1
1
2

2
1
2
2

2014

5
5
2
6
1
2
1
1
1
4

2015

2
9
1
2
5
4
5
1
2
2
1

2016

7
10
2
1
3
4
4
3
2

2017

2018

5
4

8

1
2

4

12
10
3
3
8

14
6
3
4
4

3. Bibliometric analysis
The “Bibliometric analysis” term was coined in 1962 (Pritchard, 1969) and further implemented in 1972
in order to manage huge research library (Donohue, 1972). The notable conditions for the successful

Total*

58
49
22
28
23
16
15
21
8
12
13

application of bibliometric analysis is highlighted in Van Raan (2005). This section aims to determine
the potential authors, countries and affiliations in the area of CSC with the help of “bibliometrix”
package in R language (Aria & Cuccurullo, 2017). The bibliometric analysis can also be done by tools
such as BibExcel (Fahimnia, Sarkis, & Davarzani, 2015), Perish or HistCite. Where, the Web-ofScience data is taken as an input in “HistCite” and “Perish” intake Google Scholar and Microsoft
Academic Search data. Moreover, it is found that the BibExcel’s non-user friendly operating
environment, needs few more training hours as compared to others but the interested readers can gather
more information about it (Paloviita, 2009; Persson, Danell, & Schneider, 2009). Therefore, keeping all
above mentions points in mind, the R language is used to conduct bibliometric analysis of the literature.
R is an open source language with the advantage of having lots of packages written by both, statistician
and practitioners. Moreover, R language can also be used for network analysis which BibExcel is not
able to perform, with better control over results and comparatively better data visualization. Further,
this section is divided into four categories. The first division talks about the influential authors,
dominance factor and h-index. Second subdivision deals with influential countries followed by
influential affiliation and keyword statistics in third and fourth division respectively.
3.1 Influential authors’ statistics
The influential authors are determined either by their number of published articles or by total number
of citations. The authors’ statistics is given in Table 4. Fagerholt and Christiansen have dominated the
list of influential authors in CSC with respect to maximum number of articles but Ducruet is ranked top
considering Dominance Factor (DF). The DF is a ration which indicates the fraction of articles in which
the author is a first author among his multi-authored articles. To brief about the top authors, Fagerholt
and Christiansen belong to the industrial department of NTNU, Norway and have co-authored many
research publications. Whereas, Ducruet has transport geography, network analysis and urban
geography as his core areas but his publications are largely influenced by port logistics.

Table 4: Top 10 contributing authors in the area of container supply chain
Author
Fagerholt,K
Christiansen,M
Wang,S
Hvattum,Lm
Ducruet,C
Andersson,H
Meng,Q
Liu,Z

No. of Articles
37
22
17
16
13
9
9
8

Dominance Factor
0.1081081
0.1818182
0.3529412
0.125
0.6153846
0.1111111
0.3333333
0.25

Multi authored articles
37
22
17
16
13
9
9
8

Laporte,G
Psaraftis,Hn

7
7

0.2857143
0.4285714

7
7

Similarly, Wang and Meng have co-authored seven research papers which is a pretty good number. The
possible explanation for the same could be, Wang had studied in NUS, Singapore where author Meng
is a professor at present. So, both the eminent authors of CSC happened to form a link. Moreover, all
these authors in one or the other way, have been observed to have formed close group and worked
together, where one might be a colleague or a former student of the other. Additionally, Laporte is a
well-known name in the area of logistics but his contribution in maritime logistics is limited.
The Table 5. list down the most influential authors in the area of CSC with respect to the H-index. The
TC stands for total citation and NP is number of publications. The H-index is calculated in R, using hindex function. It is a measure of author’s productivity and citation impact (Hirsch, 2005). It is important
to note that the authors with at least seven or more articles are considered. This number is chosen
because the authors coming in the top ten ranking, have at least seven publication in the area of CSC.
Setting a threshold (seven, in this case to sort authors based on DF) is important because, say an author
has two publications and, is also a first author of those articles, then his DF becomes 2/2, which equals
to one and is more than the DF of first ranked author Ducruet. Therefore, it was realized to set an optimal
threshold level for DF listing.
Table 5: Most influential authors in the area of container supply chain by H-index
S No.

