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A Study of Themes and Trends in Research of Global

Maritime Economics through Keyword Network Analysis
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Abstract

This study identifies themes and trends in maritime economics and logistics by examining 303
papers published in international journals from 2000 to 2014 using keyword network analysis.
Network analysis can be used because the collected data follow Zipf's law and the power law,
Utilizing the degree centrality and betweenness centrality, we find the important keywords in each
five year period and determine the importance of shared keywords. To further explain keyword
centralities, we invented a Delta-C algorithm to show the trends of keywords over time. We found
that degree centrality is useful for identifying important research themes in each period because it
is mainly concerned with the number of connections, On the other hands, betweenness centrality is
useful to determine the unique themes that emerge in each of the specific periods.

Key words: Maritime Economics, Keyword Network Analysis, Degree Centrality,
Betweenness Centrality, Research Themes And Trends
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Table 1, Basic statistics

2000~ | 2005~ | 2010~
2004 2009 2014

Number of articles 92 104 107 303

Total

T ber of au-
ype number of au 26 451 iss | 1365
thor keywords?)

Token number of au-
822 | 1,006 | 1,133 | 2,961
thor keywords3)
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Figure 1. Frequency distribution of maritime
economics showing Zif's law
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A(Link), ¥X(Density), HiAZA%E(Average de-
gree), A3 (Sting), I} (Clique), ZH=Z(Clumps)
of &gt 71¥= vES A dul 548 AnEAL

Table 2, General characteristics of keyword networks

(2000A4~20044)

2000~ | 2005~ | 2010~
2004 2009 2014

Link 863 | 1,041 | 1,038
Density 0.014 0.013 0.011
Average degree 2.45 2,59 2.37
Sting 1 1 0
Clique 28 20 38
Giant
clumps/Small 1/3 1/2 1/4
clumps

Clumps
Node no, of

giant /Node no, | 188/352 | 291/402 | 218/438
of small

$1e] (Table 2)& HH
=g Jddzks J39 £ gtk shito
P37t gBrke AL 1 R oy
AR ETE A ofrlgith A A
727l AolA] s637le) B2 A,
Aw|Zbell= A fARgE HaFE HoFTh

A WEE wE

o
b

A=)

\l

]_

PF

-

M1 M
2,

Y

yul

o

~

7]

4 o 5

Hu
o g oE 20

N

E(Density)x= AA| oA AA 7sd ¥
o} divlate] A P32 FE SAHgE A Ao

AL A R olF A% dastm v Bt
M

AvE 93542 == $2 Ui geld A 7

Figure 3, One-mode network in each period
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Table 3, Shared keywords and nonshared keywords
in each period

2000~2004 | 2005~2009 | 2010~2014
hared
share 42| 2% | 69 | 23% | 56 | 25%
keywords
nonshared
146 | 78% | 222 | 77% | 162 | 75%
keywords
keywords in
) 188 | 100% | 291 | 100% | 218 | 100%
giant clumps
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Table 4, Top 20 keywords extracted by degree

centrality
No 2000~2004 2005~2009 2010~2014
1 | liner shipping port liner shipping
. container
2 seaport efticiency .
terminals
3 egulation liner shippin data envelop-
regulati liner shippi .
& PPIS | tent analysis
4 port container container
competition terminal shipping
ort . .
5 . p' . logistics simulation
privatization
6 privatization simulation container port
7 competition regulation optimization
8 efticiency competition dry port
9 alliances optimization shipping
10 ort polic container ter- efficien
c
port policy minals Y
1 hivpi I chai maritime
shippin sy chain
pping ‘pply transport
12| globalization container port
third pa mixed integer
13|  productivity ) p y b
logistics programming
competitive- mathematical
14 P productivity )
ness programming
. short sea
15 networks port security .
shipping
data envelop- .
16 port . | transportation
ment analysis
. . performance
17| liner service seaport
measurement
. fleet
18| container port case study
management
19| integration port location supply chain
20 | maritime policy | port selection customs

2]e] (Table 4)°lA]
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ranked keywords in each period
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Table 5, Degree centrality of keywords shared in all
three periods

- Keywords 2000~ | 2005~ | 2010~
2004 2009 2014

1 competition 0.0802 0.0621 0.0184

2 container port 0.0481 0.0276 | 0.0783

3| container terminals | 0.0428 | 0.0586 | 0.1244

data envelopment

4 oyt 0.0053 | 0.0345 | 0.1152
5 DEA 0.0267 | 0.0276 | 0.0138
6 efficiency 0.0749 | 0.1172 | 0.0599
7 liner shipping 0.1765 | 0.1069 | 0.1475
8 networks 0.0588 | 0.0172 | 0.0230
9 port 0.0535 | 0.1448 | 0.0553
10 port choice 0.0214 | 0.0310 | 0.0184
11 port efficiency 0.0160 | 0.0172 | 0.0277
12 regulation 0.1283 | 0.0690 | 0.0230
13 shipping 0.0695 | 0.0276 | 0.0691
14 simulation 0.0321 | 0.0759 | 0.0968
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Figure 5, Degree centrality differences of shared
keywords in each period
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Table 6, Occurrence frequency of shared keywords in

each period
kepwords | s | a0p | ana | T
competition 3 4 1 8
container port 2 4 4 10
container terminals 2 4 7 13
data envelopment
analysis ! 3 / 1
DEA 2 2 1 5
efficiency 5 9 3 17
liner shipping 10 10 8 28
networks 2 1 1 4
port 4 10 3 17
port choice 1 2 1 4
port efficiency 1 1 2 4
Regulation 5 4 1 10
shipping 3 2 4 9
simulation 1 5 5 11

