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Abstract

In recent years, the maritime shipping industry has endured overcapacity, volatile freight
rates, and rising debts, resulting in the creation of large shipping alliances and increased vessel
sizes. These changes have increased shipping alliance negotiating power over ports and pressure
for more favorable conditions and improved services. Constrained by capacity expansion
limitations (e.g., lack of land, high cost of expansion, etc.) while trying to accommodate the
growing demand, have brought attention to the importance of planning and operations
optimization to increase productivity and profits. In this dissertation, we present the developed
game theory models that could assist the maritime container terminal operators and port
authorities in their decision-making on the seaport and marine container terminal cooperation
and competition. In total, four cooperation game theory models are presented with cooperation
policies modeled using the Nash Bargaining Solution, total profit maximization, total minimum
profit maximization, the difference of minimum profit maximization, and Shapley Value. Results
indicate that the Nash Bargaining Solution and total profit maximization policies outperform the
total minimum profit maximization and the difference of minimum profit maximization when a
combined uniformity of profit share among the cooperating terminals and size are considered.
The Nash Bargaining Solution has a slight edge over the total profit maximization policy as it
provides better profits increase for the terminal with the higher V/C ratio and better uniformity.
Two mathematical formulations were developed for capacity sharing one based on volume (i.e.,
demand is measured in TEUs) and one based on vessel (i.e., demand is measured in TEUs per
vessel). Results indicate that planning level models provide significant difference to
tactical/operational level models with regards to demand diversion between the terminals and

overestimation of profits.
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1. Introduction

Maritime transportation is a vital piece of global trade, with approximately 80% of
commerce by volume and 70% by value is transported by sea and processed at ports worldwide
(). In the past years, the shipping industry has encountered many problems, including
overcapacity, volatile freight rates, and rising debts. Under these economic conditions, shipping
lines alone cannot provide the same service as before. By entering into alliances, shipping lines
could share their resources, which would result in cost reductions and extended service coverage.
Because of the shipping alliance size and the volumes they control, they have increased their
negotiating power over ports and pressure for more favorable conditions and improved services
(2). In addition to the creation of the giant shipping alliances, vessel size has continuously been
increasing in most of the trade routes, with Drewry Maritime Research (3) estimating that 52%
of the aggregated capacity of all containership deliveries by 2020 will belong to the class of
ultra-large container vessels (i.e., capacity over 18,000 Twenty Foot Equivalent Unit or TEU).
The introduction of mega vessels has helped liner shipping companies reduce operating costs by
better allocating their resources (high-capacity utilization) and being more fuel-efficient (mainly
because of vessel design, optimized engines, and slow steaming), thus reducing shipping costs;
although, it has been difficult to capture the theoretical economies of scale that was (partially)
the reason behind the trend of mega-vessels. Some research has also indicated cascading effects
and diseconomies of scale when port times exceed a certain limit. A study by Guan et al. (4)

concluded that a one percent increase in vessel size would increase the port time by 2.9%.



Constrained by capacity expansion limitations (e.g., lack of land, high cost of expansion, etc.)
while trying to accommodate the growing demand, marine container terminal operators and port
authorities have brought attention to the importance of planning and operations optimization to
increase productivity and profits. Game theory has given the ability to examine the effects of
critical port management decisions such as investments (5—/0) and pricing policies (§—217) under
situations when service level differentiation (//-14, 18, 22, 23), port ownership (73, 19, 20), and
port regulations (/8, 24) are considered. The game theory further enables the analysis of the
various competition and cooperation dynamics between port authorities and terminals, amongst
terminals within a port, and between ports and shipping lines.

In this dissertation, we seek to present the developed game theory models that would
allow Port Authority and Marine Container Terminal Operators (MCTOs) to make effective
decisions on the seaport and marine container terminal cooperation and competition. We begin
the paper by presenting a review of game theory applications for seaport cooperation and
competition published by Pujats et al. (25) (Chapter 1). Chapter 3 presents an application of the
Nash Bargaining Solution (NBS) to model marine container terminal cooperation with
comparison to three other cooperation policies (maximize minimum profit, maximize the
minimum difference in profit, and total profit) published by Pujats et al. (26). This chapter also
introduces the volume to vessel formulation comparison, where the volume formulation can be
applied for the planning and the vessel formulation for the tactical/operational level. Chapter 4

expands the volume to vessel formulation comparison and compares it to two cooperation



policies based on total and the other one based on minimum profit maximization. Furthermore,
this chapter introduces a formulation that considers additional costs for transshipment containers
that will have to be moved between terminals or have to be loaded on specific vessels at the port
of origin. The article by Pujats et al. (27) used for this chapter is currently under review. Chapter
5 presents a mathematical framework for container terminal and liner shipping companies
cooperation and competition, where Pujats et al. (28) attempted to expand the previously
developed game theory models by adding additional stakeholders (a liner shipping companies
that are engaged in coalition). Chapter 6 expands on previous container terminal cooperation
models' works by presenting a mathematical framework of container terminal cooperation using
the Core, Shapley value, and Coalition Structure. This chapter attempts to overcome the previous
model limitation, such as finding sub coalitions when players would prefer not to be in the grand
coalition, and furthermore provides a fair way to distribute profit generated by the coalition
among all players in that coalition. Finally, Chapter 7 concludes the paper and presents future

research.



2. A Review of Game Theory Applications for Seaport Cooperation and Competition

Introduction
Maritime transportation is a vital piece of global trade, with approximately 80% of

commerce by volume, and 70% by value is transported by sea and processed at ports worldwide
(). Liner shipping is the most cost-efficient (and in some instances, the only) way to transfer
goods over long distances. Containerships, especially, have large capacities and can carry a large
amount of goods worth several large warehouses in a single voyage (29). In accordance with the
data presented by the United Nations Conference on Trade and Development (/), the global
seaborne trade came to 11 billion tons in 2018, where minor bulk experienced the fastest growth
from 2017 with 3.7% increase in tonnage, followed by the containerized market with 2.6% rise
in tonnage, and major bulk increased 1.9% in tonnage. In the past years, the shipping industry
has encountered a number of problems including overcapacity, volatile freight rates, and rising
debts. Under these economic conditions, shipping lines alone cannot provide the same service as
before. By entering into alliances, shipping lines could share their resources, which would result
in cost reductions and extended service coverage. As of June 2019, three major alliances (2M,
Ocean Alliance, and THE Alliance) collectively accounted for 78% of the global container
market (30). Because of the shipping alliance size and the volumes they control, they have
increased their negotiating power over ports and, thus, can pressure for more favorable
conditions and improved services (2). In addition to the creation of the giant shipping alliances,

vessel size has continuously been increasing in most of the trade routes, with Drewry Maritime



Research (3) estimating that 52% of the aggregated capacity of all containership deliveries by
2020 will belong to the class of ultra-large container vessels (i.e., capacity over 18,000 Twenty
Foot Equivalent Unit or TEU). The introduction of mega vessels has helped liner shipping
companies reduce operating costs by better allocating their resources (high-capacity utilization)
and being more fuel-efficient (mainly because of vessel design, optimized engines, and slow
steaming), thus reducing shipping costs; although, it has been difficult to capture the theoretical
economies of scale that was (partially) the reason behind the trend of mega-vessels. Some
research has also indicated cascading effects and diseconomies of scale when port times exceed a
certain limit. A study by Guan et al. (4) concluded that a one percent increase in vessel size
would increase the port time by 2.9%. Constrained by capacity expansion limitations (e.g., lack
of land, high cost of expansion, etc.) while trying to accommodate the growing demand, marine
container terminal operators and port authorities have brought attention to the importance of
planning and operations optimization to increase productivity and profits. Game theory has given
the ability to examine the effects of critical port management decisions such as investments (5—
10) and pricing policies (§—27) under situations when service level differentiation (//-14, 18, 22,
23), port ownership (15, 19, 20), and port regulations (/8, 24) are considered. Game theory
further enables the analysis of various competition and cooperation dynamics between port
authorities and terminals, amongst terminals within a port, and between ports and shipping lines.

In this study, we seek to present a review of recent game theory applications for seaport and



marine container terminal cooperation and competition and suggest possible future research
directions.

The remainder of the paper is structured as follows. Next subsection presents a review of
recent game theory approaches used to model seaport and container terminal
cooperation/competition and co-opetition.

Game Theory Approaches
Port and Container Terminal Cooperation/Competition and Co-Opetition

In this subsection, we review the literature on game theory approaches, factors, and
conditions that affect seaports, marine container terminals, and the competition and cooperation
dynamics between them. These studies are summarized in Table 1.

Factors and conditions affecting ports, which serve partially overlapping hinterlands,
were investigated by Wang et al. (//) using a Cournot competition model and a joint profit
maximization approach. The game theory model developed by the authors accounted for the
institutional and political constraints (e.g., port ownership and management; types of contracting,
leasing, and concessions; private profit vs. public welfare) often encountered by ports. Results by
Wang et al. (/1) suggest that alliance formation is highly dependent on the institutional and
political factors such as mergers, cross-shareholding, and transfer payments and their
authorization to conduct usual business practices. When institutional and political factors
prohibit usual business practices, that would otherwise allow allocating the benefits of

cooperation properly amongst the partners. Alliance between ports will be established only when



there is a balance between increasing prices and switching some of the throughputs from high-
cost ports to low-cost ones. Competition and cooperation between three leading transshipment
ports situated in Malaysia (Port Klang or PKL, Port of Tanjung Pelepas or PTP) and Singapore
(Port of Singapore or PSA) were investigated by Ignatius et al. (37), where the authors applied
Cournot competition and collusion. Results suggested the creation of a strategic alliance between
PSA and PTP, where both the current hub and spoke network would gain more profit, while PKL
should not engage in any cooperative strategies with any of the other ports. Similarly, Wang and
Sun (12) investigated competition and cooperation between ports in the port group based on
geographical location. Additionally, the service level and shipping distance were investigated
using the Hotelling game model. When the service levels of port enterprises are the same, a
cooperative strategy can significantly improve the level of the port group’s cumulative profit.
When the service levels of the port enterprises are different, the port’s service price, market
share, and profit are affected by the service level before and after the cooperation, the service
level of the port enterprise shows a trend of mutual promotion, and the port group develops into a
higher service level. The price strategy of ports serving partially overlapping hinterlands was
investigated by Zhou (/3), where the author used a modified Hotelling model and simulation to
analyze the price strategy for three ports from competition and cooperation perspectives.
Research results revealed that, when the service levels were the same, the critical factor for
competitive ports was location, while service level was the critical factor for the creation of a

port alliance. Four types of two-stage games between public/private port authorities were



modeled by Ciu and Notteboom (/4). The authors examined the effects of public/private port
authority-oriented objectives and how the level of service changed with differential capacity,
service price, profits, and welfare when considering competing or cooperating ports. Results
concluded that, under Cournot competition, the formation of an alliance could be successful only
when the partial public port authority (PA) agrees to transfer certain profits to the private PA.
Under all other types of competitions, the highly private-oriented PA will have the highest
willingness to cooperate with the private PA, while under similar conditions, the highly public-
oriented PA will have the lowest willingness to cooperate with the private PA.

Different combinations of coalitions between terminals at a single port were investigated
by Saeed and Larsen (32). The authors applied a two-stage Bertrand game between three
container terminals situated in Karachi Port in Pakistan. Grand coalition was found to result in
the best payoff, while the terminal at a second port that did not join the coalition earned a better
payoff. When discriminatory fees were considered, the overall profit of terminals in Karachi was
found to be lower, while users gained most when the nondiscriminatory percentage fees were
considered. Competition and coalition between terminals at two ports were investigated by Park
and Suh et al. (/5), where the authors applied competition as a Bertrand game and cooperation as
a terminal alliance on four container terminals located in North Port and two terminals in a new
port of Busan, Republic of Korea. The goal of the investigation was to find the equilibrium price
and profit between competitive container terminals. Terminal cooperation was also investigated

by Pujats et al. (26), where the authors evaluated and compared four different cooperation



policies, with terminals sharing available demand and capacity. The authors also proposed two
model formulations, one based on volume and one based on vessels (where the demand shared is
measured as the number of TEUs per vessel). Authors concluded that the commonly used
volume-based sharing approach could significantly overestimate total profits while

underestimating profits of terminals with higher volume-to-capacity ratios.



Table 1 Summary of Port and Container Terminal Cooperation/Competition and Co-opetition

Study

Technique

Methodology

Objective

Results

Wang et al., 2012
(11)

Cournot competition/

Joint profit maximization

Ports with differentiated
services decide to compete
or form an alliance.

Investigate the elements that
have an effect on alliance
formation for ports in South
China with partially
overlapping hinterlands.

When institutional and political factors
prohibit usual business practices, the
alliance will be formed only when there
is a balance between increasing prices
and switching some of the throughputs
from high-cost ports to low-cost ones.

Ignatius et al., 2018
3D

Cournot competition
Collusion

Transshipment ports in a
proximate region decide to
compete or cooperate.

Investigate whether an alliance
between three leading
transshipment ports situated in
Malaysia (Port Klang, Port of
Tanjung Pelepas) and Singapore
(Port of Singapore) should be
formed.

A strategic alliance between Port of
Singapore and Port of Tanjung Pelepas
would result in greater profit for both
the current hub and spoke network. Port
Klang should not engage in any
cooperative strategies with any of the
other ports.

Wang and Sun,

Port enterprises maximize
their profit at the same

Analyze the competition and
cooperation among ports based

When the service levels are the same, a
cooperative strategy can significantly

2017 Hotelling model service level or at a different - 5° ographical locgtlop, improve the level of the port group’s
(12) service level service level, and shipping cofit
) distance. P )
. When the service levels are the same,
. . . Analyze the price strategy for o ..
. Ports decide on setting prices o . the critical factor for competitive ports
Zhou, 2015 Hotelling model . competition and cooperation . . . .
(13) Nash equilibrium under cooperation and among ports serving partially is location, while service levels are the

competition conditions.

overlapping hinterland.

critical factor for port alliance
formation.

Ciu and Notteboom,
2018
(14)

Cournot competition
Bertrand competition
Quantity—Price game
Price—Quantity game

Two-stage game where:
Port makes quantity or
pricing decisions.

Ports decide to cooperate or
compete.

Investigate the effects of
competition and cooperation on
public/private Port Authorities
(PA) objectives when the level
of service changes with
differential capacity, service
price, profits, and welfare.

Under Cournot competition, an alliance
will be formed only when the partial
public PA will agree to transfer certain
profits to the private PA. Under all
other types of competitions, the highly
private-oriented PA will have the
highest willingness to cooperate with
the private PA.
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Table 1 Summary of Port and Container Terminal Cooperation/Competition and Co-opetition (Continued)

Study

Technique

Methodology

Objective

Results

Saeed and Larsen,
2010

Bertrand competition
Bertrand—Nash

Two-stage game where:
Terminals decide to compete

or form a coalition.

Terminals in coalition play

Analyze different combinations
of coalitions among three
container terminals situated in

Grand coalition was found to result in
the best payoff, while the terminal at a
second port that did not join the
coalition earned a better payoff. When
discriminatory fees were considered,
the overall profit of terminals in

32 equilibrium . . . . . . .
(32) quriibriu cooperatively, otherwise Karachi Port in Pakistan. Karachi was found to be lower, while
non-cooperative Nash game users gained most when the
nondiscriminatory percentage fees were
considered.
Find the equilibrium price and N .
. . In a situation when one container
Bertrand competition . .. profit between four container . o .
Park and Suh et al., . . Terminals make pricing . . terminal will increase price, all other
Maximize Total Joint L . terminals in Busan, the . . .
2015 decisions under cooperation . . terminals will keep the current price,
Profit . Republic of Korea, in a . .
(15) or competition. when one terminal reduces the price, all

Nash equilibrium

competitive and cooperative
relation.

other terminals will follow.

Pujats et al., 2018
(26)

Nash Bargaining
Solution

Maximize total profits
Maximin profit
cooperation

Maximin profit increase

cooperation

For the volume-based

formulation, each terminal
decides whether to cooperate
by receiving or providing the
demand. For the vessel-
based formulation, each
terminal decides on which

vessels are served.

