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Abstract
Strategic alliances are the most common type of collaboration agreement used by 
shipping lines to provide worldwide maritime container transport services. Since 
their first appearance just before the mid-1990s, they have progressed to account 
for 90% of global container shipping capacity with the top eight container operators 
organizing today their East/West route services through one of the main three strate-
gic alliances. This paper reviews comprehensively and critically the literature on the 
subject, over 25 years of research on this topic. This includes 85 articles published 
in peer-reviewed journals between 1994 and 2019, and analyzed and grouped into 
three main research areas: formation, management, and optimization of strategic 
alliances. The output of the analysis is then used to provide a future research agenda.

Keywords  Container shipping · Strategic alliances · Operational collaboration · 
Liner shipping · Vessel sharing

1  Introduction

The liner shipping industry is organized through commercial services offered by 
container shipping operators (hereafter carriers) to shippers, on fixed routes, and 
regular schedules between ports connected via containerships (Haralambides 2019). 
Following the advent of containerization in the second half of the 1950s—one of 
the main enablers of international trade and worldwide cargo distribution-, container 
transportation services have experienced very rapid growth from 30 million TEUs 
in 1990 reaching 100 million TEUs in 2007 and about 143 million TEUs in 2020 
(UNCTAD 2020).
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To accommodate this impressive growth, carriers took advantage of various 
forms of collaboration (Thanopoulou et al. 1999; Cariou 2008), such as agreements 
on price (i.e., maritime conferences) and on capacity (i.e., pools, consortia), as well 
as through vertical collaboration along the supply chain, with such actors as ports 
and inland hauliers. Since 1994, with the globalization of shippers and their require-
ments for global carriers to provide worldwide services, liner shipping Strategic 
Alliances (hereafter SAs) have developed side by side with consortia and represent 
today a widely used form of horizontal operational co-operation (Merk and Teodoro 
2022). SAs in shipping are similar to consortia but the SA agreement between carri-
ers is generally for a wider range of routes and services, while consortia are usually 
more restrictive in their scope. They are, however, still regulated in most jurisdic-
tions in the same way, for instance in Europe, by the Consortia Block Exemption 
Regulation (CBER), and in the USA under the oversight of the Federal Maritime 
Commission. Compared with Slot Charter Agreements (SCAs) and Vessel Shar-
ing Agreements (VSAs), which are forms of operational cooperation that are usu-
ally focusing on a specific service or region of the world, SAs are global in nature 
encompassing multiple trade lanes. They are so important today, that the top eight 
container lines that account for 79.4% of global container shipping capacity are all 
operating within one of the three global SAs (Alphaliner 2020).

SAs are a form of horizontal collaboration that is, in its general definition (Bahi-
nipati et  al. 2009), “a business agreement between two or more companies that 
belong to the same level of the supply chain or network”. In liner shipping, SAs 
focus primarily on operational aspects. Within these types of agreement, carriers 
are authorized to exchange information such as operational data on vessels and ter-
minals, schedule performance, productivity reports, and standard port charges. This 
information helps carriers to make operational decisions pertaining to supply of ves-
sels and their utilization on trade lanes under the geographical scope of their agree-
ments. To secure competition and comply with antitrust laws, SA members cannot 
exchange information on prices, freight rates, customer lists, marketing plans, and 
their individual bids on shippers’ container transportation auctions (Ocean alliance 
FMC1 agreement 2019). In Europe, SAs have been included in the Consortia Block 
Exemption Regulation (BER) since 1995, which has been renewed every 5  years 
since its revision in 2009. In the United States, consortia and other types of coopera-
tion agreements can become effective after a filing to the Federal Maritime Com-
mission (FMC) without the necessity to obtain prior approval. It is thus incumbent 
upon the FMC to evaluate whether an agreement has adverse effects on competition 
(Merk 2018).

The motivations for joining SAs are many. Carriers, by means of SAs, benefit 
from economies of scale or scope, and improve vessel capacity utilization (e.g., 
Cariou and Guillotreau 2021; Haralambides 2019). Having access to more con-
tainerships improves service frequencies and expands global service coverage. 

1  . The United States  Federal Maritime Commission  (FMC) is an independent federal agency based 
in Washington, D.C. that is responsible for the regulation of ocean borne international transportation of 
the U.S.
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Notwithstanding their prevalence, alliances are complex agreements to manage, and 
their stability is of great importance to carriers and shippers. The literature can offer 
valuable insights to managers on how to develop more stable agreements and better 
allocate the benefits of SA among partners. Furthermore, the collaborative nature 
of these agreements in a competitive industry and the complexity associated with 
modeling and analyzing the consequences of such operational arrangements have 
warranted a continued academic interest.

In the last decades, limited efforts have been made to bring together and sys-
tematize the knowledge available in academic journals through a comprehensive 
literature review, although reports and regulatory documents have contributed to 
advance knowledge on the topic (e.g., Merk 2018). To facilitate the identification 
of neglected essential research areas and operational problems, our review of the lit-
erature summarizes 25 years of research on SAs and is used to generate a discussion 
around the three following research questions (RQs):

RQ1  What aspects of alliance collaborations in the liner shipping industry have been 
studied?

RQ2  What are the main findings of these studies?

RQ3  What are the main research gaps in the literature?

To do so, we structure our literature review in four main areas of investigation 
based on a structured literature review of 85 selected peer-review articles published 
from 1994 to 2019 and presented in specific sections of the paper under the main 
headings: The formation of SAs, The management of SAs, and The optimization of 
SAs. The remainder of the paper has the following structure. Section 2 presents the 
methodology, the paper selection, and the taxonomy of research on SAs. Section 3 
discusses the main findings of the literature on the formation of SAs; then Sect. 4 on 
the management of SAs, and finally Sect. 5 on the optimization of SAs. Section 6 
concludes with a potential future research agenda.

