Strategic Alliances in Liner Shipping: 

An Analysis of “Operational Synergies”

Cariou Pierre!
Assistant Professor

Laboratoire d’Economie de Nantes - CORRAIL 

University of Nantes

Faculté des Sciences Economiques et de Gestion

Chemin de la Censive du Tertre

BP 52231

44322 Nantes Cedex 3 France

Tel.: + 33(0)2 40 24 17 87 Fax: + 33(0)2 40 24 17 41

E-mail : pierre.cariou@sc-eco.univ-nantes.fr

Strategic Alliances in Liner Shipping: An Analysis of “Operational Synergies”
Abstract

If market structure in liner shipping is a subject that enjoyed the highest level of scholarly attention compared to any other area of research in maritime economics, the analysis of strategic alliances started to be a key issue about five years ago. Strategic alliances among liner shipping companies started in the mid-1994. It implies that members of an alliance are not involved in price-setting (as this is done within the conferences they belong to) but in the rationalisation of capacity through such schemes as vessel, terminal and equipment sharing, joint-scheduling, slot-chartering, etc. 

One main argument for strategic alliances is the ability to undertake “operational synergies” for shipping lines. The aim of this paper is to discuss this concept considering that operational synergies can be analysed so as to limit the constraint on the available number and size of vessels for each individual shipping line. Alliances are thus a way to increase the set of possible allocation of vessels for ship-owners (section 1). However, they heavily rely on the responsiveness of ports (vertical dimension, section 2).

The originality of the paper is to present an empirical estimation of horizontal effect using an allocation model for 517 vessels operated by 13 shipping lines involved in strategic alliances in 1997. The main finding is to explain how the composition of strategic alliances is not neutral on the overall effect of alliances and to show that limits still exist considering potential losses in port. 
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Introduction

Liner shipping can be regarded as the only industrial sector so heavily exempted from the provisions of antitrust legislation, both in Europe and North America, most of the time with the blessing of the shippers themselves. Tolerance of restrictive business practices in liner shipping is not something new: as far as 1909, 30 years after the establishment of the first conference, the Report by the Royal Commission on Shipping Rings stated that “…maritime conference are an inevitable and desirable corollary of the development of scheduled liner services…Pools would thus represent a way of achieving efficiency…”(Davies 1981).

The main argument that exempted conferences from antitrust legislation is the industry’s high fixed costs, required by the demand for regular service. In simple terms, once the ship is set to sail under a predetermined schedule, its costs become fixed, no matter if the ship will leave the port full or empty. Under such conditions, and without any agreement on price, liners would be likely to reduce prices to the level of marginal costs (i.e. additional cargo-handling for the extra container plus the value of ship time in port for that purpose). 

Obviously, such pricing policy could not ensure a profitable service in the long run, something that in the end could represent a loss for the shippers themselves. In economic terms, in high fixed-cost industries, or industries operating under increasing returns to scale, marginal costs are below average total costs and thus marginal cost pricing would lead to deficits and unsustainable service.

Co-operation in liner shipping has been strengthened by containerisation and the homogeneity of supply that this development induced. It puts the emphasis on forms of co-operation aiming at capacity rationalisation and extension of geographical/temporal scope (consortium). Liner shipping alliances, the topic of this paper is a technical agreement that took place during a general trend of consolidation in liner shipping.

The consolidation in the industry has been carried out through internal growth with the launch of large expansion capacity plans (95 new post-panamax during the 1995-1999 period), through external growth (mergers and acquisitions) and through external co-operation with the establishment of new partnerships referred as strategic alliances since 1994. The first strategic alliance appeared in the second semester of 1994. Three years later in 1997, 60/70% of the services on the main East-West trades are supplied by the 4 main strategic alliances that put together 13 of the 20th first ship-owners (figure 1).
Figure 1: Generation of strategic alliances on East-West Trades
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Source: Alphaliner, (2000)

Theoretically, the members of an alliance are not involved in price-setting (as this is done within the conferences they belong to) but in the rationalisation of capacity through such schemes as vessel, terminal and equipment sharing, joint-scheduling, slot-chartering... Former articles by Heaver, 1994 and 1996, Evangelista and Morvillo, 2000, Slack et al. 1996, Clarke, 1997, Hoffman, 1998, Ryoo and Thanopoulou, 1999, Midoro and Pitto, 2000 offered a first analysis on the main justifications for alliance between ship-owner. Three main raisons are distinguished:

· economies of scale (the ability to operate bigger vessels)

· operational synergies (the ability to achieve a better allocation of vessels)

· market control (the ability to increase market power).