Evaluate and compare four
different cooperation policies
for sharing capacity and
compare volume to vessel-
based formulations.

The Nash Bargaining Solution and
maximization of total profits policies
outperform the maximization of
minimum profit among all terminals,
and maximization of minimum profit
increases among all terminals when a
combined uniformity of profit is shared
among the cooperating terminals and
size is considered.

11



Port and Container Terminal Competition

In this subsection, we present a review of the literature on game theory approaches that
model only seaport, marine container terminal competition. These studies are summarized in
Table 2.

Effects of service level differentiation in inter- and intra-port competition, in which two
ports compete for cargo transshipment, were examined by Van Reeven (33). The game was
constructed using the Hotelling and Cournot models. The results showed that the highest
profits were achieved between vertically separated ports. Furthermore, the vertically separated
Landlord Port competition resulted in a Nash equilibrium. A vertically integrated port
organization system yields lower profits. Effects of transition from a multiuser terminal to a
fully dedicated terminal on inter- and intra-port competition between the multiuser terminals
were examined by Kaselimi et al. (/6). The authors used a two-stage game where, at the first
level, a Cournot competition was used to model terminal competition, with terminal capacity as
the decision variable, while at the second stage, a Hotelling model was used to determine the
Nash equilibrium prices (port dues and terminal service fees). The authors concluded that the
introduction of dedicated terminals resulted in less profit for the port authorities and also for
the users of multiuser terminals, while multiuser terminals were unaffected by the introduction
of dedicated terminals. Terminal concession awarding in inter- and the intra-port competition
was studied by Yip et al. (34) using a two-stage model, where at the first stage, ports made

terminal award decisions, and at the second stage, terminals engaged in Cournot competition.

12



Model results suggested that terminal operators preferred to govern more terminals in the
region. Port authorities with considerable market dominance prefer to introduce inter- and
intra-port competition.

Instead of product differentiation, Zhuang et al. (22) investigated service differentiation
for ports that managed containerized cargo and dry-bulk cargo, where two non-cooperative
games (Stackelberg and Nash) were used to model competition between the ports. Results
highlighted the importance of proper coordination, as ports may decide on the same
infrastructure investments despite that the demand may not be sufficient. The government
should intervene in the port specialization process, as it may lead to over-investment and
excessive competition. Leading ports benefit from making first moves that result in greater
profit and larger traffic volume.

Strategic interaction by setting prices between ports in their networks was empirically
analyzed by Nguyen et al. (/7). By considering berth and channel dues, a two-stage game was
applied to three Australian regions, namely Queensland, South Australia and Victoria, and
Western Australia, where, at the first stage, ports estimated price response functions, and at the
second stage, ports identified links in the port network and analyze strategic interactions. The
authors concluded that not all ports set prices through strategic interaction between other ports;
some set prices independent of each other. Moreover, the pricing strategy of competing ports
may differ from each other. Port capacity investment decisions between the ports of Busan,

South Korea, and Shanghai, China, were examined by Anderson et al. (5) using Bertrand

13



competition. The authors suggested that investments should not be undertaken throughout East
Asia. In addition, governments should be aware of any current or future competitor
developments that may have a chance to gain a greater share of the market. Port capacity
expansion was also examined by Do et al. (6), where the authors modeled competition between
Hong Kong and Shenzhen Ports and investigated the decision-making process in capacity
expansion investments using uncertain demand and payoff. Shenzhen was found to be the
dominant port in a long-term strategy. Strategic port pricing at the time when ports make
capacity investment decisions were examined by Ishii et al. (7). The inter-port competition
between two ports was modeled using the Cournot model. Results indicated setting lower
prices when both the demand elasticity and port capacity development activities are high. The
actual decision on setting the price of the government was made contrary to the theory. Port
capacity investment decisions were also studied by Luo et al. (&), where the authors applied a
two-stage game to study container port competition between the port of Hong Kong and
Shenzhen, where, at the upper-level, ports decide on capacity investment, and at the lower
level, they play the Bertrand game. The authors concluded that both ports would expand with
the increasing market demand, although the new port with a smaller capacity will be more
likely to expand owing to the lower investment costs and higher price sensitivity. In a market
situation, when demand is increasing and the new port has higher competitive power, the
pricing and capacity expansion, without any nonmarket protective measures, might not be

sufficient to suppress the growth of the new port

14



Table 2 Summary of Port and Container Terminal Competition

Study Technique Methodology Objective Results
Two-stage game where:
P horiti i . . . .
. ort aut or1't1es decide Analyze the effects of service level  The highest profits were achieved between vertically
Van Hotelling whether to integrate . Lo )
. differentiation in inter- and separated ports. Furthermore, the vertically separated
Reeven, model vertically or to separate ) e . o . e
. intraport competition, in which two  Landlord Port competition results in a Nash equilibrium. A
2010 Cournot vertically. ) . L .
.. ports compete for cargo vertically integrated port organization system yields to
(33) competition  All players .
. transshipment. lower profits.
simultaneously make
their final choices.
Two-stage game where
Terminal operators .
Kaselimi Cournot compete for quantities Exan}m ¢ the effects Of the . The introduction of dedicated terminals will result in less
.. . . . transition from a multiuser terminal Iy
et al., competition by taking consideration . . profit to the port authorities and also to the users of
. . ) to a fully dedicated terminal on . . . . .
2011 Hotelling of their capacity. . . . multiuser terminals, while multiuser terminals were
. . inter- and intraport competition . . . .
(16) model Terminals compete in . . unaffected by the introduction of dedicated terminals.
. between the multiuser terminals.
both prices and
throughput.
Two-stage game where:
. Cournot Ports make terminal . . . . .
Yip et al., . .. Examine inter- and the intraport Terminal operators prefer to govern more terminals in the
competition  award decisions. .. . . . . . . .
2014 . competition on terminal concession  region. Port authorities with considerable market dominance
Nash Terminals set port . ) . . o
34 N o awarding. prefer to introduce inter- and intraport competition.
equilibrium  charges competing in
quantity.
Two-stage game where:
The leader port decides Port infrastructure investments should be coordinated
output volumes for both . . .
Stackelberg . . L iy adequately with other port infrastructure investments and
Zhuang et container and bulk cargo  Investigate service differentiation . ) .
game . L potential demand. Government intervention may be
al., 2014 operations. for ports that manage containerized . . . .
(22) Nash The follower port cargo and dry-bulk cargo required, as it may lead to over-investment and excessive
equilibrium ’ competition. Leading ports benefit from making first moves

decides output volumes
in container and bulk
cargo operations.

that result in greater profit and larger traffic volume.
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Table 2 Summary of Port and Container Terminal Competition (Continued)

Study Technique Methodology Objective Results
A two-
person game . S . .
Ishii etal., model with Ports make pricing Anglyze strategic port pricing in a When both the dgrp{md elast.lclty apd port capacity
. S . setting of interport competition and at  development activities are high, prices should be set
2013 stochastic decisions in the time of . . . . )
o the time when ports make capacity low. The actual decision on setting the price made by
(7) demand capacity investment. . -
Nash investment decisions. the government was made contrary to the theory.
equilibrium
Two-stage game where:
Ports make pricing . L
. C 2 Identify the effects of strat . . .
Price decisions to maximize dentify 1 CLICCTS OF SHAlegle PIICINg o4 411 ports set prices through strategic interaction
Nguyen et . on ports in their networks in three - oo
leadership profit. . . between other ports; some set prices independent of
al., 2015 . . Australian regions, namely L
Nash Identification of network . each other. Moreover, the pricing strategy of
(17) ey . . Queensland, South Australia and . .
equilibrium links between ports in the S . competing ports may differ from each other.
. Victoria, and Western Australia.
network and strategic
interaction.
Anderson . . Investments should not be undertaken throughout East
Each port makes an Examine port capacity investment . o
etal., Bertrand . L. . Asia. In addition, governments should be aware of any
o investment decision by decisions between ports of Busan, .
2008 competition increasing its capacit Korea. and Shanehai. China current or future competitor developments that may
(&) & pactty. ’ ghat, ) have a chance to gain a greater share of the market.
A two-
person game
Do et al,, model Wlth Ports de01d.e to mnvest Examine port capacity investment Shenzhen was found to be the dominant port in a long-
uncertain under consideration that .. .
2015 . . decisions between ports of Hong Kong  term strategy. Hong Kong should make capacity
demand and  demand is uncertain, or .
6) . . and Shenzhen. investments only when Shenzhen does.
payoff payoff is uncertain.
Nash
equilibrium
Bertrand Two-stage game Where: Examme port capacity investment Both ports would expand with the increasing market
Luo etal., .. Ports make capacity decisions between ports of Hong Kong . .
competition . .. demand, although the new port with a smaller capacity
2012 investment decisions. and Shenzhen, when the market . . .
Nash L . . . will be more likely to expand owing to the lower
€} e Ports make pricing demand increases and differential ) . . e
equilibrium investment costs and higher price sensitivity.

decisions.

service levels.

16



Government and Container Terminal Competition

This subsection of the paper discusses the reviewed literature on game theory
approaches used to model government, port, and marine container terminal competition and
cooperation. These studies are summarized in Table 3.

Port regulation modes were examined by Zheng and Negenborn (24), where the authors
compared the centralization mode and the decentralization mode by modeling a Stackelberg
game between the government, ports, and customers. Specifically, the authors investigated how
port regulation mode affected optimal tariffs, port capacities, and port efficiency levels. Under
the decentralization mode, the tariff, port efficiency level, port service demand, and social
welfare were found to be higher. The effects of port regulation mode on port capacity and
profit were inconclusive. Port regulation under centralized and decentralized modes was also
studied by Yu et al. (/8). Competition between ports, where the government of ports makes
cargo fee decisions and terminals make service quality and price decisions, was modeled using
a two-stage Hotelling game. Results indicated government preference towards competitive
terminals. Terminals with lower service quality will gain higher profit under a centralized
mode compared to the competition instance

Port ownership, and in particular port privatization, was investigated by Czerny et al.
(19). The authors used a two-stage Hotelling game to model competition between two
transshipment ports located in two different countries. At the first stage, ports simultaneously

decided whether to privatize or maximize social welfare, and at the second stage, ports made
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pricing decisions. Results suggest both ports will be privatized in a setting when the
transshipment market is significant. Private ports would set higher port charges, and reduction
in operational costs will result in higher port charges.

The effects of government-introduced emission tax charges on vessel and port
operations were investigated by Cui and Notteboom (20), where a private port and Landlord
ports either compete using Cournot or Bertrand game, or cooperate with differentiated services.
The authors suggested more rigorous environmental protection reinforcements in the case of
port cooperation than in port competition. In the case of port cooperation, revenue from the
total emission taxes always resulted in greater value than the overall damage to the
environment.

Pricing and investment decisions between competing ports with hinterland congestion
were studied by De Borger et al. (9). The authors investigated how port pricing decisions
affected optimal investment policies, and how congestion toll decisions on the hinterland
network affected hinterland capacities. Competition between ports was modeled as a two-stage
game, where at the first stage, governments played a Cournot type of game by making port and
hinterland investment decisions while considering the pricing behavior of ports. At the second
stage, ports engaged in a Bertrand game by determining port prices while considering the
potential congestion at the port and the hinterland transport network. The authors concluded
that capacity investment would result in reduced prices and congestion at each port, but it

would increase congestion in the hinterlands. Hinterland investment will likely result in
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increased prices and congestion at the port, which at the same time will lead to reduced prices
and congestion at the competing port. The introduction of congestion tolls will increase both
port and capacity investments. Hinterland congestion and seaport competition were further
studied by Wan and Zhang (35). Similarly to De Borger et al. (9), the authors examined pricing
and investment decisions between competing ports with hinterland congestion using a two-
stage game, where local governments make port and hinterland capacity investment decisions,
and ports make congestion toll decisions on the hinterland network. Unlike De Borger et al.
(9), Wan and Zhang (35) studied road tools in a more detailed manner by looking at both fixed-
ratio and discriminative tolls. Also, instead of assuming price competition between ports, Wan
and Zhang (35) used quantity competition. Results suggested that the increase in port
hinterland road capacity or tolls may lead to increased ports profits, while at the same time, by
tolling above the marginal external congestion costs, the competing port will lose profit. When
the discriminative toll system is introduced, commuters will be tolled at the marginal cost,

while trucks will be tolled even lower than that price.
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Table 3 Summary of Government and Container Terminal Competition

Study Technique Methodology Objective Results
Three-stage game where:
Governments make
capacity decisions for
h pri li o .
bot .prlvate and public . Under the decentralization mode, the tariff, port
Zheng and terminals. Analyze the effects of port regulation efficiency level. port service demand. and social
Negenborn, Stackelberg ~ Governments and the modes on optimal tariffs, capacities, and welfare VZere fo’ulzl d to be higher The’e ffects of
2014 game private terminal operator  port efficiency levels for both public and . gher. 1%
. . . . port regulation mode on port capacity and profit
24) engage in a simultaneous  private terminals. . .
were inconclusive.
duopoly game.
Consumers decide
between the public and
private terminals.
Hotellin g(‘;:?-s(t)igei ng;llrenri:ﬁllii Analyze the effects of port regulation Governments prefer terminals to compete under
Yuetal., model & car Og fee decisions modes on competing ports, when the the decentralized model. Terminals with lower
2016 Nash Tergminal opera tors.make government of ports makes cargo fee service quality will gain higher profit under a
18) cquilibrium  service uaIl)i tv and decisions and terminals make service centralized mode compared to the competition
4 service grice Zecisions quality and price decisions. instance.
Crerny ct al é‘:\?;;?ig rﬁ:rgzcmléeigz Investigate the effects of port Both ports will be privatized in a setting when the
2014 Y ”  Hotelling Livatize or not privatization on competition between two  transshipment market is significant. Private ports
(19) model gorts make ric.in transshipment ports located in two would set higher port charges, and reduction in
decisions P & different countries. operational costs will result in higher port charges.
Two-stage game where:
Cournot Governments make In the case of port cooperation, more rigorous
Cui and competition  decisions on emission Analyze the effects of government- environmental protection should be reinforced
introduced emission tax charges on o ’
Notteboom, Bertrand control tax and whether to . . . compared to the port competition. In the case of
.. o vessel and port operations in a setting of . .
2017 competition  privatize the port. . - port cooperation, revenue from the total emission
. . private and Landlord port competition . .
(20) Nash Ports make quantity/price . taxes will always result in greater value than the
iy .. . . and cooperation. .
equilibrium  decisions in competition overall damage to the environment.

or cooperation settings.
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Table 3 Summary of Government and Container Terminal Competition (Continued)

Study Technique Methodology Objective Results
Two-stage game
where: . - The capacity investment would result in reduced prices and
Investigate the effects of port pricing . R .
Cournot Governments make s . . congestion at each port, but it will increase congestion at
.. decisions on optimal investment . . . a1 .
De Borger et type decisions on port .. . hinterland. Hinterland investment will likely result in
. . . policies and congestion toll . . . .
al., 2008 competition capacity, hinterland .. . increased prices and congestion at the port, which at the
. decisions on the hinterland network . . . .
€9 Bertrand capacity, and road .. . same time will lead to reduced prices and congestion at the
o capacities between competing ports . ) . . .
competition tolls. O . competing port. The introduction of congestion tolls will
- with hinterland congestion. ) o
Ports make pricing increase both port and capacity investments.
decisions.
Two-stage game
where: Investigate the effects of port pricing  An increase in port hinterland road capacity or tolls may
Governments make s . . . . .
. decisions on optimal investment lead to increased ports profits, while at the same time, by
Cournot decisions on port .. . . . .
Wan and o . . policies and congestion toll (both tolling above the marginal external congestion costs, the
competition capacity, hinterland - TP . . L
Zhang, 2013 . fixed-ratio and discriminative) competing port will lose profit. When the discriminative toll
Cournot capacity, and road . . .S )
(35 e decisions on the hinterland network  system is introduced, commuters will be tolled at the
equilibrium  tolls.

