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ABSTRACT

The cruise industry has experienced continuous growth since the late 1960s. While the
global financial crisis of 2008-09 had a major impact on maritime cargo shipping, the
cruise industry continued to experience an increase in passenger numbers. Cruise
demand is characterized as supply-driven. Ports develop facilities first, and then cruise
ships can call at the ports. Therefore, under conditions of uncertain future cruise
demand, ports are required to make decisions that require port investments. Conversely,
the lack of cruise ships coming to some ports after the opening of port facilities has

become a problem.

These undesirable conditions may be due to the supply-driven characteristics of cruise
demand under the lack of information in the cruise market. If there were a little less
uncertainty about future demand for cruise ships, it might reduce the number of ports
that do not receive cruise ships after they are put into service. The situation at sea,
where many cruise ships operate between different ports, cannot be understood in terms
of just one cruise ship itinerary. By taking the trajectory of all cruise ships navigating in
a given area as a network, and by getting a bird's eye view, and understanding the
growth areas and timing where cruise lines are deploying ships and developing routes, it
may be possible to avoid a situation where cruise ships do not arrive after a port has
been built. The purpose of this dissertation is to understand the spatial and temporal
changes in the structure of the cruise network using automatic identification system
(AIS) data.

Characteristics of spatial and temporal changes in the structure of the cruise network
were identified. First, cruise lines continued to operate under the contingency of the
terminal high altitude area defense missile (THAAD) disruption of shipping routes, but
with a reduced number of ports of call for punctuality. Second, cruise ships continued to
be deployed in the Caribbean and Mediterranean, while Asia closed its cruise port early
in the outbreak of coronavirus disease (COVID-19). Third, the Northeast Asian cruise
network has tended to develop routes for mega- and small-size ships, and for all ship
sizes, the quality of community connections tended to improve over time. Finally,
seasonality played a role in the cruise industry. Cruise lines took advantage of
seasonality to change their deployment areas.
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1. INTRODUCTION

1.1. What is the cruise industry?

1.1.1. History of the cruise industry

The cruise industry started with regular passenger ship services. From the mid-19th
century liner services supported long-distance passenger transportation between
continents, particularly between Europe and North America. The need to accommodate
a large number of passengers of different socio-economic statuses for at least a week led
to the emergence of specific ship designs radically different from cargo ships where
speed and comfort were paramount. The emergence of the cruise industry can be traced
to the demise of the ocean liner in the 1960s as it was replaced by fast jet services for
which it could not compete. The availability of a fleet of liners whose utility was no
longer commercially justifiable incited their reconversion to form the first fleet of cruise
ships (Rodrigue and Notteboom, 2013).

Historically, cruise services were offered by ‘regular steamship lines’ and ‘transatlantic
companies,” and are currently provided by ‘cruise lines.” Regular steamship companies
were lines that operated year-round from US mainland ports such as New York, New
Orleans, and later Miami, carrying both cruise passengers and cargo (or only
passengers) throughout the Caribbean on designated shipping routes. For example,
Quebec, United Fruit, Ward (USA), and Furness (UK) fall into this category. As implied
by the term, transatlantic companies provided passenger services between North
American and European ports, such as Cunard. The term ‘cruise lines’ is used mainly in
a post-1965 context, describing those companies such as Norwegian Cruise Line in
1966, Royal Caribbean International in 1968, and Carnival Cruise Lines in 1972, which

have remained the large cruise lines (Lawton and Butler, 1987; Garin, 2005).

1.1.2. Cruise market trends

Since the late 1960s, the cruise industry has witnessed uninterrupted growth, except for
a temporary negative growth during the 1974-75 oil crisis. While the global financial
crisis of 2008-09 had a major impact on maritime cargo shipping, cruise lines and cruise
ports continued to experience an increase in passenger numbers. It did so even when an
unfortunate event, the COSTA CONCORDIA loss, created the most sustained period of
negative publicity for the cruise industry (Pallis, 2015). The cruise industry has

1



expanded since the 1990s. The global cruise population increased from 3.8 million in
1990 to 29.7 million in 2019 (Cruise Lines International Association [CLIA], 2011;
2019; 2020a). The average annual growth rate for the last 30 years is 7.37%.
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Figure 1-1 Global cruise population
Source: Cruise Market Watch (2022)

1.1.3. Cruise market expanding globally

The global cruise market has expanded from the US-centric market to Europe, followed
by Asia and other countries (ROW). In 1990, 93% of the world cruise population was
America; by 2000, 91% was America as the European population grew. The U.S. cruise
population dropped to 53% in 2010 and less than half by 2019. Recently, the cruise
population in China has increased. In 2006, the first year of the Chinese cruise market,
the cruise population was 20,000 (Wang, 2017). In 2016, the number reached 2.1
million, and China became the world’s second-largest cruise market, following the
United States (CLIA, 2016). Thus, the cruise market is expanding worldwide.
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Figure 1-2 Percentage of cruise population by country
Source: CLIA (2011, 2016, 2019, 2020b)

1.1.4. Deployment of mega cruise ships

Cruise lines are deploying larger ships to meet the growing demands of cruise
passengers. The first dedicated cruise ships began to appear in the 1970s and could
carry about 1,000 passengers. By the 1980s, cruise ships had emerged that could
transport more than 2,000 passengers to take advantage of economies of scale. The
current large cruise ship, the OASIS OF THE SEAS, was deployed by Royal Caribbean
in 2009. This ship is a super-large with a total tongue of 226,838 GT, a passenger
capacity of 6,360, and a crew of 2,165. There are plans to introduce mega-sized vessels
of 230,000 GT or more after 2022. In terms of average gross tonnage, it was 5,723 GT
in 1990, but by 2019 it was 38,907 GT. Including deployment of new ships, this figure
shows to grow to 44,957 GT by 2027.
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Figure 1-3 Trends in maximum and average cruise ship sizes (Gross Tonnage)
Source: IHS Maritime ship database (2022)
Note: Estimated after 2020.