2 � Paper selection and preliminary taxonomy

The selection of research papers on SAs and the identification of research gaps 
follow a three-step procedure as presented in Fig. 1. The initial selection (Fig. 2) 
is based on six electronic scholarly databases (Google Scholar, Web of Science, 
Springer, Taylor & Francis Online, Informs, and Scopus) and six keywords (liner 
shipping, container shipping, strategic alliances, vessel sharing, slot exchange, 
and horizontal collaboration). The keywords were individually used and com-
bined in pairs, and the selection of the papers was restricted to articles in English, 
published between 1994 and 2019. The choice of focusing on publications after 
1994 corresponds to the date of the creation of the first SA (September 1994). 
Although SAs have evolved from consortia, the justifications on the need for 
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technical collaboration can also be found in prior research. The first step in the 
review led to the identification of 130 publications. We then proceeded to further 
analyze the literature by content reading. The main criterion adopted was that 
papers should focus on the container liner industry and SA collaborations. This 
allowed us to exclude papers concentrating on other modes of transport and/or 
other forms of horizontal collaboration.

2. Taxonomy and analysis of 
the SAs’ literature 

Strategic Alliance (SAs) in the liner shipping industry

1. Paper selection 3. Literature gaps and and 
further research directions

Paper collection

Abstract and content reading

Formation
SAs’ Literature gaps

Open questions for further 
research.

Management

Optimization

Paper selection

ad-hoc research 

Paper Selection Step I: Collect the relevant papers Nr. of 
publications

Collect the relevant papers by using the most relevant keywords and different combinations of them
Keywords Databases Selection criteria 

130

1. Liner Shipping
2. Container shipping
3. Strategic alliances 
4. Vessel sharing
5. Slot exchange
6. Horizontal collaboration

+

1.Google Scholar 
2.Web of Science 
3.Taylor & Francis 
4. Informs 
5. Scopus
6. Springer

+
1. 1994-2019

2.Written in English 

Paper Selection Step II: Selection by content reading

85

Read the abstracts and the content of the collected papers in step I to remove irrelevant 
articles

Selection criteria:
3. Focus on the container liner industry 

4. Concentrate on SA collaborations

Fig. 1   The framework of the article. Source Authors
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Our final selection comprised 85 papers published between 1994 and 2020. Aca-
demic research on SAs mostly appears in few specialized journals in maritime transport 
and economics, with Maritime Policy and Management (14 articles), Maritime Eco-
nomics & Logistics (six articles), and Transportation Research Part E (five articles) 
representing more than 29% of all contributions. Table 1 illustrates in more detail the 
number of publications in each academic journal.

Figure 2 shows that the topic of SAs has attracted attention over the years. In par-
ticular, almost half of all publications on the subject (38 papers), were published in 
2008 and from 2014 to 2019. Likely reasons for the increasing focus on SAs in 2008 
are related to the repeal of the EU antitrust exemption that effectively resulted in the 
ban of shipping conferences from the EU trades in the same year. The ban on liner 
conferences obliged carriers to seek a new regime to optimize service provision and 
the lengthy process that resulted in the repeal of the antitrust exemption could have 
motivate partly the research published up to 2008. This policy change together with 
the untimely economic downturn that severely affected the sector at the end of 2008 
made cooperation through SAs more attractive to most shipping lines. Since 2015, a 
new wave of Mergers & Acquisition among carriers took place, together with the entry 
of the three market leaders into new SAs (Maersk, MSC, and CMA CGM). To our 
view, this can explain the increasing interest of academic research in these agreements.

The literature analysis led us to the identification of three main research areas, which 
consist of SAs’ formation, SAs’ management, and SAs’ optimization research. The deci-
sion to structure the literature review in these three areas was because this subdivision 
captures the main research topics on SAs over the last 25 years in an intuitive manner 
and it comprises also previous categorizations. This structuring can be easily under-
stood by practitioners and provides a comprehensive framework for research. Also, it 
does not preclude the possibility of diving each research area into more in detail, to 
account for the more complex and methodologically sophisticated contributions. A few 
other research areas related to less-frequently researched topics are categorized under 
the ad hoc research category. In the next three sections, the three main research areas 
are discussed in more detail (Table 2).

3 � The formation of SAs

Carriers, before entering into an SA agreement, need to define their expectations, 
requirements, and expected benefits from joining (Agarwal and Ergun 2010). The aca-
demic research in the area of SA formation has therefore attracted some attention and 
has focused on incentives to collaborate and on partner selection (Midoro and Pitto 
2000; Evangelista and Morvillo 2000; Mitsuhashi and Greve 2009; Ryoo and Thanop-
oulou 1999; Borch and Solesvik 2016).

3.1 � The incentives for collaboration

The incentives for collaboration within an SA can be summarized into five catego-
ries (Song and Panayides, 2002), mostly financial, economic, strategic, marketing, 
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and operational. In a more recent contribution, based on a survey with executives, 
Huang and Yoshida (2013) identify eight areas, ranging across finance, econom-
ics, strategic management, global supply chains, customer service, market structure, 
uniqueness, and mergers & acquisitions. We updated the initial structure of Song 
and Panayides (2002) with more recent works and reviewed their initial categoriza-
tion to identify new literature gaps. Our analysis of existing literature is summarized 
in Table 3, which groups incentives into five generic categories (financial, market-
ing, and customer support, operational, strategic, and managerial incentives) and 13 
sub-categories.

