Nikola Kutin 
  
Marie-Sabine Saget 
  
Thomas Vallee 
  
  
  
  
  
  
  
  
CONTAINER PORT HIERARCHY AND CONNECTIVITY BASED ON NETWORK ANALYSIS
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This study aims to analyze port hierarchy between 153 container ports. For this purpose, a network analysis was conducted. Particular attention was paid to 68 ports from the ASEAN+3 1 community. We have created five director weighted networks at both port and country levels. Results reveal that the prevailing structure of the global maritime network is hub and spoke, and that the port rankings change according to different centrality measures.

Regarding the intra-ASEAN+3 connectivity, ASEAN member states form a cluster of interconnected ports. A comparative analysis shows that both the Export and Maritime connectivity networks have similar patterns, which indicates that the containerized trade within ASEAN+3 has the same features as the intra-regional exports.

Introduction

Maritime transport is the cheapest and most efficient way to transport goods in large quantities. According to data from Clarkson Research, containerized trade has increased by more than 600% since 1990. This has dramatically changed the character of ports' infrastructure. Due to the expansion of ports' hinterlands, shipping lines have been able to streamline their itineraries by reducing the number of ports of call, creating load-centre ports (hub ports). It also induced a further increase in vessel size, along with a growth in terminal area [START_REF] Midoro | Maritime liner shipping and the stevedoring industry: market structure and competition strategies[END_REF]. Indeed, [START_REF] Notteboom | Concentration and the formation of multi-port gateway regions in the European container port system: an update[END_REF] stated that 'the success of the port is strongly affected by the ability of the port community to fully exploit synergies with other transport nodes.' Furthermore, the maritime network is a complex subject due to the fact that its prevailing structure is 'hub and spoke'. [START_REF] Asgari | Network design approach for hub ports-shipping companies competition and cooperation[END_REF] define a hub port as a port that connects regional ports (feeder lines) to other hub ports (global network). Such hub ports might exhibit different purposes or importance within a network. Some ports such as Singapore and Hong Kong have a strategic geographical position and play an important intermediate role in connecting other regional ports to major sea trade routes, while others like Shenzhen are a gateway to large manufacturing centres situated in the hinterland [START_REF] Wang | Determinants of port centrality in maritime container transportation[END_REF]. Therefore, analysing the position and the purpose of a port within a network is essential to understanding the nature of the liner shipping network.

According to the International Maritime Organization, over 90% of the world's trade is carried out via sea. Hence, it is interesting to analyze whether a network based on the maritime connectivity has similar features to the network related to the value of countries' total exports. An interesting case study is the ASEAN+3 2 community which aims to promote regional economic integration in Eastern and South-Eastern Asia. According to [START_REF] Tongzon | The challenges of economic integration: the case of shipping in ASEAN countries[END_REF] this integration may result in lower shipping costs and improved quality of shipping throughout the region, and thus contribute to an improvement in the ASEAN members' trade performance and international competitiveness.

This research aims to determine the characteristics of the maritime and trade networks at port and country levels by using the graph theory and centrality measures. For this purpose, a dataset of 153 ports from 50 countries, including statistics for 6,410 maritime routes in the year 2014, was used. Particular attention was paid to a subset of 68 ASEAN+3 ports, including 38 designated ports of the ASEAN Single Shipping Market (ASSM). This paper attempts to answer the following research questions: What are the characteristics of the global maritime shipping network? What are the key ports in the network and what is their main purpose (transhipment port, gateway port, regional port, etc.)? What is the position of the ASEAN community in the global shipping network? How are the regional maritime connectivity networks at port and country levels organized within the ASEAN+3 community? Are there any fundamental differences between maritime connectivity and countries' exports of all goods?

The remainder of this paper is as follows: Section 2 discusses the literature related to ports' connectivity and maritime trade. Section 3 explains the methodology related to the Network Analysis and the dataset used in the study. All results are depicted in Section 4. Lastly, a discussion on the outcomes of the study is provided in the final section.