In terms of maximum passenger capacity, the number has increased from 2,020 in 1990
to 6,654 in 2019. Including the future deployment of new ships, the plan is for the 6,988
mega ships to emerge after 2022. In terms of average passenger capacity, the number
has increased from 216 in 1990 to 1,174 in 2019. Including the future deployment of
new ships, the number is expected to increase to 1,317 by 2027.
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Figure 1-4 Trends in maximum and average cruise ship sizes (Passengers)
Source: IHS Maritime ship database (2022)
Note: Estimated after 2020.

1.1.5. Oligopolistic market with cruise line alliances
The global cruise market is an oligopolistic market with alliances such as Carnival
Corporation & plc, Royal Caribbean Cruises Ltd., and Norwegian Cruise Line Holding
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Ltd. These three alliances account for more than 80% of the global passenger share in
2014 (OECD, 2015). In the container shipping market, three major shipping alliances
(2M, THE Alliance, and Ocean Alliance) were formed in 2017. These three alliances
account for 80% of the global container market (xChange Solutions GmbH, 2019). The
purpose of the alliance is lower prices and service coverage, which is almost the same

for both cruise lines and container liners.

In the case of the cruise industry, cruise lines invest in passenger terminals in popular
ports and develop private islands to differentiate their ports of call from competitors. In
the cruise terminal concession, for example, Terminal D (Palacruceros) in Barcelona,
Spain, is operated by Carnival Corporation & plc. Rome Cruise Terminal in
Civitavecchia, Italy, is jointly operated by three cruise lines (Royal Caribbean Cruises
Ltd., Costa Crociere, and MSC Crociere Spa).

Table 1-1 Investment in cruise terminals (Concessions)

Terminals Cruise lines

Terminal D (Palacruceros)  Carnival Corporation & ple.
in Barcelona, Spain

Rome Cruise Terminal in Royal Caribbean Cruises Ltd., Costa

Civitavecchia, Italy Crociere, MSC Crociere Spa

Marseille Provence Cruise  Costa Crociere, MSC Crociere Spa,

Terminal In Marseille, Louis Cruises

France

Galveston, US Royal Caribbean International,
Carnival Cruise Lines, CH2MHILL

Port Everglades, US Royal Caribbean International

Cagliari, Italy Royal Caribbean Cruises Ltd.

Kasadasi, Turkey Royal Caribbean Cruises Ltd.,

Global Ports Holding (GPH)

Source: Pallis (2015)

The major cruise lines have built private ports on islands reserved for their exclusive
use, such as CocoCay (Royal Caribbean), Half Moon Cay (Holland), Castaway Cay
(Disney), Princess Cay (Princess), and Great Stirrup Cay (Norwegian). These private
facilities are all within one cruise day from the homeports of Florida, offering the option
of short three to four days cruises (Rodrigue and Notteboom, 2013). Thus, cruise lines
design itineraries that give preference to passenger terminals and private islands in

which they have invested themselves.



Table 1-2 Development of private islands

Private islands Cruise lines

CocoCay Royal Caribbean Cruises Ltd.
Half Moon Cay Holland America Line
Castaway Cay Disney Cruise Line

Princess Cay Princess Cruises

Great Stirrup Cay ~ Norwegian Cruise Line

Source: Pallis (2015)

1.1.6. A cruise itinerary is a network

The cruise industry sells itineraries, not a destination (Rodrigue and Notteboom, 2013).
The design of new itineraries is always performed with the idea that the cruise industry
sells itineraries rather than single ports/destinations (Esteve-Perez and Garcia-Sanchez,
2018). Each cruise ship itinerary is a combination of ports of arrival and departure and
ports of call, forming a single network. Each such itinerary becomes a larger network
over time. Furthermore, by overlapping multiple cruise ship networks, an even larger

cruise network is constructed.

There are two types of itineraries for cruise products: ‘Closed itineraries’ and ‘Open
itineraries.’ ‘Closed itineraries’ only have one homeport because the itinerary starts and
ends at this port; in this case, the itinerary is a closed loop. ‘Open itineraries’ have two
homeports — itinerary starts and ends at different ports. Ports of call are then needed to
complete the itinerary (Esteve-Perez and Garcia-Sanchez, 2018). In practical terms, a
seven-day cruise itinerary normally represents a loop with the same beginning and
ending home port, and usually three to five ports of call in between (Marti, 1990).

Cruise ports that make up these itineraries are divided into three categories: (a) home (or
turnaround) ports, (b) ports of call, and (c) hybrid ports (Marti, 1990). Each type
embraces different characteristics and levels of required investment. Homeport means
where passengers embark or disembark at the beginning or end of their cruise,
respectively. Port of call means the port is part of an itinerary; passengers are at the port
for only the duration of their port call. A hybrid port means serving as both ports and
ports of call. Itinerary design characteristics should also keep in mind these differences
in cruise port types. Thus, by viewing the itinerary as a network, the operational and

commercial characteristics of the cruise line may be understood.
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Figure 1-5 What is a cruise network?

1.1.7. Supply-driven markets evolve over time

The cruise market is ‘supply-driven,” with supply coming first and demand following.
Vogel and Oschmann (2012) explained that cruise demand has always been ‘supply-
led,” starting with the invention of leisure cruising by passenger shipping lines whose
scheduled transatlantic services were losing passengers to the airlines. Similarly,
Rodrigue and Notteboom (2013) analyzed that the cruise industry works in a ‘supply
push mechanism’ as cruise lines aim to generate demand for cruises by providing new
products (itineraries) with a larger and more diversified range of ships. Cruise lines
strategically create demand by offering new cruise ships and new itineraries. On the
contrary, container shipping companies deploy their ships to ports where demand for
containerized cargo appears (or will). In other words, demand comes first, and supply
follows. Thus, the movement of cruise ships could provide insight into the operational

and commercial characteristics of cruise lines.

1.1.8. Fragility and vulnerability of cruise industry changes itineraries

The cruise business has vulnerable characteristics of being quickly stopped by (a)
natural disasters such as hurricanes and storm surges (Travel Agent Central, 2018); (b)
political factors such as border blockades, travel bans, and economic sanctions (Reuters,
2019); (c) violence and conflict such as war, terrorism, and piracy (Maritime Cyprus,
2016); (d) port labor strikes such as wage wars, union unification, and port blockades
(Cruise Hive, 2019); (e) community opposition such as environmental protection, over
tourism (CNN, 2021); and (f) infectious diseases such as norovirus, SARS, MERS, and
COVID-19 (McCarter, 2009; Vivancos et al., 2010; Seatrade Cruise News, 2015; Fisher
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et al., 2018; Ito et al., 2020). On the other hand, container transport, as a logistics
activity that supports production in factories, distribution sales in stores, and the daily
lives of consumers, cannot be easily stopped. Therefore, an analysis comparing the
operational and commercial characteristics of cruise lines under contingency conditions

with those under normal conditions is significant.