1
2
3
4
5
6
7
8
9
10

Author
Fagerholt K
Christiansen M
Wang S
Hvattum Lm
Ducruet C
Andersson H
Meng Q
Liu Z
Laporte G
Psaraftis Hn

NP

37
22
18
16
13
9
9
8
7
7

TC
H-index TC per paper
35.02
1296
17
51.27
1128
15
18.38
331
8
12.88
206
7
26.36
343
8
41.77
376
6
27.77
250
6
12.12
97
5
30.28
212
6
52
312
6

Further, author Fagerholt has an H-index of 17, which means that he has at least 17 papers cited 17
times in our resulted database. The interested readers can learn to dissect the importance of H-index
and G-index and their differences in (Bornmann & Daniel, 2007; Costas & Bordons, 2007, 2008). The
influential papers among them will be studied in the coming sections and it is found that the influential
articles and influential authors intercept each other.
3.2 Countries’ statistics

The most contributing nations in the area of CSC are identified on the basis of the number of
publications. Albeit, no USA author has appeared in the top influential authors’ ranking but, clearly
from Table 6, USA has contributed the most in the area, with total number of 78 publications followed
by Norway and United Kingdom. The imperative here is, authors from USA do not primarily work on
CSC but have publications talking about it, rather through indirect means. For illustration, say, an author
working on areas such as city logistics, resilient supply chain, intermodal transportation, last-miledelivery etc. will have part of his research talking about CSC despite, different primary area of focus.
The probable reason for such a huge number of publications from USA is a large size of the country.
Even though US authors publish three or four articles on maritime logistics each, combined with dozens
of other authors at different spheres of the nation, could result in large number of publications across
the country in total. Section 3.3 further substantiate the stated probable reason by showcasing the total
number of publications per affiliation, across the globe. In Table 7, Norway has topped the list by having
maximum number of citations followed by USA. The large number of citations in USA is well justified
by its large group of researchers. On the other hand, Norway is working on maritime logistics as their
primary area of focus.
Table 6: Top 10 contributing countries in the area of Container supply chain
Country

Articles

Frequency

78
58
44
35
26
24
24
21
20
20

0.1357
0.1009
0.0765
0.0609
0.0452
0.0417
0.0417
0.0365
0.0348
0.0348

USA
Norway
United Kingdom
China
Turkey
France
Italy
Canada
Germany
Spain

Table 7: Ranking of most contributing countries by citations
Country
Norway
USA
United Kingdom
France
Singapore
Netherlands

Total citation
1652
1517
643
457
421
393

Citations per Article
28.483
19.449
14.614
19.042
26.312
20.684

Belgium
Turkey
Canada
Greece

358
333
300
249

39.778
12.808
14.286
35.571

3.3 Influential affiliations’ statistics
The affiliation’s statistics can be obtained from bibliographic data frame in R with the help of simple
data manipulations. Table 8 shows the top ten affiliations based on the total number of articles
published. The top ranking of Norway in Table 7 is further justified by Table 8 where the Norwegian
University of Science and Technology (NTNU) and SINTEF Ocean occupied the first and second
position respectively. Moreover, Norway is the only country that appeared thrice in the same ranking.
Table 8: top 10 affiliations contributing in Container supply chain
Affiliation
Norwegian University of Science and Technology
SINTEF Ocean
Hong Kong Polytechnic University
National University of Singapore
MARINTEK Norway
Centre National de la Recherche Scientifique
Danmarks Tekniske Universitet
Old Dominion University
Nanyang Technological University
University of Genoa

Country
Norway
Norway
Hong Kong
Singapore
Norway
France
Denmark
USA
Singapore
Italy

No. of papers
57
30
22
21
15
12
11
10
9
9

The NTNU is a public research university with three campuses across the country. This has made NTNU
the largest university of Norway. NTNU is well known for its industrial collaboration, especially with
SINTEF. SINTEF was established in 1950 at Norwegian Institute of Technology (NTH), which was
merged with other five research institutions at Trondheim to form NTNU, Trondheim. On the other
hand, the MARINTEK that occupied rank 5, is also a part of SINTEF. The Hong Kong Polytechnic
University occupied third position followed by NUS. This will be easy to visualize from Figure 3, which
mapped the different affiliations from our database working on CSC across the globe on a 2D map. The
number beside different colours tells the range of the total number of papers published by the specific
affiliations. The affiliations which published at least three articles in the area of CSC are only considered
and pointed out by using the affiliation statistics of R and bachgeo.com.