Collaborating within SAs allows for combining cargo on the same route enabling 
economies of scale for carriers, as operating costs per unit (TEU) decline when 
larger container vessels are deployed. The benefits are related to bunker costs, crew 
costs, maintenance, lubricants, etc., as total costs increase less than proportionally 
to the size of the vessel. As a result, the cost of transporting one TEU is reduced in 
larger vessels as long as high capacity utilization rates are maintained at least on the 
head haul.

SAs also generate economies of scope for their members by enabling them to 
increase their market coverage and connecting services with cross-ocean and feeder 
routes (Thanopoulou et al. 1999; Mitsuhashi and Greve 2009; Panayides and Wied-
mer 2011; Caschili et al. 2014; Cruijssen et al. 2007). Carriers, by means of SAs, 
have the opportunity of expanding their service networks via dovetailing the opera-
tional service routes of each other. Transshipment ports play an important role in 
this respect (Agarwal and Ergun 2010). For example, as Fig.  3 illustrates, where 
Carrier 1 initially operates between ports A and B, Carrier 2 between ports B and C, 
and Carrier 3 between ports C and D, sharing services within an SA gives the indi-
vidual carrier the possibility to expand their service network from port A to port D, 
without the need for substantial additional investment.

As shown in Fig. 3, carriers, by forming SAs, not only expand their service net-
work but also by having access to a larger number of containerships, can increase 
the frequency of their services. More frequency and a wider range of service cover-
age translate to higher service quality, enabled by SAs.

Optimizing capacity utilization is another incentive for carriers to join an SA. 
Knowledge of aggregate demand along a trade corridor, and the pursuant joint plan-
ning of capacity, reduce the number of vessels needed to be deployed by each indi-
vidual alliance member and, consequently, the corresponding costs (Cruijssen et al. 
2007). In the event of collaboration between two carriers, combining cargo allows 
them to rationalize the use of vessels on the network, improve ship utilization and 
reduce port costs by allocating container bays in a predetermined way. When con-
sidering that shipping remains a very capital-intensive industry, with, for instance, a 
newbuilding price for a 13,500-TEU vessel amounting to 116 million US dollars in 
2019 (Clarkson Research 2020), pooling cargo was for small and medium-size car-
riers the only way to survive in the race of investment in larger ships, before many 
of them were bought out by larger players. An interesting tendency is that this initial 
motivation for joining a global SA has lost relevance over time, as carriers consoli-
date and alliance membership requires the ability to provide enough capacity. At the 
time of writing, none of the current three SAs has a member with less than 2.9% of 
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Table 3   The main incentives for joining SAs

Categories Incentives References

Financial Economies of scale Mitsuhashi and Greve (2009), Panayides and Wied-
mer (2011), Caschili et al. (2014), Panayides and 
Cullinane (2002), Cruijssen et al. (2007), Ryoo 
and Thanopoulou (1999)

Economies of scope Caschili et al. (2014), Panayides and Wiedmer 
(2011), Midoro and Pitto (2000), Verstrepen 
et al. (2009), Evangelista and Morvillo (1999), 
González-Laxe et al. (2016)

Reduced capital investment on  
equipment and  
container ships

Panayides and Wiedmer (2011), Agarwal and Ergun 
(2010), Ryoo and Thanopoulou (1999), Panayides 
and Cullinane (2002)

Marketing & 
Customer 
Support

Higher frequency of services Thanopoulou et al. (1999), Caschili et al. (2014), 
Panayides and Wiedmer (2011), Slack et al. 
(2002), Verstrepen et al. (2009)

Expansion of the network coverage Caschili et al. (2014), Panayides and Wiedmer 
(2011), Ryoo and Thanopoulou (1999)

Stabilize freight rate Ryoo and Thanopoulou (1999)
Operational Reducing the operational risk  

(sharing the risk)
Caschili et al. (2014), Panayides and Wiedmer 

(2011),
Increase the utilization of container 

boxes
Ryoo and Thanopoulou (1999)

Rationalize capacity Panayides and Wiedmer (2011)
Provide total container logistics 

service
Ryoo and Thanopoulou (1999)

Maximize operational synergy
Tactical Provide more frequent sailings Ryoo and Thanopoulou (1999)

Rationalize service routes
Provide intermodal service

Strategic Achieve competitive advantages Panayides and Wiedmer (2011), Yap and Zahraei 
(2018), Ryoo and Thanopoulou (1999)

Faster entry to new trade routes Ryoo and Thanopoulou (1999)
Limit external competition
Market power Panayides and Wiedmer (2011), Heaver et al. (2000)
Develop a liner service for specific 

market niches
Ryoo and Thanopoulou (1999)

New market entry and market share Caschili et al. (2014), Panayides and Wiedmer 
(2011), Ryoo and Thanopoulou (1999)

Conform to the shipping policy of the 
national and foreign government

Ryoo and Thanopoulou (1999)

Managerial Knowledge sharing Caschili et al. (2014), Tan and Thai (2014)
Better utilization of existing infra-

structure and assets
Verstrepen et al. (2009)

Gain access to general management 
skills

Ryoo and Thanopoulou (1999)

Vessel planning and coordination on 
a global scale

Panayides and Wiedmer (2011)

Source Authors
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global market share, reflecting how small- and even medium-sized carriers have all 
been bought out by larger players (Alphaliner, 2020). Joining SAs also reduces oper-
ational risks such as cargo loss or damage, piracy, terrorist attacks, or risks related 
to the unreliability of service schedules. Sharing the risks of operation decreases the 
negative consequences of these risk factors for each carrier and makes operations 
more resilient.

