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Abstract

:

The Mediterranean Sea has been consolidated as the second most important destination region in cruise shipping. This paper investigates the dynamics of the contemporary cruise port network in Southern Europe from the perspective of its centrality. To conduct the research, we applied the technique of social network analysis (SNA) to a set of 20 ports. The set of ports forms a network; therefore, we use the SNA to build this network based on nodes (ports) and to analyze the connections between each other. Several network and node metrics are calculated, such as outgoing and incoming centrality degree, betweenness centrality, and hub index. The goals of this research are (1) to explain the dynamics of the cruise port network for contemporary cruise calls in Southern Europe in terms of the centrality of the ports and the connections between ports, and (2) to obtain a series of graphs with the inter-port relationships of the sample of ports analyzed. Important conclusions are revealed: the cruise traffic registered in a port has an impact on several ports in terms of the number of different ports to which it connects and the intensity of the connection between pairs of ports; the role of betweenness centrality is associated with ports of the same destination region and, in some cases, with ports situated in another destination region; and four ports have been identified as hub ports. The results obtained may help itinerary planners identify alternative ports in the configuration of new itineraries to deal with the challenges associated with the COVID-19 pandemic for cruise shipping.
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1. Introduction


The cruise sector has been one of the most growing sectors in the tourism industry since it emerged in the late 1960s. According to Rodrigue and Notteboom [1], this industry has become a crucial part of the tourism industry by using larger vessels and adding more passenger services on board. Globally, the ocean cruise industry had an average annual growth rate of 6.63% from 1990 to 2019 in terms of the number of cruise passengers [2]. This sector has become one of the most dynamic and fastest-growing industries in international tourism [3]. In recent decades, cruise ships have been deployed to many destinations around the world, from the Caribbean Sea, the Mediterranean Sea, and Alaska to Asia, because of the rapid growth of this industry. Focusing on the Mediterranean Sea, MedCruise [4] reported that the number of cruise passenger movements in the Mediterranean increased from 17.56 million in 2018 to 19.53 million in 2019, which represents an annual growth of 11.2%. The cruise capacity deployed in the Mediterranean Sea, the second most popular destination region, was 17.3% in 2019, whereas in the most important destination region worldwide, the Caribbean Sea, it was 34.4% in 2019 [5]. The cruise expansion in the Mediterranean market is due to several factors. First, the diversity of the Mediterranean region and the high density of ports have supported the cruise development, which enables innovative itineraries in a relatively small area. Second, several port infrastructures have been improved and modernized. Third, the climate in this region allows for a longer cruising season [6].



Cruise tourism has a hugely positive contribution to the global economy. The global economic contribution generated by this industry amounted to $154.1 billion in 2019 [7]. This economic impact is especially relevant in those hub ports that have high homeport cruise traffic [8]. Hub has different definitions in the fields of airports, seaports, and tourism. According to Lohmann et al. [9], tourism hubs have been transformed into destinations because of the interaction of attractions, transport, and accommodation services they offer. In the case of cruise traffic, several areas can be distinguished: (1) Homeport, where the itinerary starts and ends. Depending on the type of itinerary, there is one homeport (the itinerary starts and ends at the same homeport) or two homeports (the homeport in which the itinerary starts is different in which it ends). (2) Ports of call, in which the ship usually remains docked between 8 and 9 h. Throughout this time span, the passengers visit the port’s tourist hinterland [10]. The consideration of the homeport as the starting and ending ports of the itinerary is similar to the Lohmann et al. [9] hub concept.



In setting up a cruise itinerary, one of the most important questions for cruise lines is ‘which port to visit?’ the final choice has a huge impact on the cruise line, the selected port, and other ports of the destination region. The answer could have economic, environmental, and social impacts in those ports [11]. Cruise ships must have access to appropriate port infrastructures, superstructures, supplies, and services because the passenger’s satisfaction is the most significant reason to select the ports of the itinerary for a cruise line. The cruise ports are interested in being homeports for one or more cruise lines due to the positive impact generated on the port and the related city. Three sources motivate this positive impact: the cruise lines because they ensure traffic of this kind of vessel [12], the cruise passengers and the ship’s crew increase the expenditure in the city, then becoming a source of income for the population [13,14].



Most studies about the cruise industry mainly focus on the following issues: the global cruise industry [15,16], sustainable cruise tourism [17,18,19], problems with cruise ‘overtourism’ [20], ecological problems related to cruise tourism [21,22], the geography of cruise traffic [1,23], port management [10], passenger preferences on board [24,25], and cruise safety and security [23,26]. However, there is a lack of works that study the relationship between ports, as well as their competitive position within the set of ports in a destination region. In this sense, the works related to this field analyze the competition and cooperation between ports [27,28] or the way of modeling and evaluating the behavior of ports in a port network [29].



In addition, the cruise industry sells itineraries, not destinations [1] that are the principal element of cruise traffic [30]. The itineraries have a notable influence on the occupancy rate [31], and therefore those cruise companies that innovate their itineraries in different areas may attract more tourists. The higher number of tourists, the higher differentiation and profitability a cruise company has [32].



COVID-19 Risk to Cruise


The health and well-being of passengers and crew are the fundamental priority for the cruise line [33]. Before 2019, norovirus (Nov) and influenza outbreaks were the major health challenges for the cruise industry [34]. However, since the end of 2019, the new coronavirus SARS-CoV-2 (COVID-19) has threatened the world. Specifically, the first cruise ship affected by this virus was the Diamond Princess at the beginning of February 2020 [35]. A month later, at the end of March, at least 25 cruise ships had confirmed COVID-19 infections, and ten ships remained at sea, unable to find a port that would allow them to dock [36]. Additionally, during the second half of March 2020, the cruise fleet around the world stopped its activity due to the outbreak of COVID-19, which was an unprecedented episode for the cruise shipping industry. Until the development of vaccines, COVID-19 caused an unprecedented health-related risk that evolved into a large-scale crisis for the cruise industry.





2. Aim and Structure of This Work


As mentioned in Section 1, one of the most relevant issues that cruise lines have to deal with is passenger comfort and pleasure. Accordingly, cruise lines must offer good onboard facilities and itineraries that contain attractive ports for the passengers they carry on board. Therefore, not all ports generate the same interest in the cruise passengers; as a consequence, there are high-impact ports that cruise passengers want to visit (attractive ports). The ports that have less impact, but are connected with attractive ports, will gradually increase their importance. The present research focuses on the cruise port network in Southern Europe composed of ports located in the Mediterranean Sea and in the area of the Atlantic Ocean close to the Mediterranean. We have selected ports in Southern Europe to carry out the research because this area registers the highest concentration of cruise traffic in Europe. The goals of this research are (1) to explain the dynamics of the cruise port network for contemporary cruise ships in Southern Europe in terms of the centrality of the ports and the connections between ports, and (2) to obtain a series of graphs with the inter-port relationships of the sample of ports analyzed. To this end, the technique of social network analysis (SNA) is applied.