1.1.9. Different ship sizes form different itineraries

Cruise lines and cruise ships are valued in categories based on ship concept, quality of
service, and ticket prices (luxury, premium, casual, etc.). Competition and cooperation
occur between two or more rival ports in a given market. The competition is more
intense between ports of the same category (Pallis, 2015). However, each rating
company has different criteria, and each ship's category rating is different. Bjornsen
(2003) gives examples of the differences in cruise duration, ticket price, and ship sizes
in different categories. Contemporary is an itinerary of 3 to 7 days, 100-200 USD per
day per person, operating mega- and large-size ships. Premium is an itinerary of 7 to 14
days, 150-500 USD per day per person, operating large- and mid-size ships. Luxury is
an itinerary of 7 days and upwards, 600-3,000 USD per day per person, operating mid-
and small-size ships (Gibson, 2012). Thus, small-size cruise ships typically offer better

service and higher ticket prices.

The itinerary varies with the size of the ship. In particular, the itineraries for larger ships
(mass cruise tourism) tend to be more stable than for smaller ships. However, the
stability in the sailing schedule is not only linked to shipping size, but also the strategies
of the cruise operators regarding cruise product, branding, targeted customer base,
pricing, and cost and technical considerations related to the ship operations (Bagis and
Dooms, 2014). Each cruise line has different target customers and different ship size
strategies. So, not all cruise lines necessarily aim to increase the size of their ships. In
the container transport industry, shippers need is cheap and fast transportation.
Therefore, generally, all container liners aim to make their container ships larger. So, it
makes sense to understand the differences in operational and commercial characteristics

by cruise ship size.

1.1.10. Seasonality changes itineraries around the globe
Seasonality plays a key role in the cruise industry (Charlier, 1999; Charlier and
McCalla, 2006). Cruise lines are attempting to optimize the utilization of their assets

year-round by repositioning to take advantage of the seasonality of cruise markets. The
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Caribbean is dominantly serviced during the winter while the Mediterranean
experiences a summer peak season. The two markets are not functioning independently
but are interconnected operationally, through the repositioning of ship units to cope with
variations in seasonal demand among the geographical markets. The seasonality of
Alaska, Bermuda, and Canada/ New England is also evident (Rodrigue and Notteboom,
2012). The seasonality pattern of cruise destinations is conditioned not only by weather
and market demand constraints but also by other neighboring destination regions
(Esteve-Perez and Garcia-Sanchez, 2019). The characteristic of frequent changes in
cruise ship deployment based on seasonality is not found in container transport.
Therefore, it is necessary to understand the seasonal differences between the operational

and commercial characteristics of the cruise industry.



1.2. Introduction

1.2.1. Background

Cruise demand has the characteristic of being supply-driven. In other words, supply-
side initiatives such as port development are planned first, followed by demand in the
form of cruise ships and passengers. The history of the cruise industry, which has been
growing steadily since the late 1960s, shows that this supply-driven approach to
stimulating demand has been successful in expanding the market. Conversely, supply-
driven port development does not lead to success in all ports. Some ports have
experienced problems with cruise ships not coming after the passenger terminals and
other facilities have been put into service. Accommodating a cruise ship in a port can be
expected to generate economic benefits through the consumption of passengers and
crew members, in addition to the expenses of the cruise lines such as port entry fees and
wharves. The port needs to be improved and a passenger terminal should be
constructed. Therefore, understanding the port and ship operations in a given area is
important to avoid wasting investment in port improvements and consequently, cruise

ships not coming to the ports.

In addition, the shutdown of cruise ship operations due to emergencies leads to
uncertain future demand for cruise ports. The cruise industry is characterized by its
fragility and vulnerability to the closure of ports and disruption of shipping routes due
to a variety of factors that could bring cruise ship operations to a halt. For example, in
Northeast Asia, the terminal high altitude area defense missile (THAAD) event halted
cruise ship calls from China to South Korea in March 2017, disrupting all China to
South Korea routes, including between the ports of Shanghai and Jeju, where cruise ship
traffic was busiest at the time, and has not yet recovered at this time. Also worldwide,
cruise ship operations have been suspended since March 2020, when the outbreak of
coronavirus disease (COVID-19) continued to spread. In addition to these political
factors and infectious diseases, cruise ship operations are frequently suspended due to
various factors such as natural disasters, conflicts, and over-tourism. Frequent
shutdowns of cruise ships lead to lost employment opportunities as well as lost
economic benefits at the ports. Therefore, understanding the changes in the spatial and
temporal structure of the cruise network during a contingency is essential to
implementing proactive measures to ensure that cruise operations do not come to a halt

during a contingency.
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1.2.2. Problems

The problem in the supply-driven cruise industry is that there is not enough information

available to decide on whether to invest in port development. Data on the cruise

industry worldwide and in major ocean regions is published by CLIA. Table 1-3 lists the
2019 reports published by CLIA before the COVID-19 infection. The information

contained in these reports can be divided into three categories: cruise ship movements,

passenger numbers and characteristics, and economic impact. Cruise ship movements

are the number of cruise ships deployed worldwide and in major ocean areas and the

number of port calls by port. Passenger information is the cruise population and the age,

number of cruise days, and destinations of passengers by residence. The economic

impact is the number of direct and indirect benefits and jobs created by the cruise