3.2 � Partner selection

An important characteristic of SAs is their instability (Fig.  4) involving frequent 
reshufflings, which have negatively affected both the performance of SAs and the 
quality of their services to shippers (Rau and Spinler 2017; Midoro and Pitto 2000). 
Selecting the right partner is therefore another important research question in the lit-
erature (Das 2011; Shi and Voss 2008; Song and Panayides 2002). Carriers need to 
assess the strategic and operational capabilities of competitors before entering into 
an SA agreement (e.g., Lee 2019; Song and Panayides 2002).

Carrier 1

A B C D

Carrier 3

Carrier 2

Fig. 3   Network expansion through SAs. Source Authors

Fig. 4   Main changes in SAs composition since 1995. Source Authors
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Table 4 summarizes the seven main criteria and 44 sub-criteria for the selection 
of the most appropriate strategic partners identified by Ding and Liang (2005).

Among these criteria, two are essential for partner selection. The first regards 
market complementarity, which means the potential to strengthen each other. This 
can offer various benefits, such as enhancing the geographical coverage of the SA 
members, improving service frequency, or sharing operational knowledge. Market 
complementarity depends on ship specifications, primarily ship size, the number 
of vessels available to each carrier, and available terminal capacity in the various 
ports of the network. Market complementarity has a direct impact on economies 
of scope and, in particular, potentially grants access to new markets (Agarwal and 
Ergun 2010; Kale and Singh 2009; Mitsuhashi and Greve 2009), which was one of 
the primary drivers of SAs in the 1990s. As illustrated in Fig. 4, SAs were initially 
composed of carriers of different nationalities, with their specific market knowledge 
and access.

Partner selection can also be based on the ability of the partners to bring new 
technical/operational competencies concerning, for example, energy reduction tech-
nologies, ship management, hinterland transportation, or cargo packaging and ware-
housing. For example, in July 2019, “THE Alliance” officially announced an expan-
sion to include the Korean Shipping Company, Hyundai Merchant Marine (HMM). 
The main reason for this enlargement, as announced by the CEO of Hapag-Lloyd, 
was “HMM is a great fit for THE Alliance as they will provide a number of new and 
modern vessels, which will help us to deliver better quality and be more efficient and 

Table 4   SA’s partner selection criteria

Source Derived from Ding and Liang (2005)

Main criteria Sub-criteria

Complementarity Wider and deeper geographical scope, managerial capabili-
ties of lines, service channels, or places, increase in the 
frequency of service, net handling performance at the 
container terminal, increase in local or regional market 
access

Deeper contents and forms of collaboration Ships fitting with the cooperative routes, using dedicated 
terminals together, extending interests in the integrated 
hinterland transport service, business-supported activities, 
co-ordination of sales and marketing activities

Compatibility Cultures, communication, and coordination, symmetry in 
organizational size, trust and commitment, compatibility 
in strategic goals, conflicts management techniques

Financial health Return on stockholders’ equity, profit margin, return on 
assets, return on long-term investment

Adequate physical facilities and equipment Handling equipment, terminal hectares, using containers 
and chassis together, information-sharing system

Intangible assets Brand and firm reputation, experience sharing, good human 
resources

Market knowledge access Understanding competitors and customers, experience with 
government, regulations, unique competencies, capabili-
ties to provide total quality service
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it will help us also to further reduce our emissions” (Rolf Habben Jansen as reported 
in Hapag-Lloyd 2019).

The second criterion is compatibility, and it refers to the degree of similarity 
between potential partners such as working styles and cultures (Kale and Singh 
2009; Haralambides 1996), trust and commitment, strategic fit, and stable finan-
cial position (Solesvik and Westhead 2010; Kale and Singh 2009). Das (2011) car-
ried out an empirical investigation to identify and examine eight effective factors of 
carriers’ strategic choice between partnerships and acquisitions. In this study, the 
authors conclude that the following four factors have a positive impact on choosing 
‘acquisition’ as a strategy: redundant resources, the intensity of competition among 
carriers, the home region of a shipping company, and prior acquisition experience of 
the firm. However, prior partnership experience increases the probability of ‘part-
nership’, while the level of synergy and the degree of market uncertainty have a neu-
tral impact on selecting partnership over acquisition and vice versa.

4 � The management of SAs

The second main research area for SAs is management. In practice, a large variety of 
management activities within SAs are performed by collaborative committees (Tan 
and Thai 2014). Each committee is responsible for decision-making and for carrying 
out a specific part of SA activities. Such a committee typically comprises one rep-
resentative from each SA member. According to Tan and Thai (2014), the principal 
committees, consisting of the CEOs of the SA members, are responsible for mak-
ing decisions such as the scope of geographical coverage and the volume of pooled 
assets by each member. The steering committees, including senior and middle man-
agers as members, are responsible for executing decisions and directions made by 
the principal committees, such as service loop deployments and service timings and 
how vessels are allocated to each shared route. Finally, it is up to the support com-
mittees to plan for the daily operations of the alliance,, which involves several tasks 
like providing vessel berthing windows, vessel schedules, legal agreements, etc. In 
this section, we present the results of our review on research that has concentrated 
on the above managerial issues.