This paper deals mainly with operational synergy and market control. A first section focuses on the way shipping lines have achieved a better allocation of vessels through strategic alliances. A second section stresses that so as to achieve economies of scale and a better allocation of vessels, strategic alliances have to directly or indirectly control the port leg. 
Section 1. The allocation model

This section tries to capture a constraint which is not usually studied in empirical literature about strategic alliances: the limited number of vessels available for individual ship-owners. Articles focus on economies of scale and consider that as long as they exist, technical agreements that give the opportunity for shipping line to use bigger vessels are justified. 

The relation between economies of scale and technical agreements is not so direct. If economies of scale do exist, a ship-owner could save money in using bigger vessels. But the issue is not to replace one ship by an other, but to replace a service with n vessels by another services with (n +/- () bigger vessels. This is a major issue that could explain why little empirical evidence exists on the relation between fleet characteristics of ship-owners and its level of profitability (Hoffman, 1998, Panayides and Culinane, 2002).  

This section tries to link economies of scale in liner shipping and optimal allocation of vessels. It assumes that ship-owners aim at minimising the total average cost thanks to co-operation, knowing that the issue of profitability would need to introduce wider considerations on financial, marketing, strategic… objectives (Heaver, 2002, p. 196). The main question is what should be the best allocation of vessels on East/West trade in 1997 knowing the vessel characteristics of ship-owners operating in strategic alliances in 1997 (13 shipowners/517 vessels/3 maritime routes)?

The first step is to develop an allocation model for ship-owners involved in strategic alliances using a classical transportation problem (Hitchcock 1941, Dantzig, 1963, Ronen, 1983, 1993, Claessens (1987), Lane and al. (1987), Rana and Vickson (1988, 1991), Jaramillo and Perakis (1991), Cho and Perakis (1996), Powell and Perakis (1997)). The model is not an assignment problem and therefore relies on a standard representative service on East/West trade (figure 2 and table 1).

Figure 2: Representative service patterns on the East-West Trades
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Table 1: Nautical distances and number of ports (one way)

Europe/Far East
Transatlantic
Transpacific

Antwerp
-
Antwerp
-
Panama
-

Le Havre
245
Le Havre
245
Los Angeles
2915

Singapore
7925
New York
3145
Oakland
1130

Hong Kong
1460
Norfolk
290
Yokohama
4550

Singapore
1585
Panama
1780
Hong Kong
1585

11 215 miles
5 460 miles
10 180 miles

5 ports
5 ports
 5ports

* Schedule type issued from some representative schedules offered by operators in 1997

Source: The Shipping Atlas, Shipping Guides Ltd, and 4ème edition.

The ship-owners objective function is to minimise the annual Average Total Cost ATCkij. The model has to optimally allocate the vessels Xkij of k shipowners
 split into 4 sizes i
 and on 3 maritime routes j
. 
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ATCkij
Annual Total cost for ship-owners k operating i-type vessels on route j

Rotkij
Number of yearly operating use of vessel i

ACkij
Average cost in $/teu of a i-type vessel allocates on route j

Xkij
number of i-type vessels for ship-owner k
A crucial issue in the allocation is to estimate the Average cost in $/teu of a i-type vessel on route j. Annex 1 presents a discussion about economies of scale in liner shipping. It firstly needs to compute economy of density at sea (ACi):
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ACi

is the average cost in $/teu/day for a i-type ship 

CTKEi

is the total capital and crew costs in $ per day for a i-type vessel

I&Mi

is the insurance and maintenance cost per day in $ for a i-type vessel

CCi 

is the total fuel cost per day in $ for a i-type vessel

teui

is the total capacity for a i-type vessel

Figure 3 presents the final estimations of economies of density. The black bars represent the average cost for capital and crew (CTKEi) and the grey ones for fuel costs (CTCi) in $/teu/day according to vessel size.