2 ASEAN+3 community includes all member states of the Association of Southeast Asian Nations (ASEAN), the People's Republic of China, Japan, and the Republic of Korea.

Review of the literature

Network Analysis in the context of maritime transport

While the main ports and shipping routes have been described in a number of studies, the structure and evolution of the global maritime network, as well as some crucial issues such as unequal traffic distribution and port hierarchies, has not been fully documented [START_REF] Ducruet | The worldwide maritime network of container shipping: spatial structure and regional dynamics[END_REF][START_REF] Ducruet | Network diversity and maritime flows[END_REF]. It is important to analyze the ports' connectivity because even a small change in the network can cause shipping carriers to modify their shipping routes in order to meet the demands of the shipping markets [START_REF] Peng | A stochastic seaport network retrofit management problem considering shipping routing design[END_REF]. A suitable method to measure the connectivity of container ports is Network Analysis. It allows for the identification of port clusters, which may result in agglomeration economies and a strengthened bond between individual and organizational linkage networks [START_REF] Yang | Port choice strategies for container carriers in China: a case study of the Bohai Bay Rim port cluster[END_REF]. Such an analysis is a good complement to traditional measures of individual throughput [START_REF] Ducruet | Ports in multi-level maritime networks: evidence from the Atlantic (1996-2006)[END_REF].

The cost effectiveness and production efficiency of ports are closely linked to the optimization of their networks. [START_REF] John | A risk assessment approach to improve the resilience of a seaport system using Bayesian networks[END_REF] applied Bayesian belief networks to identify various influencing variables related to different risk factors in a seaport system. [START_REF] Peng | A stochastic seaport network retrofit management problem considering shipping routing design[END_REF] used a mixed-integer nonlinear stochastic programming model and showed that the deployment of the containers handled at each seaport was not directly related to its throughput capacity. In a study conducted by [START_REF] Wang | Determinants of port centrality in maritime container transportation[END_REF], Freeman's centrality measures were estimated in order to determine the importance of a given port at both regional and global levels. The degree centrality measures revealed that the key port in the network was Shenzhen. In terms of closeness centrality, which is related to the number of connections with diverse ports, Shanghai, Hong Kong and Singapore had the highest scores. In addition, the betweenness centrality measures pointed out that Hong Kong and Singapore are also hubs connecting different clusters of tightly connected ports. [START_REF] Notteboom | Concentration and the formation of multi-port gateway regions in the European container port system: an update[END_REF] conducted a detailed container traffic analysis for the period for 78 ports. His study showed that the performance of European ports was related to their position within supply chains and networks. There is also a gradual deconcentration process in the container handling market, though it remains more concentrated than other cargo handling segments. [START_REF] Ducruet | Network diversity and maritime flows[END_REF] applied network simplification techniques based on linkage analysis which removes from each port all its links except the largest one. His study revealed that the most diversified ports have a high level of centrality and dominance in the network. They are also connected with more ports situated at a longer physical distance. On the other hand, the most specialized ports capture the majority of global traffic, although their average connection distance is lower due to their distribution role at the intra-regional level.

Maritime and Trade networks in ASEAN+3 community

Since the establishment of ASEAN maritime transport cooperation, ASEAN Member States have been working to promote the progressive liberalization of maritime transport to improve the region's maritime performance and international competitiveness (ASEAN 2017).

Regarding the development of the ASEAN transport network, [START_REF] Banomyong | Trade Facilitation & Logistics Development: Bridging the GMS and beyond[END_REF] applied the Geographical Simulation Model (GSM) to analyze the effects of the implementation of The Master Plan on ASEAN Connectivity (MPAC) by the member states. The study shows that port development is mostly concentrated in specific locations and in countries with better trade facilitation, and that the positive effect it entails could spread to non-ASEAN member states such as Japan, China and India which have a better trade facilitation environment. According to the Liner Shipping Index, computed by UNCTAD, the ASEAN community has had steady progress in terms of integration into the global network. However, the index varies across countries and additional efforts are needed to strengthen the maritime connectivity in order to realize the ASEAN Single Shipping Market (ASEAN 2017). Therefore it is necessary to analyze ASEAN port integration within the regional and global networks, and the relations with ASEAN's closest trade partners: People's Republic of China, Japan, and the Republic of Korea.