Lu et  al. (2006) interviewed experts who have participated in the definition of 
the Operating Cost Contribution (OCC) of the no longer-existing CKYH alliance, 
which had consisted of Cosco Container Lines, “K” Line, Yang Ming Line, Hanjin 
Shipping and later Evergreen, to identify and prioritize the factors that determine 
the success of a SA. In this study, the authors conclude with a list of SA success fac-
tors, specifically: “Mutual trust between all partners, the number & size of partners, 
partner compatibility, a reasonable and practicable cooperating rule for following 
up, continuous mutual commitment of facilities, mutual agreement on co-operation 
objectives, good understanding by all parties of competition and marketplace, com-
patible decision-making processes, open communication between the parties, good 
relations between the employees of the partner, and continuous CEO direction and 
involvement” (p. 208). Among all, the level of mutual trust between members is the 
most important success factor for a SA. Tan and Thai (2014) stress that the longer 
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the collaboration among SA members, the higher the level of mutual trust that can 
be created among them (in line with Solesvik and Westhead 2010; Song and Panay-
ides 2002).

Exchanging operational information among SA members is the next important 
management activity. Based on the SA agreements (Ocean alliance FMC agreement 
2019, p. 5), carriers are entitled to obtain, maintain, and exchange among themselves 
operational knowledge and information such as statistics, studies, and consultancy 
reports related to their operations on different trade lanes. This information pertains 
to different operational aspects like forecasts of vessel utilization, length of port/ter-
minal stays, productivity, schedule performance, and third-party costs like terminal 
and bunker costs. Sharing this information helps carriers to jointly make projections 
and plans associated with their vessel capacity and service structure and ensure the 
smooth running of operations (Zaheer and Venkatraman 1995). However, research 
on the aforementioned areas within SAs among carriers remains limited.

Tan and Thai (2014) performed several face-to-face interviews with senior man-
agement executives of liner shipping operators and concluded that there are formal 
and informal knowledge-sharing mechanisms within SAs. Face-to-face meetings, 
video or teleconferencing, e-mails, and phone calls are the main formal knowledge-
sharing mechanisms, while dinners, drinks, and coffee sessions, among other cas-
ual exchanges, are introduced as the informal ways of information sharing among 
SA’s members. This study also reveals that knowledge sharing among SA partners 
is limited to operational information, as sharing market-related information, such as 
freight rates and the list of customers, is strictly prohibited by antitrust laws. Moreo-
ver, the members are willing to share operational information to improve the benefit 
of their SA.

The stability of SAs among liner shipping companies is often defended as a con-
sequence of successful management of these agreements. Stability is necessary 
for both alliance parties and shippers to establish long-term trading relationships 
(Brooks 2004) to ensure stability of freight rates and services (Fusillo 2006) and 
more reliable schedules (Graham 1998). The unstable structure of SA membership, 
as depicted in Fig. 4, is rooted instead in mergers and acquisitions between carriers 
inside and outside their SA, reshufflings of SA membership, to be able to compete 
with large carriers and other SAs. The main determinants of SA’s instability are cat-
egorized in Table 5.

Additionally, Fig. 5 shows how many times each factor is mentioned in the litera-
ture as an important factor of the instability of SAs.

According to Rau and Spinler (2017) intra-alliance competition is the main fac-
tor of instability, as carriers compete fiercely to increase their market share. Midoro 
and Pitto (2000) also highlight organizational complexity as a determinant of SA 
instability. The same authors explain that, with the increasing success of an SA, the 
inclination of its members to increase the volume of their own pooled resources will 
also increase in order to earn more benefits out of their successful SA. This situation 
leads to an unavoidable increase in the complexity of tasks required to manage the 
higher level of participation by SA members.

The number of SA’s members, their role in the alliance, and the level of mutual 
trust among members affect organizational complexity. More members in the 
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Table 5   The main determinants of SAs instability

Source Authors

Category Instability determinant References

Partner char-
acteristics

Insufficient level of partner 
complementarity

Agarwal and Ergun (2010)

Inappropriate number of partners Song and Panayides (2002), Midoro and Pitto (2000)
Structure of member’s demands Yang et al. (2011), Slack et al. (2002)

Partner rela-
tionships

Intra-alliance competition Midoro and Pitto (2000), Rau and Spinler (2017)
Partner commitment Yang et al. (2011)
The level of mutual trust Song and Panayides (2002), Solesvik and Westhead 

(2010), Midoro and Pitto (2000)
The nature of partner roles Song and Panayides (2002), Midoro and Pitto (2000)

Complex 
structures of 
collabora-
tion

Cooperation cost complexity Rau and Spinler (2017)
Organizational complexity Midoro and Pitto (2000)

Other factors Outside options Greve et al. (2013)
Coordination and direct access 

costs
Bergantino and Veenstra (2002)

Freight rate volatility Rau and Spinler (2017)
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alliance turn the management of these agreements into a more time-consuming pro-
cess as each member needs to be involved in each decision made in the alliance. 
However, a fair allocation of roles and contributions of each member in the SA 
decision-making process facilitates the management of a larger number of members 
in a SA (Song and Panayides 2002; Midoro and Pitto 2000). Further complexity is 
related to the management costs that grow as the number of members grows (Killing 
1988). This complexity, if not managed properly, leads to the dissatisfaction of some 
members and may result in them leaving the collaboration.

Greve et  al. (2013) study the impact of collaboration opportunities offered by 
container carriers who are operating outside the alliance on the probability of with-
drawal of members from an existing SA. They show that, even when an alliance 
can be considered as successful in terms of stability in its composition, members 
are willing to leave the SA to opportunistically pursue collaboration with other 
carriers outside the alliance with which they perceive to have a higher market 
complementarity.