Figure 3: Economies of density for containerships in $/teu/day (ACi)
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The second step is to estimate economies of scale at sea and diseconomies of scale at port. The time in port has to be re-introduced considering that the total cost for a vessel i allocates on a specific route j (ACij) is:
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ACij

Average cost in $/teu for a i-type vessel on route j 

nij

Number of days (including time at sea and in port)

ACi

Average cost in $/teu/day

Portij

number of days in port 

Distj

nautical miles for route j

Speedj

speed in nautical miles per day for a i-type vessel 

Time in port (Portij) comprises the administration (Admij) and the operation’ time at quay which depends on the productivity in port (Prodij). In computing the model, we assume that time in port for representative services is about 10 days, whatever the size of a ship (no diseconomies of scale in port). This assumption will be discussed in section 2.  Table 2 shows the cost matrix only considering APL fleet.

Table 2:Average cost per teu in $ (ACij) – k=APL sample


Fleet characteristics
Average cost

Vessel size

 i
Number 

of vessels

Gki
Average 

Size teuki
Average 

speedki
Europe/Far East 

$/teu
Transatlantic

$/teu 
Transpacific

$/teu

[1000 – 2000[
6
1313
20,4
960
552
893

[2000 – 3000[
2
2522
22,5
625
364
583

[3000 – 4000[
3
3291
22,2
532
309
497

[4000+[
12
4572
24,2
429
253
401

After computing for each individual vessel (513 vessels) the corresponding annual average cost on the 3 representative maritime routes (cost matrix, Annex 2), three main constraints have been introduced. 

The first one is that the total capacity on a route j is at least equal to the maximum level (east or westbound) of demand (Max(Dj)). 
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The level of demand comes from data on the main East/West trade in 1997 (regional trades are neglected which represent a strong assumption). 

Table 3: East/West traffics in 1997 in teu

From

to
North America
Europe
Asia
Total

North America
0
2 154 514
3 694 861
5 849 375

Europe
2 172 502
0
3 558 907
5 731 409

Asia
4 612 317
3 097 073
0
7 709 390

Total
6 784 819
5 251 587
7 253 768
19 290 732

Source : DRI/Mac Graw Hill, Journal of Commerce (1999)

The second constraint is that each ship-owner has to offer a minimum quality of services on each route which correspond for the East/West market to a weekly frequency (Freqj=53).
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The third constraint is that the number of ships allocated by each ship-owner k on each route j is less than the number of available vessels Gik.
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The model is run for 13 ship-owners operating in the 4 main strategic alliances in 1997 (517 vessels). 

Section 2. Results and main finding

Two computations have been undertaken.

- Independent Action. the first one considers the allocation of vessels assuming that each ship-owner acts independently (13 indep.). Annex 2 presents the results of the optimal allocation. 

- Collective Action. the second one considers the allocation of vessels assuming that the 4 alliances allocate the fleet (4 all.). 

Table 4 presents the result in the case of independent action. 

Table 4 : Capacity in teu for each ship-owners in 1997 – Independent action


Europe/Far East
Transatlantic
Transpacific

APL
28 745
14 445
27 904

OOCL
33 334
14 380
20 873

MOL
38 152
10 368
25 920

NOL
36 783
14 339
15 634

NYK
77 833
15 731
12 016

PONL
28 574
13 848
153 377

Hapag-Lloyd
35 376
14 682
17 836

Maersk
33 152
18 944
160 793

Sea-Land
33 384
13 996
142 199

Cho Yang
14 499
10 715
18 137

DSR-Senator
32 752
13 070
18 298

Hanjin
96 178
22 420
5 404

UASC
8 488
6 855
18 347

The main conclusion is that fleet characteristic of each ship-owners leads them to a degree of specialisation on a specific market. 

This specialisation is seen when considering the summation of capacity by alliance. For example, Maersk & Sea Land fleet characteristics should lead them to be leader on the Transpacific lane, meanwhile Grand Alliance operators (NOL/NYK/PONL/Hapag-Lloyd) should lead them to be leader on the Europe/Far East trade.  

Table 5 compares the main results of the optimal allocation in the case of collective action (4 alliances).

Table 5: Comparison between independent, collective action and reality in 1997


Europe/Far East
Transatlantic
Transpacific

Capacity
13 Indep.
4 all.
13 Indep.
4 alli.
13 Indep.
4 alli.