There have been a few case studies regarding the countries in the ASEAN+3 community. [START_REF] Sutomo | Assessment Model of the Port Effectiveness and Efficiency (Case Study: Western Indonesia Region)[END_REF] applied Multi-criteria Analysis, Analytical Hierarchy Process and Graph Theory to detect the most efficient ports in Indonesia. Their analysis was conducted with a sample of 18 ports with respect of the density of the transportation infrastructure, the capacity of the port, and the speed of goods movement to ports. [START_REF] Zaman | Connectivity Analysis of Port in Eastern Indonesia[END_REF] used the Gravity Model to analyze the connectivity of 12 Indonesian ports. By taking into account the ports' facilities, the size of the regional economies, supporting infrastructure (highways, roads, import and export zones, etc.) and connectivity (global, regional and national), the study identified the ports which could play the role of hub under various scenarios. A recent study from [START_REF] Fahmiasari | Container Shipping Network Efficiency Comparison in Indonesia: Nusantara Pendulum and Sea Tollway[END_REF] assessed the efficiency of two plans used for the creation of an integrated container shipping network in Indonesia. They used a few network efficiency indices by taking into account the demand (TEU per year) at the port's origin and destination, ocean freight rates, and the port's connectivity. They concluded that the government should develop the least important ports in the network in order to improve the efficiency of intra-national trade and avoid empty return containers. [START_REF] Lam | Dynamics of liner shipping network and port connectivity in supply chain systems: analysis on East Asia[END_REF] analyzed slot capacity in terms of TEUsi.e. vessel capacity based on 3000 container shipping services from 1995 to 2006 for the Eastern Asian ports of Shanghai, Ningbo, Busan and Kaohsiung. The study found that inter-container port complementarity accounted for a significant share of changes to shipping capacity and that the ports periodically restructured their networks to adjust to the demands of the market.

Similar to shipping networks where we see flows of containers between ports of origin and destination, trade flows of goods and services between countries can be represented by directed graphs where all edges are potentially bidirected, as long as exports and imports between two countries are of nonzero values [START_REF] Nguyen | Economic integration in ASEAN+ 3: A network analysis[END_REF]). An analysis of both trade flows and FDI flows within ASEAN+3 countries was recently conducted by [START_REF] Nguyen | Similarity in trade structure: Evidence from ASEAN + 3.' Review of[END_REF]. They concluded that during the 1990-2012 period, the degree of trade and FDI integration varied among the ASEAN+3 member states. Furthermore, ASEAN+3's intra-regional trade network seemed to be more densely connected than its intra-regional FDI network, and large or advanced countries tend to be better linked and form a sub-regional bloc of tightly connected economies.

Adding value to the literature

We have not found any studies in the literature comparing the trade and maritime networks.

We expect some similarities between the two networks since 90% of exchanged goods are carried via sea [START_REF] Ducruet | Network diversity and maritime flows[END_REF]. The position of the ASEAN community within the global shipping network, as well as the connectivity of the designated ASEAN container ports, are topics which also require additional research. Furthermore, most of the studies analysing the importance of various ports use a very limited sample size. This research adds value to the literature by providing a comprehensive analysis of different types of networks at port and country levels using a sample of 6,410 maritime routes connecting 153 major ports around the world. Since we have almost all the major ports in the ASEAN+3 community, we can conduct an analysis on their intra-regional maritime and trade connectivity. The Network Analysis involves the computation of different centrality measures, allowing us to identify different clusters of tightly linked ports/countries. The method also detects nodes having the highest connectivity, good strategic location, and important intermediate connections. We also identify hub ports, which concentrate most of the maritime traffic or trade of goods between highly connected ports in the network. The findings of this study provide a foundation for understanding the typology of the global shipping industry, as well as the role of different ports/countries and communities within the network.