Figure 3: Topological information of most contributing affiliations
3.4 Keyword statistics
The keywords in a research publication represent the important words and concepts of that article. The
keywords that are provided by the author are authors’ keywords whereas, after analysing an article, the
keywords added by an editor are categorised under keyword-plus. The editor adds more generic
keywords in order to make corresponding article appear in a general search too, even if it touches the
peripheral of that topic. Such generic keywords include “optimization”, “port operation”, “ships”,
“numerical model” etc. as shown in Table 9.
Table 9: List of top 10 frequently used keywords
S.no
1
2
3
4
5
6
7
8
9
10

Author keywords (DE)
Maritime transportation
Intermodal transportation
Intermodal transport
Logistics
Routing
Maritime transport
Simulation
Transportation
Liner shipping
Scheduling

Articles
108
51
24
22
19
18
17
17
16
14

Keywords-plus(ID)
Maritime transportation
Optimization
Shipping
Port operation
Ships
Logistics
Intermodal transportation
Transportation planning
Freight transport
Numerical model

Articles
368
121
107
74
69
51
50
50
47
42

Some of the keywords appeared in author keyword as well as keyword-plus like “maritime
transportation”, “logistics” and “intermodal transportation”. There are in total 2968 keyword-plus and
1550 author’s keyword in the obtained database. The keyword “maritime transportation” appeared in
108 articles in author keywords category, whereas it appeared in 368 articles under keyword-plus
category. Taking into account the generic nature of this keyword, it is widely used by the editor. The

authors’ keywords are more technical such as based on the problem they are catering to and used
methodology.
4. Network Analysis
To have a proper understanding of the area of interest, it is of prime importance to get familiar with the
pioneers of that area. The influential authors, countries, affiliations and keywords in the area of CSC
are determined in bibliometric analysis. In order to investigate the potential collaborators working on
CSC, the network analysis is carried out. As discussed earlier, there are number of tools available for
network analysis such as Pajek, VOSviewer, Gephi and HistCite, STICCI.eu (Gomez-Jauregui, GomezJauregui, Manchado, & Otero, 2014). Pajek only entertain .NET files whereas HistCite entertains only
web-of-science data. The proposed network analysis is performed with the help of ‘bibliometrix’
package in R due to its capability to handle large database. For the better visualization of the network
graphs, ‘Gephi’ is used. Gephi is an open source software with a capability to handle large data.
4.1 Citation analysis
The citation analysis is carried out in order to determine the most influential work in the area of
container supply chain and logistics. The influential work is either measured in terms of citations or
PageRank (Ma, Guan, & Zhao, 2008). The top ten articles as per the acquired citations is presented in
Table 10. The total number of citations imitate the importance of an article when being referred by other
research articles. Similarly, the PageRank imitate the importance of page by means of its relative page
score on a scale of 0 to 10. The first ranked article on the basis of total citations is Christiansen et al.
(2004), this is in accordance with the top ten authors (Table 4) where Fagerholt and Christiansen are
ranked first and second respectively on the basis of total number of articles published and value of Hindex. Moreover, Christiansen has appeared in three out of ten articles and Fagerholt has appeared in
two out of ten articles with respect to other authors who are listed once in the table. This substantiate
the influence of these authors in the area of container supply chain and logistics.
Table 10: Top 10 articles in the area of Container supply chain

S.No

1
2
3
4
5
6
7

Total
Article
citation (TC)
Christiansen M;Fagerholt K;Ronen D,(2004),Transp Sci
357
Agarwal R;Ergun O,(2008),Transp Sci
181
Christiansen M;Fagerholt K;Nygreen B;Ronen D,(2013),Eur J Oper Res
176
Hayut Y,(1981),Network Analysis
157
Bichou K;Gray R,(2004),Marit. Policy Manage.
147
Vanarjenklink H;Vandenberg Gc,(1998),J. Transp. Geogr.
133
Choong St;Cole Mh;Kutanoglu E,(2002),Transp. Res. Part E Logist.
Transp. Rev.
129

TC per
Year
27.46
20.11
44
4.36
11.31
7
8.6

Arnold P;Peeters D;Thomas I,(2004),Transp. Res. Part E Logist.
8 Transp. Rev.
Hoff A;Andersson H;Christiansen M;Hasle G;Lkketangen
9 A,(2010),Comp. Oper. Res.
Malchow Mb;Kanafani A,(2004),Transp. Res. Part E Logist. Transp.
10 Rev.