Model (evpkij Xkij)

(%)
497 250

(38%)
488 969

(37%)
183 793

(14%)
201 771

(15%)
636 738

(48%)
618 121

(47%)

Reality (%) -1997*
32%
23%
45%


Number of vessels

Bat-1
25
0
12
129
116
0

Bat-2
42
0
19
1
105
171

Bat-3
22
8
17
0
25
56

Bat-4
62
103
13
0
28
0

Total
151
111
61
130
274
227

13 independent – ATCkij = 2.97+5 $
4 strategic alliances – ATCkij = 2.43+5 $

* source: Alphaliner - Share of Weekly Available Slots in 1997

In comparison with the real positioning of vessels in 1997 it appears that:

· in order to fulfil demand and frequency requirements, over the 513 available vessels on East/West trade in 1997 the model selects 486 vessels when assuming independent actions and 468 for collective action (4 alliances).

· the savings in the case of collective action in cost and in number of vessels used (-18 vessels with independent action and –45 vessels with reality) is mainly explained by the opportunity for ship-owners to select within a larger panel of vessels. In this case, all the bigger vessels are allocated on the Europe/Far East market, the longer maritime route. This last conclusion is not new and is stressed by the level of economies of scale for the Europe/Far East or the transpacific routes compared with the transatlantic one (table 6).

Table 6: Size of the biggest vessel on main East-West trades in 1997


Transatlantic
Europe/Far East
transpacific

Ship-owner

Vessel size
Maersk

4306 teu
Maersk

6418 teu
Evergreen

5364 teu

Source: Alphaliner (1997)

The main conclusion is therefore that if the analysis of strategic alliances needs to rely on the calculation of economies of scale, it presents a necessary but not sufficient condition to understand the efficiency of strategic alliances. The composition of strategic alliances is not neutral on the final allocation of vessels and we can wonder if even if strategic alliances can be globally justified, some other combination between ship-owners (e.g. Maersk + Hanjin for example) would not be preferable from a collective point of view.

The model relies on assumptions that are too schematic to go further in the analysis. For instance, it does not consider effects on price, does not introduce nationality preference and is too heavily pending on the assumption that economies of scale do exist.

 The responsiveness of ports is of crucial importance for the success of carrier consolidation strategies (Haralambides and al., 2002). High levels of terminal capacity utilisation can quickly lead to longer turnaround times, something not acceptable nowadays by carriers in their finely tuned logistical systems. The organisation of liner services in indirect hub-and-spoke networks can only succeed if the economies of density achieved at sea are not negated by diseconomies of scale in ports as pointed out earlier. The problem is exacerbated with the increasing deployment of ever larger containerships thanks to strategic alliances. 

This classical conflict of interest between ports and carriers is illustrated by the generalised cost idea of Figure 4 (UNCTAD, 1975; Jansson and Shneerson, 1982; Musso et al, 1999), increased in a way that highlights the impact of ship size on excess port capacity.

Figure 4: Impact of an increase in vessel size on the generalised port cost function
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Due to high fixed costs in port production, port costs per ton decrease up to the point (q0) where congestion starts to set in. For the carrier, after a certain point, ship-time costs per unit increase with port traffic (ship time costs 0 curve) (De Langen, 2000). The vertical summation of the port cost and ship-time curve gives the generalised cost curve (generalised port costs 0 curve) which determines the optimum level of port production at q1. 

However, increase in ship sizes has the effect of shifting the ship-time curve upwards to a new position (ship time costs 1). The result is a new optimum level of port production at q2, necessitating a lower level of terminal utilisation (q1-q2). 

Clearly, other things being equal, efficient servicing of larger vessels involves higher port costs, in terms of excess port capacity and availability of cargo-handling equipment. These consideration have lead carriers to develop direct control on the stevedoring company, through a joint-company such as that of Maersk with Maersk España in Algeciras, or indirect control of terminal operations, ie allowing the stevedoring company to run the terminal, as in the case of MSC and CP Ships with Hessenatie in Antwerp. 

For carriers large and powerful enough, the benefits are rather obvious and, at any rate, for them only to assess. For the port, its financiers, and the rest of its users, however, the picture is not equally clear. The implications in terms of occupancy rates, efficiency and carriers’ waiting times are yet to be examined, mainly by those who provide finance for general port development. From a societal and collective welfare perspective, the gains to carriers through vertical integration (higher service rate and smaller service variance) must be contrasted with potential losses from the reduction of competition and from the presence of negative externalities. 

Conclusion

The objective of the paper was mainly to stress the link that exists between two main justifications for strategic alliances: economies of scale and operational synergy. From the development of an empirical allocation model, the paper stresses that fleet characteristics of ship-owners is not neutral in the analysis of desirable or undesirable strategic alliances. 