Methodology and data

Network analysis is the process of investigating complex structures through the use of graph theory [START_REF] Otte | Social network analysis: a powerful strategy, also for the information sciences[END_REF]. It has been used in a variety of studies, with the nodes representing individuals, organizations, or even countries, and the ties can refer to communication, cooperation, friendship, or trade. Ties can be differentiated in most settings [START_REF] Opsahl | Node centrality in weighted networks: Generalizing degree and shortest paths[END_REF]. [START_REF] Freeman | Centrality in social networks conceptual clarification[END_REF] developed the well-known centrality measures such as Degree, Closeness and Betweenness for binary directed and undirected networks. Degree centrality assesses the number of connections of a node with the other individuals in the network.

Closeness centrality shows how easily a node can be reached by other nodes, and betweenness centrality describes how important a node is in terms of connecting other clusters of individuals (Jackson 2010). These measures have been conceptualized for weighted networks [START_REF] Newman | The structure of scientific collaboration networks[END_REF][START_REF] Borgatti | Centrality and network flow[END_REF][START_REF] Brandes | A faster algorithm for betweenness centrality[END_REF][START_REF] Barrat | Weighted evolving networks: coupling topology and weight dynamics[END_REF][START_REF] Opsahl | Node centrality in weighted networks: Generalizing degree and shortest paths[END_REF].

Network Analysis based on centrality measures in the context of maritime trade

Maritime transport, and containerized trade in particular, consists of carriers transporting goods from port of origin to a given destination. Network analysis has been used by [START_REF] Wang | Determinants of port centrality in maritime container transportation[END_REF] and [START_REF] Ducruet | Network diversity and maritime flows[END_REF] to analyze port hierarchy and connectivity. We use directed weighted graphs, where the importance of the flow between the nodes depends on the edges' weights which can be represented by the value of exports, or, the average size of ships multiplied by the number of trips. In this study, the nodes are either a port or a country. 

Variables and data

Data

Networks

Recall that each maritime route connects a port of origin and a port of destination. In order to analyze the global shipping network as well as the regional networks of the ASEAN+3 community, we built five directed weighted networks named the following: 'Maritime Port Network', 'Maritime Country Network', 'ASEAN+3 Maritime Port Network', 'ASEAN+3 Maritime Country Network' and 'ASEAN+3 Export Country Network'. 12 In the case of maritime networks at port and country levels, the links between each pair of ports/countries are weighted according to the number of trips multiplied by the average size of the vessels operating on a maritime route. This indicator not only shows the frequency of the services (𝑁𝑏𝑇𝑟𝑖𝑝𝑠) but also the relative importance of the container trade flows on the maritime routes 𝐴𝑣𝑔𝑇𝐸𝑈. 1 depicts some basic features of the networks at port and at country levels. In the maritime network 'ASEAN+3 Export Country Network', the edges are weighted according to the value of exports in USD (𝐸𝑋𝑃). This indicator allows us to assess the importance of the trade between countries for all goods. Appendix 1 shows additional descriptive statistics about the variables that we used in this study.

Type of network

Type of nodes

No of nodes

No of edges

Weight of edges

Centrality measures used in this study

In order to analyze the different types of networks, and the hierarchy of ports or countries within them, we have computed a set of centrality measures for weighted directed graphs. The weight of the edges are according to the type of network and nodes (Table 1).

Weighted degree Centralities

In the case of directed graphs, there are two types of degree centralities, Indegree and Outdegree. The former shows the sum of all edges that are directed (pointing in) to node 𝑖 while the latter depicts all edges that are going out from the node 𝑖. Mathematically, both measures can be represented by equations 1 and 2.