Ports make pricing
decisions while

competing in quantity.

capacities between competing ports
with hinterland congestion.

marginal cost, while trucks will be tolled even lower than
that price.
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Port and Shipping Line Competition and Cooperation

In this subsection, we review applied game theory approaches on port and liner
shipping competition and cooperation. These studies are summarized in Table 4.

Horizontal and vertical interaction between liners and ports were investigated by Song
et al. (36) in a two-stage game using Bertrand competition and a Multinomial Logit model,
where at the first stage, shipping lines made port-of-call decisions, and at the second stage,
ports made port pricing decisions. The authors found that, when ports and liners were
considered as identical players, the Nash Equilibrium resulted in the lowest possible service
charge. When ports and liners were considered as different players, liners increased container
volume and kept the service charge the same. Ports with constrained geography and limited
capacity would benefit from cooperating with neighboring ports, which would allow
redirecting excess demand.

Container port competition and collusion for transshipment cargo in the presence of
shipping lines were investigated by Bae et al. (27) using a two-stage game, where, at the first
stage, ports engaged in Bertrand competition or collusion by making pricing decisions while at
the second stage, by observing port capacities, prices, and transshipment levels, shipping lines
engaged in Cournot competition and made port-of-call decisions. The authors concluded that
higher-level transshipment ports that have sufficient capacity to handle excess traffic are more
attractive to shipping lines. Ports with excess capacity can attract more demand by lowering

prices, while the unused capacity can dissipate the congestion effect. In a setting when both
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ports are congested, which results in increased shipping lines costs, the high-level
transshipment port decreases the price to maintain its demand. The port collusion model will
lead to a higher port price compared to the non-cooperative model. Container terminal and
liner shipping company cooperation and competition using the Stackelberg model were
modeled by Pujats et al. (28). The developed model considered competition between shipping
lines and marine container terminal operators (MCTOs). The former players are part of an
alliance, while the latter players engage in a capacity-sharing, cooperative agreement. At the
upper level, the shipping lines act as the leader minimizing the shipping costs and terminal
fees, while at the lower level, the container terminals, as the followers in the game, decide to
compete or engage in cooperation with the objective to maximize individual profits.

Route network design in a setting of port and shipping company cooperation and
competition was examined by Asgari et al. (37). A two-stage game was modeled, where, at the
first stage, shipping companies made route network design decisions by playing the
Stackelberg game, and at the second stage, ports made total handling cost decisions by playing
the Nash game. Three types of strategies were considered: perfect hub competition, perfect hub
cooperation, and cooperation between the shipping companies and the hub ports. Results
indicated that the short term was the easiest way to control pricing; also, changing handling
charges gave control over capacity and competitive power. In the medium term, cooperation
with the dominant shipping line may partially secure market share. In the long run, cooperation

between ports is beneficial as port capacity may be constrained by geography and neighboring
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ports. Competition and cooperation between a hub and spoke ports in a shipping network were
examined by Tuljak-Suban (38), where the author investigated the relationship between port
container terminal incomes and the shipping operator incurred costs in the North Adriatic hub
and spoke system, where shipowners were modeled as leaders. The author used a two-stage
Stackelberg game, where, at the first stage, the shipping companies acted as leaders and solved
the Vehicle Routing Problem with Pickup and Delivery by taking into account the navigation
and handling costs to make port-of-call decisions, and at the second stage, the spoke ports
decided on handling charges under port cooperation, competition, or cooperation between
spoke ports and shipping companies. Results showed that there was no optimal strategy
between the ship companies and spoke ports, port competition could lead to a reduction in the
activities of the weaker port, and port cooperation between spoke ports could raise incomes and
improve container transshipment services. The optimum set of liner services modeled as
monopoly or duopoly was analyzed by Angeloudis et al. (39) using a three-stage game, where
at the first stage, shipping lines or alliances made fleet investment decisions; at the second
stage, shipping lines or alliances made service design decisions, and the route assignment
problem was solved; and at the final stage, shipping lines or alliances made freight rate
decisions on each leg. The authors showed that when a duopoly was considered, shipping lines

or alliances selected different service networks, thus reducing the competitive pressure.
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Table 4 Summary of Port and Shipping Line Competition and Cooperation

Study

Technique

Methodology

Objective

Results

Song et al., 2016
(36)

Bertrand competition
Multinomial Logit
model

Nash equilibrium

Two-stage game where:
Shipping lines make a port-of-
call decisions.

Ports make pricing decisions.

Examine horizontal and
vertical interactions
between liners and ports.

When ports and liners are considered as
identical players, the Nash equilibrium
results in the lowest possible service charge.
When ports and liners are considered as
different players, liners will increase
container volume and keep the service
charge the same. Ports with constrained
geography and limited capacity would
benefit from cooperating with neighboring
ports, which would allow redirecting excess
demand.

Bae et al., 2013
2D

Bertrand competition
and collusion
Cournot competition

Two-stage game where:

Ports make pricing decisions.
Shipping lines make port-of-call
decisions.

Analyze container port
competition and collusion
for transshipment cargo
in the presence of
shipping lines.

The higher-level transshipment ports that
have sufficient capacity to handle excess
traffic are more attractive to shipping lines.
Ports with excess capacity can attract more
demand by lowering prices, while the unused
capacity can dissipate the congestion effect.
The port collusion model will lead to a
higher port price compared to the non-
cooperative model.

Pujats et al.,
2019
(28)

Stackelberg game
Nash equilibrium

Two-stage game where:

Shipping lines in an alliance
make shipping size decisions
Container terminals decide to
cooperate or compete by utilizing
their capacities.

Develop a mathematical
framework for container
terminal and liner
shipping company
cooperation and
competition using the
Stackelberg model.

The developed game theory-based model not
only could assist marine container terminal
operators and port authorities in identifying
optimal contractual agreements, but it also
could help identify optimal operational plans
that support the implementation of such
contractual agreements.
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Table 4 Summary of Port and Shipping Line Competition and Cooperation (Continued)

Study Technique Methodology Objective Results
Short term is the easiest way to control
pricing; also, change in handling charges
Two-stage game where: Develop route network gives control over capacity and competitive
Asgari et al., Shipping companies make route design in a setting of port  power. In the medium term, cooperation
Stackelberg game . .. A . . L
2013 Nash equilibrium network design decisions. and shipping company with the dominant shipping line may
37) Hub ports make total handling cooperation and partially secure market share. In the long
cost decisions. competition. run, cooperation between ports is beneficial

as port capacity may be constrained by
geography and neighboring ports.

Tulja-Suban,
2017
(38

Stackelberg game
Nash equilibrium

Two-stage game where:
Shipping operators make port-of-
call decisions.

Spoke ports make handling
charge decisions under one of the
cooperation/competition
scenarios.

Examine competition and
cooperation between a
hub and spoke ports in a
shipping network.

There is no optimal strategy between the
ship companies and spoke ports, port
competition could lead to a reduction in the
activities of the weaker port, and port
cooperation between spoke ports could raise
incomes and improve container
transshipment services.

Angeloudis et
al., 2016
(39)

Bertrand competition
Nash equilibrium

Three-stage game where:
Shipping lines or alliances make
fleet investment decisions.
Shipping lines or alliances make
service design decisions, and the
route assignment problem is
solved.

Shipping lines or alliances make
freight rate decisions on each leg.

Determine the optimum
set of liner services
modeled as a monopoly
or duopoly.

When a duopoly was considered, shipping
lines or alliances selected different service
networks, thus reducing the competitive
pressure.
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Other Type of Maritime Transportation Cooperation and Competition

In this subsection, we discuss the reviewed literature on other types of maritime
transportation cooperation and competition that utilizes game theory approaches. These studies
are summarized in Table 5.

Pricing and routing decisions between ocean carriers, land carriers, and terminal
operators in a maritime freight transportation network were investigated by Lee et al. (23). The
authors used a non-cooperative hierarchical game model, where at the first stage, carriers
determined service charges and delivery routes; at the second stage, terminal operators decided
on port throughput and service cost; and at the final stage, land carriers decided on service
demand and land transportation costs.

The effects of port privatizations on port usage fees, firm profits, and welfare in a
setting of port and manufacturing firm competition located in two countries, home and foreign,
were investigated by Matsushima and Takauchi (40). The authors used a three-stage game,
where at the first stage, governments made a decision on whether to privatize ports; at the
second stage, ports made port usage fee decisions; and at the final stage, firms in both countries
determined quantities. Results indicated that under low (per unit) transportation costs either
both or none of the ports will be privatized, under moderate transportation costs both ports will
be privatized, and under high transportation costs, none of the ports will be privatized.

Government strategic investment decisions on inland transportation infrastructure in the

port catchment area and common hinterland with competing ports were investigated by Basso
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et al. (/0). The authors used a three-stage Hotelling model, where at the first stage,
governments made packability investment decisions; at the second stage, ports made pricing
decisions; and at the final stage, shippers made decisions on port of call and demand for the
product. Results indicated that increased investment in the hinterland would decrease charges
at both ports, but increased investment in a port catchment area would significantly decrease its

charges compared to the rival port.
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Table 5 Summary of Other Types of Maritime Transportation Cooperation and Competition

Study Technique Methodology Objective Results
Three-stage game where:
Governments make
P ackgblllty mvestment Investigated government strategic Increased investment in the hinterland would
decisions. . . . )
Basso et al., Ports make pricin investment decisions on inland decrease charges at both ports, but the increased
2013 Hotelling model decisions p & transportation infrastructure in the ~ investment in a port catchment area will
(10) . ) .. port catchment area and common significantly decrease its charges compared to the
Shippers make decisions hinterlands with competing ports rival port
on whether to accept the petng p port.
port of call and demand
the product.
Three-stage game where:
Governments make Examine the effects of port . . .
. . R Under low (per unit) transportation costs either
Matsushima Bertrand decisions on whether to privatizations on port usage fees, ..
. .. o ; both or none of the ports are privatized, under
and Takauchi, competition privatize or not. firm profits, and welfare in a .
. . moderate transportation costs both ports are
2014 Cournot Ports make port usage setting of port and manufacturing R . .
.. . .\ . privatized, and under high transportation costs
(40) competition fee decisions. firm competition located in two

Firms in both countries
make quantity decisions.

countries: home and foreign.

none of the ports are privatized.

Leeetal., 2012
(23)

A game model
with Oligopolistic
players

Nash equilibrium

Three-stage game where:

Ocean carriers make
service charges and
delivery route decisions.
Terminal operators make
port throughput and
service cost decisions.
Land carriers make
service demand and land
transportation cost
decisions.

Investigate pricing and routing
decisions between ocean carriers,
land carriers, and terminal
operators in a maritime freight
transportation network.

Provided a tool to evaluate ocean carrier, terminal
operator, and land carrier decision-making
processes in the freight shipping market.
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Discussion

In this study, we have reviewed 33 studies that used game theory models for investigating
seaport and container terminal competition and cooperation involving various stakeholders with
dating publication years from 2008 to 2019. Almost half of the studies included some variation
of cooperation strategy with ports and container terminals. Among all game theory approaches
used in the studies, the most applied was found to be the Bertrand type of game, which
accounted for 37% of all instances, followed by Cournot (29%), Hotelling (20%), Stackelberg
(12%), and Nash Bargaining (2%). Almost half of all games were modeled in two stages,
followed by one-stage games that accounted for one-third of all models, and the rest were three-
stage games.

In the reviewed literature, the main topics of interest when considering port and terminal
cooperation, competition, or both, were service level differentiation in combination with and
without shipping distances; port ownership with and without level of service differentiation;
pricing policies, capacity utilization, and comparison of various cooperation policies and effects
of service level differentiation in inter- and intra-port competition, when considering
transshipment cargo; competition between multiuser terminals; terminal concession awarding;
and port capacity investments when ports set prices under various types of demand. Reviewed
studies also considered seaport and container terminal competition, cooperation, or both,
including government, and some of the topics discussed were port regulation under different
scenarios; port ownership; emission control strategies; and pricing and investment decisions
between ports with hinterland congestion under various scenarios. Also, the reviewed literature

included liner shipping companies and port cooperation and competition, where studies focused
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on horizontal and vertical interactions between liners and ports, hub ports, and hub—spoke ports
including game theory network design models.

The growing demand, mega alliances, and increased vessel sizes are some of the main
contributing factors that have shifted the balance of negotiation power between shipping lines
and container ports. The resulting implications have created an increasingly competitive
environment between ports, where container ports compete by increasing their service levels in
favor of liner shipping companies. A number of reviewed studies used service level
differentiation between ports to model port competition and cooperation. Common factors used
to model port competition and cooperation with service level differentiation include service
quality, service type, geographic location, capacity, price, profits, and welfare. Zhou (/3)
suggested future research could include a comparison of competition with cooperation strategies
of ports serving partially overlapping hinterlands in a situation when ports compete in price and
geographic location. Incorporation of more practical problems in the models that would increase
the applicability of model at different settings to help robustness was suggested by Ciu and
Notteboom (74).

In order to meet the growing demand, while at the same time trying to comply with
shipping line demands, container ports have experienced pressure to improve productivity and
invest in more capacity and new facilities. This limited capacity has motivated numerous authors
to study strategic port and hinterland capacity investment decisions; a well-researched direction.
Luo et al. (8) suggested that there is an opportunity to investigate optimal pricing strategies when
port capacity investments are made in a setting where competition between terminals serving the
hinterland and terminals that are managed by the same port operator have different operating

costs. Also, analysis of the impact of port capacity investment decisions on both the shipping
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operations and port development policy could be explored. Investigation of various coalition
formations between local governments when strategic investment decisions on inland
transportation are made in a setting of port competition was identified by Basso et al. (/0) as
another potential future research area.

While the increase of capacity is needed, the investment costs are high and have become
a financial challenge for container port authority operators. Privatization of ports and container
terminal privatization were found to be solutions on how to finance investments in ports (4/). A
future research direction considering the effects on port ownership was suggested by Kaselimi et
al. (16), where the authors noted that models should adopt more objectives that maximize
welfare or incorporate both maximizing welfare and profit, as not all port and terminal operators
maximize profit. One future avenue suggested by Czerny et al. (/9) could include investigating
the impact of scale economies and carrier market power on port competition and transshipment
routes when port privatization is considered. The effects of port privatization on consumer and
social welfare when considering the competition between international ports, government, and
manufacturing firms was one research direction unexplored by Matsushima and Takauchi (40).

Another potential solution, through port cooperation, to address capacity limitations and
increase port efficiency was proposed by Pujats et al. (26). The authors also proposed as future
research the investigation of additional costs for transshipment containers (but also inbound and
outbound at a smaller scale) that would have to be moved between terminals or to specific
vessels at the port of origin/destination.

As the demand for containers will continue to increase, so will the shipping emissions.
Environmental control measures and their implications on the maritime industry most likely will

become a critical issue as more regulatory policies are implemented. The evaluation of container
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port environment performance will become critical, and game theory could assist port authority
operators by investigating strategic measures that would improve port environmental
performance in settings of port competition and cooperation. Only one study used a game theory
approach to model port competition and emission control (emission tax), a study done by Cui
and Notteboom (20), where the authors, as a future research direction, suggested investigating
emission controls in port areas with a third market (transit market) and their effects on emission
tax and port privatization. Another environmental control solution that can reduce emissions at
ports includes cold ironing, which is a process where shorepower is used to run the ship at the
port of call. In a study done by Zis (42), the author concluded that in the setting of the
introduction of new environmental regulatory measures and an increase in fuel prices, the use of
cold ironing could lead to lower ship operating costs. This result could have a significant effect
on port and terminal competition and cooperation and should be evaluated with further research.
The author suggested that future research could include evaluation of cold ironing berth
availability at different port congestion levels or the required cold ironing berth conversions at a
given terminal. Another operational process that could reduce emissions is the implementation of
a Virtual Arrival policy. It is a process that is applied when delay at the port is known for vessels
to reduce their speeds to meet the required arrival time at the port. A study by Jia et al. (43)
found that the implementation of a Virtual Arrival policy could benefit both the ship operators
and port authorities, which could result in fuel savings for ship operators and emission reductions
for both parties by reducing port wait times. Jia et al. (43) suggested that further research should
investigate the adoption of Virtual Arrival policy through the creation of new contractual
arrangements that would share the fuel savings gained from Virtual Arrival implementation

between shipowners, charterers, and port authorities.
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Some of the future avenues to model port and liner shipping competition, cooperation, or
both were considered by Song et al. (36), where the authors highlighted that future work on port
and liner shipping competition, cooperation, or both could involve modeling accessibility to
multimodal transportation and port location to acquire more port capacity. The revenue
allocation mechanism between cooperating ports and liners was another research direction
suggested by authors. One potential research direction suggested by Angeloudis et al. (39) could
include exploring network differentiation between shipping lines or alliances to reduce
competition among themselves and optimize costs of their network structure. From the reviewed
studies, one of the most suggested points for future research is to include uncertain or stochastic
demand. Only two studies (6, 7) have used this assumption in their research. Data unavailability
is another major issue noted in the reviewed literature, which restrains researchers from more

realistic model development (5, 6, 15, 17,31, 32, 37, 38).