SNA provides a standardized statistical summary of the properties of a collection of objects (nodes) and the connections (edges) between them. It provides insight into patterns in spatial connections, in addition to the importance of nodes to local and regional connectivity [37], not possible from traditional statistical methods without graphical representation. The application of graph theory, on which SNA is based, is considered of high potential to determine the connectivity among the ports analyzed. Therefore, we choose SNA as the analysis technique based on its understandability and generation of practical results. The relationships revealed through SNA can shed light on principal characteristics and influences in the contemporary cruise port network of Southern Europe, both quantitatively and graphically, which is the main novelty of this study.



The cruise market can be considered dynamic due to its rapid and constant transformation. It is for this reason that, to identify and understand behavior patterns in the cruise port network to be analyzed, it is necessary to consider a long enough time series. The novelty of this study is that the period of analysis is from 2015 to 2019, which allows us to perceive the changes in the network and understand them. Additionally, with the analysis of such large time series, it is expected to obtain results with a high degree of precision, which leads to a better understanding of the evolution of cruise itineraries. These results provide cruise lines and ports with important information to make strategies to attract more passengers in the development of new itineraries.



The article is structured as follows. Section 3 is dedicated to the features of the database used as input data and the methodology applied to perform social network analysis to estimate the different metrics of the cruise port network. Section 4 and Section 5 include the results obtained and their discussion, respectively. Section 6 presents the conclusions, limitations, and future perspectives of the research.




3. Materials and Methods


In this section, we present an overview that includes the data used to carry out the research and the metrics calculated to determine the dynamics of the cruise ship navigation networks in Southern Europe.



3.1. Materials


The ports selected constitute the network to be analyzed. The study was carried out using the time series of cruise ship calls from 2015 to 2019 of 20 ports located in Southern Europe. Fourteen ports are situated in the Mediterranean Sea, and the remaining six ports are situated in the Atlantic Ocean. The time series of cruise ship calls were retrieved from ports’ websites [38,39,40,41,42,43,44,45,46,47,48,49,50]. According to the Association of Mediterranean Cruise ports (MedCruise), the Mediterranean Sea can be divided into the sub-regions of Western Mediterranean, Eastern Mediterranean, and the Adriatic Sea. Italy represents the border between the Western and Eastern Mediterranean [4]. Additionally, to understand the dynamics of the Mediterranean Sea, it is important to consider the cruise traffic in the cruise ports of the Atlantic Ocean located close to the Mediterranean Sea since these have an influence on the traffic of the Mediterranean. Table 1 shows the ports that compose the sample analyzed in this research and their key performance indicators of cruise shipping during the period 2015–2019 [4,38,39,40,41,42,43,44,45,46,47,48,49,50]. The ports were selected considering their traffic and the availability of data.



The database of cruise ship calls analyzed includes, among other information, vessel name and last and next port of call of each registered ship call, which are the most important data to address the present research. Data processing has been an important step in this research. First, the data were cleaned prior to analyzing them because the data comes from different ports and with different formats. The data-cleaning consisted of unifying the data under the same format and language. Through this process, the data were normalized and standardized in order to be able to introduce them into the software that was used and thus be able to analyze them. The database was composed of 47,567 cruise calls. Next, each cruise call was classified by a segment of service of the cruise line. Specifically, six segments have been considered in the classification: budget, contemporary, premium, upper-premium, luxury, and expedition. Table 2 shows the results of the classification of the cruise call database by segment of service. The research focuses on contemporary segments because it registered the highest activity in the sample of ports during the period 2015–2019; in addition, the contemporary vessels represent the most significant share of the entire cruise fleet [51].



Once the data were cleared, they make up a table of n rows and three columns, where n is the number of calls, the first column is the port from which the data are known, while the second and third columns are the port of origin and destination of the cruise, respectively. However, network analysis software cannot interpret this table; then, the data has to be represented in another way, specifically in matrix form. In the matrix, the rows indicate the port of origin, and the columns show the port of destination. Therefore, an x value in position m, n of the matrix indicates that for that year, there were x cruise ships that sailed from m to n.




3.2. Methods


One of the main applications of SNA is to determine the main actors in a network. SNA metrics can be divided into two main groups based on the level of analysis, the node or the network level. A network consists of nodes and ties that connect these nodes, but in a social network, the nodes also can make choices that affect the whole network. Centrality is a parameter that indicates the individual importance of the nodes within the network, and often it is used to find the network actors. A node whose centrality is high will be important within the network.



The strength of SNA comes from its potential for an immense system that can be applied to many domains [52]. Several works point out the advantages of SNA for the study features of a network. For instance, quantitative derivative data can be reflected in tables and graphs, thereby allowing for an overview of an entire network [53]. The presentation of information in a visible format eases the comprehension of connections between the nodes of a network structure [54]. Therefore, SNA is an outstanding methodology that can provide valuable data on the structural characteristics of the contemporary cruise port network in Southern Europe.



SNA has been applied in a wide range of disciplines because it is considered an accurate and suitable tool to solve problems in areas such as tourism, transportation, and oil and gas infrastructure. Martini and Buffa [55] applied SNA to study the links and connections between stakeholders in tourism to determine the evolving dynamic of networks and the relative weights of the decision makers. Chai et al. [56] used SNA to determine critical infrastructures in the Oil and Gas industries. Noble et al. [57] studied marine spatial management through the application of SNA. Mou et al. [58] analyzed spatiotemporal patterns of maritime trade applying SNA. According to Kim et al. [59], SNA offers many quantitative metrics that qualitative approaches cannot by producing various network metrics that allow a comprehensive analysis of the networks. Furthermore, SNA is intended to provide a quantitative analysis of the relationships between actors by investigating network structures and the dynamics which develop within them [55]. For instance, SNA determines the roles of the individual nodes and their relative importance with respect to others in the same network. In the present research, the dynamics of the contemporary cruise port network in Southern Europe are determined through the analysis of data of cruise ship calls for 5 years using SNA as an analysis technique.



3.2.1. Social Network Analysis Applied to Shipping Industry


Container traffic is an area in which port relationships have been extensively investigated. Ducruet [60] applied several network metrics to observe the global configuration of ports. This study showed that the most diversified ports are, on average, larger, more central, and more dominant in the network; in addition, they are also connected at greater physical distances than more specialized ports. Primarily, the investigations in which SNA is applied are more focused on container traffic than on cruise traffic. Using SNA, Jeon et al. [61] studied trends in port competition to identify the evolution between 1980 and 2015. These relationships have been gaining in complexity over time; in fact, the study of Jeon et al. [61] suggests an evolution from a competitive relationship to one that combines cooperation and competition between ports. Furthermore, supply chains have also been increasing in complexity, confirming that the relationship between ports has become more sophisticated and complex.