industry.
Table 1-3 Cruise industry data published by CLIA
Region Data Source (e.g. quotation)
Passenger ~capacity, Number of | )5 0 10 of the Industry (CLIA,
ships, Deployment, = Economic
. 2019b)
1mpact
Passenger Volume (from source | 16 510101 Market Report (CLIA,
markets, by destination/ trade route),
Global . 2019a)
Average duration, Average age
Direct cruise sector expendltu'r % | The Economic Contribution of the
Passenger and crew spending, . .
Economic contribution, Output International Cruise Industry
’ > | Globally in 2019 (CLIA, 2020a)
Income, Employment
Passenger volume (from source | 2019 North American Market Report
North markets, by destination/ trade route), | (CLIA, 2020c), 2019 South American
an?l ’ Average duration, Average age Market Report (CLIA, 2020d)
South Direct cruise sector expenditures, | The Economic Contribution of the
America Passenger and crew spending, | International Cruise Industry in the
Economic contribution, Output, | United States in 2019 (CLIA, 2020e),
Income, Employment in Canada in 2019 (CLIA, 2021)
Passenger volume (from source
Europe | markets, by destination/ trade route), 2019 Burope Market Report (CLIA,
. 2020f)
Average duration, Average age
Passenger Volu'me' (from source 2019 Asia Market Report (CLIA Asia,
markets, by destination/ trade route),
. 2020)
Average duration, Average age
Asia Number —of ~ships, = Cruise > hip 2019 Asia Cruise Deployment and
segments, Length of cruises,

Capacity, Total cruises & voyages,
Port calls by country, and port

Capacity — Cruise Industry Report
(CLIA Asia, 2019)

Source: CLIA (2019ab, 2020acdef), CLIA Asia (2019, 2020)
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Thus, there is too little information about the cruise industry for ports that are planning
their facilities. In particular, there is no information available for ports to know the areas
and timing of potential growth, where cruise lines can deploy cruise ships, develop
routes, and enhance the function of hub ports as bases. In other words, the problem may
be that ports are required to make decisions on port development under conditions of
uncertain future cruise demand. In the cruise industry, which is characterized as supply-
driven, reducing the uncertainty of future demand may prevent unnecessary port
investments. Reducing uncertainty about future demand requires an understanding of

the network structure of specific sea areas.

There are many previous studies on cruise lines' port selection factors and their
approach to itinerary design. Marti (1990), Manning (2006), Wang et al. (2014),
Castillo-Manzano et al. (2014), Gui and Russo (2011), and Lekakou ef al. (2009)
suggest that port specifications, transportation access, and tourism resources are
necessary conditions for ports to be selected by cruise lines. Rodrigue and Notteboom
(2013), Marti (1990), Pallis (2015), and Rodrigue ef al. (2013) identify conditions for
cruise line itinerary design in terms of maximizing revenues, minimizing costs, and
improving passenger satisfaction. Why do some ports not receive cruise ships even
though they meet the requirements indicated in these previous studies? Other possible
causes include spatial and temporal changes in cruise lines' strategies, seasonal factors
that cause ships to shift to distant areas, political factors, outbreaks of infectious
diseases, and other contingencies that close ports or disrupt shipping routes. The port
selection behavior of cruise lines, influenced by these macroeconomic conditions and
their interactions through competitive relationships, cannot be determined simply by

analyzing the itineraries of each (single) cruise ship.

Analyzing the movements of all cruise ships operating in a given area as a network
would provide a better understanding of the spatial and temporal structural changes in
the cruise network. Specifically, some network science methods can measure temporal
and spatial changes in the number of ports and routes in a sea area, the number of routes
per port, the percentage of port groups in a triangular relationship, hub ports playing a
central role, and port groups (communities) with dense route connections. This allows
each port to infer the best timing and location for port development. For the cruise
industry, which is characterized as supply-driven, the movements of all cruise ships
operating in a particular area are tracked by AIS data and viewed as a network. Then,

using network science methods and other techniques, the results of the analysis of
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spatial and temporal changes in the structure of the cruise network may help to reduce
some of the uncertainty of future demand. This is significant because it may reduce the

number of ports that do not receive cruise ships after they are put into service.

1.3. Literature review

The cruise industry, which has the characteristic of being supply-driven, requires a
decision on the need for port development under conditions of uncertainty about future
cruise demand at the time of port planning. Therefore, it is important to analyze the
spatial and temporal changes in the structure of the cruise network, as this will improve
the accuracy of decisions on the need for port improvements. Analyzing the movement
of all cruise ships operating in a given area as a network would provide a more realistic
understanding of the port selection behavior of cruise lines based on the actual number
of ports and routes, the existence of hub ports, the connections between ports, and the
response under contingency conditions, as well as the market environment and
competitive relationships. This could reduce the uncertainty of future cruise demand and
reduce the number of ports that do not receive cruise ships after they are put into

service.

1.3.1. Port selection conditions

Ports selected by cruise lines are required to have many features, specifications,
attractions, etc. For example, the port's key natural and cultural assets are the port, port
facilities, location access to other destinations and the homeport, security, infrastructure
(vehicles, well-trained multilingual guides, and coordinators, etc.), provisioning (local
supply of food, drink, and clean water), port costs (dockage fees, etc.), and marketing
(the variety of itineraries available for passenger selecting), etc. are necessary
(Manning, 2006). In addition, the attractiveness of tourist destinations (Wang et al.,
2014), ports located in densely populated areas, with large airports nearby, ports that use
their quays with ferries rather than using them for container ships, and a minimum water
depth are necessary (Castillo-Manzano et al., 2014). When cruise lines add new ports of
call to their itineraries, it is important to ensure the quality of security in addition to port
charges to improve the tourism experience offered and the impact on profitability in the
short and medium term. Other factors such as customs and immigration handling,
anchorage facilities, proximity to airports, cab and coach services, and quality port of
call sightseeing and shopping areas are also necessary (Gui and Russo, 2011). In

addition, Lekakou et al. (2009) noted that cruise lines place a high priority on security
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and safety, yet require the convenience and reliability of air routes.