34



3. Marine Container Terminal Cooperation: A Nash Bargaining Approach
Introduction

Port and marine terminal cooperation is a hot topic in public and business circles, and
bibliometric studies on port-related academic research show that port cooperation/integration is an
emerging theme (44). Heaver et al. (45) examined strategic measures between port authorities and
terminals, in particular, cooperation and competition amongst terminals within a port and between
ports. Song (46) applied the concept co-opetition, the combination of competition and cooperation,
to explain the relationships of the container ports in Hong Kong and South China. Notteboom (47)
provided an overview of the challenges facing port and maritime companies in a rapidly changing
environment and analyzed the paths shipping lines, and terminal operating companies are walking
in the highly competitive container and logistics markets. The author noted that cooperation is
likely to be advantageous when the combined costs of operations or buying transactions (such as
negotiating and contracting) are lower than the cost of operating alone. Van Der Horst et al. (48)
analyzed coordination problems in hinterland chains of seaports and different arrangements and
concluded that underdevelopment of coordination in hinterland chains may be explained of a lack
of contractual relations, information-asymmetry, and a lack of incentives for cooperation. Brooks
et al. (49) discussed the nature of peripheral ports followed by a conceptualization of two
development strategies: cooperation among seaports and coordination of supply chain operators
with the emphasis on cooperation. Hoshino (50) analyzed Japanese container port strategy against
intense regional competition from China and Korea and suggested that ports located on Tokyo and
Osaka Bays could advance their collaboration and be managed by a single port authority to
strengthen their competitive power. Fu and Chen (57) analyzed China’s Yangtze River Delta ports

Ningbo-Zhoushan and Shanghai competition and cooperation by studying model of famous
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foreign ports, recognizing the urgent need to establish two-port’s healthy competition and
cooperation relations. Lee and Lam (52) attempted to evaluate port competitive edge of major
Asian container ports, i.e. Busan, Hong Kong, Shanghai, and Singapore, referring to the
customer-centric community ports, so-called the Fifth Generation Ports (5GP). Authors
highlighted that port cooperation is in need in the era of 5GP, which embraces the concept of
clustering and community impact. Parola et al. (53) presented a hierarchy of key drivers and
suggested that economies of scales in shipping, port governance changes, coopetition among ports
in proximity, inter-firm networks, and green and sustainability challenges, moderate the influential
role of traditional drivers and reshuffle their relative salience.

Several studies used quantitative methods to describe/model cooperation between ports and
terminals. Li and Oh (54) analyzed the relationship between neighboring ports of Shanghai port
and Ningbo-Zhoushan port in China, using HHI Index model. The authors suggested that ports
should cooperate to increase competitive power in Yangtze River Delta region. Jeon et al. (55)
analyzed research trends in port competition and cooperation using social network analysis to
identify the changes and evolution in trends, the research timeframe was divided into three periods
between 1980 and 2015. Mclaughlin and Fearon (56) presented new cooperation/competition
matrix framework that identifies four forms of cooperation as response strategies to the major
maritime dynamics. The authors examined the degree of cooperation in relation to inter-port
rivalry and the influence of private-sector drivers.

Various game-theoretic models have been developed to address port cooperation. Saeed
and Larsen (32) analyzed the different combinations of coalitions among the three terminals at
Karachi Port by developing a two-stage Bertrand game. Wang et al. (//) investigated the factors

and conditions affecting alliance formations for ports serving partially overlapping hinterlands in

36



South China by developing a game theory model for Pearl River Delta (Hong Kong and Shenzhen).
Asgari et al. (37) examined the competition—cooperation scheme between two leading Asian hub
ports: Singapore and Hong Kong in the presence of shipping companies. An interval branch and
bound was used to solve the models. Wang and Sun (/2) applied the Hoteling game model to
analyze the competition and cooperation among ports in the port group based on geographical
location, service level, and shipping distance.

Research in maritime transportation has been on the rise in the last decade. One research
direction that has been proposed is the development of models that can capture cooperation
between marine container terminal operators (MCTOs) and/or liner shipping companies (57).
MCTO and/or port cooperation (32, 37, 58) seems like a natural reaction to the rapid changes in
the liner shipping industry (59-61) in the form of new (and perhaps unstable) alliances (53), (62),
(63) and demand/supply volatility(63). In this study, we evaluate the Nash Bargaining Solution
(NBS) applicability to model marine container terminal cooperation and compare it to three other
cooperation policies. The NBS has proposed a “new treatment” for the bargaining game (64), (65),
where parties involved are rational, can compare their utilities for different actions, and have full
knowledge of the preferences of each other. The proposed cooperative game is applicable in the
situation where the two individuals have interests that are neither “completely opposed nor
coincident” and are willing to discuss, develop, adopt, and commit to a common plan (64).

The rest of the paper is structured as follows. The Next section presents the assumptions
about the handling cost and fees functions and the mathematical formulations of both the volume
and vessel-based models. The third section presents results from preliminary numerical
experiments that compare the four cooperation policies and the two formulations. The last section

concludes the paper and proposes future research avenues.
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Problem Formulation

In the research presented herein, we assume that MCTOs can negotiate and share the
available (seaside and landside) resources/capacity to maximize profits. MCTOs cooperation, in
the sense of resource sharing, optimizes capacity utilization without capital investment (see
concept of operational excess capacity in Haralambides (66) which in turn can lead to higher
profitability, sustainability, and resilience to market fluctuations (46)). In this study, we assume
that MCTOs have already formed a strategic alliance that allows them to share their resources. The
objective of the paper is to evaluate and compare four different cooperation policies (i.e., objective
functions) for sharing capacity (i.e., the allocation of demand to terminals) and compare a volume
(demand is measured in TEUs) to vessel (demand is measured in vessels) based formulations. The
former formulation can be viewed as a planning tool, while the latter as a tactical/operational tool.

LetI = {1, ...,1) be the set of terminals, C;, i € I the capacity of terminal i € I, and V;,i €
I the volume of containers handled at terminal , i € I without cooperation. We define the
handling fees, handling costs, and total profit functions as follows:

Terminal handling cost function (cost endured by the terminal operator)

. <%)2 e, (g) +pCil 3.1

he;(Vy) =

where pc; is the base container handling cost for terminal ie/ without cooperation.

Terminal handling fees function (user cost) — (see Saeed and Larsen (32))

(3.2)

i) = |6 () e (1) |

where pf; is the base container handling fee charged by terminal iel.
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Terminal Profit Function

(V) = (hfi(V) — he;(V))V; (3.3)
Table 6 shows an example of the terminal profit, handling fees, and handling cost

functions by container (left side) and total (right side). Based on Haralambides (66) the
maximum profit for the terminal is achieved at V/C ratios in the vicinity of 60% to 80%
(although these can be higher or lower depending on the technology and equipment used by
terminal). Haralambides (66) states that “once a port reaches 70% capacity utilization,
congestion ensues in terms of unacceptable waiting times”. Reduction in profits, once V/C ratios
exceed this limit, can be attributed to many factors with the main one being reduction in
productivity from berth and yard congestion. In this study, we investigate if cooperation between
terminals in terms of shared capacity can be beneficial in increasing profits without the need of
capital investment to secure “excess capacity”. We propose two approaches for cooperation: one
based on volume assignment (which can be used for planning purposes) and one based on vessel
assignment (that can be used for tactical/operational purposes). The volume based formulation is
more flexible and provides an upper bound to the objective function value of each policy for the
vessel based formulation as its relaxation (integrality constraint of demand). In this study, we
further assume that handling fees for any diverted demand will not exceed the handling chargers
at the origin terminal (i.e., terminal demand is diverted from). In simple terms, any demand that
is diverted from one terminal (from now on referred to as origin terminal) to another (from now
on referred to as destination terminal) cannot be penalized by higher handling fees than agreed
upon with the origin terminal operator. Next, we present the mathematical formulations of both

cooperation approaches.
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Figure 1 Example Profit, Handling Cost and Handling Fee Functions Plots
Volume Based Formulation (VoBF)

Let x4, a # b € I be the volume (TEUs) transferred from terminal a € I to terminal b €
I under cooperation, pf,’, a € I handling fee per container for demand diverted to terminal a € I,
1, = 1,a € I if containers are transferred to terminal a € I, w, = 1,a € I if containers are
transferred from terminal a € I, prg, ,a € I profit increase of terminal a € I from handling fees
of diverted demand from any other terminals, prl, ,a € I profit loss from handling fees of
diverted demand from terminal a € I to any of the other terminals , and p the percentage of the
origin terminal handling fee charged at the destination terminal (for diverted demand diverted).
In this study (as discussed in the previous section) we consider and compare four different
objective functions: 1) NBS, i1) Maximization of total profits, iii) Maximization of minimum
profit among all terminals that cooperate, and iv) Maximization of minimum profit increase
among all terminals that cooperate.

Objective Function 1: NBS

NBS: maximize l_[(na(Vac) —m(V, )+ 1) (3.4)
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The +1 component in the NBS objective function accounts for cases where for a subset of
terminals cooperation may not be profitable or the profit remains unchanged (which can be the
case for concave profit functions). In that case if the term +1 was omitted from the objective
function any solution -for the terminals that would cooperate- would be optimal with an
objective function value equal to zero.

Objective Function 2: Total Profit

MaxProfit: maximize Z (r (V) 3.5)
a

Objective Function 3: Maximize Minimum Profit

MaxMin: maximize min(m,(V,)) (3.6)
a

Objective Function 4: Maximize Minimum Profit Increase

MaxMinDif f: maximize min (na(VaC) —na(V, )) (3.7)
a

Constraints

A terminal can either receive or provide demand (but not both)

Y tatw)<1vael (3.8)

a

Demand at any terminal cannot exceed capacity (this constraint is not necessary and can

be dropped in cases of monotonically increasing profit function for any of the terminals)

VE<C, ,Va€l (3.9)

Profit for any terminal under any cooperation scenario will be greater or equal to its

profits under the no cooperation scenario

(Ve —mi(V, ) =0,va€l (3.10)
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Profit under cooperation for terminal a € |

(V) = hey(Ve ) + Z XpaPfy — z Xaphfa —hc(VO)Va €l (3.11)
b

b

Volume (TEUs) transferred from terminal a € I to a terminal b € 1 has to be less than or

equal to the demand at terminal a € I under no cooperation

Zxab <w,V, ,Va€el (3.12)

b

Volume handled at terminal a € I under cooperation

Vi=V, +bea—2xab,ael (3.13)
b a

Containers transferred to terminal a € I cannot exceed the available demand at all the

other terminals

beaﬁra <Z Vy —Va ) Va€l (3.14)

b b+a

Handling fee of transferred demand is (100-p)% of the handling fees at the origin

terminal (under no cooperation).

pff <p=*hf,(V, )Vael,p<1 (3.15)

Estimation of profit increase (handing fees portion) for demand diverted to terminal a €

pPrga = Z xabpfacb'va el (3'16)

b

Estimation of profit loss (handing fees portion) for demand diverted from terminal a € 1

prl, = beahfa Va el (3.17)
b
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Total volume handled before is equal to total volume handled after

ZVQC =ZV“ (3.18)

Vessel Based Formulation (VeBF)

Let J; be the set of vessels served at terminal i € I under no cooperation, x;;, y;; be the
vessel to terminal assignment before and after cooperation, V; be the volume of vessel j € ], V; =
Y jes; XjiV; volume served at terminal i € I before cooperation, Vi = ¥ ¢, ¥;;V; volume served at
terminal i € [ after cooperation, hf;%, i € I handling fee per container for demand originating from
terminal, r; = 1,1 € I if vessels are transferred to terminal i € I, w; = 1,1 € I if vessels are not

transferred from terminal i € I,and M = |]|.

Objective Function 1: NBS

NBS: maximize n(n(ViC) —m(V; ) +1) (3.19)

Objective Function 2: Total Profit

MaxProfit: maximize z (r(VH)) (3.20)

i

Objective Function 3: Minimum Profit

MaxMin: maximize min(r(V{)) (3.21)
l

Objective Function 4: Minimum Profit Increase

MaxMinDif f: maximize min (n(ViC) —m;(V; )) (3.22)
A
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Constraints

Every vessel is served at one terminal (under cooperation)

L€l

Volume at terminal i € I under cooperation

Ve = Z vV, Vi€l (3.24)
j
Profit increase/loss of terminal i € I under cooperation
n(VE) =n(V; ) +prg; —prl; — he;(VE), Vi €1 (3.25)
Estimate profit increase is demand is diverted to terminal i € |
, 3.26
prgi = Z yiihfy Vi, Vi€l (3.26)
jE]yiiry;ti
Estimate profit loss if demand is diverted from terminal i € |
pri; = Z Vi hfEV, Vi€ (3.27)
je]i,)/il'
Demand at any terminal cannot exceed capacity (this constraint can be removed)
(3.28)

ZyﬁV] <(C,Viel
J

Profit for any terminal under any cooperation scenario must be greater or equal to its

profits under the no cooperation scenario

n(VE) —mi(V; ) =0, viel (3.29)

Handling fee per container of demand that moved cannot exceed a percentage of the

handling fee at the origin terminal b.

hfE <p*hf,Va €l (3.30)
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A terminal can either receive or provide vessels (but not both)

Z(Ta +w,) <1,Va €l eqge (3.31)
a
If a vessel is not transferred to a terminal i € I make those y's zero
Z yji < Mr;, Vi€l (3.32)
j€]y¢i,y¢i
A vessel is not transferred from a terminal i € I make those y's zero
(3.33)

prl; = z Viy, < MwVi el
JeJuy#i

Demand at any terminal cannot exceed capacity (this constraint is not necessary and can

be dropped in cases of monotonically increasing profit function for any of the terminals)

VE<C Vi€el (3.34)

Numerical Experiments

We developed thirty (30) data sets with varying demands (i.e., V/C ratios) for three
terminals with the same capacity based on the uniform distributions shown in Table 6. Note that
these demand levels are for a planning period. In other words, T3 might have the low demand and
T1 the high demand for some periods of the year and vice versa. For each one of the thirty data
sets we evaluated both model formulations for four different profit functions (shown in Table 7)
obtained by varying the cost function coefficient ,, and two different cooperation cases: 1)
Cooperation Case 1 where terminals one (T1) and three (T3) cooperate, and ii) Cooperation Case

2 where terminals two (T2) and three (T3) cooperate.
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Table 6 Numerical Experiments Input Data

T1 T2 T3
Demand | U[10, 25] | U[35, 65] | U[90, 100]
Capacity 12000 12000 12000
Vessels 5 5 10
B1, B2, pfi [10, B2, 250]
a4, 0y, PC; [110, 87, 50]
B> [170, 180, 190, 200]

The four profit functions differ on the V/C ratio point where the terminal’s productivity
reaches its maximum efficiency (after which point any additional demand handled will result in a
profit reduction). Note that the case of terminals T1 and T2 cooperating is not considered as their
V/C ratios are too low to support cooperation (i.e., profits before cooperation lie on the left side of
the maximum of the profit function). In this study BARON (67) was used for both models. All the
data and model formulations are available upon request. Next, we present a discussion on the

results from the 480 data sets [(thirty datasets) x (four profit functions) x (two cooperation cases)

X (two problem formulations)].
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Figure 2 Profit Functions (Per Container and Total)
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Profit Distribution Comparison

Figure 3 and 4 show histograms of the total profit share (%) of each terminal pair for the
two cooperation cases (terminals T1 and T3, and terminals two T2 and T3), for both model
formulations (vessel and volume based), and the four cooperation policies (NBS, MaxProfit,
MaxMin, and MaxMinDiff) respectively. For example, the top left graph in Figure 3 shows the
histograms of the total profit share of terminals T1 (yellow bars) and T3 (blue bars) for the VeBF
and the NBS cooperation policy. As expected, the MaxMinDiff results in the most uniform profit
share but, as we will see in the next subsection, this policy also results in the smallest total and per
terminal profit increase. The NBS and MaxProfit policies favour the terminal with the lowest V/C
ratio (i.e., terminals T1 and T2) with NBS exhibiting a more uniform distribution than MaxProfit.
The MaxMin policy provides the worst (overall) profit distribution among the terminals, favouring
the ones with the highest V/C ratio (except for the VoBF for cooperation case of terminals T1 and
T3). Next, we present results and discussion on the profit size differences for the terminals, the

four cooperation policies, and two formulations.
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Figure 3 Total Profit Increase Distribution Among Terminals by Objective Function (VoBF)
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Figure 4 Total Profit Increase Distribution Among Terminals by Objective Function (VeBF)
Cooperation Policy Comparison: Profit Increase

Figure 5 and 6 show the mean profit increase for each terminal under each cooperation

policy. In the case of the VoBF, all four policies provide higher profit increases for the terminals

with the lower V/C ratio (i.e., terminals one and two) with the exclusion of the MaxMin policy

for the T2-T3 terminal cooperation case. That is not the case with the VeBF where for the NBS,

MaxProfit, and MaxMin policies T3 profits increase and T1 and T2 profits decrease with the

increase of parameter 32. We also observe that, the NBS policy, provides a better balance of

profit increase amongst the terminals, except for the VoBF for cooperation case 2 and the VeBF

for the cooperation case 1 (both for f,=200). Note that the differences seem to dissipate when the

VeBEF is applied and the difference of V/C ratios between the cooperating terminals decrease.