128

9.85

126

18

123

9.46

4.2 Co-citation statistics
The two articles are said to be co-cited if they appear in the third article together. The co-citation can
be illustrated by Figure 4. If an article C cites articles A and B together then the articles A and B are
termed as co-cited articles. The co-citation of the articles denotes that the articles which are cited
together share a common research area (Culnan, 1986). This is helpful to segregate the authors sharing
a common area of interest. The co-citation network is obtained using Gephi software for the better
visualization of the network with the help of .NET file extracted from R. The random network graph is
generated at the beginning which is further enhanced using force atlas layout algorithm (Jacomy, 2009).

Figure 4: Co-citation of article A and B in article C
The database has total number of 741 articles. The nodes in Figure 5 represents these articles. The initial
co-citation map is represented in Figure 5a. Where the single cited papers are also shown whereas the
area of focus is to obtain a co-citation map therefore, the papers that are cited solo are removed for
further analysis and is represented in Figure 5b. There are 352 total number of remaining nodes out of
741 and 701 edges in a co-citation network. The nodes represents an article whereas, edges represents
their links. If two articles are linked together then they have appeared together in the third article (cocitation).
The literature classification analytics can be carried out to identify and group the common themes in
the literature. The clustering technique is applied on the co-citation network to point out the same
subject matter (Wallace, Gingras, & Duhon, 2009; Waltman, Van Eck, & Noyons, 2010). There are
other algorithms also like Girvan-Newman (Girvan & Newman, 2002; Newman & Girvan, 2004) to
detect communities in a co-citation network (Blondel, Guillaume, Lambiotte, & Lefebvre, 2008). The
common feature used to form clusters is edge density (Jin, Girvan, & Newman, 2001). If the edge
density between two articles is more as compared to rest of the articles in the database, those two articles
are grouped together in a same cluster. Gephi employs Blondel et al. (2008) algorithm to determine

different clusters. The total of 26 clusters were obtained from Gephi. The eight clusters stand out and
rest of the remaining are clubbed together forming a ninth cluster.

Figure 5(a): The initial co-citation network of
all the articles in the database

Figure 5(b): Co-citation network after
removing the individual nodes

Moreover, modularity index is a measure of quality of the clusters (Newman, 2006). The value of
modularity index lies between -1 to +1, the co-citation network represented in Figure 6 has a modularity
index of 0.717. The size of the bubble denotes the popularity of that article on the basis of its PageRank.
The top five articles of each cluster are listed in Table 11 where the ninth cluster, which is a combination
of 18 smaller communities (for example, two articles in one community/cluster), is omitted.

Figure 6: Network map of top articles in each cluster

Table 11: Top five articles of each cluster based on pagerank
Cluster 1
(Caris, Macharis, &
Janssens, 2013)
(Agamez-Arias & MoyanoFuentes, 2017)
(Baykasoğlu & Subulan,
2016)

Cluster 2

Cluster 3

(Ducruet & Zaidi, 2012)

(Shi & Li, 2017)

(Fremont, 2007)
(Lee, Song, & Ducruet,
2008)

(Hall & Jacobs, 2012)
(Malchow & Kanafani,
2004)

(Arnold, Peeters, & Thomas,
2004)

(Ducruet, Rozenblat, &
Zaidi, 2010)

(Lee, Oduor, Farahmand, &
Tolliver, 2014)
(González-Laxe, NovoCorti, & Pociovălișteanu,
2016)
Cluster 7
(Meng, Wang, & Lee,
2015)

(Verma, Verter, Zufferey,
Ünlüyurt, & Aydin, 2012)
Cluster 5
(Al-Khayyal & Hwang,
2007)
(Papageorgiou, Keha,
Nemhauser, & Sokol, 2014)
(Agra, Andersson,
Christiansen, & Wolsey,
2013)
(De, Kumar, Gunasekaran,
& Tiwari, 2017)
(Rakke et al., 2011)

(Slack, 1990)
Cluster 6
(Psaraftis & Kontovas,
2013)
(Agarwal & Ergun, 2008)
(Bouman, Lindstad,
Rialland, & Strømman,
2017)
(Norstad, Fagerholt, &
Laporte, 2011)
(Psaraftis & Kontovas,
2010)