5 � The optimization of SAs

Optimizing SAs is the third major area of research, dealing with a wide range of 
strategic, tactical, and operational challenges. Among them, maximizing shared 
or individual profits and enhancing the quality of services, i.e., the frequency and 
geographical coverage, and improving the stability of SAs, are critical. To tackle 
these challenges, researchers have addressed several relevant problems, including 
SA network design, capacity optimization, vessel scheduling, service routing, vessel 
deployment, partner selection, cost minimization, and revenue maximization. Vari-
ous methods have been used to that effect, such as linear and non-linear program-
ming, game theory, dynamic programming, stochastic programming, etc. Table  6 
summarizes these studies and lists the most frequent optimization problems and the 
approaches used to find solutions.

Apart from the studies reviewed in Sect. 4 (and reported in Table 5) that concen-
trate on the main determinants of SA instability, there are also a few quantitative 
studies that try to enhance the stability of SA collaborations. The typical approach 
used in these studies is to formulate a collaborative setting in which all SA parties 
can obtain fair payoffs in proportion to their contributions to the alliance. To this 
end, cooperative game theory (CGT) and, in particular, core theory, has been the 
approach employed most frequently in the literature. Given the importance of CGT 
and the theory of the core for SA, a brief explanation of these two approaches and 
how they are related to SA collaborations is provided below.

CGT refers to a large family of games in which the players are allowed to form 
coalitions to maximize their overall utility. A cooperative game consists of a finite 
set of N = {1, 2, … , n} players, which is also called the grand coalition of the play-
ers, a characteristic function, CF ∶ 2n → ℝ , that assigns a set of outcomes O(M) to 
any possible subset (coalition) of M ⊂ N , and a set of payoffs vector V(M) corre-
sponding to the outcomes. The payoff vector v determines the payoffs of each player 
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Table 6   SAs optimization-related papers

Paper Problem and major concentrations Approach

Arslan et al. (2020) Network design Heuristic algorithms
Crotti et al. (2019) Stability Non-cooperative game theory
Zhang et al. (2019) Profit maximization, empty 

containers
repositioning

Linear programming

Dulebenets (2018) Fuel consumption, vessel schedul-
ing

Non-linear programming

Lin et al. (2017) Profit maximization Cooperative game theory, linear program-
ming, heuristic algorithms

Zheng et al. (2017) Cost allocation Duality, inverse optimization, Shapley value
Chung and Ko (2016) Profit maximization, slot 

exchange
Mixed-integer linear programming, min-

sum method
Rau and Spinler 

(2016)
Investment policy, capacity 

optimization
Real options analysis, individual and collec-

tive discounted cash flow
Wang et al. (2016) Stability, profit maximization Cooperative game theory
Angeloudis et al. 

(2015)
Network design Non-cooperative game theory, backward 

induction
Dong et al. (2015) Capacity optimization, routing Stochastic programming
Zheng et al. (2015) Network design, cost minimiza-

tion, capacity exchange costs 
(side payments)

Mixed-integer linear programming, inverse 
optimization

Gutiérrez et al. (2014) Efficiency evaluation Bootstrap DEA approach
Parola et al. (2014) A propensity to cooperate, the 

geographic extent and leverag-
ing effect

Network and OLS regression analysis

Álvarez-SanJaime 
et al. (2013)

Profit maximization Cooperative game theory

Asgari et al. (2013) Network design, cost minimiza-
tion

Cooperative game theory, linear program-
ming

Chen and Yahalom 
(2013)

Capacity optimization Linear programming

Greve et al. (2013) Stability Matching theory
Yang et al. (2011) Stability, economic performance Cooperative game theory
Yang et al. (2011) Economic performance Cooperative game theory
Agarwal and Ergun 

(2010)
Network design, capacity opti-

mization, profit maximization, 
stability, capacity exchange 
costs (side payments)

Cooperative game theory, rationality-based 
approach, inverse optimization

Lu et al. (2010) Capacity optimization, vessel 
sharing

Non-linear programming

Song and Carter 
(2009)

Capacity optimization Inverse optimization

Agarwal and Ergun 
(2008)

Network design, capacity opti-
mization, vessel scheduling, 
routing

Linear programming

Shi and Voss (2008) Stability, partner selection Non-cooperative game theory
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if the outcome o is realized. In cooperative games, the central problem is how these 
payoffs should be fairly distributed among the players in proportion to their contri-
butions to the coalition. The notion of the core is one of the most prominent and 
widely accepted one, in terms of fair allocation of costs and benefits in CGT, and 
it is similar to a Nash equilibrium in non-cooperative game theory (Agarwal and 
Ergun 2010). The core of a cooperative game is the set of payoffs where no sub-
coalitions of the grand coalition N can generate higher payoffs. These approaches fit 
well with the attributes of SA collaboration agreements and hence their frequency in 
the SAs’ literature.

Song and Panayides (2002), for the first time and by means of a simple prob-
lem including three ports and three carriers, explain how core theory can be applied 
to SAs. The concept of the core had already been applied by Sjostrom in a series 
of papers (e.g., Sjostrom 1989, 1993) looking at the impact of collaborative agree-
ments, and especially conferences, in liner shipping. Agarwal and Ergun (2010) 
design a cooperative game cost distribution mechanism in a way that all members 
are motivated to act in the best interest of the SA while maximizing their own ben-
efits. In this paper, the core of the cooperative game is defined as the set of strate-
gies for which demand fulfilment for each player is maximized, the number of idle 
ships for each player is minimized, and the pooled capacity in the alliance is jointly 
maximized. The authors show that such optimal strategies exist (i.e., the core is not 
empty) by simulating 50 randomly generated instances for each class of parameters 
and showing that more than 95% of the test classes result in a non-empty core.