Next, we present a comparison of the VoBF and VeBF with regards to profit increases (total and

by terminal).
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VoBF Profit Increase T1-T3

By Terminals and Cooperation Policy
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Figure 5 Individual Terminal Profit Increase by Cooperation Policy (VoBF)
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VeBF Profit Increase T1-T3

By Terminals and Cooperation Policy

250,000
200,000
150,000

100,000

Tl T3 Tl T3 Tl T3 T1 T3

NBS Max Profit Max Min Max Min Diff
mp32=170 153,586 52,870 194,582 35,636 59,668 55,564 76,685 57,349
m(32=180 144,103 66,191 177,195 50,944 57,799 68,792 82,981 67,8374
mp32=190 137,021 80,836 162,952 74,540 50,506 89,039 82,430 85,989
mp2=200 126,573 80,576 142,091 100,432 51,802 113,230 83,738 105,030

Profit Increase ($)

o

mp2=170 ®WP2=180 mP2=190 = P2=200

VeBF Profit Increase T2-T3

By Terminals and Cooperation Policy

120,000
100,000
2
o 80,000
4
5 60,000
g k)
‘g 40,000
=9
20,000
T1 T3 Tl T3 Tl T3 T1 T3
NBS Max Profit Max Min Max Min Diff
mp32=170 81,967 55,220 94,982 49,480 8,173 57,348 52,891 50,046
mp32=180 68,517 66,033 73,795 64,557 6,150 69,687 46,056 52,238
mf32=190 56,009 74,359 57,102 82,486 1,434 87,015 41,403 47,736
mB2=200 46,144 74,719 40,016 99,950 3,975 102,205 38,650 53,066

mp2=170 ®WP2=180 mMP2=190 = P2=200

Figure 6 Individual Terminal Profit Increase by Cooperation Policy (VeBF)
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Volume to Vessel Formulation Comparison
Table 7 shows the percentage of the average profit increase difference of the VoBF to
VeBF for each terminal, cooperation policy, and profit function. For example, T1 exhibits 59%
higher profits increase under the VoBF for the NBS policy and f>=170. From these results, we
observe the following:
1.  VoBF overestimates the total profit increase and the profit increase of the terminals
with the low V/C ratio;
ii.  Interms of total profit MaxMinDiff and MaxMin exhibit the smallest overestimation,
while NBS and MaxMin policies exhibit the highest with similar ranges;
iii.  For the MaxMin and MaxMinDiff policies the overestimation increases with the >
coefficient;
iv.  The VoBF underestimates the profit increase of the terminal with the highest V/C
ratio in both NBS and MaxMin policies (in most of the cases);
v.  The MaxProfit policy VoBF exhibits the highest profit increase underestimation for
the terminal with the highest V/C ratio (i.e., terminal three) in the cooperation case of

terminals 1 and 3.
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Table 7 VoBF to VeBF: Mean Profit Increase Difference (by Terminal and Cooperation Policy)
Mean Profit Increase Difference: VoBF to VeBF (T1 & T3)
NBS MaxProfit MaxMin MaxMinDiff
T1 T3 Total T1 T3 Total T1 T3 Total | T1 T3 Total
p=170 | 59% 51% | 65% 58% | 48% 31% | 30% 13%
p=180 | 68% 59% | 72% 65% | 59% | 2% 40% | 51% | 3% 26%
p=190 | 71% 61% | 77% 67% | 66% | 1% 41% | 56% | 5% 29%
£2=200 | 70% 57% | 81% 70% | 74% | 0% 47% | 72% | 8% 38%
Mean Profit Increase Difference: VoBF to VeBF (T2 & T3)
NBS MaxProfit MaxMin MaxMinDiff
Total T2 T3 Total | T2 T3 Total
54% | 77% | 3% 30% | 29% | 15% | 20%
59% | 91% | 1% 45% | 58% | 26% | 37%
p=190 | 76% | 4% 58% 62% | 98% | 3% 47% | 65% | 47% | 50%
p2=200 | 78% 56% 64% | 94% | 10% | 41% | 72% | 53% | 58%
Note: Red cells indicate higher profit increase by the VeBF
Terminal Efficiency Impact

T2
p=170 | 62%
p=180 | 71% 1% 56%

For the same 480 datasets we re-run the models but with different handling fees and cost
functions parameters (shown in Table 8) for each terminal. We assumed that the intercept of the
handling fees and cost functions (i.e., pf; and pc;) decrease and increase respectively with the V/C
ratio (i.e., terminal one will have a higher handling cost function intercept and a lower handling
fee function coefficient when compared to terminals two and three). These assumptions are
meant to reflect lower efficiencies and negotiating power (with the liner shipping companies) for
the terminals with the lower V/C ratios and vice versa. For the remainder of the paper we will
refer to these terminals as lower efficiency terminals and to the terminals used in the previous
section as high efficiency terminals.

Table 8 Parameters of Handling Cost and Fees Functions by Terminal

Handl{ng Cost and Fee T1 T2 T3
Functions Parameters
[pf1,Pf2,Pf3] [200, 225, 250]
[pPc1, PC2, PC3] [70, 60, 50]

From these numerical experiments, and due to the paper length limitations, we only

present results (in Table 9) that compare the profit increase differences between the low and high
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efficiency terminals for each terminal, as a percentage of their total profit increase. For example,
in Table 9 for the VeBF and NBS policy high efficiency terminal T1 (i.e., pfi=250, pc;=50) has a
9% higher share of the total profit increase when compared to the low efficiency terminal one
(i.e., pfi=200, pc;=70). It is notable that terminal three, which has the highest efficiency exhibits
a loss when cooperating with terminals with lower efficiency for both problem formulations and
all policies except for certain cases of the MaxMin policy (for certain values of parameter £>).

Table 9 Profit Increase Difference (as a Percentage of Total Profit Increase) by Terminal (Same
and Different Handling Fees, Cost, and Profit Functions)

NBS Max Profit Max Min Max Min Diff
TT | T3 TT | T3 TT [ 13 TT | 13
VeBF

p=170 9%
=180 12%
=190 16%
=200 20%
p=170 8%
=180 9%
=190 11%
=200 13%
p=170 8%
=180 9%
=190 10%
=200 12%
=170 10%
=180 12%
=190 15%
=200 18%

Note: Red cells indicate that the models with the same cost, handling fee and profit functions for
all terminals are lower
Conclusion

MCTOs to share available demand and capacity. Results from this research indicate that

the NBS and MaxProfit policies outperform the MaxMin and MaxMinDiff when a combined

uniformity of profit share among the cooperating terminals and size are considered. The
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preliminary results, presented in this paper, also indicate that the NBS has a slight edge over the
MaxProfit policy as it provides better profits increase for the terminal with the higher V/C ratio
(which may also hold a stronger negotiating power) and better uniformity (i.e., does not neglect
the terminals with the lower V/C ratio). An extension to the work presented herein would be to
combine these two policies and develop a cooperation scheme that outperforms both (e.g., a
compensation scheme for the terminal with the highest V/C ratio that most likely will lead to a
Stackelberg (68) type game). Our research also showed that the commonly used volume based
formulation (which is unrealistic for tactical/operational cooperation plans) can significantly
overestimate total profits while at the same time underestimate the profits of the terminals with
the higher V/C ratios. Finally, the preliminary results presented in this paper indicate that
terminals with high efficiency and high V/C ratios benefit from collaborations with other high
efficiency and low V/C ratios.

There are several future research directions that may be explored including but not
limited to: (i) Perform more analysis for various values of demand, capacity. number of terminals
etc., (i1) Develop solution algorithms that can handle more terminals (currently after four
terminals the exact solution algorithm becomes inefficient), (iii) Develop the formulation and
solution algorithm that estimates the Nash Equilibrium, (iv) Develop a formulation that considers
additional costs for transshipment containers that will have to be moved between terminals or
have to be loaded on specific vessels at the port of origin, (v) Consider uncertain demand (at the

tactical or planning level).
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4. Marine Container Terminal Cooperation: A Volume to Vessel Comparison

Introduction and Literature Review
Port and marine terminal cooperation is a hot topic in public and business circles, and

bibliometric studies on port-related academic research show that port cooperation/integration is
an emerging theme (44). Heaver et al. (45) examined strategic measures between port authorities
and terminals, in particular, cooperation and competition amongst terminals within a port and
between ports. Song (46) applied the concept co-opetition, the combination of competition and
cooperation, to explain the relationships of the container ports in Hong Kong and South China.
Notteboom (47) provided an overview of the challenges facing port and maritime companies in
rapidly changing environment and analyzed the paths shipping lines and terminal operating
companies are walking in the highly competitive container and logistics markets. The author
noted that cooperation is likely to be advantageous when the combined costs of operations or
buying transactions (such as negotiating and contracting) are lower than the cost of operating
alone. Van Der Horst et al. (48) analyzed coordination problems in hinterland chains of seaports
and different arrangements and concluded that underdevelopment of coordination in hinterland
chains may be explained of a lack of contractual relations, information-asymmetry, and a lack of
incentives for cooperation. Brooks et al. (49) discussed the nature of peripheral ports followed by
a conceptualization of two development strategies: cooperation among seaports and coordination
of supply chain operators with the emphasis on cooperation. Hoshino (50) analyzed Japanese
container port strategy against intense regional competition from China and Korea and suggested
that ports located on Tokyo and Osaka Bays could advance their collaboration and be managed
by a single port authority to strengthen their competitive power. Fu and Chen (57) analyzed

China’s Yangtze River Delta ports Ningbo-Zhoushan and Shanghai competition and cooperation
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by studying model of famous foreign ports, recognizing the urgent need to establish two-port’s
healthy competition and cooperation relations. Lee and Lam (52) attempted to evaluate port
competitive edge of major Asian container ports, i.e. Busan, Hong Kong, Shanghai, and
Singapore, referring to the customer-centric community ports, so-called the Fifth Generation
Ports (5GP). Authors highlighted that port cooperation is in need in the era of SGP which
embraces the concept of clustering and community impact. Parola et al. (53) presented hierarchy
of key drivers and suggested that economies of scales in shipping, port governance changes,
coopetition among ports in proximity, inter-firm networks, and green and sustainability
challenges, moderate the influential role of traditional drivers and reshuffle their relative
salience.

Several studies used quantitative methods to describe/model cooperation between ports
and terminals. Li and Oh (54) analyzed the relationship between neighboring ports of Shanghai
port and Ningbo-Zhoushan port in China, using HHI Index model. Authors suggested that ports
should cooperate to increase competitive power in Yangtze River Delta region. Jeon et al. (55)
analyzed research trends in port competition and cooperation using a social network analysis, to
identify the changes and evolution in trends, the research timeframe was divided into three
periods between 1980 and 2015. Mclaughlin and Fearon (56) presented new
cooperation/competition matrix framework that identifies four forms of cooperation as response
strategies to the major maritime dynamics. The authors examined the degree of cooperation in
relation to inter-port rivalry and the influence of private-sector drivers.

Various game-theoretic models have been developed to address port cooperation. Saced
and Larsen (32) analyzed the different combinations of coalitions among the three terminals at

Karachi Port by developing a two-stage Bertrand game. Wang et al. (//) investigated the factors
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and conditions affecting alliance formations for ports serving partially overlapping hinterlands in
South China by developing a game theory model for Pearl River Delta (Hong Kong and
Shenzhen). Asgari et al. (37) examined the competition—cooperation scheme between two
leading Asian hub ports: Singapore and Hong Kong in the presences of shipping companies. An
interval branch and bound was used to solve the models. Wang and Sun (/2) applied Hoteling
game model to analyze the competition and cooperation among ports in the port group based on
geographical location, service level and shipping distance.

Research in maritime transportation has been in the rise in the last decade and one
research direction that has been proposed is the development of models that can capture
cooperation between marine container terminal operators (MCTOs) and/or liner shipping
companies (57). MCTO and/or port cooperation (32, 37, 58) seems like a natural reaction to the
rapid changes in the liner shipping industry (59-61) in the form of new (and perhaps unstable)
alliances (53), (62), (63), and demand/supply volatility (63). To the best of the authors
knowledge, literature published on terminal cooperation, focus on the planning level, and
consider volume (i.e., total TEU) as the decision variable. At the tactical/operational level, the
vessel provides a more realistic selection of the decision variable. In the research presented
herein, we propose two mathematical models to quantify, evaluate, and compare cooperation
between marine container terminal at the planning (from now own as volume-based formulation
or VoBF) and tactical/operational level (from now own as vessel-based formulation or VoBF).
For both models we consider two different cooperation policies. The first cooperation policy
maximizes the total profit increase from all the terminals, while the second policy maximizes the

minimum profit increase amongst all the terminals, who cooperate. Under both policies, a
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terminal has the option of not participating in the cooperation scheme if participation will not
result in a profit increase.

The rest of the paper is structured as follows. The next section presents the assumptions
about the handling cost and fee functions and the mathematical formulation of the two models.
The third section presents the results of the numerical experiments that compare the two
formulations. The last section concludes the paper and proposes several future research avenues.
Problem Description and Formulation

In this section we introduce the problem, nomenclature, cost, fee, and profit functions, the
equations that describe the physical problem, and finally the cooperation policies and the
corresponding objective functions. As briefly discussed in the previous section, in this paper we
study the cooperation of container terminals located at the same port with an established strategic
alliance that allows them to share their seaside resources and demand from vessels. The
container terminals cooperate to better utilize existing capacity, avoid capital investment (see,
e.g., the concept of operational excess capacity in Haralambides (66)), and achieve higher
profitability, sustainability, and resilience to market fluctuations (46).