(Jetlund & Karimi, 2004)
(Fagerholt, Laporte, &
Norstad, 2010)
(Hvattum, Fagerholt, &
Armentano, 2009)
(Zhen, Wang, & Zhuge,
2017)

Cluster 4
(Shyshou, Gribkovskaia, &
Barceló, 2010)
(Ng & Kee, 2008)
(Zhen, Wang, & Wang,
2016)
(Shyshou, Gribkovskaia,
Laporte, & Fagerholt,
2012)
(Wang, Wang, Zhen, & Qu,
2017)
Cluster 8
(Lam, 2015)
(Bichou & Gray, 2004)
(Giuliano & O’Brien, 2007)
(Liang, Zhao, Shetty, & Li,
2017)
(El Hassan, 2016)

The clusters 1 and 6 have maximum number of articles because of broader area of focus that is
Intermodal Transportation and Maritime Transportation respectively. The smaller clusters are more
specific like bunkering/ bunker management; data-driven models; sustainability etc. The growth of
each cluster with time is analysed by means of dynamic co-citation analysis. It assists the better
understanding of the evolution of the different research themes in the area of naval logistics and supply
chain. The content analysis of obtained eight clusters is carried out to determine the focus area of each
cluster. The result of the content analysis is represented in Table 12 along with the total number of
articles present in the corresponding cluster.
Table 12. Focus area of each cluster (from year 2006 onwards)
Cluster No.
1

No. of Articles
65

6

64

Focus Area
Intermodal Transporatation
− Decision support system
− Freight distribution
Optimizing Container supply chain
− Multicommodity flow game
− Speed optimization
− Energy efficient models

2

58

5

37

8

28

7

19

3

16

4

14

Shipping Network Design
− Maritime constellation design
− Evolution in global market
Ship Routing & Scheduling
− Inventory constrained routing
− Discrete-time formulation
Sustainable Container supply chain
− Slow streaming
− Truck emmision management
Bunkering & Tank Allocation
− Tank allocation
− Ship refuelling decision
Data Analytics in Ocean Logistics and Supply chain
− Port selection
− Alliances and competitions
Operational Planning & Management
− Fleet management
− Yard template planning
− Cruise service/ vessel planning

The dynamic co-citation analysis is conducted on the obtained eight clusters. There has been good
increase in research publications on CSC with time. It is found that the research in the area of CSC has
shaped in recent years with more than 50 percent of research articles published in last three years (20162018) as depicted by Table 13. After analysing the eight clusters it is found that the cluster 3 and cluster
8 shows the use of industry 4.0 and circular economy concepts. Where, cluster 3 talks about increasing
the operational efficiency of CSC using data obtained from IoT devices and cluster 8 highlights the
sustainability through waste reduction and recycling aspect of CSC.
Table 13: Number of papers published in each cluster (2006-2018)
Year

Cluster 1

Cluster 2

Cluster 3

2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018

1
1
1
1
2
5
3
5
4
7
8
10
17

1
1
1

1
1

2
5
2
4
2
7
8
10
15

1
2
1
1
2
2
1
1
3

Cluster 4

Cluster 5

1
1

1
1

2
1
1
2
1
1
1
3

2
2
2
4
2
3
4
7
9

Cluster 6
1
1
1
1
2
5
3
5
3
7
8
10
17

Cluster 7

Cluster 8

1
1

1
1

2
2
2
2
2
2
1
1
3

2
2
2
2
2
3
3
4
6

Total

65

58

16

14

37

64

19

28

4.3 Country collaboration
The statistical contribution of the top countries is discussed earlier (refer section 3.2). This section aims
to represent the collaboration among them. Using data mining processes of data extraction and
transformation, the relevant data for countries is retrieved in R which is exported in Gephi to plot
network graphs. The 741 articles in a database are from 59 countries. There are total number of 98 edges
(connections) in the network among 59 number of nodes (countries) with 3.26 average degree of
connections per node. The layout of the network graph can be changed using options in Gephi like
repulsion strength, dragging action, along with different layout algorithms such as, Openord, Force
Atlas, Radial Axis, Geolayout etc.
The pictorial representation of collaboration among different countries for publishing a research article
in the area of CSC is shown in Figure 7. The nodes in the graph represents a country whereas links
provide their collaborative information. The size of the node is directly proportional to the number of
edges (collaborations). More the number of connections, bigger is the size of the bubble. There also
exist articles whose authors belong to a single country and hence they stand alone in a network map,
for example, Iraq, Saudi Arabia, Israel, Belgium, Mexico etc. However, it is worth noting that the
countries with maximum number of connections like United States, Norway, United Kingdom and
China also occupies the top four ranks as the most influential countries with maximum number of
published articles (refer Table 8). This justifies that the collaboration in academia and research is
productive and improves the problem solving capability to many folds (He, Geng, & Campbell-Hunt,
2009; Subramanyam, 1983)