Dong et al. (2001) apply core theory from a cost perspective, in order to study the 
economic performance and stability of liner shipping alliances, where the goal is to 
provide a stable condition (the core) in which each party has a rational share ratio of 
payoffs. Then, the authors study different situations in which the core is empty and 
analyze the main reasons for the emptiness of the core.

Yang et  al. (2011) employ core theory to study how the increase in ship size 
plays on the performance and stability of SAs. By modeling the cost functions of 
the members of the SA, the authors test under what circumstances individual and 
collective rationality conditions (i.e., existence of a non-empty core) are met. Col-
lective rationality means that forming an SA should generate profits for all mem-
bers and individual rationality means that no member that adopts a strategy that is 
included in the core can obtain higher profits (that is how the payoffs are defined in 
that game) by deviating from the current arrangement and forming other coalitions. 
The stability of the SA is then assessed based on these two conditions via a sample 
numerical case study. In this, the authors conclude that although forming SAs will 

Table 6    (Continued)

Paper Problem and major concentrations Approach

Ding and Liang 
(2005)

Capacity optimization, partner 
selection

FMCDM (Fuzzy multiple criteria decision-
making)

Ting and Tzeng 
(2003)

Vessel scheduling, speed optimi-
zation, routing

Dynamic programming

Source Authors
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not prevent an empty core, it can be shown that this can improve the performance 
and stability of the SA to some degree.

Wang et  al. (2016) investigate how in theory profit-sharing mechanisms could 
benefit the stability of SAs. The authors illustrate how, in the case of the G62 alli-
ance, the capacity of its members had been expanded unequally from 2005 to 2015, 
in practice resulting in different benefits from alliance membership. Then, they used 
this example to point to how in theory a fairer distribution mechanism based on a 
modified Shapley value would provide a better payoffs distribution that allocates 
payoffs amongst dominant and non-dominant players.

Crotti et al. (2019) apply non-cooperative game theory to analyze the impact of 
the vertical integration of SA members and terminal operators on the stability of 
SAs. This study reveals that when the SA agreements are extended to terminal oper-
ations and all members benefit from this vertical integration, the alliance’s stability 
is enhanced as sunk costs from leaving the SA would increase. However, if the ter-
minal integration concerns some members only, other members are likely to experi-
ence higher terminal tariffs and will leave the SA.

There are few studies that attempt to design the network of an SA. Most of these 
studies incorporate linear (integer) programming approaches to design the network. 
Agarwal and Ergun (2010) based on Agarwal and Ergun (2008), suggest a multi-
stage optimization approach to manage the interactions among alliance members. 
In their study, the authors apply mixed-integer programming (MIP) to design the 
network of an SA. The authors use the concept of mechanism design derived from 
CGT and suggest a mechanism to motivate the alliance partners to pursue an opti-
mal strategy for the SA while maximizing their profit. A similar model by Agarwal 
and Ergun (2008) also accounts for different sizes and characteristics of the vessels 
and container trans-shipment operations.

Zheng et  al. (2015) use an integrated mixed-integer linear programming model 
and include network design, routing, and capacity exchange problems. They also 
incorporate a demand variable and modify the mechanism suggested by Agarwal 
and Ergun (2010) to calculate the capacity exchange costs by applying the inverse 
optimization technique. Note that in the model suggested by Zheng et al. (2015), the 
optimal set of service routes is assumed to be given, and transportation costs are not 
considered.

According to the reviewed optimization papers in this section, presented in 
Table 6, a wide range of optimization problems and quantitative solution approaches 
have been utilized in the literature to model SA collaborations. In this regard, our 
review revealed that the majority of research in this area is focused on enhancing 
the profit of SA members (Álvarez-SanJaime et al. 2013; Wang et al. 2016; Lin et al. 
2017; Zhang et al. 2019) and capacity optimization (Song and Carter 2009; Lu et al. 
2010; Chen and Yahalom 2013; Dong et al. 2015). As for the solution approaches, 
cooperative game theory and linear programming have been employed the most.

As shown in Table 2, there are additional areas of research that do not easily fit 
in the three groupings proposed in this paper. These areas refer to research questions 

2  The G6 alliance comprised of APL, Hapag-Lloyd, Hyundai Merchant Marine, MOL, NYK Line and 
Orient Overseas Container Line.
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that border with other disciplines, such as industrial organization, antitrust law, and 
port management, to which SAs offer interesting applications. In particular, the the-
ory of contestable markets has been applied to explain the current developments of 
SAs and how market conditions can be explained by barriers to entry in liner ship-
ping, or why a high degree of competition is observed in some routes (e.g., Hirata 
2017; Brooks and Button 2006; Graham 1998; Yap 2014) but not in others. This 
relates also to the analysis of whether the economic rationale for antitrust exemp-
tions granted to liner shipping should remain, in light of the experiences in the USA 
and Europe (Tang and Sun 2018; Nair 2016). Some authors (e.g., Alix et al. 1999; 
Wang 2015) investigate alternatives to SAs, finding that the experiences with SAs 
vis-à-vis other forms of collaboration seem to lead to higher benefits in terms of 
market stability and welfare. Finally, some research has also dealt with the implica-
tions of SAs on terminals and port authorities (e.g., El Kalla et al. 2017; Notteboom 
et al. 2017; Yap and Zahraei 2018; Heaver et al. 2000) and on global supply chains 
(Evangelista and Morvillo 1999). The implications of SAs on supply chain manage-
ment have been studied so far only marginally (Heaver et al. 2000).

