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the highest betweenness and closeness centralities. The findings of this study
are useful for cruise lines and cruise port authorities for improvement of their
operations and service network.

1. Introduction

A cruise shipping service is a combination of transportation and tourism (Niavis & Tsiotas,
2018). It services cruise passengers onshore and onboard with many cruise facilities, including
entertainment, accommodation, fitness, food and beverages, shopping facilities, and childcare (Sun
et al., 2019). The total number of global cruise passengers rose from 17.8 million in 2009 to 29.7
million in 2019 (CLIA, 2021). North America is the largest source market, compared to others,
accounting for more than half of the total market share, followed by Western Europe, Asia,
Australasia, and South America. The top five destinations with the largest volume of cruise
passengers are the Caribbean, the Bahamas, Bermuda, Asia, and China (CLIA, 2022). River cruising
also increases the cruise business (CLIA, 2021), and it combines different transport modes, requiring
a variety of logistical infrastructures over a wide geographical area (Hall, 2013). Cruise lines design
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their voyages based on specific factors and destinations that influence the structural properties and
connectivity of the river cruise network (Kanrak & Nguyen, 2021).

Cruise lines provide cruise services in Southeast Asia mainly in the Mekong and Red Rivers
(Cruisecritic, 2022). The Mekong is a transboundary river in East Asia and Southeast Asia. It is the
world's twelfth-longest river and the third-longest in Asia, and its estimated length is 4,909 kilometers
(Liu et al., 2009; MRC, 2010). China, Thailand, Laos, Cambodia, Myanmar, and Vietnam share the
Mekong River Basin and water flows (MRC, 2010). The Mekong is also the most popular river for
cruising in Southeast Asia (Bosnic & Gasic, 2019). Five cruise lines provide services on this river
(Cruisecritic, 2022). The Red River has a 1,149-kilometer length that flows from Yunnan in
Southwest China through northern Vietnam to the Gulf of Tonkin (Tikkanen, 2022). Most voyages
serviced in the Red River are operated by Pandaw River Cruises (Cruisecritic, 2022). Many voyages
consist of popular destinations in this region, such as Angkor in Cambodia (Baniya et al., 2021).
There are also some voyages consisting of destinations in other locations (Indonesia and Papua New
Guinea) that have no river cruising to attract more passengers and increase sales (Gustafson, 2001).

This study analyzes the river cruise network in Southeast Asia to investigate its topological
properties and characteristics, and identifies the roles that river cruise ports play in the network using
complex network analysis.

The rest of this paper is structured as follows. Section 2 represents a literature review of the
river cruise market and relevant studies. Section 3 explains the research methodology and data.
Section 4 presents network analysis results. The conclusions and implications for future research are
presented in Section 5.

2. Literature review

2.1 River cruise market

In the past decade, the international river cruise market has had a high growth demand, with
the number of river cruise passengers dramatically increasing. The number of river cruise passengers
in the European region moved upwards, from 151,400 to 207,700 (CLIA, 2019). The number of river
cruise passengers in non-European regions has grown rapidly, from 22,900 to 24,600 (CLIA, 2019).
The global river cruise market value increased from USD 4,789.4 million in 2018 to USD 5,600.98
million in 2021, and was expected to reach USD 7,660 million in 2027 (Statista, 2022). Reasons for
this fast increase include the characteristics of river cruising to provide tourists with the opportunity
to investigate laid-back villages, riverside towns, and energetic cities, and their easy reachability— to
go to unexplored areas that large cruise ships are unable to access.

Currently, the largest market size for river cruising is mainly found in Africa, Southeast Asia,
the United States of America, and Europe. Around 90 % of global river cruise passengers are in the
European region, where 64 % visit the Rhine, the Danube, and their tributaries (Tomej & Lund-
Durlacher, 2020). Thus, Europe has the biggest cruise fleet, followed by the Nile and other African
rivers (CCNR, 2020). Many popular locations favor the growth of river cruises containing Paris,
Budapest, London, Amsterdam, Cairo, Luxor, New York, San Antonio, Ho Chi Minh City, Bangkok,
and Singapore. In terms of the competitive landscape, American Queen Voyages, Avalon Waterways,
Ama Waterways, American Cruise Lines, Uniworld River Cruises, and Viking River Cruises are the
key players in the river cruise market (FMI, 2022).