Cost, Fee, and Revenue Functions

LetI = {1, ..., 1) be the set of terminals at the port, and C; and V; the capacity and demand
(TEUs (un)loaded to/from vessels) at terminal i € I, respectively, before cooperation. We define
the handling cost, handling fee, terminal profit, and revenue functions as follows:

Handling cost per TEU (cost incurred by the terminal operator for (un)loading)

2

\ v, 435
a <_‘> +a, (—1_)+hci°l,ViEI (4.35)

he: (V) =
6 = | () +aa (g

where hc) is the base (zero volume) container handling cost for terminal i € I and a; and

a, are coefficients. This function has been adopted from Saeed and Larsen (32).
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Handling fees per TEU (fees by liners to the terminal operator for (un)loading)

Vi (4.36)

hf;(V;) = max (hfimi“, ( c
1

)[31 +hfi°>,v1 €l

where hf? is the base (zero volume) container handling fee charged by terminal iel and
hf™" is the minimum handling fee charged.

Terminal Revenue

I'(Vi) = Vlhfl(vl) ,Viel (437)

Terminal Profit

(Vi) = [hf;(V;) — he;(V)]V;, Vi €1 (4.38)

Figure 7 shows an example of the handling fee and cost, profit and revenue functions.
Based on Haralambides (66), the maximum profit for the terminal is achieved at volume to
capacity (V/C) ratios in the vicinity of 60% to 80% (although these can be higher or lower
depending on the technology and equipment used by terminal). Haralambides (66) states that
“once a port reaches 70% capacity utilization, congestion ensues in terms of unacceptable
waiting times”. Reduction in profits, once V/C ratios exceed this limit, can be attributed to many
factors with the main one being reduction in productivity from berth and yard congestion.

In this study, we investigate if cooperation between terminals in terms of shared capacity
can be beneficial in increasing profits without the need of capital investment to secure “excess
capacity”. We propose two models for cooperation: one based on VoBF assignment (which can
be used for planning/tactical purposes) and one based on VeBF assignment (that must be used
for tactical/operational purposes). Note that, the optimal value of VoBF provides an upper bound
for the optimal value of VeBF (for either cooperation policy) since the feasible space of the latter
is a subspace of the former. Next, we present the mathematical formulations of both cooperation

approaches.
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Figure 7 Example Handling Fees, Handling Cost, Profit, and Revenue Function Plots
Common Constraints for Both Formulations

Let comp; ,i € I be the compensation terminal i € I will pay any of the cooperating
terminals to handle its diverted volume, w; = 1,1 € I if containers/vessels are diverted from
terminal i € I to the other terminals and zero otherwise, r; = 1,i € I if containers/vessels are
diverted to terminal i € I from the other terminals and zero otherwise, u; = 1,i € [ if terminal
i € I does not participate in the cooperation scheme, V{ the volume handled by terminal i € I
under cooperation, comp; the compensation (SUSD per TEU) paid by terminal i € I to the
other terminals for handling part of its demand, and R{ the revenue of terminal i € I under
cooperation (4.48).

Profit of any terminal that cooperates will be greater than or equal to its profits under no

cooperation

(V) — (V) = 0, Vi€l (4.39)
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Profit of terminal i € I under cooperation

(V) = R{ — Vihe;(Vf), va € 1 (4.40)

Total demand before cooperation equal to after cooperation

z Ve = z V. (4.41)

A terminal can either supply or accept containers to/from another terminal but not both

wi+ri+u =1Viel (4.42)
Volume-Based Formulation Additional Equations
In this subsection, we present the additional constraints needed for the VoBF model. Let
Xip, L # b € I be the volume (TEUs) diverted from terminal i € I to terminal b € I under
cooperation.

A terminal can either divert or accept containers to/from another terminal

Wj < Xib < WiVi; Vi,b el (443)
Iy < Xbi < riVi,Vi,b €l (444)
Xib + Xbi < (1 - ui)(Vi + Vb),Vi,b el (445)

Volume handled at terminal i € I under cooperation

Vi =V +ZXbi_ZXib'Vi¢bEI (4.46)
b b

Revenue under cooperation of terminal i € |

Rf = V;hf;(V;) + beicompb - Z Xjpcomp; ,Vi#b €l (4.47)
b b

Vessel-Based Formulation Additional Equations
In this subsection, we define the additional sets, variables, and parameters and present the

additional constraints for the VeBF model. Let ] be the set of all vessels, J; € ] the set of vessels
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served at terminal { € I under no cooperation (J, N J, =@,Va # b € 1), x;; = Lif vessel j € ]
is served at terminal i € I and zero otherwise, y;; = 1if vessel j € ] is served at terminal i € |
under cooperation and zero otherwise, V; the volume of vessel j € ], V; = X j¢;, x;;V;, Vi € I the
total volume served at terminal i € I before cooperation, M = |J|, and N a large number. Next,

we present the additional constraints for the VeBF model.

Under cooperation every vessel is served at one terminal

Z yi=LViel (4.48)

i€l

Volume at terminal i € 1 under cooperation

Ve = Z y;iVi, Vi€l (4.49)
j
A terminal can either divert or accept vessels to/from another terminal
r < z yji < Mr;,Viel (4.50)
j€lyer=i
w; < Z Yiy,< Mw;, Vi € I 451)
j€Ji, YEI#i
Z yii + z Yiy, <M(1 —u), Vi€l (4.52)
J€lyer=i €] YEI#]
Revenue under cooperation of terminal i € |
(4.53)

R¢ = Vihf; (V) + z yjiVjcomp, — Z yjyVjcomp, VLE I

J€yer=i JEJLYEL#
Cooperation Policies
In this study, we consider two different cooperation policies (i.e., objective functions for
both models presented in the previous subsection): 1) maximization of total profit of terminals

that participate in the cooperation scheme (4.54), and 2) maximization of the lowest profit of any
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terminal that participates in the cooperation scheme (4.55). The first policy maximizes total
welfare while the second equity.

Total Profit Maximization

IT1: maxZ(ni(Vic)) (4.54)

i€l

Minimum Profit Maximization

112: maxmin(m; (V")) (4.55)

Numerical Experiments

In this section, we present results from numerical experiments aimed at evaluating and
comparing the two formulations (i.e., volume- vs. vessel-based formulations) and the two
policies (i.e., maximization of the total profit vs. maximization of the minimum terminal profit).
We consider that there are three terminals such that each terminal has a different V/C ratio value,
where the maximum productivity is achieved. We assume that terminals 1, 2 and 3 (from now on
referred to as T1, T2, and T3) have the same capacity and achieve their maximum productivity
when the V/C ratio values are 90%, 70%, and 60%, respectively. We developed 400 different
problem instances by randomly (uniform distribution) varying individual terminal demand
between 30% and 100% of their capacity. It is assumed that a terminal will not participate in the
cooperation if its demand would drop below 30% of its capacity. The rational for adding this
constraint is to avoid solutions where a terminal will choose to forfeit all its demand (due to the
shape of the profit function where negative profits are observed for low demand cases). In
practice, a terminal would never follow such a practice and would rather accept the loss in profit.

For each one of the 400 problem instances, we consider three distribution patterns, of the
total demand, between the terminals before any cooperation takes place. In the first case (from

now on referred to as the random case), the total demand is randomly assigned amongst the three
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terminals. In the second case (from now on referred to as the ascending case), the total demand is
distributed amongst the terminals in an ascending order of the maximum productivity V/C ratio.
Finally, in the third case (from now on referred to as the descending case) the total demand is
distributed amongst the terminals in a descending order of the maximum productivity V/C ratio.
For each problem instance, the total volume remains the same amongst the three cases, but the
number of vessels vary. We assumed that a vessel will (un)load anywhere between 500 to 3,000
containers at a terminal. Table 10 provides an example of one problem instance for each one of
the three demand distribution patterns.

Table 10 Example of Problem Instance

Demand Total Demand per Terminal (TEU) # of Vessels per Terminal
Distribution | Demand | Terminal | Terminal | Terminal T1 T2 T3
Pattern (TEU) 1(TD) 2 (T2) 3(T3)
Ascending 1633 5676 7 442 8515 4 6 5
Descending 8 515 7442 5676 4 6 3
Random 7 442 8515 5676 6 6 4

We also considered seven compensation strategies (listed in Table 11) i.e., the price
terminal i € I will pay another terminal for each container it diverts. The first three policies set a
bound for the compensation price, while the last three fix the compensation price equal to the
upper bounds of the former three cases, respectively. The upper bounds for the compensation
prices are set equal to the average, minimum and maximum value of the Af/™" parameter (i.e.,

minimum handling fee charged at each terminal) over all three terminals. The seventh and last

policy evaluated in this research sets a simple non-negativity bound.
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Table 11 Compensation Strategy Per Container Diverted

Case Constraint Type comp; range
Case 1 0= comp; = ave (hf™™)
Case 2 Upper Bound 0 < comp; < miin(hfl-mm)
Case 3 0 = comp; = max (™)
Case 4 comp; = ave (™)
Case 5 Fixed Value comp; = ml.i"(hfimm)
Case 6 comp; =max (RF™™)
Case 7 No bound comp; =0

All problem instances were solved using GAMS and Matlab on an AMD Ryzen 7, 3.2
GHz Eight-Core Processor with 32.0 GM memory. The maximum solution time for a problem
instance was less than 5 minutes.

Individual Terminal Profit Increase and Total Profit Increase Share

In this subsection, we present and discuss results on the profit increase of each terminal
(i.e., difference of profit after and before cooperation). For each compensation case, demand
distribution pattern, cooperation policy, and demand unit, we calculated the mean profit increase
of each terminal by fitting a normal distribution over the 400 problem instances. Results are
summarized in Table 12 through Table 15. Table 12 and Table 13 show the difference of the
mean profit increase while Table 14 and Table 15 show the mean profit increase share for each
terminal between the two formulations two cooperation policies, respectively.

Results in Table 12 indicate, as expected, significant profit overestimation by the VoBF
when compared to the VeBF. A small number of cases exist (for all three terminals) where the
VoBF provides a better solution (i.e., higher profit increase) for individual terminals. Terminals
2 and 3 (i.e., the terminals with the average and low productivity) show the highest difference
under policy 1 while Terminals 1 and 2 (i.e., the terminals with the high and average

productivity) under policy 2. Terminal 3 shows small differences under policy 2.
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Results in Table 13 suggest that Policy 1 is the most and worst beneficial for the least and
most productive terminals, respectively (i.e., Terminal 3 and Terminal 1) for the ascending
demand case (i.e., Terminal 3 received the lowest and Terminal 1 the highest demand). The
descending demand case is the most beneficial for the most productive terminal (i.e., Terminal
1), unfavorable for Terminal 2 and almost non-consequential for Terminal 3. The random
demand case favors Terminal 3 and shows mixed results for Terminals 1 and 2.

Table 12 Mean Profit Increase Difference: Volume to Vessel Based Formulation

Policy 1 Policy 2
Demand Split| Compensation Case T1 ‘ T2 | T3 T1 | T2 ’ T3
Case 1 0 2% | 2% | 2% | 8% 0 1% 1%
Upper Bound Case 2 ] 10% | 3% | 4% | 8% | 12% 0%
Case 3 | | 14% 0% | 3% | 8% | | 16% | 2%
Random Case 4 | | 12% [ 45% | % T 36% [ 55% | 12%
Fixed Case5| [ -30% 0 3% B 2% 0% 0 8% | 7%
Case 6 o o33% 0 49% 0 3% [ 53 1% | 11%
No Bound Case 7 T 33% [ | -16% | 1% ] 7% B 15% | 1%
Case 1 0 1% B 12% | J12% | | 14% 0 4% | 4%
Upper Bound Case 2 ] 7% [ | 1% | 2% [ ] 13% [ ] 15% | 9%
Case 3 [ | 14% | 10% 1% [ | 13% [ ] 14% | 5%
Ascending Case 4 [ | -16% ey A 60% A | 4%
Fixed  Case 5[ -61% 3% 2% | -3% T 49% | 6%
Case 6 B 2% R s [ 02 1 9%
No Bound Case 7 0 8% | 2% [ | -13% | | 13% | | 14% | -6%
Case 1 I 8% | 3% | 9% } 6% I 1% | 5%
Upper Bound Case 2 | 9% | 4% | 7% | 5% | 9% | 5%
Case 3 | 8% | 3% | 9% | 5% | 10% | 5%
Descending Case 4 o 23% o o2s% [ | 14% [ | 15% 0 36% [ | 12%
Fixed  Case5 | 1% 0 o1s% ] 7% | 1% 0% ] 7%
Case 6 o 2% 0 29% 0 1% | 16% T 39% [ | 15%
No Bound _ Case 7 | 13% | -4% | 11% | 5% | 10% | 5%
Table 13 Mean Profit Increase Difference: Policy 1 to Policy 2
VoBF VeBF
Demand Split| Compensation Case T1 ‘ T2 | T3 T1 T2 T3
Case 1 | 2% I 3% T 2% B % I 2% T 30%
Upper Bound Case 2 [ | -19% | 8% 2% [ | 22% 0 20% 0 2%
Case 3 0% [ | -20% 0 2% | 8% 1% 0 30%
Random Case 4 0% [ | -20% 0 32% T 33% | 1% | 4%
Fixed  Case5 [ | 24% I 1% 0 29% 0 o18% 0% | 4%
Case 6 | 1% || 23% 0 3% 0 29% | 1% 1%
No Bound Case 7 I 3% N 31% 0 2% | | 22% I 1% M 3%
Casc !/ 5% N -12% s 3% | -8% O 100%
Upper Bound Case 2| “72% | 2% s, -64% | 6% A
case 3| -67% | | -15% sy -69% | -10% 4%
Ascending case 4| -70% [ | -18% 9% 0 3s% | 4% 0%
Fixed  Case 5| -69% 0% O 89% ] 10% | -6% B 25%
case 6/ -74% [ | -16% o 99% T 32% | 4% 1%
NoBound Case?| [ 1% B 26% v | 71% | 9%  96%
Case 1 I e b 1% | 5% I 7% 0% 1%
Upper Bound Case 2 | 10% | 2% | -1% | 4% | 8% | 4%
Case 3 Io12% I 2% | 6% | 9% | 3% 1%
Descending Case 4 b o12% | -12% | 4% \ 2% | -1% | 3%
Fixed  Case5 ] 9% | 3% | 2% I 1% | 2% | 3%
Case 6 I 3% [ | -13% | 6% 0% | -1% | 3%
No Bound _ Case 7 b 1% B 9% 1 8% | 5% 1% 0%
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Results in Table 14 do not reveal any clear patterns with regards to the total profit
increase share between the two formulations except for the fixed compensation case under
random and ascending demand splits. For these cases, there is a clear high overestimation of the
VoBF for the profit share of Terminal 1 and an underestimation for Terminals 2 and 3 for Policy
1 and Terminal 2 for Policy 2.

With regards to the total profit increase share under the two policies (Table 15), a pattern
emerges where both cooperation policies favor Terminal 3 (with some small exceptions). The
ascending/descending demand split case provide the worst results Terminals 1 and 2 respectively
(for both formulations).