An example of research applying SNA to cruise shipping can be found in the work of Jeon et al. [29], which highlights the centrality of the port and its attractiveness within the network in the Asian cruise market. The aforementioned research raises an index that estimates the attractiveness of the cruise port within the network. According to this study, a strong connection with important ports makes a port more attractive.



However, there are certain limitations regarding the use of SNA. In this sense, Ducruet [60] states that, unlike in social networks, ports cannot be considered as own entities that can make their own decisions. In this case, ports are more like a part of a broad community where there are multiple interests, and the logistics chain and global and national transport agents participate too.



In cruise ship traffic, as in container traffic, it is important to establish a unified framework where the centrality of ports is correctly measured and how ports are positioned with respect to others in terms of competitiveness both individually and in subgroups [62]. This is crucial in the configuration of the key element of cruise shipping, the itinerary. Therefore, through the application of SNA, the results of this research should provide cruise lines and ports with important information to make strategies to attract more passengers in the development of new itineraries. Taking the previous studies as a reference, it is possible to review the most popular measures of centrality developed in SNA in order to improve the applicability of centrality measurement.



There are several types of metrics at the node level. Node metrics measure centrality and identify the importance of the nodes in various aspects: centrality degree, betweenness centrality, and hub and authority centrality.




3.2.2. Centrality Degree Metric


The centrality degree is the most intuitive to understand as it measures the number of connections of a node with the others in the network. According to Freeman [63], centrality degree is calculated as the sum of the nodes connected to other nodes in the network. In this case, the node refers to a cruise port, and centrality degree (CD (i)) is defined as follows:


   C D     ( i )  =   ∑  j N   X  i j    



(1)




where Xij is equal to 1 if node i and node j are connected, or 0 otherwise. Therefore, CD (i) is the number of ports that are connected to node ni.




3.2.3. Betweenness Centrality Metric


Betweenness centrality measures if a node act as an intermediary agent in the network structure. Hence, the betweenness centrality measures the frequency with which a node is on the shortest paths between all combinations of pairs of nodes. This metric is calculated as can be seen in Equation (2) [63].


   C B   ( i )  =   ∑   j < k      g  j k    (   n i   )     g  j k      



(2)




where gjk (ni) is the number of connections between nj and nk that pass-through node ni and gjk is the number of connections that exist between two nodes nj and nk. For a better comparison between different networks, these metrics are normalized using the proportion of nodes that exist in each network [59].


    C ′  D   (   n i   )  =    C D   (   n i   )    g − 1    



(3)






    C ′  B   (   n i   )  =    C B   (   n i   )       (  g − 1  )   (  g − 2  )   2    × 100  



(4)




where g is the number of nodes in the network.



Additionally, SNA also considers metrics about the network structure, such as network density, network centralization, and network complexity. Network density is about the number of ties in a network relative to the number of potential ties [64]. Network centralization estimates if the network is organized around particular nodes of the network [65]. A network has a centralized structure if most of the connections go through few central nodes; in other words, the network will have star structure. These last two metrics are complementary since a network with a high number of connected nodes will have a higher density and less centralization. Network complexity measures the number of dependency relations within a network, and this metric depends on the number of nodes in the network and the degree of connections between them. The greater number of nodes and connections, the more complex the network becomes [66]. All these metrics depend on each other. The more density in a network, the more complex since it requires a greater analysis effort. Additionally, if a network has a low centralization, it will be more complex because there will be many nodes connected to all other nodes.



In this work, the specialized software for network analysis UCINET 6.0 has been used to represent the networks and obtain some of the metrics [67]. UCINET 6.0 allows not only obtaining the centrality degree and the density of the network, but also to represent the nodes and their connections in the network. Furthermore, the node-level measures have been calculated both with UCINET 6.0 (betweenness centrality) and Octave [68] (centrality degree).




3.2.4. Hub and Authority Centrality


It is interesting to know how nodes are influenced by the other nodes to which they are connected. This allows a better understanding of both the network and its dynamics. The centrality metrics, such as the centrality degree or betweenness centrality seen in Section 3.2.2 and Section 3.2.3, do not consider which nodes connect with the most relevant. The measurements represented by the SNA, therefore, assume that all connections are equal and do not consider the importance of relationships with important nodes. Nevertheless, the impact that a node produces can be highly different depending on its importance in the network. For example, a cruise port may be attractive due to its proximity to an airport; therefore, this port will have a higher impact rather than another that does not have this facility. Consequently, it is not entirely correct to consider that all connections have the same influence.



Following Jeon et al. [29], the hub centrality and authority metrics of a particular node increase if it is related to relevant nodes in the network and vice versa; the relevant nodes will be more important if they are connected to nodes whose metrics are high. This means that hubs and authorities’ centrality metrics increase collectively. The relationship between nodes can be calculated through a centralized analysis of the eigenvector, while the hubs’ and authorities’ centrality metrics are calculated through the normalization of the eigenvector in a centralized way.



Kleinberg [69] proposed an iterative algorithm that allows calculating for the hubs and authorities and updates numerical weights for each node with each iteration. Each port is associated with a non-negative authority weight x<p> and non-negative hub weight y<p>. For a better comparison, these measurements are normalized; that is, their squares sum to one. The better authority, the higher x, and the greater hub, the higher the y-value. Sσ refers to the set of nodes in the network.


    ∑   p ∈  S σ       (   x  〈 p 〉    )   2  = 1  



(5)






    ∑   p ∈  S σ       (   y  〈 p 〉    )   2  = 1  



(6)




where x<p> and y<p> are the authority and hub weight for each node, respectively.



The collective reinforcement of the nodes between hubs and authorities works as follows: If p nodes are connected to one node with high x values, then it would receive a high y value, and vice versa, if a node is connected to many nodes with high y value, then it should receive a high x value. Because of this, it is possible to define two operations on the weights, which are denoted by Ψ and Φ. Given the weights vectors {x<p>} and {y<p>} the Ψ operation updates the x weights as follows:


   x  〈 p 〉   ←   ∑   q :  (  q , p  )  ϵ    y  〈 p 〉        



(7)







The Φ operation updates the y weights as follows:


   y  〈 p 〉   ←   ∑   q :  (  q , p  )  ϵ    x  〈 p 〉        



(8)







To find the equilibrium for weights, Equations (7) and (8) must be applied alternatively, starting an iterative process to ensure that the correct values have been reached. The weights of both x and y give an idea of how important the ports connected to it are which it sends from or which it receives cruise ships from, respectively. Furthermore, a port will not have a weight of x if it does not receive cruise ships from any port, even if it generates traffic, acting as a pure hub. Additionally, a port that does not send traffic and only receives its weight of y will be zero, being a pure authority. Given that cruise ships operate as a regular line service, with the itinerary acting as the core element, most ports will have weight in x and y, acting as authority and hub simultaneously. Figure 1 summarizes the different combinations of hub and authority that could exist.