Figure 7: Collaborative network of countries working on Container supply chain
4.4 Author’s coupling
The database has total number of 952 authors from 741 articles. In the author’s collaboration, the nodes
represents authors and the link represents their collaboration (with whom they have authored a research
publication). There exist 1384 edges (links) between 952 nodes. For the author’s coupling, these single
authored articles are omitted from the database and further analysis is carried out. The 327 clusters are
formed, provided at least two authors are coupled together as shown in Figure 8. The largest group in
the network is for the article, “Commercial Arctic shipping through the Northeast Passage: routes,
resources, governance, technology, and infrastructure” constituting 26 co-authors (Buixadé Farré et
al., 2014). The authors with average degree of connection four or more, have their names visible on the
network map. The nodes in the middle of the bigger circle have two or three connections among them.
As the number of authors in an article increases, the group of authors move outwards.

Figure 8: Network graph of collaboration among authors
5. Text mining and trend analysis
The research on CSC is as old as the shipping industry itself. In order to understand the evolution of
different concepts in this area, the trend analysis and mining is conducted on the obtained database. The
purpose of mining tools and techniques is to transform the piece of data into the information. These
data are mostly unstructured or semi-structured. The extraction of information from the data is often
known as Information Retrieval (IR) or Information Extraction (IE). The some of the data mining tools
are Rapid Miner, Orange, Sisense, Weka etc. these are open source softwares. In this paper, the trend
analysis and text mining is conducted with the help of R-language (‘tm’ package).
The processes involved in the text mining are represented in the Figure 9. In the first step, the text data
file in the .csv format is exported from the source (Scopus database in this case). The second step is the
selection of data mining tool. There exist number of open source data mining tools as named earlier. In
this research, the ‘tm’ package in the R-language is used to carry out the analysis. With the help of the
tool, the plain text is transformed into the corpus of the document, also known as ‘Tokenization’. The
various data cleaning and data transformation processes are carried out on the corpus of the document
to yield ‘ngram’. The ‘ngram’ are sequence of ‘n’ number of words. For example, “bunker
management” is a two-gram item whereas “berth allocation problem” is a three-gram item. The ngram
items are more likely to provide complete information rather than single word (for example, “berth
allocation problem” is more informative than “Berth”, “Allocation” and “Problem”).

Figure 9: Text mining processes
The text mining is used to determine the themes evolved in the area of CSC. The keywords are obtained
using ‘tm’ package from R-language which are then mapped over their corresponding years. The
obtained keywords and years are divided into four columns, with first three separated by the span of
five years. As mentioned in the section 2.3 ‘Data visualization and analysis’, there are not much
publications in the concerned field therefore the first segment of thematic map contains the important
themes published till year 2003. Secondly, the year 2008 was the year of global crisis which adversely
effected the global EXIM, keeping this in mind the second division is till year 2008. There was increased
number of research publication from year 2008 onwards (as depicted in Figure 1). With the period gap
of five years, the next segment is considered till 2013, followed by last segment till year 2019.
The important themes evolved till year 2003 were very basic in nature and dealt with the area holistically
such as ‘Cargo flow’, ‘Intermodal’, ‘Maritime transportation’ etc. as shown in Figure 10. Moreover, the
optimization of the processes were also the crucial part of research. However, the focus of the research
became rules and regulations centric as we advent to the year 2008 along with the computational and
technological advancement in the area. The increased publication trend of post 2008 denotes enlarged
boundaries with more emphasis on shipping operations. These are fleet operations, port operations,
routing, and cargo handling etc., at the same time keeping the significance of ‘Optimization’ intact.
Lastly, the most recent trend in the area of container supply chain is ‘Sustainability’ and ‘Management’
of the processes. The sustainability and management are complimentary to each other. The better
management of resources will lead to more sustainable ecosystem and operations. In Figure 10, the
highlighted themes are present across all periodic divisions. The terminology might have changed from
one division to other but, the core crux remained same. For example, ‘optimization’ become
‘computational method’ or ‘algorithm’ in second division, which in turn again called ‘optimization’ in
third division followed by ‘multi-objective optimization’ in last division. The narrative here is that all
these highlighted themes are implicit to research publishing in the area of CSC. Whereas, industry
policy, regulations, national security, accident prevention, digitization etc. have evolved during each
era.

