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Abstract

This study analyzes how the port connectivity network has changed with the restructuring of the liner
shipping alliance and explores the impact of these changes on network characteristics using social
network analysis (SNA). While due to economies of scale, the scale of ports and liner shipping has
expanded, the goal of shipping companies has changed to achieve cost-effectiveness due to the
diseconomies of scale. Such changes in the environment have greatly affected ports according to the
strategies of major liner alliances, and port centrality has shifted in response to restructuring in
strategic alliances. This research confirmed that port centrality has continuously changed, and the
reason for this phenomenon was analyzed through the derived main network centrality indices. This
finding provides significant implications for port authorities and terminal operators to consider
different perspectives when planning for sustainable growth and management.
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Table 1. Table of Analysis Target

Year 2003 2008 2015 2017
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CMA-CGM, UASC, UASC, CSCL, CSCL K—Liﬁe Yan, CMA-CGM, K-Line,
CSCL, K-Line, Yang K-Line, Yang Ming, Min ,COSCO’ Han'ign Yang Ming, COSCO,
Ming, COSCO, Hanjin  COSCO, Hanjin Shig’ in Evér ree]n Evergreen
Shipping, Evergreen Shipping, Evergreen PPINg, 9
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Table 2. Comparison between Periods

Years Nodes Links Density Average Distance
2003 446 2,077 42.95 5.758
2008 410 2,050 85.31 6.525
2015 260 1,428 299.30 5.492
2017 276 1,478 278.88 5.035
Average 348 1,758 156.93 5.702
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Table 3. Degree Centrality Analysis Result

Years Rank Ports In Out Average
1 Hongkong 960.6 961.8 961.2
2 Singapore 736.9 738.4 731.7
3 Busan 435.7 443.0 439.4
4 Kaohsuing 391.8 397.0 394.4
5 Shanghai 349.7 356.0 352.9
6 Rotterdam 344.6 344.6 344.6
7 Port Klang 344.0 344.0 344.0

2003 8 Yokohana 343.0 341.2 3421
9 Kobe 311.2 311.2 311.2
10 Tokyo 285.3 283.7 284.5
" Osaka 277.4 2701 273.8
12 Le Harve 267.4 270.4 268.9
13 Keelung 258.4 253.3 255.9
14 Hamburg 234.2 234.2 234.2
15 Yantian 233.0 231.0 232.0
1 Hongkong 2,244.7 2,246.6 2,245.7
2 Singapore 1,968.8 1,962.3 1,965.6
3 Shanghai 1,594.5 1,619.9 1,607.2
4 Ningbo 1,234.5 1,234.5 1,234.5
5 Yantian 1,011.8 1,025.5 1,018.7
6 Kaohsuing 988.0 988.0 988.0
7 Busan 912.2 912.2 912.2

2008 8 Rotterdam 629.0 629.0 629.0
9 Port Klang 582.4 582.4 582.4
10 Qingdao 578.7 578.7 578.7
11 Tanjung Pelepas 516.5 516.5 516.5
12 Hamburg 515.0 515.0 515.0
13 Xiamen 505.9 505.9 505.9
14 Antwerp 495.3 487.2 491.2
15 Yokohama 471.3 471.3 471.3
1 Shanghai 4,140.7 4,140.7 4,140.7
2 Singapore 4,061.6 4,028.1 4,044.9
3 Ningbo 3,196.0 3,196.0 3,196.0
4 Yantian 2,701.0 2,701.0 2,701.0
5 Busan 2,384.3 2,384.3 2,384.3
6 Hongkong 2,174.3 2,174.3 2,174.3
7 Rotterdam 2,133.7 2,133.7 2,133.7

2015 8 Port Kang 1,817.3 1,766.9 1,792.1
9 Tanjung Pelepas 1,534.7 1,518.3 1,526.5
10 Qingdao 1,490.8 1,512.1 1,501.5
" Antwerp 1,427.2 1,427.2 1,427.2
12 Algeciras 1,278.5 1,278.5 1,278.5
13 Xiamen 1,124.9 1,124.9 1,124.9
14 Kaohsuing 1,121.9 1,121.9 1,121.9
15 Colombo 1,065.9 1,065.9 1,065.9
1 Singapore 4,274 4 4,274.4 4,274.4
2 Shanghai 3,707.2 3,738.1 3,722.7
3 Ningbo 3,524.6 3,524.6 3,524.6
4 Busan 2,490.1 2,508.1 2,499.1
5 Yantian 2,439.1 2,439.1 2,439.1
6 Hongkong 2,330.6 2,312.7 2,321.7
7 Qingdao 1,733.2 1,702.0 1,717.6