River cruises can last from a few hours to many days. They may pass through inland
waterways/river estuaries and lakes, or partially travel across the seacoast (Tomej & Lund-Durlacher,
2020). On average, the size of river cruise ships is 11 meters wide and 109 meters long, with a
maximum capacity of 143 passengers (Grammerstorf, 2013).

River cruises are supported by land local destination assets. The basic principle of river cruises
is the supply of offboard accommodation, along with an intermodal transport system to and from the
destination (Guedes & Rebelo, 2021). River cruising is usually still placed in the luxury segment,
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with rates ranging from USD 200 to USD 500 per person per night. The average age of river cruise
passengers is still in the sixties (Tomej & Lund-Durlacher, 2020).

Although river cruising is growing in demand, it has been investigated to a limited scope
(Tomej & Lund-Durlacher, 2020). The river cruise network structure is still under-researched,
especially in Southeast Asia, which is a region with a high potential growth rate for river cruise
shipping.

2.2 Studies on cruise shipping

Studies on cruise shipping cover topics related to cruise destinations (Paoli et al., 2017;
Weaver & Lawton, 2017), analysis of itinerary routes (Lee & Ramdeen, 2013; Rodrigue &
Notteboom, 2013), supply chain management (Zhou et al., 2022), cruise demand (Xie et al., 2021),
productive efficiency (Chang et al., 2017), sustainability concerns (Simonsen et al., 2019; Paiano et
al., 2020), and the significance and economic impact of cruising (Larsen et al., 2013; Chen et al.,
2019). There have also been some studies that analyzed ocean cruise networks, such as Jeon et al.
(2019), Tsiotas et al. (2018), Kanrak and Nguyen (2021, 2022) and Kanrak et al. (2022).

Studies on river cruise tourism have focused on a limited number of topics, such as the future
of cruising and its typologies (Dowling & Weeden, 2017), development issues (Van Balen et al.,
2014), European river historical depiction (Erfurt-Cooper, 2009) and cruiser behaviors (Erdeji &
Dragin, 2017; Cooper et al., 2019). There is limited research on river cruise shipping, especially river
cruise network analysis which displays geographical data and network and destination properties. In
other words, studies on an analysis of river cruise networks remain under-researched.

Only Guedes and Rebelo (2021) analyzed the physical network of river cruise shipping as a
relational system, using centrality and constraint measures. They found that logistical attributes,
rather than attraction, have a great influence on most centrality and constraint metrics. River
cruising’s destination network has proven to be a multimodal transit network structure in a hub-and-
spoke network framework. It exhibits several modules linked by connector hubs, which is consistent
with a power-law distribution common to real-world networks. The literature shows a lack of research
on network analysis of river cruises in Southeast Asia, whose market share is expected to grow rapidly
in the forthcoming years.

3. Research methodology

This study aims to interpret the network structure and connectivity of river cruise shipping
using complex network analysis to analyze network structural properties and ports. The study gives
paramount importance to network visualization as a whole in Southeast Asia. A model is applied to
build network studies based on nodes that are connected by edges or links (Ducruet & Notteboom,
2012; Ducruet & Zaidi, 2012; Tsiotas & Polyzos, 2015; Tsiotas et al., 2018; Mou et al., 2020; Kanrak
& Nguyen, 2021, 2022; Kanrak et al., 2022). In this study, nodes are river cruise ports, and links are
cruise shipping routes that connect between ports in direct ways.

An analysis is conducted both at the network and port levels. At the network level, the
topological structure of the river cruise network in Southeast Asia is analyzed using network density,
average path length, and average clustering coefficient. At the port level, degree, betweenness, and
closeness centralities are used to identify the important key ports and their roles. The details of these
measures are presented in Table 1.

Network density is used to analyze the connectivity of the river cruise network in Southeast
Asia as a whole. The average path length is used to analyze the average shortest path of ports in the
network, reflecting the network’s efficiency. The average clustering coefficient is used to analyze
intra-connectivity among ports. Degree centrality analyzes ports’ connectivity levels, reflecting their
hub roles. Betweenness centrality determines the intermediary role of ports with high accessibility
between two ports. Closeness centrality analyzes the reachability of a port to other ports in the
network.
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Table 1 Measures for analyzing network and port properties.