9ol (Table 6)& HW RI=7} 104 28744
e WAslel At web West Faw 7]
A= dAdste ZIEolEtd e F Ul 7IRbe
98 1088 =33 liner shippingoltt F ol
F 0 71z FLEAl 43818 E¥8E container
portd 73§ 1 Fx] Aol7} glojzitt. a7z
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FU8 AN B dgel uo JUE Eas
A dll= g AT Sl

olg] (Figure 6)2 $2] (Table 6) ¢l
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olgfle] (Figure 6)°lA] liner shipping® 73-%
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Figure 6. Frequency differences of shared keywords in
each period

T MY =7t d&e= EES JHE=E
dolr 7] 9Jsle] ol (Table 7)olA+E= 20004 ~
200433 20050 ~2009d Atolo] A& o= e}
e 207 719Ee] AdFAARY I Aole

Delta-C &18]Z&S A}-83le] AR A},

Table 7. Degree centrality of shared keywords
between 2000~2004 and 2005~2009 and Delta-C

No Shared keywords 2(2)83; 22(1(1)2 Declta—
1 container shipping 0.021 | 0.097 | 0.644
2 maritime transport 0.007 | 0.060 | 0.791
3 rgzzfdﬁfi 0.014 | 0.055 | 0,504
4 slot allocation 0.007 | 0.032 | 0.641

container 0.041 | 0.018 | -0.390
6 logit model 0.010 | 0.032 | 0.524
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short sea shipping 0.031 | 0.051 | 0.244 71915+ £ Delta-C & 7Hxich
fleet deployment 0.007 | 0.023 | 0.533 agthd 5 HA S A HA A]7]o] d&Fo =z
combinatorial optimization | 0.031 | 0.018 | -0.265 Ueld 7]¥=9 dAZFAAdl= ojw xzjo]H o]
10 optimization 0.062 | 0.074 | 0.088 o7ty WAe] XAzl A sfElAdz}? o}
11 intermodal transport 0.021 | 0.032 | 0.208 U w2 Uehdrsly o2 w@aby] 2ty ol
R . =
12 port security 0.034 | 0.023 | -0.193 (Table 8) 941 20054 ~2009E 3 2010 ~2014
13 | discrete event simulation | 0.024 | 0.014 | -0.263 3 Apolo] G&E oz LR A9 357 F]9e
L o =l o W 71HE
14 | global supply chains 0.024 | 0.014 | -0.263 - = 3 N
AAZA AT
15 rotterdam 0.014 | 0.023 | 0.243 ARSI 2 ApelE HelEt
16 risk management 0.010 | 0.018 | 0.286
17 trade facilitation 0.010 | 0.018 | 0.286 Table 8, Degree centrality of shared keywords
18 supply chain 0.048 | 0.041 | -0.079 between 2005~2009 and 2010~2014 and Delta-C
19 | decision support systems | 0,017 | 0.023 | 0.150 o SR E— 2000~ | 2005~ | Delta-
20 modelling 0.017 | 0.023 | 0.150 2004 | 2009 | €
21| motorways of the sea | 0.017 | 0.023 | 0.150 1 seaport 0.144 | 0.034 | -0.618
22 transhipment 0.017 | 0.023 | 0.150 2 globalization 0.070 | 0.031 | -0.386
container fleet 3 competitiveness 0.064 | 0,028 |-0.391
23 0.014 | 0.018 | 0.125
management 4 integration 0.048 | 0.014 | -0.548
24 foldable container 0.014 | 0.018 | 0.125 5 shipping policy 0.043 | 0.010 | -0.623
25 scale efficiency 0.014 | 0.018 | 0.125 6 productivity 0.070 | 0.038 | -0.296
26 berth scheduling 0.017 | 0.014 | -0.097 5 port pricing 0043 | 0.014 | -0.509
27| performance evaluation | 0.017 | 0.014 | -0.097 3 ferrics 0.032 | 0.010 | 0.524
i security 0.021 | 0.023 | 0.045 9 infrastructure 0.037 | 0,021 |-0.276
29 containers 0.021 | 0.018 | 0.077 10|  costbenefit analysis | 0.027 | 0.014 |-0.317
30 technical efficiency 0.021 | 0.018 | -0.077 ;
11 dynamic model 0.027 | 0.014 |-0.317
31 case study 0,034 | 0.032 | -0,030
12 design 0.021 | 0.010 |-0.355
32 environment 0.017 | 0.018 | 0.029
- 13 port cost 0.021 | 0.010 | -0.355
33 port infrastructure 0.014 | 0.014 | 0.000
- - - 14 governance 0,021 | 0,014 | -0.200
34 | public—private partnership | 0.014 | 0.014 | 0.000
35|  willingness to pay | 0.014 | 0.014 | 0.000 15| P “mpjjmf;g;p Onent 19,021 | 0,014 | -0.200
I b ook Lo 71 2.0 42 o 16 partnership 0.011 | 0.017 | 0.214
Delta-C7 o] IS JHAE = HZ A=
< o - 17 fransport costs 0.021 | 0,028 | 0.143
73bel BTl T Aol o #HE Tt federal maritime
A Ate A durRbel dAFAAEC] w2 18 commission 0.016 | 0.021 | 0.135
A= Yehdy, =, 5 HA 7172 2005d-2009 19 consolidation 0.016 | 0.017 | 0.030
ol 75%9 @ 157 7I9=0F ve dd= 20 portugal 0.016 | 0.017 | 0.030
Ade B, 2suel AFeE slel Adsn
w2 JAFAEE HATh on SAWED AT 2] (Table 8)-& 2005d~2009d7} 20101~
FAE Al 4 o g2 Delta-C7b Yot 2014 Am 7|ZHe)] EFHg FE 7I9=e] A4