2017 8 Rotterdam 1,600.0 1,600.0 1,600.0
9 Port Klang 1,456.1 1,456.1 1,456.1
10 Shekou 1,402.5 1,402.5 1,402.5
" Kaohsuing 13114 1,342.7 1,327.1
12 Antwerp 1,234.1 1,234.1 1,234.1
13 Xiamen 1,143.8 1,143.8 1,143.8
14 Tanjung Pelepas 1,108.0 1,108.0 1,108.0
15 Colombo 1,056.4 1,056.4 1,056.4
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Fig. 1. Degree Centrality Spring Map
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Table 4. Closeness Centrality Analysis Result

Years Rank Ports In Out Average
1 Singapore 0.3614 0.3488 0.3551
2 Rotterdam 0.3376 0.3068 0.3222
3 Hongkong 0.3326 0.3408 0.3367
4 New York 0.3326 0.2935 0.3131
5 Busan 0.3248 0.2906 0.3077
6 Valencia 0.3218 0.2994 0.3106
7 Port Klang 0.3172 0.3447 0.3310

2003 8 Jeddah 0.3172 0.2992 0.3082
9 Kaohsuing 0.3161 0.3133 0.3147
10 Southampton 0.3152 0.3049 0.3101
" Tanjung Pelepas 0.3141 0.3294 0.3218
12 Los Angeles 0.3128 0.2689 0.2909
13 Gioia Tauro 0.3099 0.3098 0.3099
14 Le Harve 0.3095 0.3366 0.3231
15 Shanghai 0.3089 0.2968 0.3029
1 Singapore 0.4018 0.3906 0.3962
2 Busan 0.3602 0.3205 0.3404
3 New York 0.3564 0.3110 0.3337
4 Shanghai 0.3536 0.3417 0.3477
5 Hongkong 0.3512 0.3610 0.3561
6 Port Klang 0.3506 0.3499 0.3503
7 Rotterdam 0.3485 0.3298 0.3392

2008 8 Kaohsuing 0.3479 0.3508 0.3494
9 Port Said 0.3479 0.3236 0.3358
10 Qingdao 0.3467 0.3223 0.3345
" Felixstowe 0.3438 0.3127 0.3283
12 Gioia Tauro 0.3406 0.3098 0.3252
13 Valencia 0.3400 0.3139 0.3270
14 Yantian 0.3386 0.3428 0.3407
15 Tanjung Pelepas 0.3369 0.3600 0.3485
1 Singapore 0.4298 0.4225 0.4262
2 Algeciras 0.4092 0.3765 0.3929
3 Port Klang 0.3757 0.4092 0.3925
4 Shanghai 0.3757 0.3563 0.3660
5 Rotterdam 0.3741 0.3472 0.3607
6 Busan 0.3719 0.3372 0.3546
7 Qingdao 0.3682 0.3287 0.3485

2015 8 New York 0.3682 0.3408 0.3545
9 Tanjung Pelepas 0.3666 0.3563 0.3615
10 Felixstowe 0.3630 0.3005 0.3318
" Kaohsuing 0.3599 0.3372 0.3486
12 Colombo 0.3565 0.3643 0.3604
13 Marsaxlokk 0.3560 0.3043 0.3302
14 Le Harve 0.3545 0.3727 0.3636
15 Cartagena 0.3540 0.3359 0.3450
1 Singapore 0.4261 0.4270 0.4266
2 Algeciras 0.3922 0.3767 0.3845
3 Tangers 0.3812 0.3686 0.3749
4 Rotterdam 0.3775 0.3442 0.3609
5 New York 0.3733 0.3258 0.3496
6 Shanghai 0.3657 0.3609 0.3633
7 Tanjung Pelepas 0.3557 0.3618 0.3588