Table 1-4 Previous studies on the conditions required for cruise ports

Port selection factors

» Site and situation, physical or cultural qualities Marti, 1990

* Natural and cultural assets, port facilities
* Location access to destinations and homeport Manning, 2006
» Security, infrastructure, provisioning, port costs

* Tourism attractions Wang et al., 2014
* Located in populous areas, closer to large airports

» Ports not specialized in container traffic Castillo-Manzano
» Sharing facilities with ferries traffic etal., 2014

*  Minimum depth of water

* Port entry characteristics

* Customs and immigration handling

* Docking and anchorage facilities Gui and Russo,
» Service and port area infrastructure 2011

* Airports, taxi fleets, coach services

» High quality shore excursions and shopping area

* Significance of air connections
* Reliability of air transports
* Availability of international airport

Lekakou et al.,
2009

Source: Marti (1990), Manning (2006), Wang et al. (2014), Castillo-Manzano et al.
(2014), Gui and Russo (2011), Lekakou et al. (2009)

1.3.2. Factors to consider in the itinerary design

Cruise lines also consider a variety of matters when designing their itineraries. For
example, cruise ship operators constantly focus on developing new ports to develop
products that can differentiate them from their competitors, and they determine the
number of ports they can call depending on the location of the port of embarkation and
the port of call, the ship's speed, and the number of voyage days (Marti, 1990). They
also design itineraries by considering four factors: sailing speed, port of embarkation,
voyage duration, and tourist destinations (Rodrigue et al., 2013). Cruise lines also want
to build itineraries in a way that includes different ports. Cruise lines also want to build
itineraries that include different ports, because the different attractions of each port offer
different opportunities for different experiences. And in the process of seeking new
ports of call, cruise lines consider the geopolitical factors and political stability of the
port of call and the level of security in the port and after tourism, to provide a safe and
comfortable itinerary (Pallis, 2015) Cruise lines need to develop more competitive

cruise products and, at the same time, to minimize operating costs constantly
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considering how to optimize the deployment of their cruise fleet in terms of minimizing
and maximizing revenues. Other factors that influence cruise ship operators' deployment
strategies and itinerary design include the seasonality of cruise demand, optimal cruise
vacation periods, the balance between sailing and anchoring times, the presence of well-
known ports of call, and customer satisfaction. At the same time, cruise lines consider
port anchoring capacity, accessibility at sea, port-to-port distances between ports of call,

and connectivity with air service (Rodrigue and Notteboom, 2013).

Table 1-5 Previous studies on the conditions required for cruise itineraries

Itinerary design factors

* Minimizing operating costs and/or maximizing revenue
* Seasonality in demand, the optimal duration

* Balance between sailing time and shore time Rodrigue

» Existence of ‘must see’ destinations and

* Overall guest satisfaction Notteboom,
* Berthing capacity and nautical accessibility 2013

» Distance between ports of call
* Synchronization with air transfers

* Vessel operating speed, embarkation port, voyage duration,
spatial pattern of destination ports

* Location of embarkation ports, relative to destination ports

* Vessel speed and the number of days

Marti, 1990

» Seeking new destinations consider the geopolitical factors and
institutional stability

» Security level of ports and tourist hinterlands to provide
“secure-comfortable” itineraries

Pallis, 2015

* Mix of must-see ports, marquee ports and discovery ports
* Must-see locations/marquee ports are world-famous ports
* Discovery ports are not world-famous

Rodrigue et
al., 2013

Source: Rodrigue and Notteboom (2013), Marti (1990), Pallis (2015), Rodrigue et al.
(2013)

1.3.3. Cruise sector analysis using AIS data

Few studies have used Automatic Identification System (AIS) data for analysis in cruise
shipping. Tichavska and Tovar (2015) used AIS data to measure the pollution status of
exhaust gas from cruise ships calling at the Las Palmas Port in the Canary Islands.
Vicente-Cera et al. (2019, 2020a) arranged the cruise ship’s operating hours, repair
times, and berthing times, estimated seawater pollution status by cruise ships, and
assessed environmental pressures related to global cruise traffic along their paths based
on AIS data. Vicente-Cera et al. (2020b) used AIS data to aggregate cruise ship calling
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patterns at European ports and evaluated the diversity of cruise ship calls at each port.
Ito et al. (2020) organized the port call patterns before and after the suspension of cruise
ship operations by COVID-19 and analyzed the relationship between cruise ship

operations and the spread of infection at the port of call using AIS data.

1.3.4. Network science techniques for the cruise sector

Few studies have analyzed cruise ship networks using network science techniques.
Tsiotas ef al. (2018) showed the double role of the cruise network, which is composed
of the profit-driven strategies of cruise companies and port authorities, using data from
the 2013 itineraries of Costa Cruises and MSC Cruises in the Mediterranean cruise
market. Jeon et al. (2019) investigated the centrality of cruise ports in the Asian cruise
shipping market while proposing the hubs and authorities centrality (HACC) metric as a
directional synthesis of the hubs centrality and authorities centrality to explore cyclical
and directional characteristics of centrality in the cruise shipping network. In a recent
cruise network study, Kanrak and Nguyen (2021) revealed that the cruise shipping
network is scale-free using itinerary data from Asian and Australian cruise network
websites. Lopez Rodriguez et al. (2021) suggested that Caribbean ports are the most
important concerning hub and authority centrality, using 2018 itineraries for each cruise

line from the sites for 902 ports in the Caribbean and Northern Europe.

1.3.5. Originality

Thus, Marti (1990), Manning (2006), Wang et al. (2014), Castillo-Manzano et al.
(2014), Gui and Russo (2011), and Lekakou et al. (2009) have examined cruise line port
selection behavior in terms of port specifications and necessary conditions for ports,
such as transportation access and tourism resources, but not as a network. Rodrigue and
Notteboom (2013), Marti (1990), Pallis (2015), and Rodrigue ef al. (2013) also analyze
cruise line port selection behavior from an itinerary perspective, including revenue

maximization, cost minimization, and passenger satisfaction, but not as a network.

Tichavska and Tovar (2015) and Vicente-Cera et al. (2019, 2020a) analyze cruise ship
movements using AIS data for purposes such as measuring the environmental impact of
ships, but not for changes in network structure. Furthermore, Tsiotas et al. (2018), Jeon
et al. (2019), Kanrak and Nguyen (2021), and Lopez Rodriguez et al. (2021) analyze
each port as a network to understand its position and role in the region but do not

analyze changes in the network structure.
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Therefore, the actual movements of cruise ships are tracked by AIS data, and the
aggregated data is captured as a network to analyze the spatial and temporal changes in
the structure of the cruise network based on the number of ports and routes in a
particular sea area, the existence of hub ports, connections between ports, and responses

under contingency situations.