Figure 10: Thematic evolution of different areas in Container supply chain
The trajectory of research under CSC paradigm has changed its course from traditional operations to
circular or sustainable as represented by the evolved themes in Figure 10. In the themes evolved till
year 2019, many of the evolved factors are different from conventional CSC and can be summarized
under data analytics and sustainability dimensions of CSC. The factors such as artificial intelligence,
traffic management, digital storage, waste management and risk management fall under data analytics.
Whereas, factors like liquefied natural gas, energy optimization and biofuels represents sustainability.
6. Contribution and Key Insights
The CSC is the backbone of the global trade and economy and thus making it an evergreen area of
research. The use of mathematical modeling and optimization techniques is distinctly observed from
the very beginning. The increasing number of published articles every year substantiates its importance
at the global platform (refer Figure 1). One of the methodological side motive of the proposed literature
review is to add-on to the conventional methods of conducting literature review and make it more datadriven. At the same time, quantify the bibliometric performance indicators of the area. There is large
number of literature available on bibliometric analysis but very few take network analysis into account.

Mostly, the articles either focus on bibliometric analysis or domain analysis, but very few have
addressed both. In recent studies, the bibliometric analysis is used to establish intellectual foundation
of new areas like omni-channel retailing (Galipoglu, Kotzab, Teller, Yumurtaci Hüseyinoglu, &
Pöppelbu\s s, 2018) or to quantify the performance of green supply chain (Tuni, Rentizelas, & Duffy,
2018).
Moreover, the theme analysis has started gaining momentum and is conducted in two manner. Firstly,
by thoroughly analysing the available literature content (Ismagilova, Hughes, Dwivedi, & Raman,
2019) or using some open source softwares and tool like SciMAT (López-Robles, Otegi-Olaso, Gómez,
& Cobo, 2019). But, the novelty of this research is the thematic evolution of an area over time using
information management method like text mining. Moreover, the network analysis (of authors,
affiliations etc.) is often underexplored when it comes to state-of-the-art articles therefore, the proposed
study has aimed to bridge this gap. The summary of the similar work is shown in Table 14. Although,
the authors coupling is present in (Liao, Tang, Li, & Lev, 2018) for “Management Science” and
“Operations Research” literature, but it is neither in the area of CSC nor considering the other eminent
source journals which are registered in database like Scopus and Web-of-science. This in turn accounts
for another major contribution of the proposed research work where, the paradigm of the target literature
has broadened, to thoroughly articulate the inter-domain collaborative potential in the area of OT.
Table 14: Summary of the similar past work
Reference
(De Almeida & Borsato,
2019)
(Tseng, Islam, Karia, Fauzi,
& Afrin, 2019)
(Ferrer,
Thomé,
&
Scavarda, 2018)
(Björklund & Johansson,
2018)
(Shiau, Dwivedi, & Yang,
2017)
(Fahimnia,
Tang,
Davarzani, & Sarkis, 2015)
(Liu, Lu, Lu, & Lin, 2013)
(Lau, Ng, Fu, & Li, 2013)

Area
OTC

Journal
RCR*

DB
SCWoS
SCWoS

Bib
√

OTC

RCR

OTC

RCR

OTC

IJPDLM

SC

√

OTC

IJIM

√

OTC

EJOR

SCWoS
SC

OTC
CSC

Omega
WoS √
Maritime
√
Pol.
&
Mgmt.
IJLM
IJLM √

√

√

√

(Liao-Troth, Thomas, & OTC
Fawcett, 2012)
Proposed Work
CSC
SC
*RCR- Resources, Conservation and Recycling

OTC: Other than CSC
DB: database (SC- Scopus; WoS- Web of Science)
Bib: Bibliometric analysis