Ae BEFE 7He 719=7) e v 3 TR 3570 7192 Zhed 20R7F = oA Al7]el 4



90  s=sorimsEIx, Mo2E HiS

Z2AA gho] =3 117l A WAl Al7)d] = gk
& 7HAR el ks Aot gisiet ol Azt
L okd T I A7) Z2ERHOoZ JEh 7|9=
o] AAZAA Adels uhEE A3e HolE
t}. thA] W3 Delta-C #o] =L 7|9=7) 212
60% AAISFAL e e 17HE 31.43%= HA
A5Gt oA 20059 ~20099F 20109 ~
20143 717¢e] JUERd Tt 7)19EELS A7k
ABESEE ¢ 2357 R Ao| @ uk

o}

&l
=t]

g0t} u}]7ﬂz/xl/\é =
e a9 2099 719EE w2 AR ol
(Table 10)3} 2t}

Table 10, Top 20 keywords extracted by
betweenness centrality in each period

el 20004 ~200497F 20054 ~20009 7|7kl No| 2000~2004 2005~2009 2010~2014
1 seaport port liner shipping
e Fol 719ERte] ¥ Fas AREAYE
2 | liner shipping logistics container port
Aol k4l A 10l ATl 106 Hmste] 1} e~
Ehd == zho]dolt) 3 regulation efficiency shipping
Ao 2 BA&HQl 7 ) AxT|Zhe] e 4 | competition | liner shipping ;’;Zj} f:gj{;fs_
ARz ] zpolel 1.CE AME :
& 7IHEe] AdFdel Zeldl Dela-Ce s | competitive- container simulation
Bz} olgl (Table 9)dlX& 20001 d~2004d 3} ) ness terminal °
201048 ~20149 5 7]7bo] 33 7|9 =9 44 6 | port policy competition dry port
= A9 7 zlolol a-C 7Fe = . e S container
443 Fol?l Delta-C #h-& HoJFErt, 7 Integration simulation erminals
o . formance
. 8 | globalizat lat bet
Table 9. Degree centrality of shared keywords giovatizaton feguiation measurement
between 2000~2004 and 2010~2014 and Delta-C 9 C:;\Eﬁgig\f supply chain efficiency
No Shared keywords 2000~12010~ | Dela- container
YW 2004 2014 C 10 privatization [erm(ma s shipping
1 port_competition 0.091 | 0.032 | -0.480 11 shipping performance optimization
2 port policy 0.070 | 0.018 | -0.591 1 port short sea maritime
3 china 0.037 | 0.018 | -0.345 competition shipping transport
4 strategic alliances 0.027 | 0.014 | -0.317 13| productivity container mathemati]cal
programming
5 transportation 0.046 | 0.043 | -0.034 -
14 container optimization transport
6 port management 0.021 | 0.018 | -0.077 terminals P “ externalities
7 investments 0.018 | 0.016 | -0.059 15 - third party mixed integer
° P logistics programming
16 port contestabili short sea
2]¢] (Table 10)0lA A WHA Al7]o] ZQ3H) ’ | privatization : ty shipping
2 A= A7 =Jo Il A 17 etticiency globalization | ship emissions
2ojxl sde] Azt Afolg T tici fobalization | s!
=238 e Delta-C Fro] %o e 7IXE= 7)9) 18 networks case study port
foR I = c n= o e analytic hier- inter port .
e WAd 5, 7Ael A= 2 el 19 archy process competition fransportation
e AE F 5 91 F A b 2 p——
_ _ - 20 | container port | service quality o o
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