Table 14 Total Mean Profit Increase Split: Volume to Vessel Based Formulation

Policy 1 Policy 2

Demand Split| Compensation Case T1 \ T2 | T3 T1 | T2 \ T3
Case 1 10% I % I 4% I 2% 4% | 2%
Upper Bound Case 2 3% | -3% | 0% | 1% 3% | 2%
Case 3 49% | 4% | 1% | 3% 3% | 1%
Random Case 4 B -35% 20% 13% I -20% 20% 0%
Fixed Case5 B 17% 13% B -14% 12% 2%
Case 6| [ -43% 27% 15% M -17% 21% I 4%
No Bound Case 7 16% B -14% | 2% | 2% 3% | -1%
Case 1 5% 3% B s% 0% 3% | 3%
Upper Bound Case 2 1% 2% I -3% 1% 4% I -5%
Case 3 3% 2% I % 0% 3% | 3%
Ascending Case 4| [ -54% 27% 27% B ->5% 29% I 4%
Fixed Case5| [ -37% 19% 18% B -13% 17% 1%
Case 6NN -61% 31% 31% B 2o 30% | 1%
No Bound _ Case 7 9% i -1% B 3% 0% 3% | 3%
Case 1 4% -10% 6% 2% | 2% 0%
Upper Bound Case 2 5% W% 6% 2% | 3% 2%
Case 3 2% B 3% 6% 1% | 2% 0%
Descending Case 4 11% 14% B 26% 7% 15% M 22
Fixed  Case5 M -15% 10% 6% B 3% 9% 3%
Case 6 7% 30% I 7% 2% 31% B 32
No Bound Case 7 10% B -19% 9% 1% | 2% 0%
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Table 15 Total Mean Profit Increase Split: Policy 1 to Policy 2

VoBF VeBF
Demand Split| Compensation Case T1 \ T2 | T3 T1 | T2 \ T3
Case 1 | 3% [ | 8% 1% Bl -15% 2% 13%
Upper Bound Case2| [l  -12% 0% 1% [l -16% 6% 10%
Case 3 | 2% B 1% 14% [ ] 9% [ | 4% 14%
Random Case 4 | 2% B % 13% 3% WM -13% 1%
Fixed Cases| [l -14% 2% 12% 3% | 4% 1%
Case 6 | 3% Wl -13% 16% 22% Il -19% | 4%
No Bound  Case 7 3% B 1% 13% Il -16% 1% 15%
Casel| I 2% 1 -4% 2 -26% | | 5% 31%
Upper Bound Case 2| [  -24% | 1% 5% I 4% 0% 23%
Case3| I 21% | | 5% 2% I 4% | 5% 29%
Ascending cases I 2% B 7% 29% 6% | 4% | 2%
Fixed Cases [ -24% | 2% 26% | 4% | 4% 8%
Case 6| 3% B 6% 29% 9% B 1% | 2%
NoBound Case7| [ -17% . 9% I 5% I -5% 30%
Case 1 9% -12% 4% 7% 4% | 3%
Upper Bound Case 2 7% I -4% I -3% 4% 4% . -8%
Case 3 10% [l -14% 4% 9% B 8% | 1%
Descending Case 4 1% Wl -14% 3% 6% Wl -13% 7%
Fixed  Case5 7% | 2% [ | -4% 10% | 3% [ | 7%
Case 6 1% [l -15% 4% [ | 4% Wl -14% 19%
No Bound Case 7 14% Il 20% 7% 5% | 3% | 2%

Terminal Participation

In this subsection, we present and discuss results on the differences in terminal
participation under the two formulations and policies over the 400 different problem instances.
Table 16 and Table 17 show a summary of the results from this analysis. Table 16 shows the
difference in terminal participation between the two formulations for each policy. A clear pattern
emerges where all three terminals significantly reduce their participation (with some exceptions)
under both cooperation policies when it is based on the VeBF. This means that cooperation
success is highly overestimated at the planning level (VoBF) when compared to the
tactical/operational level (VeBF). Between the two policies (Table 17) a different pattern
emerges where terminal 2 is more likely to participate under policy 2. Terminal 3 shows a much
higher participation rate under Policy 1 for the random and ascending demand case. Terminal 1

is more likely to participate under Policy 1 for the random and descending demand case.
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Table 16 Participation Difference: Volume to Vessel Based Formulation

Policy 1

Policy 2

Demand Split| Compensation Case T1

T2

T1

T2

Case 1 -
i

Upper Bound Case 2

5% [
||

Case 3 —-

Random Case 4

Fixed Case 5
Case 6
No Bound Case 7

[ |
[
[ |
|
|

1

Case 1

Upper Bound Case 2

Case 3

Ascending Case 4
Fixed Case 5

Case 6
No Bound Case 7 -3%
Case 1 | | 1% T 24%
Upper Bound Case 2 | | 2% 1 29%
Case 3 | | 2% T 26%
Descending Case 4 m- 64%
Fixed  Case5 | | 2% [ 24%
Case 6 [ 8w [
NoBound Case7] || 26%)| | 2% 27%

Table 17 Participation Difference: Policy 1 to Policy 2

VoBF VeBF

Demand Split| Compensation Case T1 T2 T2 T3
Casel| [ 13% 1 6% 4% 2% 1 12%
Upper Bound Case 2 . 9% 1 -3% -3% —I -2% . 11%
Case3| [ 14% W -10% -2%! -18% I 15%
Random Cased| || 15% Il -10% 6% 9% I 5%
Fixed  Case5 9% i 2% 5% ] 2% 0%
Case 6 I 12% -10% 6% 5% 0%
No Bound _ Case 7 13%| Il -15% 4% 3% T 1%
Case 1 5% | 4% 20% W -10%] DA%
Upper Bound Case 2 5% 0% -18% 0% L 37%
Case 3 2% 1 5% -18%] W 9% I 8%
Ascending Case 4 2% | 4% 0%| -15% 6%
Fixed Case 5 -5% 0% 0% 0% 25%
Case 6 FTAN | 1% 1%| [l 1% 0 6%
No Bound Case 7 2% W -10% -18% W -10% %
Case 1 30% W -8% 17% W 8% | 4%
Upper Bound Case2| | | 29% 0% 17% 0% Il -13%
Case 3:. 30% I 9% 20%| M 1% | -4%
Descending Case 4 28% -10% 4% 0% 0%
Fixed Case5| || 27% 0% 13% 0% I 1%
Case6| || 28% W -10% 0% 0% 0%
NoBound Case7| | | 29%/Il -18% 16% N 6% | 2%

Diverted Demand

In this subsection we present and discuss results on the differences in the role of each

terminal in the cooperation scheme (i.e., does it divert or accept demand from/to the other

terminals) under the two formulations and policies over the 400 different problem instances.

Table 18 and Table 19 show a summary of the results from this analysis. Table 18 shows the

difference in the demand accepted by each terminal between the two formulations for each

policy. A clear pattern emerges where Terminal 1 is the least affected by the cooperation policy.
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On the other hand, the VoBF overestimates the demand diverted to Terminals 2 and 3 under both
cooperation policy. This would mean that resources scheduled under the VoBF would not be
used when the actual schedule, based on the VeBF, would be implemented. With regards to the
two policies only Terminal 3 (terminal with the lowest productivity) shows significant
differences for the VoBF and for a few cases for the VeBF.

Table 18 Diverted Demand Difference: Volume to Vessel Based Formulation

Policy 1 Policy 2
T2 T3 T1 T2
14% 8% 3% 16% L 18%
14% 8% 5% 15%
14% 4% 16%
4%
6%
3%
3%
0%
0%
0%
0%
0%
0%
0%
8%
14%
8%
13%
19%
12%
8%

Demand Split| Compensation Case T1

Case 1 3%

Upper Bound Case 2 3%
Case 3

Random Case 4
Fixed Case 5
Case 6

No Bound Case 7
Case 1

Upper Bound Case 2
Case 3

Ascending Case 4
Fixed Case 5
Case 6

No Bound Case 7

Upper Bound Case 2

Descending Case 4 .
Fixed  CaseS
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Table 19 Diverted Demand Difference: Policy 1 to Policy 2

VoBF VeBF
Demand Split| Compensation Case T1 T2 T3 T1 T2 T3

Case 1 1% 0 3% M 1% 1% 1% I 2%

Upper Bound Case 2 2% B 3% I 9% 0% 2% 5%

Case 3 2% 1 % Il -13% 1% 0% | 1%

Random Case 4 2% I 3% Bl -12% 1% 0% 2%

Fixed Case5| [ 3% 2% W 7% I % 2% 9%

Case 6 2% 1% Il -14% 1% 0% 1%

No Bound Case 7 1% 1% Il -14% | 1% 0% Il 2%

Case 1 0% 0% 1% 0% 1% 2%

Upper Bound Case 2 0% 0% 7% 0% ‘ 0% 14%

Case 3 0% 1% 0% 0% 1% 1%

Ascending Case 4 0% 0% 1% 0% 0% 5%

Fixed  Case5 0% 0% 6% 0% 0% 24%

Case 6 0% 1% 0% 0% 0% 6%

No Bound Case 7 0% 1% i 1% 0% 1% 1%

casel]l [ 3% 0% -14% 1% o B 4%

Upper Bound Case2| [ 8% 0% -17% 2% % W 5%

Case 3 I 3% 0% Il -16% -1% 0% I 3%

Descending Case4| N 4% 0% Il -13% 1% 1% \ 0%

Fixed Case5| [ -9% 0% I -14% | 1% 0% 0%

case6| B 3% 0%l -16% 1% 2% 0%

No Bound Case 7 I 2% 0% Il -13% 0% \ 0% B 4%

Conclusion and Future Research

In this paper we proposed two mathematical formulations to model intraport terminal

cooperation at the planning and tactical/operational level. Numerical experiments with simulated

data were used to evaluate and compare the two models for two cooperation policies maximizing

total profit increase of all terminals and minimum profit increase of any terminal. Results
indicate that planning level models provide significant difference to tactical/operational level
models with regards to demand diversion between the terminals and overestimation of profits.
Future research should focus on including a differential pricing policy by customer (e.g., liner
company or alliances), allow demand to exceed capacity, and develop a mechanism for profit

sharing between the coalition members that would ensure stability.
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5. Mathematical Framework for Container Terminal and Liner Shipping Companies
Cooperation and Competition
Introduction

Maritime transportation is a critical component of international trade with approximately
90% of the global trade volume carried by deep-sea vessels (69). The World Shipping Council,
2014 (29) indicates that “it would require hundreds of freight aircraft, many miles of rail cars,
and fleets of trucks to carry the goods that can fit on one large liner ship.” According to the data
provided by the United Nations Conference on Trade and Development (70), the overall
international seaborne trade reached 9.8 billion tons in 2014 with a significant increase of
containerized (5.6% in tonnage), dry (2.4% in tonnage), and major bulk cargo (6.5% in tonnage)
from 2013. Similar growth is expected to continue. Most of the high-value cargo and general
consumer goods are shipped in a containerized form. Liner shipping companies, looking for
transport efficiency and economies of scale, have increased vessel size on most of the trade
routes. The Journal of Commerce, 2015 (77) highlights that CMA CGM placed an order for six
vessels with 14,000 TEU capacity in the first half of 2015 after an earlier order for three 20,000
TEU vessels. Maersk has recently ordered eleven 19,500 TEU vessels, while MOL and OOCL
placed orders for vessels with 20,000 TEU capacity. Note that the number of megaships is
projected to increase by at least 13% by 2020 (71).

To meet the growing demand, while facing capacity expansion limitations (e.g., lack of
land, high cost of expansion, etc.), marine container terminal operators and port authorities have
emphasized the importance of planning and operations optimization as a means to increase
productivity (see for example (8, 72—77)). A terminal capacity can be increased by upgrading the
existing or constructing the new infrastructure, but that requires a significant capital investment

(76, 78). Alternatives to the construction of the new infrastructure include improvement of
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conventional equipment and productivity by introducing new forms of technology (79),
information systems (80), and work organization (87). One approach that can increase
productivity without capital investment is better utilization of the existing berthing capacity
between terminal operators, ports or both through collaborative agreements (82, §3). One may
view such agreements as the answer of port authorities and terminal operators to alliances,
formed by liner shipping companies (84) that allow vessels from different liner shipping
companies to be served at different terminals of the same or different ports (8§5-87).

In this study, we model cooperation and competition, between marine container terminal
operators (MCTOs) and liner shipping alliances. The objective is to develop a mathematical
framework that will maximize container terminal revenues, minimize terminal costs and increase
freight fluidity. This research builds upon and expands on existing research (45), (53), (57), (598),
(62), (88), and proposes a game theory based mathematical model. To our knowledge, only four
studies have been published to date that addresses terminal resource allocation at the operational
level (58, 88—90).

Conceptual and Mathematical Framework and Complexity Analysis

In this section, we present the conceptual (Figure 9) and mathematical framework for
terminal operators, and liner shipping companies cooperation and competition. We use the
Stackelberg game, where the shipping lines in alliance act as leaders by minimizing shipping
costs and terminal fees, and the container terminals act as followers by making decision to
compete or engage in cooperation with the other terminal by utilizing each other’s capacities
with the objective to maximize profit. The relationship between the container terminal capacity
utilization and congestion effects has been modeled based on (66), where it was reported that the

maximum profit for the terminal is achieved at V/C ratios in the vicinity of 60% to 80%
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(although these can be higher or lower depending on the technology and equipment used by the
terminal). Haralambides, 2002 (66) states that “once a port reaches 70% capacity utilization,
congestion ensues in terms of unacceptable waiting times”. Reduction in profits, once V/C ratios
exceed this limit, can be attributed to many factors with the main one being the reduction in
productivity from berth and yard congestion. Figure 8 shows theoretical graphs of the handling

cost (5.56), handling fees (5.57), and terminal profit (5.69) as a function of V/C ratio per TEU

(left side) and total demand (right side).
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Figure 8 Example Profit, Handling Cost and Handling Fee Functions Plots
Our study is an extension of (26), where authors investigated cooperation between

terminals in terms of shared capacity can be beneficial in increasing profits without the need of
capital investment to secure “excess capacity” and evaluated four different cooperation policies
and two different demand assumptions.

The game theoretic model developed in this research analysis competition between two
shipping lines in an alliance and two MCTOs that have already engaged in a cooperative
agreement and are in two different ports makes several assumptions. First, we assume that the
MCTOs can negotiate and share the available (seaside and landside) resources/capacity to
maximize profits. Second, we assume that the shipping lines of the alliance can utilize each

other’s capacity, due to already negotiated Vessel Sharing Agreement(s), where each shipping
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line shares vessel capacity, proportional to total shipping line capacity with the objective to
minimize shipping costs and terminal fees. Third, the model only considers shipping lines of a
single alliance and assumes that both shipping lines depart from a single port, thus excluding any
costs associated with container transfer between shipping lines. We model competition between
the alliance shipping lines and MCTOs as a Stackelberg leadership game, where, the leader of
the game, the shipping lines, makes decisions first and the follower the MCTOs responds. At the
first stage of the game, the alliance is simultaneously minimizing shipping costs and terminal
fees, where the shipping costs sc;;(q;;), see (5.58), (per TEU) are given as a function of number
of containers shipped g;; by shipping line i € [ to terminal j € J and terminal fees hf;; (V{}), see
(5.57), are given as a function of volume containers handled at terminal j € J after shipping lines
i € I shipment. Shipping line alliance is minimizing the shipping costs and terminal fees by
utilizing shipping line capacity through a container volume transfer x55 between shipping lines
and deciding on the volume of containers g;; shipped by shipping line i € I to terminal j € J. At
the second stage of the game MCTOs decide to engage in a cooperative or non-cooperative
game. MCTOs under cooperation maximize their profits by utilizing their capacities through
container volume transfer x4, between container terminals.

The model is constructed as a non-cooperative game between the shipping lines and the
container terminals, where at each level a cooperative game is formulated. The optimal outcome
of a non-cooperative game between the shipping lines and container terminals can be determined
using Nash-equilibrium, which describes a set of strategies between the players, such that no
player can gain more by changing his or her strategies. Furthermore, as the model is constructed
as a sequential game, it involves multi-stage decisions; thus the Nash-equilibrium is determined

using backwards inductions starting by first determining the equilibrium for the last sub-game.
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Our model also includes two cooperative subgames, where at the upper-level, liner shipping
alliance seek to achieve Pareto-efficiency a state where the containers are distributed among the
shipping lines in the most efficient way, so that no shipping line can be put in a better position,
without worsening the position of other shipping lines. Similarly, at the lower level, if container
terminals engage in cooperation then Pareto-efficiency should be achieved; otherwise, containers
terminals play a non-cooperative game, and the optimal outcome is determined using Nash-
equilibrium. Also, when cooperative games are considered, the stability of coalition and fairness
of payoff distribution among players should be considered. Next, we present the conceptional
and mathematical framework.