A high hub centrality implies that the port has a connection to high-impact ports, whereas a high authority centrality means that the port receives cruise services from high-impact ports [70]. According to Jeon et al. [29], these two metrics reflect the attractive ports but do not identify the flow of cruise traffic in these ports. Because of this, they proposed a metric called Hub and Authority Combined Centrality (HACC) or, in short, Hub Index (Equation (9)) to reflect the volume of cruise traffic in a particular port.


  H u b   I n d e x =    ξ p     ξ  m a x     ×    (   y k  +  x k   )   2     



(9)




where    ξ p    is the number of cruise calls in a particular node, while    ξ  m a x     is the number of cruise calls at the port with the maximum number of calls, and xk and yk are the authority and hub weight, respectively. Figure 2 shows how the research is conducted.






4. Results


4.1. Network Level Metrics


Ports that make up the network and the relationships between them reveal the evolution of the networks. Table 3 shows the progression of the contemporary cruise port network in Southern Europe during the period analyzed. As mentioned in Section 3.2, SNA analysis provides two types of results depending on the level of study: the network level and the node level. The number of connections refers to the number of ports with which one port connects. In terms of programming this metric, the link between ports is binary. A port that connects with another will have a value of one regardless of the traffic intensity between them; otherwise, it will be zero. The calculation of the centrality degree is different depending on the considerations of the connections. If the links between ports introduce orientation, the results will be two, i.e., out and in centrality. Otherwise, if we consider the links in the network with no directions, the result will be the centrality degree.



Contemporary cruises host the general public—the largest vessels are associated with this segment and have the widest entertainment options and variety of amenities. On the one hand, the number of nodes and connections increased during the period analyzed. The number of nodes was 19.1% higher in 2019 than in 2015, and the number of connections was 26.7% higher in 2019 than in 2015. On the other hand, density in this segment had an average value of 0.025 from 2015 to 2019. The results do not reflect relevant changes in the density of the network, see Table 3. The null variation of the density of the network is explained by the increase in both the number of nodes and connections. Additionally, the centrality degree fluctuated during the period analyzed, with an average value of 0.236. The same trend was obtained when orientation between nodes was considered; both out- and in-centrality fluctuated along the period analyzed with an average value of 0.190 and 0.168, respectively.




4.2. Node Level Metrics


The node level metrics should be analyzed each year separately because there were changes in the relevant ports each year during the period studied. As pointed out in Section 4.1, considering orientation in the links of the network, the centrality degree can be separated into outgoing centrality degree and incoming centrality degree. Outgoing centrality degree indicates the sent or generated flow, and the incoming centrality degree means the received flow [59].



4.2.1. Outgoing and Incoming Centrality Degree


The Western Mediterranean is the main European destination region in terms of cruise traffic registered. Table 4 and Table 5 show the 15 ports with the highest outgoing and incoming centrality degree during the period 2015–2019. Palma de Mallorca and Barcelona are the two first ports in terms of generated and received flow; both are located in the Western Mediterranean. In addition, the difference between these two ports and the third, Dubrovnik, is considerably high. The generated and received flow in Barcelona and Palma de Mallorca have over 300 connections per year during the period analyzed. Moreover, the Greek ports of Mykonos, Thira-Santorini, and Piraeus are highlighted due to the growing trend registered. In contrast, in the port of Valencia, the generated and received flows have reduced during the last two years of analysis. It should be noted that no Atlantic ports appear among the top 15 ports in terms of generated and received flow, see Table 4 and Table 5.




4.2.2. Incoming and Out-Coming Degree


Table 6 and Table 7 show the 15 ports with the highest incoming and out-coming degrees, respectively. In this case, for both metrics, the first 4 ports have similar values. Barcelona is the port that connects with the highest number of different ports. The average value obtained for the out-coming degree is relevant with connections to 27 different ports. Among the remaining 11 top ports, there are no vast differences. Moreover, the Atlantic ports of Lisbon and Funchal are situated in the top 15 positions of the table for both metrics. The presence of Atlantic ports in relevant positions has mainly two implications. First, the contemporary segment requires high-class port facilities; this leads to tight itineraries making it difficult to dock in other ports. Second, these results reveal the function of the Atlantic region as a transit area, where the cruise traffic registered is low if it is compared with that registered in the Mediterranean Sea; however, the number of connected ports is high.




4.2.3. Betweenness Centrality


Betweenness centrality is effective in discovering which ports have a transition function; in other words, this parameter is suitable to determine which ports connect two or more different destination regions. Table 8 shows the top 15 ports with the highest betweenness centrality in the contemporary cruise network of the sample of ports analyzed. These results show several trends in the cruise market of Southern Europe. First, Barcelona has a remarkable role as a transit port in the Western Mediterranean. It distributes traffic to the itineraries that sail to the east and south parts of the Western Mediterranean. Second, Lisbon has registered an increase in the betweenness centrality, which has consolidated it as the main transit port between Northern Europe and the Atlantic region close to the Mediterranean Sea. Furthermore, Amsterdam and Malaga have had similar evolution of this metric, which has led them to become relevant connecting ports in the Northern European and the Mediterranean areas, respectively. Specifically, the role of Málaga is associated with connecting itineraries from the Atlantic Ocean to the Western Mediterranean and vice versa.




4.2.4. Hub Index


Table 9 shows the top 15 ports with the highest xk (authority) and yk (hub) weights. The results reveal that Palma de Mallorca, although both metrics have similar values, it has a slightly higher weight as a hub. In contrast, the port of Barcelona has higher values as an authority. The weights of the hub and authority of the port of Valencia fluctuate along the period analyzed, and both have similar values; it cannot be stated that it has a clear role as an authority or hub. The evolution of the port of Marseille differs with respect to that of the first three ports. Marseille highlights as a hub during the period 2015–2017, whereas during 2018 and 2019, it changed its role to authority. Additionally, the ports of Valletta and Cannes stand out as authorities throughout the entire period analyzed. Furthermore, the remaining nine ports show balanced weights of hub and authority, not highlighting one of the roles in particular.



Table 10 shows the 15 ports with the highest hub index. If we classify as hub ports those that have a hub index higher than the average of the top 15 ports (0.1089), four ports meet this criterion. As a result, the ports of Palma de Mallorca, Barcelona, Valencia, and Marseille have been classified as hub ports. The supremacy of the ports of Palma de Mallorca and Barcelona was highlighted. Specially, the position of Palma de Mallorca in the center of the Western Mediterranean allows it to distribute cruise traffic around the Mediterranean. The fourth position of the French port of Marseille is mainly due to its strong connection with the first three ports of the ranking. Additionally, the increase in cruise traffic flow registered during 2019 in the ports of Mykonos and Santorini explains the sudden increase in their hub index, it has also influenced the increase of the hub index of the remaining Eastern Mediterranean ports of Corfu and Piraeus, see Table 10.