𝑤𝑠 𝑖 𝑜𝑢𝑡 = ∑ 𝑤 𝑖𝑗 𝑁 𝑗 (1) 𝑤𝑠 𝑖 𝑖𝑛 = ∑ 𝑤 𝑖𝑗 𝑁 𝑗 (2) 
𝑤𝑠 𝑖 𝑜𝑢𝑡 and 𝑤𝑠 𝑖 𝑖𝑛 refers to the weighted Outdegree and Indegree centralities of node 𝑖, which are the sum of the weights of the edges 𝑤 𝑖𝑗 of all nodes 𝑁 which have a direct incoming or outgoing connection with node 𝑖. Nodes 𝑖 and 𝑗 are connected when 𝑤 𝑖𝑗 > 0. Ports having many connections with others and accommodating large ships have high Indegree coefficients, while ports which are a point of departure of a considerable number of vessels have high Outdegree scores. The same logic applies to the analysis of the interaction at a country level as well as in the case of the countries' exports where the weights of the edges are according to the value of exported goods.

Weighted Betweenness and Closeness Centralities

Betweenness and closeness centralities in weighted networks are based on the Dijkstra's algorithm [START_REF] Dijkstra | A note on two problems in connexion with graphs[END_REF]). The [START_REF] Newman | The structure of scientific collaboration networks[END_REF] and [START_REF] Brandes | A faster algorithm for betweenness centrality[END_REF] algorithm to estimate the shortest path between two nodes in a weighted network is as follows:

𝑑 𝑤 (𝑖, 𝑗) = 𝑚𝑖𝑛 ( 1 𝑤 𝑖ℎ + ⋯ + 1 𝑥 ℎ𝑗 ) (4) 
𝑑 𝑤 (𝑖, 𝑗) refers to the weighted distance between node 𝑖 and node 𝑗, while ℎ is an intermediate node situated on the shortest path between 𝑖 and 𝑗. Therefore, weighted closeness centrality of node 𝑖 (𝑤𝐶 𝑖 ) can be depicted by equation 5.

𝑤𝐶 𝑖 = [∑ 𝑑 𝑤 (𝑖, 𝑗) 𝑁 𝑗 ] (5) 
In the context of containerized trade, a port with high weighed closeness centrality refers to a port with the possibility of reaching all other ports in the network by passing through not so many intermediate nodes.

Weighted Betweenness centrality (𝑤𝐵 𝑖 ) is based on a combination of the number of intermediary nodes and tie weights [START_REF] Opsahl | Node centrality in weighted networks: Generalizing degree and shortest paths[END_REF]. It can be represented by the following equation:

𝑤𝐵 𝑖 = 𝑏 𝑗𝑘 𝑤 (𝑖) 𝑏 𝑗𝑘 𝑤 (6)
𝑏 𝑗𝑘 𝑤 (𝑖) refers to the number of times that node 𝑖 is an intermediate passage for node 𝑗 to reach all 𝑘 nodes in the network, as well as the associated weighs to the links. Ports with high weighted betweenness have a strategic position in the network, and might play a role as an important hub port or an obligatory passage to reach other ports.

Hub Coefficient

There are two main types of network configurations in the maritime trade: the hub and spoke network and the multi-port network (Figure 3). The first one is a system of connections where all traffic moves along spokes connected to the hub at the centre. By contrast, the multiport calling configuration is characterized by direct trajectories of any given vessel between the ports. Such structure is used in the case of relatively small container port networks. We used the algorithm of [START_REF] Kleinberg | Authoritative sources in a hyperlinked environment[END_REF] to detect hub ports, which was applied in the context of online queries and analysis of the hyperlink structure among 'www' pages. This algorithm identifies authoritative 'www' pages (authorities) for broad search topics. Pages that connect a number of authorities are called hubs.

Regarding maritime transport, ports having high Hub coefficients are connected to ports with high Indegree centrality. This algorithm allows us to identify ports which are mainly connected to other major ports in the network.

Identification of clusters

A related question of interest is to know if one port belongs to a particular community of ports, and if yes, how this community is defined? As stated by [START_REF] Pons | Détection de structures de communautés dans les grands réseaux d'interactions[END_REF] and [START_REF] Pons | Computing communities in large networks using random walks[END_REF], the concept of community in graph theory is not clearly defined. However, it is possible to define a community as a set of vertices (nodes) where the density of internal connections is greater than the density of connections to the outside [START_REF] Pons | Détection de structures de communautés dans les grands réseaux d'interactions[END_REF]. Accordingly, to calculate the potential communities within a given network, one should split the network into a given number of groups.