2017 8 Busan 0.3552 0.3187 0.3370
9 Shekou 0.3529 0.3317 0.3423
10 Hongkong 0.3520 0.3463 0.3492
" Colombo 0.3520 0.3490 0.3505
12 Port Klang 0.3511 0.3609 0.3560
13 Kaohsuing 0.3501 0.3383 0.3442
14 Ningbo 0.3483 0.3481 0.3482
15 Southampton 0.3475 0.3362 0.3419




278 Fo3t3|A) A44d A6Z (20199 124)

Fig. 2. Closeness Centrality Spring Map

o2 A FHYUER Qe T2 1A

FAENA Fa dEue FFS 2
S
SHTAEZ VEN A W 945480 =
Autat 7k Aol YXEFL 9o 8
HAEE w=2A SR A o|dg /AL
om, olo w2 FHLX| | EA)eH= nt
E2 AE, 91y, 9%, A9, E5F o Ul
sk o] A o]F|A 7] whitol MIEHFS
2 JgFHS 33 (Kang, Dong-jun et al.,
2014). olwf AAAFE FAA o] o} &EA
& 7Fzs Folgtd 2T =2 54
AL =S Aoz FA =] v/ 3=
=B I oEIA &al thE =S
243 =g = A Hrth(Kwak, Ki-young,
2018).

THFAA 74 A7 (Table 4) ¢} 2] A
Z29] defoldlx AHd| w2 wj XA W
st ARl MEYZ 34 Ul S48

r o

flo

wozAe] A9H JFAL ASH02 47
3} PR Singapore, Hongkong, Busan, Shanghai,
Port Klang, Kaohsuing 5-¢] o}AJo} £ 3yt
£, Rotterdam, Antwerp %9 FH37 o
New York 3}o]|3it},

20009 ZHbe] A9 ZHFAdo] =3hd
349 W Valencia, Southampton Le Harve,
Gioia Tauro, Felixstowe 59| 3wte] F£3&=
Hojx|1L 20101 ©]F  Algeciras, Tangiers,
Port Said 5¢] @vte g ZHFAA | o5
Aol elEIct. o] CMA CGM, APL, Hanjin
T T8 dEfolddx HAEe Huld ERE
3] # ut o Fo defoldx HAES]

2 el
o
g
roh
0
i)
e =



Table 5. Betweenness Centrality Analysis Result

SNAS 83 7149 Ay AlF Ao ©2

Pk YEYI Wt 24 279

Years Rank Ports BC
1 Singapore 0.2250
2 Rotterdam 0.1330
3 Hongkong 0.0905
4 New York 0.0856
5 Busan 0.0807
6 Valencia 0.0770
7 Port Klang 0.0715

2003 8 Jeddah 0.0640
9 Kaohsuing 0.0583
10 Southampton 0.0579
1 Tanjung Pelepas 0.0576
12 Los Angeles 0.0566
13 Gioia Tauro 0.0513
14 Le Harve 0.0478
15 Shanghai 0.0478
1 Singapore 0.2787
2 Busan 0.0941
3 New York 0.0891
4 Shanghai 0.0874
5 Hongkong 0.0760
6 Port Klang 0.0679
7 Rotterdam 0.0640

2008 8 Kaohsuing 0.0629
9 Port Said 0.0585
10 Qingdao 0.0579
1 Felixstowe 0.0571
12 Gioia Tauro 0.0552
13 Valencia 0.0538
14 Yantian 0.0515
15 Tanjung Pelepas 0.0510
1 Singapore 0.2353
2 Algeciras 0.1662
3 Port Klang 0.1301
4 Shanghai 0.0854
5 Rotterdam 0.0756
6 Busan 0.0645
7 Qingdao 0.0602

2015 8 New York 0.0524
9 Tanjung Pelepas 0.0490
10 Felixstowe 0.0479
1 Kaohsuing 0.0453
12 Colombo 0.0435
13 Marsaxlokk 0.0427
14 Le Harve 0.0415
15 Cartagena 0.0414
1 Singapore 0.2353
2 Algeciras 0.1662
3 Tangers 0.1301
4 Rotterdam 0.0854
5 New York 0.0756
6 Shanghai 0.0645
7 Tanjung Pelepas 0.0602

2017 8 Busan 0.0524
9 Shekou 0.0490
10 Hongkong 0.0479
1 Colombo 0.0453
12 Port Klang 0.0435
13 Kaohsuing 0.0427
14 Ningbo 0.0415
15 Southampton 0.0414
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