Measure Description Equation
. The proportion of the number of links that a network m(G)
. X G)=
Network density has to the possible number of links @ n(n—1)
n
Network The average number of connection steps along the —_1
level Average path length shortest paths for all possible pairs of nodes L n(n-1) Zd’
i#j
Average clustering The mean of the probability of a new pair of nodes to C= l - 2E,
coefficient the third node in a network n‘='k(k -1
n
Degree centrality Sum of the number of links that a node has CD = Zay
=1
Port .. Fraction of the shortest paths passing through a given ~ _ o, )
level Betweenness centrality node and the number of the shortest paths 5 S;ﬂ o,
n—1

The inverse of the average shortest paths from a node Cc(i) :Z—

to all other nodes in the network djj

Closeness centrality

J#

The measures in Table 1 use the following notations:
m(G) = number of links that a network has,

n = number of nodes,

dij = connection steps between nodes i and j,

E; = number of existing links between the neighbor of node i,

ki = number of links of node i,

ajj = constant is one if a link connects ports i and j; zero if otherwise,
os(i) = number of the shortest paths passing through node 7, and

Ost = number of the shortest paths.

The network is built based on cruise ship movements and cruise ports. The first result is a
river cruise network comprising direct links between river cruise ports. This can be analyzed by
creating a graph of direct linkages based on a sequence of ports of call in each cruise itinerary or
voyage, namely from ports 1 to port 2 and from port 2 to port 3. This study defines ports as any stops
on itineraries by cruise ships, such as islands, beaches, tourist places, bays, terminals, and ports
(Kanrak et al., 2022). The study uses the secondary data collected from the website of the Australian
cruise agent (https://www.cruisecritic.com.au). The network data consists of 31 ports in 5 countries,
and 257 voyages offered by 5 cruise lines with 9 cruise ships. Note that the data is based on the
current plans of cruise lines to be serviced in 2023; any cancellations or schedule changes in the future
are not considered or updated. Thus, an analysis is done for 2023. The R software is used to analyze
the data of the study.

4. Empirical findings

Figure 1 illustrates the river cruise network in Southeast Asia, with 31 ports in Thailand,
Vietnam, Laos, and Cambodia connected by 94 cruise routes (links). The network appears to have
two clusters connected, indicating that cruise ships call at multiple ports in the same regions
conveniently. This reflects the fact that cruise ports are connected to others within the same location,
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but are rarely connected to other ports in other locations. The reason lies in their geographical
limitation, as rivers do not mix.

Figure 1 Graph of the river cruise network in Southeast Asia.

In 2023, there will be 257 cruise voyages serviced by 5 cruise lines. Scenic will service the
largest number of voyages, accounting for 42.41 %, followed by Avalon Waterways, Croisi Europe,
and Pandaw River Cruises, servicing 69, 56, and 22 voyages, respectively. Lindblad Expeditions will
service only 1 voyage, as shown in Table 2. There are 98 voyages starting from Ho Chi Minh City,
and 78 voyages starting from Siem Reap, which accounts for 68.09 % of the total voyages. Ho Chi
Minh City and Siem Reap are also the most popular ending ports; the largest number of voyages end
at these ports, with 89 and 72 voyages, respectively. This reflects that Ho Chi Minh City and Siem

Reap are the most popular ports for embarking and disembarking for cruise shipping in Southeast
Asia.

Table 2 Number of river voyages in Southeast Asia to be serviced in 2023.

Cruise line Number of voyages Share of total (%)
Avalon Waterways 69 26.85
Croisi Europe 56 21.80
Lindblad Expeditions 1 0.38
Pandaw River Cruises 22 8.56
Scenic 109 42.41

4.1 Network structural properties

The network has a density of 0.14194, reflecting that 14.19 % of possible connections between
ports are covered by cruise shipping. This also implies that cruise lines are selective in setting
itineraries and are efficient in serving a larger network with a small number of links (Kanrak &
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Nguyen, 2021). A low network density also reflects that the river cruise network is a sparse network,
indicating that not all ports can connect to each other.

The average path length reflects the network’s efficiency in terms of convenience for cruise
passengers reaching ports in the network. The network has an average path length of 2.5871, which
is relatively small compared to the small number of ports that the network has. This indicates that
cruise ships have a high ability to reach ports with short connection steps, reflecting that the network
has high efficiency. The average number of ports per voyage is 9, confirming that the network is tight.