AA

KA

√

CC

AC

√

√

√

CT

√

√

DT
√

TET

√
√

√
√

√

√

√

√

√

√

√

√

√
√
√

√

√

√

√

√

√

AA: Affiliation’s Analysis
KA: Keywords Analysis
CT: Citation Analysis
CC: Co-Citation Analysis
AC: Authors Coupling
DT: Domain Analysis/Trend Analysis
TET: Thematic Evolution using Text Mining
6.1 Highlights of the paper
The proposed methodology aimed at enhancing the self-understanding of the CSC research community,
and pointed out if the research is inclined to a particular theme, methodology or area. The aim of the
study is to understand the past and the current state of the CSC while providing the useful insights to
infer about possible future of this field. Moreover, this research facilitates the nascent researcher to
develop a understanding of this area with the knowledge of eminent academicians, articles and
affiliations working in same paradigm. Once the practitioner identifies which dimension of CSC to
focus on, this review assist them with the top research articles of that dimension and also assist in
identifying the other researchers onboard to serve the same domain and facilitate collaborative work.
The contribution of this paper to the literature of CSC is as follows:
•

Provided thematic evolution of various domains of CSC over time.

•

Highlighted recent developments and identified ongoing research trends for the improvisation
of operational efficiencies in maritime logistics.

•

Conducted comprehensive review of not only literature but, its network of authors and
affiliations as well.

•

Investigated the collaborated network of worldwide researcher and highlighted the common
grounds of collaboration for future research endeavors.

•

Categorized literature into eight different parts and identified the dimensions of CSC.

•

Implemented text mining to obtain the important factors of CSC.

•

Provide link between traditional CSC and circular CSC 4.0.

•

At the end, identified research gaps and proposes research questions for future exploration.

6.2 Discussion and key insights
As per the database, more than 50 percent of the work is published in last three years. The Fagerholt,
Christiansen and Wang are the most influential authors with highest h-index, g-index, total citations
and total number of published articles. Furthermore, the most influential countries are USA, Norway
and United Kingdom with respect to highest number of publications. However, the influential
affiliations are from Norway, Hong Kong and Singapore with NTNU, Norway as ranked one. It is worth
to note that Hong Kong and Singapore are rich in shipping industries with Singapore port as a

benchmark for port logistics but still USA emerged with maximum number of published articles (refer
Section 3.2).
The eight clusters of research articles are identified using network map and the themes of these clusters
are also determined. These eight clusters correspond to the eight dimensions of CSC, outlined in Table
13. It is found that the top authors have restricted themselves to a particular dimension of CSC which
could be considered as an unexplored opportunity for collaboration among authors of other dimensions.
As per the analysis, the cluster 3 and cluster 8 connects the industry 4.0 and circular economy in CSC
with important factors such as artificial intelligence, digital storage, waste management etc. as discussed
in section 5. After meticulously analyzing the articles from cluster 3 and cluster 8 along with the
important factors associated with CSC, the experts devised following research questions for future
research avenues to link CSC with industry 4.0 and circular economy:
#RQ1: How to digitize CSC to align it with the concept of circular economy?
#RQ2: How to integrate the industry 4.0 technologies in CSC to make it Container 4.0?
#RQ3: How to incorporate economic sustainability along with environmental and social sustainability
to move towards circular supply chain?
7. Conclusion and Future Research
The performed literature review analytics is replicable and employ data analytics to understand the
research area holistically. The bibliometric analysis is carried out on the obtained database of 741
research articles. The most influential authors, countries and affiliations are discovered along with
important keywords in the area of CSC. Likewise, the network map for the country’s collaboration is
also portrayed followed by authors’ coupling. With the help of network analysis the network of the top
researchers and their research articles are identified and listed. The study showcase the recent
developments and evolution of different research domains of the CSC and identified the dimensions of
CSC. The proposed method does not only provide the trend and evolution of important themes in the
area of interest but also put limelight on the collaborative nature of the area experts, affiliations and
countries.
The analysis showed that the optimization in the field of CSC is ubiquitous whereas, the recent trend
has a pinch of sustainability component on the top of its conventional operations and processes. The
text mining is performed on the keywords, abstracts and title to elucidate the evolution of different
research themes for CSC. The factors such as artificial intelligence, digital storage and waste
management are devised to be a link between traditional CSC and circular CSC 4.0. The proposed
methodology for literature review analytics is systematic since, it answers the questions listed in Section
2. The limitation of the research is its limited keywords and sources. The extension of this research may

have increased search keywords and can broaden their database to conference proceedings and project
reports as well. Furthermore, the statistical tools can also be employed to test the scientific productivity
and study the collaborative networks.
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