5. Discussion


Figure 3, Figure 4, Figure 5, Figure 6 and Figure 7 confirm the trends presented in Section 4 and show the interrelations of the contemporary cruise port network. In the development of the research, we have faced the difficulty of the unavailability of the information of some ports that register high cruise traffic activity, such as Civitavecchia, Marseille, Naples, or Venice. Barcelona, Palma, Marseille, and Valencia are four of the most relevant European ports in the contemporary cruise port network. Barcelona and Palma have higher metrics than the following ports in terms of outgoing and incoming centrality degree, incoming and out-coming degree, and hub index. Despite this, both ports show an evolution, with very low variation of their metrics. Furthermore, although the time series of cruise calls of Marseille could not be analyzed, this French port represents a key performer in contemporary cruise shipping in Southern Europe. Specifically, the strong connection with Barcelona and Palma de Mallorca explains the relevant position obtained for Marseille, see Figure 3, Figure 4, Figure 5, Figure 6 and Figure 7. Additionally, the intense connections between Barcelona and Palma de Mallorca and Marseille and Valencia lead to the high hub index obtained for the last two ports. Graphs reveal that these ports are key performers of the cruise traffic in the Western Mediterranean. The results lead to strong connections between Barcelona, Marseille, Valencia, and Palma de Mallorca. These connections are repeated year after year, see Figure 3, Figure 4, Figure 5, Figure 6 and Figure 7. In addition, these four ports connect with ports situated in the Atlantic Ocean and in the eastern part of the Mediterranean. For instance, in 2018, Barcelona had connections with Santa Cruz de Tenerife in the Atlantic Ocean and Valletta in the central part of the Mediterranean, see Figure 6.



The two most important ports in the Adriatic Sea are Dubrovnik and Venice. The flow of cruises in these two ports is high enough to put them among the ten most visited ports. On the one hand, the strongest connections are with ports situated on the shores of the Adriatic Sea. For instance, connections between Dubrovnik, Venice, and Bari are the most relevant, see Figure 4. They are separated by proper sailing distances leading to a sailing time of approximately 7–8 h, which explains the intensity of the connections between them. On the other hand, betweenness metrics are low because this area acts as a destination region in itself. The sailing distance to reach the gateway of the Adriatic Sea that connects to the Western and Eastern parts of the Mediterranean makes it difficult for the Adriatic ports to connect with ports of the adjacent areas of the Mediterranean. Therefore, the betweenness centrality becomes lower. In this sense, only the port of Dubrovnik ranks among the top 15 ports in terms of betweenness centrality. It serves as an intermediate call in itineraries that sail between the north and south parts of the Adriatic Sea. Although, some connections with ports of the Eastern Mediterranean are identified, for instance, with the ports of Corfu, Katakolo, and Piraeus, see Figure 5. The results obtained indicate that there are itineraries only composed of Adriatic ports and those that combine Adriatic ports and ports of the Eastern Mediterranean.



Santorini, Mykonos, and Piraeus are must-see ports in the Eastern Mediterranean. The flow of contemporary cruises and the centrality degree rose in these three Greek ports during the period analyzed, especially in Santorini in 2019. There has been an expansion in the Eastern Mediterranean market because of the higher number of connections there, especially between Santorini and Mykonos. In addition, the connections to and from Mykonos, Santorini, and Piraeus are, basically, with ports of the Eastern Mediterranean, see Figure 6 (lower left corner). The need to reach a balance between sailing distance, length of the itinerary, and call at attractive ports in the contemporary segment may explain the greater number of connections that Eastern Mediterranean ports register among them, but not with ports of other areas. Moreover, the lack of connections between ports of the Eastern and Western Mediterranean is explained by the excessive itinerary’s length for the contemporary segment.



In addition, Civitavecchia, Naples, Ajaccio, and Valletta have the role of transit ports because they connect the contemporary cruise traffic between the Western and Eastern Mediterranean Sea. These ports connect with the most relevant ports in both regions, for instance, in the west with Barcelona, Palma de Mallorca, and Gibraltar, and in the east with Santorini, Corfu, and Katakolo. The role of transit ports is also observed in ports of Northern Europe. Southampton, Amsterdam, and Hamburg act as transit ports in that region, connecting with ports of the Atlantic Ocean, see Figure 3 (lower left corner) and Figure 4 (central upper side). The results also highlight the role of the ports of the Atlantic façade in interconnecting ports of the Caribbean Sea, Northern Europe, and Mediterranean Sea. Among them, the ports of Funchal, Gibraltar, and Lisbon are highlighted, see Figure 5 and Figure 6.



The most relevant ports, according to the average incoming degree for the period from 2015 to 2019, are Barcelona (23), Palma de Mallorca (20), Málaga (20), Lisbon (19), and Santorini (15). In the case of outgoing degree, the ports with the highest metric during the period from 2015 to 2019 are Barcelona (27), Málaga (21), Palma de Mallorca (20), Lisbon (19), and Dubrovnik (16). The above results reflect the huge impact of cruise shipping from/to a specific port; it has two effects: the number of different ports that each port connects to and the number of times a specific connection is repeated. For instance, according to the results obtained, 27 ports (318 interrelations) are connected in the flow initiated from Barcelona, and 23 ports (333 interrelations) are connected in the flow received by Barcelona.



The betweenness centrality is a metric that could be unnoticed, but it can identify some behavior patterns in the network that are relevant. Barcelona (0.143), Lisbon (0.126), Amsterdam (0.106), Malaga (0.105), and Santorini (0.086) are the most important ports in terms of betweenness centrality. Moreover, Civitavecchia is the port with the highest betweenness centrality degree, whose results are obtained from the analysis of ports with available data; specifically, it has the twelfth highest betweenness centrality degree (0.055). Therefore, the contemporary cruise segment operates around Barcelona, Civitavecchia, and Malaga in the Western Mediterranean Sea. Amsterdam has a similar role in Northern Europe, as with Lisbon in the area of the Atlantic Ocean close to the Mediterranean, and Santorini in the Eastern Mediterranean.



From the point of view of hub and authority roles, Palma de Mallorca is considered a hub port because it has the highest hub index. Specifically, the results of Palma de Mallorca can be interpreted as it has cruise service to high-impact ports based on the yk values obtained. In contrast, the explanation of the classification of Barcelona as an authority port is explained by two indicators. First, it has the highest number of cruise calls of the ports analyzed. Second, the values of xk obtained mean that Barcelona receives cruise services from impact ports. In addition, the evolution of the port of Marseille regarding its role as a hub and authority should be noted. During the period 2015–2017, its activity was mainly associated with services to high-impact ports. This trend changed in 2018 and 2019 to higher values of xk than yk; therefore, its role is more associated with authority than with hub.