Analyzing the movements of all cruise ships operating in a given area as a network will
enable a more realistic understanding of the situation in the area, including the number
of ports and routes, the existence of hub ports, connections (communities) among ports,
and emergency responses, compared to analyzing the movements of a single cruise ship
on an itinerary-by-itinerary basis. This enables us to grasp the situation of the sea area
based on the actual situation. This allows us to understand the growing areas and timing
in which cruise lines will increase their deployment of cruise ships, develop routes,
strengthen the functions of hub ports, etc., and continue to invest in the future. This will
reduce the uncertainty of future cruise demand and eliminate ports that will not accept
cruise ships once they are in service. This is the significance and originality of

analyzing in a network.
1.4. Objectives

In the supply-driven cruise industry, many ports invest huge amounts of money in the
construction of port facilities such as passenger terminals in anticipation of future
demand. Each port learns from previous studies on port selection factors and itinerary
design conditions by cruise lines so as not to waste these investments. However, some
ports are not used after construction. Why are some ports not used after service, even
though the cruise ship meets the factors that call at the port and the design conditions of
the itinerary? A possible problem with this question is that the cruise industry on the
supply side does not have sufficient information to decide whether to invest in port

improvements.

Other possible causes include spatial and temporal changes in cruise lines' strategies,
seasonal factors that cause ships to shift to distant areas, political factors, outbreaks of
infectious diseases, and other contingencies that close ports or disrupt shipping routes.
The movement of cruise ships influenced by these macroeconomic conditions and their
interactions through competitive relationships cannot be understood simply by

analyzing the itineraries of each (single) cruise ship. Analyzing the movements of all
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cruise ships operating in a given area as a network would provide a better understanding

of the network structure in a given area.

The following are examples of what can be learned by aggregating the movements of all
cruise ships operating in a given area as a network, rather than the itineraries of a single
cruise ship.

The number of nodes represents the number of ports where cruise ships have
called, and provides an understanding of the progress being made in port
development and port of call development in the sea area. The higher the number
of nodes, the greater the number of ports where cruise ships call and the greater
the diversity of ports of call.

The number of edges represents the number of routes that cruise ships have
sailed between ports, indicating the progress made by cruise lines in developing
routes in the sea area. The higher the number of edges, the more routes cruise

ships are navigating, meaning that the routes are more developed.

The average degree indicates the number of routes in service per port and
indicates the multidirectional nature of the shipping routes in the sea area. The
higher the average degree, the more routes are connected per port, meaning that

the routes are more multidirectional.

Density represents the ratio of the number of actual routes to the number of
routes that can be served between ports in the region and indicates the progress
that cruise lines are making in developing routes with the development of ports
in the region. If the number of ports is constant and the density is high, it means
that the development of routes by cruise lines is advanced. If the development of

routes is more advanced than the development of ports, the density is higher.

Degree centrality represents the number of routes served by each port, indicating
that ports with high degree centrality are hub ports that play a central role with
routes connecting to many ports. A port with a high degree centrality means that

it is a hub port with a large number of route connections to neighboring ports.

Degree centralization represents the degree of bias in the number of routes
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connecting to a port in a sea area, with areas with a high degree centralization
being heterogeneous (routes are biased toward hub ports). A high degree of
degree centralization means that the development of routes by cruise lines is
biased toward hub ports.

Community is the same group of ports that are closely connected by routes, and
the quality of community division can be measured by modularity. The higher the
modularity of the sea area, the higher the quality of the division of the

community that closely connects the ports.

The average clustering coefficient represents, for example, the percentage of
cruise ships that have routes in service between Port B and Port C that also have
routes in service between Port A and Port C. However, the cruise ships that sail
between each port are not necessarily the same ship or the same itinerary. A sea
area with a high average clustering coefficient has many identical itineraries
connected by triangular routes (A—B—C—A), or cruise ships of competing
carriers are in service but are connected by routes. A higher average clustering
coefficient indicates a more triangular route, i.e., an itinerary consisting of two
ports of call for one arrival and departure port, or a network with many routes
that are not connected to the same itinerary but appear to be triangular. Areas
with high average clustering coefficients may tend to have more short cruise
itineraries with only two ports of call and a short number of days compared to

areas with low average clustering coefficients.

Diameter represents the maximum number of routes leading from one port to
another without considering connections on the same itinerary, and waters with
longer diameters tend to have different cruise lines and ships calling different
ports from each other. Direct connections between ports in the itinerary are not
taken into account, but the longer the diameter of the sea area, the longer the

reach where the ports are connected.

The average shortest path length represents the minimum number of routes that
lead from one port to another without considering connections on the same
itinerary, and areas with shorter average shortest path lengths tend to have to
compete for shipping lines and ships calling only at similar ports. Direct

connections between ports in the itinerary are not considered, but the shorter the
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average shortest path length, the shorter the number of reaches that the ports are

connected to.

This study analyzes not a single itinerary, but a network of all ports and ships operating
in a given area. All cruise ship movements are analyzed as a network of aggregated AIS
data. This may allow us to understand the changes in the network structure over time,
geography, seasonality, and under contingency, reflecting the impact of market

conditions, competitive relationships, and other factors.

Whether or not cruise ships call at a port after the port has been developed is not only
determined by the response of cruise lines to the requirements and itinerary design
concepts of the port, but is also affected by the movements of all cruise ships operating
in the entire sea area, including those attracted by the port in question, and the
development of surrounding ports. The movements of all cruise ships operating in a
particular sea area are tracked by AIS data and viewed as a network, and the results of
analysis of spatial and temporal changes in the structure of the cruise network can be
useful information for understanding the state of the entire sea area. By using several
methods of network science, the number of ports and routes in a sea area, the number of
routes per port, the percentage of port groups in a triangular relationship, hub ports
playing a central role, and port groups (communities) with dense route connections can
be measured in time and space, so that suitable port development timing and location
can be inferred. This could lead to more efficient port development, etc., by reducing
the uncertainty of future demand related to the port in question and possibly reducing

the risk of cruise ships not coming to the port after it is in service.