We also tried to show that strategic alliances cannot be only analysed from the ship-owners point of view. Firstly, the adaptation of ports to new market conditions has also to be re-introduced. When one looks at the public impact of such alliances, we should consider the impact of any alliances on the whole logistical chain (relation between shipping lines and shippers, between shipping lines and operators involved in the supply of transportation services). Secondly, in focusing on strategic alliances, one fails to consider that technical alliances are only one form of co-operation agreement in liner shipping. In our model no link was so far made between pricing and capacity agreements. Thirdly, further work is needed on strategic behaviour and on the links between strategy and performance (internal rate of return, financial results…). 

Annex 1 : Economies of scale in liner shipping

A central point about strategic alliances, not different from other technical agreements in liner shipping such as consortium, is about the calculation of economies of scale on ship size (Thorburn, 1960, McKinsey et Co. Inc., 1967, Goss et Man, 1974, Ryder et Chapell, 1979, Janson et Schneerson 1987, Pearson, 1988, Tailley, 1990, Lim, 1998, Gilman 1999, Baird, 1999, Cullinane, Khanna, 1997, 1999, Cullinane, Khanna et Song, 1999, Cariou, Haralambides, 1999, Cariou, 2000 among others). 

The estimation of economies of scale in this paper differs from previous works in using chartering data as a proxy of capital and crew costs. To exclude short-run effects, the OLS-estimation on 1997 is solely based on reported representative fixtures
 for a period of time greater than three months (sample of 50 data in US$/TEU/day rate in 1997) and for vessels greater than 1000 TEU. The Final estimation for capital and crew cost per mile is:
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Ki

is the total capital and crew costs per nautical miles in $ 

teui

is the total capacity of a vessel i

The previous relation is transformed into a total capital cost in $/teu/jour multiplying by the daily distance according to vessel size using Cullinane and Khanna’ estimation (1999, ln(Speed) = 1,5747 + 0,192 ln(TEU)). 

CTKEi = Ki x 24 x Speedi
The calculation of insurance and maintenance costs (I&Mi) comes from Gilman’ estimations (1999) who considers that they represent 3,5% of capital costs. An arithmetic relation of + 1$ per teu is used knowing that a fixed initial cost of 3 500$/day for a 1000 teu ship is taken.

I&Mi = 3500 + (teui – 1000) x 1$

The fuel cost (CCi) is derived from Gilman data (1999) sample for vessel from 1800 teu to 7000 teu. 
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Fueli

daily fuel consumption for a i-ship vessel

teui

is the total capacity of a vessel i

The total consumption cost is transformed into a $/teu/day consumption cost in multiplying by the Fuel Price (PF). The next table compares results with Gilman’ ones (1999) for two particular sizes of vessels (panamax of 3500 teu and post-panamax of 7000 teu).

Comparison between the model and data by Gilman - Cost per day at sea 


Panamax of 3 500 teu
Post Panamax of 7 000 teu


Gilman
Model
Gilman
Model

Capital costs 

Crew 

Crew and capital costs CTKEi
I & M

Total cost
18 886

1 714

20 600

6 000

26 600
-

22 072*

6 000

28 072
31 477

1 714

33 191

10 000

43 191
-

33 972*

10 000

43 972

Total fuel costs
11 850
9 292
19 350
13 992

Total cost per day
38 450
37 364
62 541
57 964

Average cost per teu per day
10,98
10,67
8,93
8,28

* In the model, CTKEi includes capital and crew costs. ** Fuel price of 75$ par tonne as in Gilman
Referring to Gilman data, the model overestimates the capital and crew costs (CTKEi) and under estimated the fuel cost (CCi). According to estimations, holding the network and the prices constants, economies of density at sea exist which is not a new results but hold only under several assumptions.

Firstly, as pointed out by Lim (1998) « …economies of scale is negated whenever assets become under-utilised ». In the model, it is for example still more costly to use a 8000 teu vessel than a 1000 teu one at full capacity (17.8 $/teu/day in full capacity) if the utilisation rate is smaller than 44%. 