The results obtained in this research could be of interest to itinerary planners to identify the roles of the different ports in Southern Europe. These results are interesting for developing new itineraries that face the new challenges that the COVID-19 pandemic has introduced to the cruise industry, especially in terms of the flow generated and received in each port, the inter-port relationships of the contemporary cruise port network in Southern Europe, and the intensity of inter-port relationships. Specifically, the results obtained in this work could be the basis for developing research on the carrying capacity of ports and designing itineraries that seek to avoid overcrowded destinations, which is one of the main challenges faced by post-pandemic cruising.



Furthermore, through the inter-port relationships and connections obtained in this work, the design of new itineraries focusing on repeat cruise passengers could be addressed. Regaining the confidence of cruise passengers after the COVID-19 pandemic is another issue to address [71]; the values of centrality degree obtained could be considered to develop attractive new products based on new ports. In addition, the inter-port relationships mapped (Figure 3, Figure 4, Figure 5, Figure 6 and Figure 7) could be of interest to the stakeholders of the supply chain of the cruise industry to assess their impact and seek new areas of influence. Finally, a graphical representation of inter-port relationships could be used in studies of environmental assessment of cruise traffic.




6. Conclusions


The following conclusions can be highlighted from the conducted research:




	
The contemporary cruise port network in Southern Europe is dynamic; during the period 2015–2019, it increased the number of nodes and connections. Therefore, the network has become more complex.



	
The system of itineraries of the cruise shipping makes all ports of the network register outgoing and incoming centrality degree.



	
The cruise traffic generated in a port has an impact on several ports. According to this research, two effects are identified, (1) the number of different ports to(from) which each port generates(receives) traffic, and (2) the intensity of the connections between pairs of ports.



	
The port of Barcelona is a key performer in contemporary cruise shipping in the Western Mediterranean (the highest values of incoming and out-coming degree and authority centrality), but it also receives and generates cruise traffic from and to other cruise regions (the highest betweenness centrality), especially to the Atlantic Ocean.



	
Depending on the port, betweenness centrality results are associated only with traffic from one cruise region, or it means the role of the port as a transit port to another cruise region in which the vessel will operate in regular itineraries.



	
At least four ports in Southern Europe can be classified as hub ports, i.e., Palma de Mallorca, Barcelona, Valencia, and Marseille.



	
The port of Palma de Mallorca stands out as a hub port, with a remarkable character of service to high-impact ports.



	
The ports of the Atlantic Ocean close to the Mediterranean Sea show high values of incoming and out-coming degrees but low intensity in the connections. This region acts as an intermediate call associated with repositioning sailings to and from the Mediterranean Sea, which explains the result obtained.








The unavailability of the time series of cruise ship calls in some ports with high cruise activity was the main limitation of the present research. Although the time series was requested, it was unable to retrieve them. Therefore, a future research line is proposed for the enlargement of the sample of ports, focusing especially on those ports that concentrate high rates of cruise activity in Southern Europe, such as Civitavecchia, Marseille, Venice, and Piraeus. Furthermore, the future development of the present research is to conduct the analysis by month with the aim of identifying different dynamics depending on the season of the year. This future research line seeks to determine the influence of the seasonality of cruise traffic on the dynamics of the centrality of the cruise port network. Finally, future research focused on luxury and expedition segments could be addressed and compare those results with that obtained in the present research for the contemporary segment. This future research line is based on the current growing trend of the order book of cruise ships for the luxury and expedition segments.
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Figure 1. Authority centrality and hub centrality within a network. (a) A, a pure hub; (b) B, a pure authority; and (c) C, D, and E as hubs and authorities. Source: Authors elaboration. 
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Figure 2. Diagram of the process carried out in the research. Source: Authors elaboration. 
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Figure 3. Interrelations in the contemporary cruise port network of Southern Europe in 2015. Source: Authors elaboration. Note: The thickness of the lines indicates the traffic intensity between ports. 
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Figure 4. Interrelations in the contemporary cruise port network in Southern Europe in 2016. Source: Authors elaboration. Note: The thickness of the lines indicates the traffic intensity between ports. 
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Figure 5. Interrelations of contemporary cruise port network in Southern Europe in 2017. Source: Authors elaboration. Note: The thickness of the lines indicates the traffic intensity between ports. 
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Figure 6. Interrelations of contemporary cruise port network in Southern Europe in 2018. Source: Authors elaboration. Note: The thickness of the lines indicates the traffic intensity between ports. 
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Figure 7. Interrelations in contemporary cruise port network in Southern Europe in 2019. Source: Authors elaboration. Note: The thickness of the lines indicates the traffic intensity between ports. 
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Table 1. Key performance indicators of cruise shipping of the ports of the sample during the period 2015–2019.
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	Port
	Region
	Annual Average Cruise Calls 2015–2019
	Annual Average Cruise Passengers 2015–2019





	Barcelona
	Western Mediterranean
	783
	2,826,548



	Palma de Mallorca
	Western Mediterranean
	561
	1,859,482



	Mykonos
	Eastern Mediterranean
	546
	712,296



	Dubrovnik
	Adriatic Sea
	543
	789,729



	Thira-Santorini
	Eastern Mediterranean
	536
	785,289



	Livorno
	Western Mediterranean
	478
	752,945



	Corfu
	Eastern Mediterranean
	426
	723,794



	Lisbon
	Atlantic Ocean
	319
	540,906



	Cádiz
	Atlantic Ocean
	304
	464,804



	Funchal
	Atlantic Ocean

(Madeira)
	293
	553,505



	Málaga
	Western Mediterranean
	274
	471,343



	Las Palmas de Gran Canaria
	Atlantic Ocean

(Canary Islands)
	245
	667,108



	Katakolo
	Eastern Mediterranean
	241
	482,760



	Bari
	Adriatic Sea
	229
	574,935



	Arrecife
	Atlantic Ocean

(Canary Islands)
	223
	436,846



	Gibraltar
	Western Mediterranean
	221
	377,639



	Valencia
	Western Mediterranean
	191
	408,820



	Ibiza
	Western Mediterranean
	153
	290,334



	Puerto del Rosario
	Atlantic Ocean

(Canary Islands)
	88
	177,420



	Mahón
	Western Mediterranean
	85
	78,292







Source: Authors elaboration based on [4,38,39,40,41,42,43,44,45,46,47,48,49,50].
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Table 2. Number of cruise calls by segment of service registered in the ports of the sample during the period 2015 to 2019.
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	Segment of Service
	2015
	2016
	2017
	2018
	2019





	Contemporary
	3926
	4050
	3966
	4042
	4327



	Premium
	2532
	2525
	2389
	2214
	2101



	Luxury
	1192
	1479
	1344
	1575
	1578



	Budget
	883
	894
	865
	960
	908



	Expedition
	521
	736
	608
	503
	436



	Upper premium
	136
	241
	217
	186
	233







Source: Authors elaboration.
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Table 3. Mean network level metrics in contemporary cruise port network of Southern Europe during the period 2015–2019.
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	Year
	2015
	2016
	2017
	2018
	2019





	Number of nodes
	120
	125
	126
	149
	143



	Number of connections
	386
	418
	416
	460
	489



	Density
	0.027
	0.027
	0.026
	0.021
	0.024



	Centrality degree
	0.260
	0.224
	0.222
	0.230
	0.245



	Out-Centralization
	0.227
	0.176
	0.183
	0.169
	0.196



	In-Centralization
	0.168
	0.192
	0.151
	0.149
	0.181







Source: Authors elaboration.
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Table 4. Top 15 ports in terms of generated flow and its evolution from 2015 to 2019 in the contemporary cruise port network in Southern Europe.