Why would a network analysis reduce the number of ports that do not receive cruise
ships? This is because, by capturing the trajectories of all cruise ships navigating in the
area as a network and measuring the areas of growth and timing, it is possible to prevent
a situation where cruise ships do not arrive after the port is developed. This is not
possible with the movement of a single cruise ship or the allocation behavior of a single
cruise ship company. Growth areas are places (or communities) where cruise lines are
increasing the number of ships and developing routes, and if a port is planned to be
developed in such an area, it is more likely that cruise ships will continue to call at the
port after it is put into service than in a non-growth area. In addition, the timing of
growth is a time when cruise lines are deploying ships and developing routes, and

planning port development at a time when the market is growing makes it more likely
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that cruise ships will arrive after the port is put into service than at a time when the

market is stagnant.

The network indicators of these growing locations and timing indicate that the number
of nodes, edges, average degree, density, etc. are all high and increasing. In addition, the
region has hub ports with routes connecting to ports in many directions and is in the
process of acquiring more routes. Conversely, the average clustering coefficient,
diameter, average shortest path length, and degree centralization are determined by the
characteristics of the geographical situation in which each port is located and the
characteristics of the cruise ships it targets. Therefore, the purpose of the dissertation is
to understand the spatial and temporal changes in the structure of the cruise network. To
this end, the movements of cruise ships are tracked by AIS data, and the aggregated data
are viewed as a network to understand the spatial and temporal changes in the structure
of the cruise network based on the actual situation of the number of ports and routes in a
particular sea area, the existence of hub ports, connections between ports, and responses

under emergencies.

To this end, this dissertation proposes the following four sub-objectives.

® Sub-objective 1 (SO1): To clarify the differences in the structure of the cruise
network between normal and contingency situations. The THAAD event, which has
been stopping routes between China and South Korea since March 2017, is a case
study.

SO proposes a method to analyze the differences in cruise line operational and
commercial connections between ports under normal and contingency
conditions using AIS data. This is because the cruise industry is characterized as
fragile and vulnerable. A case in point is the THAAD event that has stopped
cruise ship calls from China to South Korea since March 2017 (Crew center,
2017). Before the THAAD event, port-to-port connections between Shanghai,
Jeju, and Hakata were the most frequent in Northeast Asia. However, after
March 2017, cruise ship calls from China to South Korea suddenly stopped, and
the popular shipping route between Shanghai and Jeju disappeared. The
structure of the cruise network is analyzed using AIS data to determine how it

differs between ports during normal and contingency periods.
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® Sub-objective 2 (SO»): To observe changes in the cruise networks during the early
stages of the COVID-19 outbreak, such as port closures. The relationship between
the cruise industry and the COVID-19 outbreak is analyzed.

SO, proposes a network-wide impact of port closures in one area. The
movement of cruise ships has the potential to be a major trigger of coronavirus
disease (COVID-19) outbreaks. The U.S. Centers for Disease Control and
Prevention (CDC) banned cruise ship operations in waters surrounding the
United States on March 14, 2020 (CDC, 2020a). Since the area around the
Caribbean Sea from Florida is the center of the global cruise market, this rule
has resulted in the cessation of cruise ship operations around the world. The
ports of Shanghai at the end of January 2020 and Japan and Taiwan at the
beginning of February 2020 had already refused to allow cruise ships to call at
their ports (Cruise Industry News, 2020a, 2020b, 2020c, 2020d). The reason was
to prevent the spread of the COVID-19 infection by cruise passengers around
the ports. In other words, these countries wondered if there might be some
relationship between the landing of cruise passengers and the spread of infection
in port cities. How the closure of the port affects the entire cruise network is

analyzed by observing cruise ship operations from January to March 2020.

® Sub-objective 3 (SO3): To identify changes in spatial and temporal changes in the
structure of the cruise network by ship size. A case study is the Northeast Asian

cruise market 2014-2019, which has experienced rapid growth in recent years.

SOs; proposes a method to understand the spatial and temporal changes in the
structure of the cruise network. How connections between ports in the cruise
network vary geographically and temporally with ship size are analyzed. As a
case study, the focus is on Northeast Asia, where the cruise market has been
expanding rapidly in recent years. By using some network science techniques, it
may be possible to analyze changes in spatial and temporal changes in the

structure of the cruise network in Northeast Asia by ship size.
® Sub-objective 4 (SO4): To understand how seasonality changes the structure of the

cruise network by ship size around the world, both spatially and temporally. A case

study is the global cruise network in 2019.
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SO4 proposes a method for analyzing seasonal geographic deployment area
differences in the spatial and temporal structure of the cruise network. AIS data
for all cruise ships operating worldwide in 2019 is divided into four seasons and
analyzed for geography, seasonality, etc. of the cruise network structure using
several network science methods. Through this analysis, annual patterns of

spatial and temporal structural change in the cruise network are elucidated by

ship type.

These results may lead to more efficient port development, etc., as they may reduce the
uncertainty of future demand related to the port in question and reduce the risk of cruise
ships not coming to the port after it is in service.

1.5. Dissertation outline

The rest of this dissertation is organized as follows.

Chapter 2 presents an analysis of changes in the cruise network in Northeast Asia during
the route disruption due to the THAAD event using AIS data from 2016 to 2018.

Chapter 3 analyzes the changes in the global cruise network during the early stages of
the COVID-19 outbreak, such as port closures using AIS data from January to March

2020.

Chapter 4 describes an analysis of the spatial and temporal changes in the structure of
the cruise network in Northeast Asia, using AIS data from 2014 to 2019.

Chapter 5 analyzes the changes in the global cruise network due to seasonality, using

AIS data from all cruise ships worldwide in 2019.

Finally, Chapter 6 concludes the dissertation. The overall picture of the dissertation is as

follows.
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2. CRUISE NETWORK IN CASE OF ROUTE

DISRUPTION IN NORTHEAST ASIA

2.1. Introduction

Around 3,300 Chinese passengers refused to leave the COSTA SERENA at Jeju port in
South Korea on March 11, 2017, in a spontaneous protest against South Korea’s plans to
install the THAAD missile system in the country in response to North Korea’s missile
development programs (Crew center, 2017). A few days after the event, cruise ships
from China stopped calling South Korea, and even after more than five years, cruise

ships have not yet gone to South Korea.