Table  The effect of an increase of utilisation rate (TU) on the average cost of a 8000 teu vessel

TUi
25%
31%
38%
44%
50%
75%
100%

ACi
31,6
25,3
21,1
18,1
15,8
10,5
7,9

A second important condition to fill in liner shipping is to consider diseconomies of scale in port. Gilman (1999) stressed for example that nautical condition still represents a constraint meanwhile Baird (1999) considers that the improvement in technology during the last ten years (increase in the number of raws and in the larger of the vessels) has limited the nautical constraints in port induced by the increase in vessel size. This last argument is shared by Mc Lellan (1997), Cullinane and Khanna (1997, 1999) or Cullinane, Khanna and Song (1999), who consider that the increase in the density and in the productivity of cranes during the nineteen's explained that diseconomies of scale in port for larger ship does not quite exist anymore. 

But some doubts still remains in the real measure of diseconomies of scale in port. Watanabe (1999) in an application to Japan shows that congestion costs at the gate of a terminal induced by the utilisation of larger ship (queuing length for lorries) induces diseconomies. 

Annex 2 - Cost matrix (ACkij)
Ship-owners

k
Vessel size

 i
Number of vessels

Gki
Average size

teuki
Average speed 

Speedki
Average cost

Europe/Far East 

$/teu 
Average cost

Transatlantic

$/teu 
Average cost

Transpacific

$/teu

APL
[1000 – 2000[
6
1313
20,4
960
552
893

APL
[2000 – 3000[
2
2522
22,5
625
364
583

APL
[3000 – 4000[
3
3291
22,2
532
309
497

APL
[4000+[
12
4572
24,2
429
253
401

Cho Yang
[1000 – 2000[
2
1471
19,0
911
529
848

Cho Yang
[2000 – 3000[
13
2591
21,2
623
360
581

Cho Yang
[3000 – 4000[
2
3363
21,8
528
306
492

DSR-Senator
[1000 – 2000[
7
1335
17,9
986
559
917

DSR-Senator
[2000 – 3000[
15
2614
20,1
627
360
585

DSR-Senator
[3000 – 4000[
5
3113
21,5
555
321
517

Hanjin
[1000 – 2000[
12
1261
19,9
990
569
922

Hanjin
[2000 – 3000[
21
2702
22,2
601
350
561

Hanjin
[4000+[
12
4344
24,3
442
260
413

Hapag-Lloyd
[1000 – 2000[
2
1450
21,0
895
517
834

Hapag-Lloyd
[2000 – 3000[
13
2548
20,6
633
365
591

Hapag-Lloyd
[3000 – 4000[
2
3519
22,8
508
297
475

Hapag-Lloyd
[4000+[
8
4422
23,0
441
258
412

Maersk
[1000 – 2000[
30
1406
18,8
940
536
875

Maersk
[2000 – 3000[
13
2393
22,8
644
377
601

Maersk
[3000 – 4000[
9
3408
22,9
518
303
484

Maersk
[4000+[
23
4736
23,8
423
247
395

MOL
[1000 – 2000[
16
1331
19,4
964
552
898

MOL
[2000 – 3000[
17
2592
21,9
618
359
576

MOL
[3000 – 4000[
4
3613
23,3
498
292
466

MOL
[4000+[
5
4740
24,1
420
247
393

NOL
[1000 – 2000[
3
1582
17,2
897
506
834

NOL
[2000 – 3000[
8
2722
22,8
595
348
556

NOL
[3000 – 4000[
4
3451
23,6
511
300
478

NOL
[4000+[
6
4405
24,5
438
259
410

NYK
[1000 – 2000[
18
1502
19,9
887
510
826

NYK
[2000 – 3000[
13
2791
22,3
589
343
549

NYK
[3000 – 4000[
8
3504
23,4
507
298
474

NYK
[4000+[
3
4743
23,0
423
247
395

OOCL
[1000 – 2000[
3
1306
20,2
965
555
899

OOCL
[2000 – 3000[
5
2631
21,8
613
356
572

OOCL
[3000 – 4000[
5
3206
21,9
543
315
506

OOCL
[4000+[
8
4762
24,6
417
246
390

PONL
[1000 – 2000[
39
1442
18,3
933
530
868

PONL
[2000 – 3000[
17
2477
21,1
641
371
598

PONL
[3000 – 4000[
14
3462
22,8
514
300
480

PONL
[4000+[
12
4082
23,2
463
271
432

Sea-Land
[1000 – 2000[
34
1360
19,5
950
544
884

Sea-Land
[2000 – 3000[
23
2475
20,8
643
371
600

Sea-Land
[3000 – 4000[
8
3499
22,5
511
298
478

Sea-Land
[4000+[
14
4173
20,8
466
269
435

UASC
[1000 – 2000[
6
1371
16,8
990
556
920

UASC
[2000 – 3000[
12
2122
17,8
738
418
687

Optimal allocation in number of vessels (Xkij) and capacity (Xkijteukij) on East-West Trade: Solver: Gams386 (Minos5) – LP