The clustering coefficient shows the intra-connectivity of ports, which is reflected by the
probability of meeting connected neighbors of ports in the network. The network has an average
clustering coefficient of 0.35849, which is relatively low. This implies that the probability of meeting
linked neighbors around a port is 35.85 %, reflecting that the neighbors of a port have weak
connectivity. In other words, there is a small number of connections among the neighbors of each
port, indicating that the network has a small intra-connectivity among its ports.

4.2 Port properties

The properties of river cruise ports can be analyzed using three centrality measures: degree
centrality, betweenness centrality, and closeness centrality.

The network has an average degree centrality of 4.26, indicating that each port can be
connected to at least four other ports on average. Table 3 shows the top five ports with the highest
degree centrality values in the Southeast Asian River cruise network. Siem Reap and Koh Chen are
ports with the highest degree centrality of 11, indicating that these two ports are connected to 11 other
ports. Thus, they are the most important ports in the network, and are hubs controlling network
connectivity, as they have the largest number of links. Ho Chi Minh City and Halong Bay rank second,
with 9 degrees, followed by Thanh Pho Ninh Binh and Angkor Wat, with 7 and 6 degrees,
respectively. Three ports rank fifth, with five degrees. This can confirm that Siem Reap, Koh Chen,
Ho Chi Minh City, and Halong Bay are the most popular ports for cruise shipping in terms of their
high connectivity. Therefore, they are defined as hubs for cruise shipping in this region.

Table 3 Top five ports with the highest values of degree centrality.

Rank Port Degree centrality
1 Siem Reap, Koh Chen 11
2 Ho Chi Minh City, Halong Bay 9
3 Thanh Pho Ninh Binh 7
4 Angkor Wat 6
5 Cai Be, Chau Doc, Gia Thanh 5

Figure 2 presents the cruise links (cruise services) distributed among all ports in the network.
The network has a large number of ports (70.97 %) that have degree centrality values of less than five
degrees. In other words, these ports have low connectivity. Among these, 22.5 % of ports have four
degrees. It is worth noting that 45.16 % of ports have 2 - 3 degrees, while only one port has one
degree. In contrast, a small number (less than 30 %) of ports have at least five connections. Thus, the
network has a small number of ports as hubs, with a large number of connections controlling network
connectivity.

In terms of the popular cruise routes, the routes with the largest number of sailings are the
most popular links in the network. Table 4 shows the five most popular river cruise routes in
Southeast Asia. Kampong Cham-Koh Chen is the most popular route, with the largest number of 90
sailings, followed by Angkor Thorm-Koh Chen, Ho Chi Minh City-Cu Chi Tunnels, Siem Reap-
Kampong Cham, and Khum Angkor Ban-Koh Chen, with 89, 59, 58, and 53 sailings, respectively.
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This reflects that these routes are famous for cruise shipping, since they connect between ports with
a large number of attractions. However, ten routes have the lowest number of sailings of one,
indicating that these routes are not popular for cruise shipping.

0.25 0.30
| |

0.20
|

0.05
|

(
|

Degree (k)

Figure 2 Degree distribution of river cruise ports.

Table 4 Most popular river cruise routes in Southeast Asia in 2023.

Rank From To Sailing frequency/year
1 Kampong Cham Koh Chen 90
2 Angkor Thorm Koh Chen 89
3 Ho Chi Minh City Cu Chi Tunnels 59
4 Siem Reap Kampong Cham 58
5 Khum Angkor Ban Koh Chen 53

In terms of betweenness centrality, the average betweenness centrality of river cruise ports in
the network is 44.50. Siem Reap has the highest betweenness centrality, followed by Angkor Wat,
Halong Bay, Ti Top Island, and Koh Chen. Siem Reap’s betweenness centrality is 5.66 times higher
than the average value, while Angkor Wat, Halong Bay, Ti Top Island, and Koh Chen are 4.74, 3.98,
3.08, and 3.01 times higher than the network’s average, respectively. Therefore, these ports are
centers of the network, as they have the shortest paths connecting ports. Thus, they play an
intermediary role in the network. Table 5 presents the betweenness of all ports in the network. The
betweenness centrality of 16.13 % of ports is higher than 100, while that of 12.9 % of ports is between
51 - 100, and that of 25.81 % of ports is between 1 - 50. Interestingly, 45.16 % of ports do not play
an intermediary role, because they have no shortest path between them to another port. Thus, they are
peripheral ports in the network.
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Table 5 Betweenness centrality of river cruise ports.