Table 4. Top 15 ports in terms of generated flow and its evolution from 2015 to 2019 in the contemporary cruise port network in Southern Europe.





	Port
	2015
	2016
	2017
	2018
	2019
	Annual Average 2015–2019





	Palma de Mallorca
	360
	332
	301
	330
	331
	331



	Barcelona
	324
	313
	311
	330
	312
	318



	Dubrovnik
	203
	220
	213
	201
	192
	206



	Mykonos
	122
	198
	182
	215
	242
	192



	Corfu
	142
	192
	189
	217
	189
	186



	Thira-Santorini
	171
	67
	54
	264
	342
	180



	Marseille
	205
	179
	165
	110
	112
	154



	Bari
	128
	129
	119
	178
	210
	153



	Venice
	157
	154
	136
	141
	158
	149



	Livorno
	135
	93
	158
	152
	181
	144



	Katakolo
	135
	158
	148
	145
	128
	143



	Valencia
	183
	194
	173
	63
	82
	139



	Civitavecchia
	92
	124
	164
	126
	174
	136



	Piraeus
	106
	84
	104
	159
	187
	128



	Málaga
	113
	96
	99
	93
	105
	101







Source: Authors elaboration.













[image: Table] 





Table 5. Top 15 ports in terms of received flow and its evolution from 2015 to 2019 in the contemporary cruise port network in Southern Europe.






Table 5. Top 15 ports in terms of received flow and its evolution from 2015 to 2019 in the contemporary cruise port network in Southern Europe.





	Port
	2015
	2016
	2017
	2018
	2019
	Annual Average 2015–2019





	Palma de Mallorca
	384
	316
	330
	307
	330
	334



	Barcelona
	338
	348
	345
	314
	319
	333



	Dubrovnik
	206
	222
	208
	200
	197
	207



	Mykonos
	118
	182
	203
	200
	242
	189



	Corfu
	149
	161
	160
	214
	194
	176



	Thira-Santorini
	174
	44
	35
	247
	320
	164



	Venice
	141
	184
	138
	188
	153
	161



	Valencia
	234
	198
	205
	75
	80
	158



	Livorno
	135
	96
	168
	166
	187
	150



	Bari
	110
	128
	127
	181
	198
	149



	Katakolo
	118
	145
	139
	137
	125
	133



	Piraeus
	65
	118
	145
	143
	122
	119



	Marseille
	99
	115
	119
	115
	142
	118



	Málaga
	121
	94
	100
	95
	103
	103



	Cannes
	93
	63
	92
	77
	87
	82







Source: Authors elaboration.
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Table 6. Top 15 ports in terms of incoming degree and its evolution from 2015 to 2019 in the contemporary cruise port network in Southern Europe.






Table 6. Top 15 ports in terms of incoming degree and its evolution from 2015 to 2019 in the contemporary cruise port network in Southern Europe.





	Port
	2015
	2016
	2017
	2018
	2019
	Annual Average 2015–2019





	Barcelona
	23
	27
	22
	22
	23
	23



	Palma de Mallorca
	19
	22
	22
	19
	20
	20



	Málaga
	19
	19
	19
	25
	18
	20



	Lisbon
	17
	17
	16
	17
	27
	19



	Thira-Santorini
	14
	5
	3
	24
	29
	15



	Funchal
	21
	10
	12
	14
	15
	14



	Mykonos
	11
	16
	17
	9
	17
	14



	Corfu
	12
	11
	10
	17
	14
	13



	Katakolo
	9
	12
	14
	16
	13
	13



	Dubrovnik
	13
	14
	12
	9
	15
	13



	Cádiz
	7
	12
	13
	13
	16
	12



	Amsterdam
	9
	10
	13
	15
	11
	12



	Gibraltar
	4
	19
	12
	11
	12
	12



	Valencia
	9
	8
	13
	12
	11
	11



	Livorno
	11
	8
	8
	10
	13
	10







Source: Authors elaboration.
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Table 7. Top 15 ports in terms of out-coming degree and its evolution from 2015 to 2019 in the contemporary cruise port network in Southern Europe.






Table 7. Top 15 ports in terms of out-coming degree and its evolution from 2015 to 2019 in the contemporary cruise port network in Southern Europe.





	Port
	2015
	2016
	2017
	2018
	2019
	Annual Average 2015–2019





	Barcelona
	30
	25
	26
	28
	24
	27



	Málaga
	16
	17
	23
	28
	19
	21



	Palma de Mallorca
	21
	20
	19
	18
	20
	20



	Lisbon
	15
	20
	16
	15
	30
	19



	Dubrovnik
	16
	18
	17
	15
	16
	16



	Thira-Santorini
	17
	4
	3
	27
	31
	16



	Funchal
	15
	11
	14
	16
	16
	14



	Katakolo
	11
	15
	14
	15
	15
	14



	Mykonos
	10
	17
	12
	14
	17
	14



	Cádiz
	11
	9
	15
	11
	18
	13



	Corfu
	10
	12
	11
	15
	14
	12



	Livorno
	10
	11
	14
	13
	12
	12



	Valencia
	9
	12
	10
	11
	12
	11



	Amsterdam
	11
	10
	10
	15
	7
	11



	Gibraltar
	5
	17
	10
	9
	9
	10







Source: Authors elaboration.
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Table 8. Top 15 ports in terms of betweenness centrality and its evolution from 2015 to 2019 in the contemporary cruise port network in Southern Europe.






Table 8. Top 15 ports in terms of betweenness centrality and its evolution from 2015 to 2019 in the contemporary cruise port network in Southern Europe.