k
Vessel size 1997

 i
Number

Gki
Number

Europe/ Far East 
Number

Transatlantic
Number

Transpacific
Capacity

Europe/ Far East 
Capacity

Transatlantic


Capacity

Transpacific

APL
[1000 – 2000[
6
1


1313
0
0

APL
[2000 – 3000[
2


2
0
0
5044

APL
[3000 – 4000[
3

3

0
9873
0

APL
[4000+[
12
6
1
5
27432
4572
22860

Cho Yang
[1000 – 2000[
2

2

0
2942
0

Cho Yang
[2000 – 3000[
13
3
3
7
7773
7773
18137

Cho Yang
[3000 – 4000[
2
2


6726
0
0

DSR-Senator
[1000 – 2000[
7
7


9345
0
0

DSR-Senator
[2000 – 3000[
15
3
5
7
7842
13070
18298

DSR-Senator
[3000 – 4000[
5
5


15565
0
0

Hanjin
[1000 – 2000[
12
8
4

10088
5044
0

Hanjin
[2000 – 3000[
21
19

2
51338
0
5404

Hanjin
[4000+[
12
8
4

34752
17376
0

Hapag-Lloyd
[1000 – 2000[
2



0
0
0

Hapag-Lloyd
[2000 – 3000[
13

3
7
0
7644
17836

Hapag-Lloyd
[3000 – 4000[
2

2

0
7038
0

Hapag-Lloyd
[4000+[
8
8


35376
0
0

Maersk
[1000 – 2000[
30


30
0
0
42180

Maersk
[2000 – 3000[
13


13
0
0
31109

Maersk
[3000 – 4000[
9


9
0
0
30672

Maersk
[4000+[
23
7
4
12
33152
18944
56832

MOL
[1000 – 2000[
16



0
0
0

MOL
[2000 – 3000[
17

4
10
0
10368
25920

MOL
[3000 – 4000[
4
4


14452
0
0

MOL
[4000+[
5
5


23700
0
0

NOL
[1000 – 2000[
3


3
0
0
4746

NOL
[2000 – 3000[
8

4
4
0
10888
10888

NOL
[3000 – 4000[
4
3
1

10353
3451
0

NOL
[4000+[
6
6


26430
0
0

NYK
[1000 – 2000[
18
9
1
8
13518
1502
12016

NYK
[2000 – 3000[
13
13


36283
0
0

NYK
[3000 – 4000[
8
8


28032
0
0

NYK
[4000+[
3

3

0
14229
0

OOCL
[1000 – 2000[
3


1
0
0
1306

OOCL
[2000 – 3000[
5


5
0
0
13155

OOCL
[3000 – 4000[
5

3
2
0
9618
6412

OOCL
[4000+[
8
7
1

33334
4762
0

PONL
[1000 – 2000[
39


39
0
0
56238

PONL
[2000 – 3000[
17


17
0
0
42109

PONL
[3000 – 4000[
14

4
10
0
13848
34620

PONL
[4000+[
12
7

5
28574
0
20410

Sea-Land
[1000 – 2000[
34


34
0
0
46240

Sea-Land
[2000 – 3000[
23


23
0
0
56925

Sea-Land
[3000 – 4000[
8

4
4
0
13996
13996

Sea-Land
[4000+[
14
8

6
33384
0
25038

UASC
[1000 – 2000[
6

5
1
0
6855
1371

UASC
[2000 – 3000[
12
4

8
8488
0
16976

Total

517
151
61
291
497 250
183 793
636 738
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! this paper is a synthesis of two chapters of a PhD presented in 2000 and previous collective papers for which I am indebted to Professor H.E. Haralambides (Erasmus University of Rotterdam) and Marco Benacchio (University of Genoa) for helpful collaboration.


� k is equal to the thirteen that represent the shipowners in the 4 main strategic alliances in 1997.


� Bat-1 = 1000-2000 teu; Bat-2 = 2000-3000 teu ; Bat-3 = 3000-4000 teu ; Bat-4 = 4000+ teu.


� Transatlantic, transpacific and Europe/Far East.


� in Containerisation International on a monthly periodicity. 
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