Let i € I be the set of shipping lines, where i € (1,2), j € J the set of container
terminals, where j € (1, 2). Following parameters are used at the model in the shipping line,
alliance stage: Q7" shipping lines i € I demand, Q;}" shipping lines i € I demand to terminal j €
7/, Cii-L shipping lines i € I available capacity to terminal j € J (Vessel Sharing Agreement), Q;
alliances demand to terminal j € J, sc;; shipping lines i € I shipping cost to terminal j € ] per
container, c;; shipping lines { € I shipping cost shipping containers to terminal j € J, q;; volume
of containers shipped by shipping line i € I to terminal j € J under cooperation, - = 1 if
containers are transferred to shipping line a € I, wy* = 1 if containers are transferred from
shipping line a € I. Following decision variables are used at the model in the shipping line,
alliance stage: q;; the container volume demand by shipping line i € [ to terminal j € J, x5k the

volume of containers transferred from shipping line a € I to shipping line b € I under

cooperation.
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Following parameters are used at the model in the marine container terminal operator
stage: ij terminal j € ] capacity, hc;; terminal j € ] handling cost of handling one unit of
container shipped by shipping line i € I, hf;; terminal j € ] handling fee of handling one unit of
container shipped by shipping line i € I, V]-b volume of containers handled at terminal j € ]
before shipping lines i € I shipment, V; volume of containers handled at terminal j € ] after
shipping lines i € I shipment, V; volume of containers handled at terminal j € /, pf; handling
fee per container for demand diverted to terminal a € J, ¥ = 1 if containers are transferred to
terminal a € J, wl = 1 if containers are transferred from terminal a € J, prl, terminal a € ]
profit loss from handling fees of diverted demand from any other terminals, p the percentage of
the origin terminal handling fee charged at the destination terminal (for diverted demand).
Following decision variables are used at the marine container terminal operator stage: x.,
volume of containers (TEUs) transferred from terminal a € J to terminal b € J under
cooperation, where a # b € J. Next, we define the handling fees, handling costs, shipping costs,
and total profit functions.

Terminal handling cost function per TEU (cost endured by the terminal operator) - (see

(26))

. 2% 4 (5.56)
hey (Vi) = |aa\zp | —az2| g7 )+ e
j j

, where pc; is the base container handling cost for terminal j € J without cooperation and

a4, a, are the cost function coeficients.

Terminal handling fees function per TEU (user cost) - (see (32))

2% 4 (5.57)
hfij(Vi}) = | b1 <E> — B2 <?) + pf;
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, where pf; is the base container handling fee charged by terminal j € ] and 5y, B, are the

fee function coefficients.

Shipping cost function per TEU (cost endured by shipping lines)

Cij 5.58
scij(qi) = ﬁ (558)
ij

At the first stage of the model shipping lines in an alliance cooperate by making shipment
size decisions with the objective to minimize shipping costs and terminal fees. Next, we define
an objective function for the shipping line alliance and each shipping line and under cooperation
and non-cooperative scenario.

Shipping lines objective function.

min7; = Z (SCij(CIij) + hfij(Vl-‘})) q;j, Vi€l (5.59)

jej

Shipping lines objective function under cooperation

minm; = z (SCij(ql'Cj) + hﬁj(Vf})) qf;,vi €l (5.60)
jeJ

Shipping line alliance objective function

min g = z Z (scij(a§) + hfy (V) af; (5.61)

i€l jeJ

Next section defines the constraints that are enforced at the first stage of the model.

Container volume shipped should satisfy the demand

Q= Z qy viel (5.62)

jej
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Container volume shipped to terminal j by shipping line i should not exceed shipping

lines i available capacity to terminal j

5.63
Z qi; <Cjj* (563)

Container volume shipped by shipping line a € I under cooperation

45 = qu+ Y xSh— ) xlh vael (5.64)

bel a€l

Shipping lines either receive or provide demand (but not both

ol +wsk<1,va€el (5.65)

Volume (TEUs) transferred from shipping line a € [ to a shipping line b € I has to be

less than or equal to the demand at shipping line a € I under no cooperation

Z x5p < wi(qaj), Va €1 (5.66)
beJ

Containers transferred to shipping line a € I cannot exceed the available demand at all

the other shipping lines

Y xSh<r Y gy - qupVacl (5.67)

bel b#a€l

Joint profit of alliance under cooperation scenario will be greater or equal to its profits

under the no cooperation scenario

> m(ag) - mlay) 2 0 (5.68)

i€l

The second stage of the model is adopted from (26), where container terminals decide to
cooperate or to compete by utilizing each other capacities with the objective to maximize profit.
Following section defines objective function for each container terminal under cooperation and

non-cooperative scenario.
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Terminal profit function under competition

maxt; = Z (hfl’f (Vi) - hCij(Vi?)) qijpVj €] (5.69)

i€l

Terminal a € 1 Profit Function under cooperation

max n]-c = Z hfi; (Ve (Vig) — Z xP pfe — Z xP hf, — hey (VEVEY | (5.70)

b#a€l b b
€J
Next section defines the constraints that are enforced at the second stage of the model.

The volume of containers handled at terminal | after shipping lines i shipment

Vs = ij +qij (5.71)

The volume of containers handled at terminal j

. 72

i€l

A terminal can either receive or provide demand (but not both)

P +wl <1,vae] (5.73)

Demand at any terminal cannot exceed capacity (this constraint is not necessary and can

be dropped in cases of monotonically increasing profit function for any of the terminals)

ve<ckbvae] (5.74)

Profit for any terminal under any cooperation scenario will be greater or equal to its

profits under the no cooperation scenario

T (VE) —m(VE) =2 0,Va €] (5.75)
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Volume (TEUs) transferred from terminal a € | to a terminal b € | has to be less than or

equal to the demand at terminal a € I under no cooperation

Z xgp < wg (Vig), Va €] (5.76)
beJ

The Volume handled at terminal a € I under cooperation

Vi = VE+ ) xba— ) xby va €] (5.77)

bej a€cj

Containers transferred to terminal a € I cannot exceed the available demand at all the

other terminal

Z Xha < 14 ( z Vo —Via),Va €] (5.78)

bel b#a€j

Handling fee of transferred demand is (100-p) % of the handling fees at the origin

terminal (under no cooperation

pfd <p*hfpy(Vg)Vae]p<1 (5.79)

Estimation of profit increase (handing fees portion) for demand diverted to terminal a €

5.80
pPrga = Z XopPfap,Va €] (5.80)

beJ

Estimation of profit loss (handing fees portion) for demand diverted from terminal a € |

pri, = lefahfa; Vae]j (5.81)
b

Total volume handled before is equal to total volume handled after

Z Ve = z va (5.82)

aej aej
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Model Complexity

Our model complexity arises from the point that it has been constructed as a bilevel
optimization problem in which a sequential game is played between shipping lines and container
terminals. Bilevel models are difficult to solve, even when each subproblem at each level is easy
to solve. In our case, the subproblems are also difficult to solve, where at the first level, the
leader, shipping lines, make strategic decisions to optimize their objective functions, then given
shipping line strategies the follower, container terminals, makes decisions to optimize objective
functions. Model complexity further has been increased at both stages of the model, where at the
first stage shipping lines have formed an alliance and play a cooperative game to minimize cost
and at the second stage container terminals must decide to play a cooperative or non-cooperative
game with the objective to maximize profits. Due to the complexity of the bilevel problem, a
heuristic (preferably hybrid) needs to be developed to solve the bilevel problem.
Conclusion

In this study we presented a conceptual and mathematical framework for container
terminals, and liner shipping alliance cooperation and competition, using a two-stage Stackelberg
game. The developed game theory based model not only could assist marine container terminal
operators and port authorities in identifying optimal contractual agreements (for sharing capacity
and with liner shipping companies) but also could help identify optimal operational plans that
support implementation of such contractual agreements (i.e., contractual agreements are usually
based on total demand handled while operational plans are based on vessel assignment and

terminal resource allocation at the operational level).
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6. Container Terminal Cooperation Using the Core, Shapley Value, and Coalition
Structure
Introduction

In this study, we seek to develop a mechanism for profit sharing between the coalition
members that would ensure stability. A mathematical framework was developed that model
cooperation between marine container terminal operators (MCTOs) using Core, Shapley Value,
and Coalition structure solution concepts. The objective is to develop a mathematical framework
that utilizes capacity sharing agreements to maximize container terminal profit while keeping the
coalition stable and achieving a fair profit distribution among the coalition members using the
Shapley Value.

Next we introduce the Core, Shapley Value, and Coalition structure solution concepts and
present characteristics functions that can be used with the already developed maritime container
terminal cooperation model in Chapter 4.

The Mathematical Framework

We use cooperative game theory to investigate which coalitions are formed and how are
the payoffs of these coalitions distributed among themselves using the Core, Shapley Value, and
Coalition structure solution concepts. In particular, we assume that all payoffs are measured in
the same units and that there is a transferable utility (TU) that allows side payments to be made
among players. A cooperative game is usually denoted by (N, v), where N is the set of players,
and v is the characteristic function. Coalitions among players are denoted as S & N. Each

coalition S has a value denoted as v(S). A payoff distribution for coalition S is a vector of real

numbers (x;) Vi€ S.
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The Core

In order to check if the coalition is stable, the core has to be nonempty. For the core to be
nonempty, both the individual rationality and collective rationality have to be satisfied. For a
given cooperative game (N, ), a benefit allocation x = (x4, X5, ..., X,,) € R" of real numbers
has to satisfy the following conditions:

Individual Rationality

x; = v({i}) foralli €N (6.83)
The following equation states that each player is willing to participate in a coalition if the
payoft is at least as the player can gain on its own.

Collective Rationality

x(N) = Z % = v(N) (6.84)

i€EN
For a coalition to satisfy the minimal conditions of rationality, the sum of the player
payoffs should be equal to the value that is guaranteed by the characteristic function.

Coalitional Rationality

x(S) = v(S) for all nonempty coalitions S S N (6.85)
For any sub-coalitions, the payoff should be less than the payoff received remaining in
the grand coalition.

The core of (N, v) is the set

C(N,v) ={x € R"|x(N) = v(N),x(S) = v(S) forall S € N} (6.86)
The core of the cooperative game (N, v) is the set of all efficient and coalitionally

rational payoff distributions Peters (91).
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Bondareva-Shapley Theorem

The existence of the core C(N, v) can be characterized using the Bondareva-Shapley

theorem (92) (93). Theorem describes a TU characteristic function that has a nonempty core if

and only if it is balanced. Let (N, v) be a coalitional game. A set of weights w(S), where 0 <

w(S) < 1,forallS € N, is a balancing set of weights if Vi € N.

Z w(s) = 1 (6.87)

S)ies
A coalitional game (N, v) is balanced if and only if, for every balancing set of weights w,

the following condition holds:

Z w(S)v(S) < v(N) (6.88)

P#SEN

,where w(S) is balancing coefficient.
The Shapley Value

The core suffers from the problems that it is sometimes empty and that when the core is
nonempty, it usually has a set of solutions. In contrast to the Core, the Shapley value always
exists and is unique. The Shapley value is used to allocated profits among container terminals.
The estimated values measure the contribution of each container terminal in the coalition. Given
a coalitional game (N, v) the Shapley value divides payoffs among containers according to:

The Shapley value payoff to player i € N, is given by

BB = o D ISLAN] = 18]~ D! [v(S U i) — v(S)) (6.89)

SCN{i}
A value function ¢, is a function that assigns to each possible characteristic function of

an n-person game, v, an n-tuple, ¢p(v) = (¢, (v), Pp,(v), ..., P, (v)) of real numbers. Here ¢;(v)
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represents the worth or value of player i in the game with characteristic function v. The axioms

of fairness are placed on the function, ¢. The Shapley Axioms for ¢ (v):

Efficiency
> ¢ = vy (650)

ieN
The Efficiency axiom is group rationality that the total value of the players is the value of
the grand coalition.
Symmetry
If i and j are such that v(S U {i}) = v(S U {j}) for every coalition S not containing i and
j,then ¢;(v) = ¢;(v). In other words, if the characteristic function is symmetric in players i
and j, then the values assigned to i and j should be equal.
Dummy Axiom
If i is such that v(S) = v(S U {i}) for every coalition S not containing i, then ¢;(v) = 0.
The Dummy axiom says that if player i is a dummy in the sense that he neither helps nor harms
any coalition he may join, then his value should be zero.
Additivity
If u and v are characteristic functions, then ¢ (u + v) = ¢p(u) + ¢(v). The Additivity
axiom represents a situation when the value of two games played at the same time should be the
sum of the values of the games if they are played at different times. If u and v are characteristic
functions, then so is u + v.
Coalition Structure
However, Shapley value allocation is not always rational. It is not always in the core,
which means some of the players or sets of players would prefer not to be in the grand coalition.

When the formation of the grand coalition is not feasible, a grand coalition is split into disjoint
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subgames, which maximize the total payoff. A subgame of the game (N, v) is any game of the
from (S, v), where S € N. We can formulate the coalition structure generation as an integer
problem. Let N = {1, ..., i) be the set of terminals, S = {S;, ..., S,,) be set of all possible
coalitions, where w = 2™ — 1 are all the possible combinations for n players, let k be coalition

number, where k € Kand K = {1, ...,w}, and T = {Ty, ..., Tgn) be the set formed by all possible

* n . 1 1
1?17(?124-:)) is the Bell number which is an upper

combinations of the elements in S, where B™ < (

bound for the number of coalitional structures.

The coalition structure generation can be modeled as follows (maximizing welfare)

Rahwan et al. (94):

Integer Programming Approach

2" (6.91)
Maximizez v(Sk) * xk
k=1
2" (6.92)
subject toz Zig* X, =1LVIEN
k=1
x; € {1,0} (6.93)

,where x;, is the decision variable for the coalition S}, to be selected in the solution and
Zix € Z, where Z is n X 2™ binary matrix.

The container terminal coalition characteristic function is defined as follows (All the

previous container terminal cooperation formation from Chapter 4):

v(Sk) (6.94)

— max z VEhE; (VE) + 2 XpiCOmMpy, — z xjpcompf — Vhe; (VF) |, Vi#Db
b b

1ESKCT] I
€
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, Sk €N

,where T; € T.

For every coalition S;, we calculate welfare value and then find the best coalition
structure, and finally compute the Shapley values.
Conclusion

In this study, we have expanded on the works presented in Chapter 4 by introducing a
mechanism for profit sharing between the coalition members that would ensure stability and fair
profit distribution among coalition members. Future research could include performing
experiments for profit sharing between the coalition members that would ensure stability using
the Core and Shapley Value and compare Shapley Value profit allocation to previously applied
policies, such as Nash Bargaining Solution and total profit maximization policies outperform the

total minimum profit maximization and, the difference of minimum profit maximization.
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7. Conclusion and Future Directions

In this dissertation, we have proposed and developed game theory models that could
assist the Maritime Container Terminal Operators (MCTOs) and Port Authorities in their
decision making on the seaport and marine container terminal cooperation and competition, such
as identifying optimal contractual agreements (for sharing capacity with container terminals) but
also could help identify optimal operational plans that support the implementation of such
contractual agreements (i.e., contractual agreements are usually based on total demand handled
while operational plans are based on vessel assignment and terminal resource allocation at the
operational level). In total, we have developed four maritime container terminal cooperation
game theory models that employed cooperation policies using Nash Bargaining Solution, total
profit maximization, total minimum profit maximization, the difference of minimum profit
maximization, and Shapley Value. Results indicate that the Nash Bargaining Solution and total
profit maximization policies outperform the total minimum profit maximization and the
difference of minimum profit maximization when a combined uniformity of profit share among
the cooperating terminals and size are considered. The Nash Bargaining Solution has a slight
edge over the total profit maximization policy as it provides better profits increase for the
terminal with the higher V/C ratio and better uniformity. Two mathematical formulations were
developed for capacity sharing one based on volume (i.e., demand is measured in TEUs) and one
based on vessel (i.e., demand is measured in TEUs per vessel). Results indicate that planning
level models provide significant differences to tactical/operational level models with regards to
demand diversion between the terminals and overestimation of profits.

There are several future research directions that may be explored, including but not

limited to: (i) Develop solution algorithms that can handle more terminals (currently, after four

90



terminals, the exact solution algorithm becomes inefficient), (i1) Develop the formulation and
solution algorithm that estimates the Nash Equilibrium, (iii) Consider uncertain demand (at the
tactical or planning level). (iv) Include a differential pricing policy by customer (e.g., liner
company or alliances), allow demand to exceed capacity. (v) Perform experiments for profit
sharing between the coalition members that would ensure stability using the Core and Shapley

Value. (vi) Compare Shapley Value profit allocation to different policies.
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