Betweenness centrality Number of ports Share of total (%)
0 14 45.16
1.00 - 20.00 3 9.68
21.00 - 40.00 4 12.90
41.00 - 60.00 3 9.68
61.00 - 80.00 1 3.23
81.00 - 100.00 1 3.23
> 100 5 16.13

In terms of closeness, the network has an average closeness centrality of 0.00235, reflecting
the average reachability of a port. Siem Reap has the highest closeness centrality, followed by Angkor
Wat, Ti Top Island, Laem Chabang, Luon Cave, and Kampong Cham. This indicates that these ports
have the highest reachability in the network, since they have the shortest paths to reach other ports.
Siem Reap’s closeness centrality is 1.48 times higher than the average, and Angkor Wat, Ti Top
Island, Laem Chabang, Luon Cave, and Kampong Cham have 1.45, 1.38, 1.35, 1.35, and 1.32,
respectively. Table 6 presents river cruise ports in Southeast Asia that have closeness centrality
between 0.0000 and 0.00100, accounting for the lowest proportion of 3.23 %, which is the same
proportion of ports with closeness centrality between 0.00101 and 0.00150. Ports with closeness
centrality values from 0.00151 - 0.00200 account for 29.03 %. 19.35 % of ports have closeness
centrality values of 0.00201 - 0.00250, which is similar to the number of ports with closeness
centrality higher than 0.00300. The number of ports with closeness centrality values between 0.00251
and 0.00300 accounts for 25.81 %.

Table 6 Closeness centrality of river cruise ports.

Closeness centrality Number of ports Share of total (%)
0-0.00100 1 3.23
0.00101 - 0.00150 1 3.23
0.00151 - 0.00200 9 29.03
0.00201 - 0.00250 6 19.35
0.00251 - 0.00300 8 25.81
>(0.00300 6 19.35

To sum up, a complex network analysis of the river cruise network in Southeast Asia shows
that the network has high efficiency. Its structural characteristic exhibits a small-world property. Siem
Reap is the most important port, with the highest values of all measures. These address the objective
of this study.

5. Conclusions

This study analyzed the structural properties of the river cruise network and cruise ports in
Southeast Asia using complex network analysis. The results show that the network consists of 31
ports, connected by 94 links. It has a short average path length and a low average clustering
coefficient. A small number of ports have high connectivity, and most ports have low connections.
Cruise ports play different roles based on centrality measures. Siem Reap, Koh Chen, Ho Chi Minh
City, Halong Bay, and Thanh Pho Ninh Binh are hubs of the network, with the highest values of
degree centrality. Siem Reap, Angkor Wat, Halong Bay, Ti Top Island, and Koh Chen have the
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highest betweenness centrality. Thus, they play an intermediary role in the network. Siem Reap,
Angkor Wat, Ti Top Island, Laem Chabang, Luon Cave, and Kampong Cham are ports with high
reachability, since they have the highest closeness centrality.

The findings of this study are useful for cruise lines and cruise port authorities. Cruise lines
can use the findings to design their voyages by covering hub ports to increase network connectivity.
Authorities can promote their ports with low connectivity as hubs by trying to connect high-degree
ports. They may also increase the number of service links to other ports in the network. Authorities
may also provide monetary promotions to attract more cruise ships and cruise passengers.

This study is subject to some limitations. First, this study analyzed the properties of the
network and ports using several measures of complex network analysis, which only show a few
properties. Future research could use more measures and statistics to analyze the network, such as
rich-club coefficient, assortativity, modularity, strength centrality, and eigenvector centrality.
Second, this study considered only the number of links to reflect the connectivity of the network and
ports. Future research could consider other factors that might affect their connectivity, such as the
attributes of ports and government policies. Third, this study analyzed the secondary data without
considering primary data such as the opinions of port and cruise line managers on their network
operations to support the findings. This could be carried out in future research to gain more insightful
information. Fourth, this study only analyzed the overall structure and properties of the network. A
comparison of the relationship between upstream ports and downstream ports, and how this affects
the network growth and cruise ships’ scheduling, could be considered in future works. Fifth, this
study focuses only on an analysis of a river cruise network in one region. To increase the
generalization of the study, future research could analyze the river cruise networks in diverse regions
and compare the differences between them. Sixth, future research could use the measure of market
concentration (e.g., Herfindahl-Hirschman Index), along with network analysis measures, to analyze
cruise shipping, which could provide insight into details about cruise operations and markets.
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