6 � Future research and conclusion

This paper presented a comprehensive literature review related to liner shipping alli-
ances. In total, 85 articles published in peer-review journals between 1994 and 2019 
were selected via a systematic approach and categorized into three main areas of 
research, namely alliance formation, management, and optimization.

The analysis led us to the identification of areas for future research (Table 7). 
As shown in Table 2, regarding the formation of SAs, considerable attention has 
been devoted to understanding the incentives of carriers for joining or establish-
ing SAs (Ferrari et  al. 2008; Hirata 2017; Liu and Wang 2019) and to partner 
selection (Evangelista and Morvillo 2000; Ding and Liang 2005; Ding 2009; 
Soppe et  al. 2009). There is, however, less research devoted to understanding 
the reasons for joining an SA instead of engaging in M&A. The shift that hap-
pened in 2014, when major companies (notably Maersk Line, MSC, and CMA 
CGM) decided to change their strategy from M&A to SAs, indicates that SAs 
have become more attractive than before. In some cases, this choice might be 
explained by the existence of governmental ownership, preventing M&As for 
political reasons. This also relates to the way in which regulators have dealt with 
SAs and M&As in the past and how, particularly in the US, in Europe, and today 
in China. The focus of regulators is an important area for further research.

Even though the main factors determining the selection of SA partners have 
already been addressed in the literature, there is still limited knowledge on what cri-
teria are used in practice to assess the suitability of a partner to the alliance and 
how such criteria are measured. The study of partner selection criteria is critical as 
some of them, like compatibility and financial health, are not easy to measure. It 
would be also interesting to have more insight into the negotiation process amongst 
companies, particularly before reaching an agreement (case of failures). Another 
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Table 7   Directions for further research

Source Authors

Formation of SAs Management of SAs Optimization of SAs Other

Investigating on likely rea-
sons for shifting carriers 
from M&As to SAs

Addressing mechanisms 
to monitor shared risks 
amongst members

Considering realistic con-
straints such as heteroge-
neity of the pooled fleets, 
and fair distribution of 
reefer plugs on each 
container ship among 
members in optimization 
models

Empirical 
research on 
the impact of 
SAs on:

The growing 
size of con-
tainerships

Other 
container 
transport 
stakeholders

Addressing mechanisms 
to measure the already 
established partner selec-
tion criteria

Study on the additional 
benefits of SAs for mem-
bers on a company level

Considering the physical 
restrictions of ports such 
as tides and port drafts in 
SAs operations

Empowering 
the econo-
mies of 
countries

Research on before agree-
ment negotiation process, 
in particular, the case of 
failures

Addressing a quantita-
tive mechanism to fairly 
distribute vessel expenses 
among members of SAs

Considering transshipment 
costs in optimization 
models

The role of new shipping 
technologies on partner-
ship structure of SAs

Motivational mechanisms 
to encourage SAs’ 
members to share their 
operational information

Fair distribution of loading 
and unloading port time 
among members

interesting research topic is identifying the role of newly emerged shipping tech-
nologies on the partnership structure of SAs.

For the management-related aspects of SAs, our review covered subjects such 
as the success factors of SA collaboration, operational planning, and managing the 
shared information and knowledge among SA’s parties, as well as reviewing SA 
stability-related literature. In this area, there is still limited knowledge on how to 
monitor shared risks amongst members, and which benefits can be expected from 
SAs. In particular, there is no study at a company level to investigate how much 
additional profit can be expected by operating within vis à vis outside an alliance. 
Another research topic is related to how vessel expenses can be optimally shared. 
Most agreements entail that each party is responsible for bearing all the operational 
expenses for the vessels they operate in the SA. However, as the available capacity 
on each shared vessel is unequally distributed among parties, the expenses of each 
vessel need to be fairly shared and reviewed from time to time, or based on a pre-
agreed regular schedule (THE alliance FMC agreement 2019; Ocean alliance FMC 
agreement 2019).

To share such operating costs, members may agree on an alliance Reference 
Cost Model (SA RCM). The average of individual cost models of each member 
is normally used to build the SA RCM. For instance, the 2M and THE Alliance 
define their RCM per trade lane, whereas The OCEAN alliance specifies it per ser-
vice (Merk 2018, p. 17). An interesting research area associated with this topic is 
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developing mechanisms to encourage the members of a SA to share operational 
information with other members and finding ways of distributing the shared infor-
mation in a way that all parties can easily access, although this could be hindered by 
the need to comply with existing regulation.

For the third category of research, i.e., optimization, we elaborated on the main 
optimization problems associated with the topic of SAs, and the most widely 
employed quantitative methods by researchers to deal with these problems. In this 
area, new directions for further research at the tactical and operational levels could 
be investigated. At the tactical level, relaxing some constraints (Agarwal and Ergun 
2008; Asgari et al. 2013; Zheng et al. 2015) such as the assumption of homogeneous 
ship fleets for each carrier, or service frequencies, could offer interesting avenues 
for research. In the literature, there is also little account of the physical restrictions 
at the ports in SA operations, such as tides or port drafts, as well as transshipment 
costs, which could be included in future modeling.

Finally, empirical research on the impact of the growing size of containerships on 
other stakeholders such as shippers and freight forwarders, and on empowering the 
economies of countries with a member or members in SAs would be also interesting 
areas for further research. Future studies should also extend the scope of research 
to include, in particular, findings from books and reports written by academics or 
practitioners.
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