The route between China and South Korea played an important role in the Northeast
Asian cruise industry. Figure 2-1 shows the total number of voyages by partner
countries in China and South Korea from 2014 to 2016. There were 1,336 voyages
between the Chinese port and the Korean port. For China, the number of shipping routes
connected to South Korea accounted for 37% of all routes. For South Korea, the number
of shipping routes connected to China accounted for 47% of all routes. The disruption
of the shipping route, which occupied such a large share, should have had a great impact

on the port selection behavior of the cruise line.
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Figure 2-1 Total number of voyages by country from 2014 to 2016
Source: IHS Maritime AIS data (2020)

Understanding the port selection behavior of cruise lines in emergencies, which is
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different from normal times, is important in building a risk-resistant cruise market
where cruise operations do not stop even if the port is closed or the route is interrupted.
By analyzing an itinerary constructed by connecting multiple ports rather than a single
port, it may be possible to understand the port selection behavior of cruise lines in a

more realistic emergency.

There are many previous studies on cruise lines' port selection factors and their
approach to itinerary design. Marti (1990), Manning (2006), Wang et al. (2014),
Castillo-Manzano et al. (2014), Gui and Russo (2011), and Lekakou ef al. (2009) found
that port specifications, transportation access, and tourism resources are necessary
conditions for ports to be selected by cruise lines. Rodrigue and Notteboom (2013),
Marti (1990), Pallis (2015), and Rodrigue et al. (2013) identify conditions for cruise
line itinerary design in terms of maximizing revenues, minimizing costs, and improving
passenger satisfaction. However, all of the previous studies are aimed at port selection

behavior and itinerary design during normal times, not in an emergency.

The purpose of this chapter is to see how major port interruptions affect cruise lines’
port selection behavior. An example of a major port disruption would be the March
2017 THAAD event. AIS data is used to track the movements of cruise ships before and
after the THAAD event. Cruise ships featured in this chapter are several ships scheduled
to call South Korea in the “2017 Jeju Port Booking List” published before the THAAD
event. Further, time-series itinerary data for arrival and departure ports and ports of call

is generated.

Our research question is “When cruise lines cannot visit desired ports due to some
trouble, what are their priorities, and how do they recover? How does cruise line’s port
selection behavior under these risks change over time?” In particular, this chapter asks
three questions. (1) Immediately after the THAAD event, what is the priority of cruise
lines to keep their cruise business? (2) How long does it take to recover to an original
operating level? (3) How does the cruise market in Northeast Asia change because of
the THAAD event? In this chapter, the analysis is based on the BCP concept proposed
by the Cabinet Office, Government of Japan (2013). Because the BCP is a concept for
integrated business continuity and disaster recovery planning for efficient and effective

resuming and recovery of critical operations after being disrupted.

The rest of this chapter is organized as follows. Section 2.2 presents a literature review.
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Section 2.3 outlines methodologies such as AIS data. Section 2.4 presents the results

and discussion of the chapter. Finally, section 2.5 provides conclusions.

2.2. Literature review

2.2.1. Creation of cruise products

Rodrigue and Notteboom (2013b) argue that the cruise industry sells itineraries, not
destinations. The cruise industry is challenged to develop competitive cruise packages
but at the same time, they have to optimize the deployment of their cruise ship fleet
given minimizing operating costs and/or maximizing revenue per passenger slot.
Esteve-Perez and Garcia-Sanchez (2018) mention that cruise lines focus on seeking new
ports to meet demand in an attempt to create differentiated products based on the ports
that compose the itinerary. Further, Vogel and Oschmann (2012) explain that cruise
demand has always been “supply-led”, starting with the invention of leisure cruising by
passenger shipping lines whose scheduled transatlantic services were losing passengers
to the airlines. Similarly, Rodrigue and Notteboom (2013b) analyze that the cruise
industry works in a “supply push mechanism” as cruise lines aim to generate demand
for cruises by providing new products (itineraries) with a larger and more diversified

range of ships.

Bagis and Dooms (2014) point out that the cruise industry continually needs to
introduce new itineraries and ships with new amenities and destinations as well as
redeploy older and smaller vessels in their itineraries. Then, Pallis (2015) explains that
cruise lines wish to create itineraries that include ports of different sizes, as each type of
port provides different types of experiences by blending different types of attractiveness
and permitting future passengers to select from among various options to access the
departing port. In a set of ports of call, there is a mix of “must-see” ports/marquee ports
and discovery ports; each type differs according to the tourism attractiveness of the port.
“Must-see” locations/marquee ports are world-famous ports that are necessary for every
itinerary. Discovery ports are not world-famous but offer the sense of discovering an
unknown treasure (Rodrigue et al, 2013a). In addition, Marti (1990) looks at four
components — vessel operating speed, embarkation port, voyage duration, and the

spatial pattern of destination ports — set the bounds on cruise-ship itineraries.

2.2.2. Port of call selection

The selection of the cruise port place is a very important and complex problem.
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Manning (2006) suggests that the main influencing factors include the key natural and
cultural assets of the port, port facilities, location access to other destinations and the
homeport, security, infrastructure (vehicles, well-trained multilingual guides, and
coordinators, etc.), provisioning (local supply of food, drink, and clean water), port
costs (dockage fees, etc.), and marketing (the variety of itineraries available for
passenger selecting). The location of embarkation ports, relative to destination ports,
along with vessel speed and the number of days allocated to complete each round-trip
voyage also governs how many ports can be visited. The norm in most popular cruising
areas on a seven-day voyage is three to four different ports of call (Marti, 1990). Bagis
and Dooms (2014) point out that cruise ports compete within the limits of certain
geographic regions. These limits are mainly shaped according to the location of the
regional homeports.

When choosing and adding a new port of call to the itinerary, cruise lines consider the
improvement to the tourist experience offered and the effect on profitability over both
the short and medium term. In addition to port charges, cruise lines are strongly
concerned about the quality and security issues of their passengers. Their requirements
often include a wide range of dedicated infrastructures and services such as port entry
features, customs, and immigration handling, docking and anchorage facilities, service
and port area infrastructure, airports, taxi fleets, coach services, and high-quality shore
excursion