	Port
	2015
	2016
	2017
	2018
	2019
	Annual Average 2015–2019





	Barcelona
	0.253
	0.124
	0.107
	0.100
	0.131
	0.143



	Lisbon
	0.114
	0.115
	0.102
	0.090
	0.209
	0.126



	Amsterdam
	0.096
	0.093
	0.085
	0.131
	0.123
	0.106



	Málaga
	0.075
	0.077
	0.099
	0.216
	0.056
	0.105



	Thira-Santorini
	0.091
	0.002
	0.001
	0.156
	0.178
	0.086



	Funchal
	0.117
	0.032
	0.052
	0.082
	0.119
	0.080



	Mykonos
	0.045
	0.112
	0.127
	0.038
	0.057
	0.076



	Dubrovnik
	0.108
	0.091
	0.075
	0.037
	0.046
	0.071



	Palma de Mallorca
	0.079
	0.059
	0.095
	0.044
	0.066
	0.069



	Gothenburg
	0.040
	0.129
	0.082
	0.030
	0.039
	0.064



	Katakolo
	0.033
	0.08
	0.068
	0.059
	0.039
	0.056



	Civitavecchia
	0.055
	0.028
	0.05
	0.043
	0.101
	0.055



	Southampton
	0.091
	0.002
	0.03
	0.128
	0.000
	0.050



	Cádiz
	0.058
	0.022
	0.054
	0.043
	0.056
	0.047



	Valletta
	0.025
	0.015
	0.054
	0.071
	0.022
	0.037







Source: Authors elaboration.
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Table 9. Top 15 ports in terms of authority and hub weights and its evolution from 2015 to 2019 in the contemporary cruise network in Southern Europe.






Table 9. Top 15 ports in terms of authority and hub weights and its evolution from 2015 to 2019 in the contemporary cruise network in Southern Europe.





	
Port

	
2015

	
2016

	
2017

	
2018

	
2019




	
xk

	
yk

	
xk

	
yk

	
xk

	
yk

	
xk

	
yk

	
xk

	
yk






	
Palma de Mallorca

	
0.5942

	
0.5602

	
0.4285

	
0.6307

	
0.4868

	
0.5524

	
0.5850

	
0.6567

	
0.1518

	
0.1921




	
Barcelona

	
0.5394

	
0.4688

	
0.5731

	
0.4026

	
0.5980

	
0.4376

	
0.5941

	
0.5607

	
0.1753

	
0.1705




	
Valencia

	
0.3431

	
0.3525

	
0.4159

	
0.3801

	
0.3607

	
0.3878

	
0.1631

	
0.1305

	
0.0562

	
0.0508




	
Marseille

	
0.2793

	
0.4422

	
0.2965

	
0.4410

	
0.3185

	
0.4369

	
0.3253

	
0.2775

	
0.1252

	
0.0836




	
Thira-Santorini

	
0.0053

	
0.0050

	
0.0081

	
0.0102

	
0.0032

	
0.0050

	
0.0356

	
0.0367

	
0.4171

	
0.3782




	
Mykonos

	
0.0060

	
0.0055

	
0.0236

	
0.0184

	
0.0129

	
0.0131

	
0.0307

	
0.0419

	
0.3293

	
0.3582




	
Bari

	
0.0069

	
0.0047

	
0.0320

	
0.0274

	
0.0155

	
0.0101

	
0.0366

	
0.0453

	
0.3628

	
0.3993




	
Corfu

	
0.0088

	
0.0071

	
0.0324

	
0.0374

	
0.0155

	
0.0216

	
0.0430

	
0.0390

	
0.3697

	
0.3127




	
Dubrovnik

	
0.0118

	
0.0062

	
0.0460

	
0.0354

	
0.0183

	
0.0183

	
0.0340

	
0.0405

	
0.2300

	
0.2440




	
Venice

	
0.0063

	
0.0091

	
0.0411

	
0.0371

	
0.0142

	
0.0146

	
0.0431

	
0.0293

	
0.3255

	
0.2586




	
Livorno

	
0.0352

	
0.0560

	
0.0392

	
0.0504

	
0.0558

	
0.0944

	
0.0960

	
0.1110

	
0.0645

	
0.0561




	
Piraeus

	
0.0029

	
0.0038

	
0.0263

	
0.0137

	
0.0144

	
0.0093

	
0.0316

	
0.0344

	
0.2593

	
0.4082




	
Cannes

	
0.2244

	
0.0462

	
0.1536

	
0.0362

	
0.2121

	
0.0185

	
0.2200

	
0.2149

	
0.0656

	
0.0111




	
Ibiza

	
0.0930

	
0.0931

	
0.1462

	
0.1380

	
0.2207

	
0.1395

	
0.1843

	
0.1378

	
0.0485

	
0.0530




	
Valletta

	
0.1827

	
0.0722

	
0.3423

	
0.0110

	
0.1631

	
0.0292

	
0.1305

	
0.0357

	
0.0802

	
0.0203








Source: Authors elaboration.
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Table 10. Top 15 ports in terms of hub index and its evolution from 2015 to 2019 in the contemporary cruise network in Southern Europe.






Table 10. Top 15 ports in terms of hub index and its evolution from 2015 to 2019 in the contemporary cruise network in Southern Europe.





	Port
	2015
	2016
	2017
	2018
	2019
	Annual Average Hub Index 2015–2019
	Annual Average Cruise Calls 2015–2019





	Palma de Mallorca
	0.5958
	0.4922
	0.5228
	0.5919
	0.1689
	0.4743
	561



	Barcelona
	0.4581
	0.4993
	0.5446
	0.5631
	0.1641
	0.4458
	783



	Valencia
	0.2188
	0.2318
	0.2339
	0.0342
	0.0127
	0.1463
	191



	Marseille
	0.0960
	0.1247
	0.1370
	0.1076
	0.0441
	0.1019
	476



	Thira-Santorini
	0.0024
	0.0012
	0.0004
	0.0277
	0.3787
	0.0821
	536



	Mykonos
	0.0018
	0.0112
	0.0080
	0.0225
	0.2476
	0.0582
	546



	Bari
	0.0017
	0.0112
	0.0050
	0.0230
	0.2245
	0.0531
	229



	Corfu
	0.0032
	0.0165
	0.0091
	0.0273
	0.1970
	0.0506
	426



	Dubrovnik
	0.0050
	0.0266
	0.0116
	0.0231
	0.1390
	0.0411
	543



	Venice
	0.0029
	0.0212
	0.0061
	0.0211
	0.1330
	0.0369
	504



	Livorno
	0.0166
	0.0127
	0.0385
	0.0534
	0.0336
	0.0309
	478



	Piraeus
	0.0006
	0.0069
	0.0052
	0.0147
	0.1212
	0.0297
	594



	Cannes
	0.0338
	0.0176
	0.0324
	0.0520
	0.0099
	0.0291
	347



	Ibiza
	0.0133
	0.0268
	0.0494
	0.0330
	0.0142
	0.0273
	153



	Valletta
	0.0192
	0.0691
	0.0170
	0.0127
	0.0090
	0.0254
	332







Source: Authors elaboration.
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