In order to determine different groups of ports or countries, we use the modularity algorithm for weighted direct networks applied by [START_REF] Blondel | Fast unfolding of communities in large networks[END_REF].

In summary, by applying Network Analysis and Graph Theory we can identify the ports/countries (i) with the most outgoing and incoming connections (degree centrality), (ii) which have diverse connections and are easily reachable by other nodes in the network (closeness centrality), (iii) which are intermediate links 'bridges' connecting different clusters or peripheral nodes (betweenness centrality) and (iv) which play the role of hub in regional and global shipping networks. In addition, this methodology allows us to discern tightly connected clusters of ports/countries.

Results

The networks analyses were conducted using Gephi software (version 0.9.2) and R software (Package 'tnet'4 ).

Maritime Port Network (153 nodes)

Typology of the global 'Maritime Port Network'

As shown in Appendix 1, the descriptive statistics of the nodes and the link attributes reveal a significant dispersion around the mean, as the studied sample consists of highly heterogeneous ports and maritime routes. The network has a high degree of connectivity ( The clustering coefficient reflects the probability of being connected to other nodes in the network. It is relatively significant (0.69), as should be expected, considering the average number of neighbours of each node. It is also observed that the network density is small (0.276). The Graph Density measures how complete the network is [START_REF] Bastian | Gephi: an open source software for exploring and manipulating networks[END_REF]. A complete network contains all possible edges and has a density of 1.

These results indicate that the network has a scale-free configuration. Such networks, introduced by [START_REF] Barabási | Emergence of scaling in random networks[END_REF], are mainly characterized by a degree of distribution that follows a power law, with a few highly-connected nodes and a majority of nodes with lower degrees of centralities.

Ranking of ports in the Global Maritime network based on centrality measures

When we look at the rankings of the 153 ports in the 'Maritime Port Network' (Appendix 2), we observe that ports change their position according to different centrality measures. Recall that the weight of the links between the ports is according to the Number of Trips multiplied by the average size of the vessels operating between each pair of ports. annual throughput of 600,000 TEUs is ranked 10 th . This means that the port is not a hub, but is compulsory passage for many smaller regional ports (feeder ports). Other Indonesian ports such as Port Klang, Tanjung Priok and Tanjung Perak (Surabaya) also play a key role in connecting the ASEAN community to the global shipping network.

In order to detect major hub ports in the global 'Maritime Port Network' we look at the Hub Coefficient. Unsurprisingly, the most important hub ports are identified as Singapore, Hong

Kong, Ningbo-Zhoushan, Shanghai, Shenzhen, Port Klang and Rotterdam. These ports have very strong links between them as well as with other major ports in the network.

When we look at the correlation coefficients of the centrality measures and the annual throughput in 2014 (Table 4), there is very strong correlation between Outdegree and Indegree centralities (0.99) not surprisingly. It means that ports which are major points of departure for many ships are also major destinations. In addition, indegree and outdegree are both positively correlated to Hub, Betweenness and Container Throughput. Thus, ports with high hub coefficients are intermediate links with a capacity to handle many containers and, due to their geographical locations, are easily reachable by other ports in the network. The existence of hub ports in the 'Maritime Port Network' reveals that any dysfunction or removal of one hub can lead to the separation of different clusters or communities, and to a larger extent, the destabilization of the logistics chain [START_REF] Xu | Modeling transportation network redundancy[END_REF].

Appendix 3 shows a graphical representation of the Maritime Port Network where we see that five communities have been identified. The first community consists of ports belonging to eleven countries from North and South America (see last column of the table in Appendix 2). In the second cluster there are 10 European, 1 Canadian and 1 Moroccan ports. The third community is formed by 51 ports from Europe, Asia, the Middle East and Africa. The fourth group of closely connected ports is dominated by ports from China, Taiwan, the U.S. and the Philippines. In this group we also have a few ports from Mexico. The last community only contains ports from Indonesia. These results reveal that the geographical location of a port is not enough by itself to explain the connections with other ports.

Maritime Country Network

At a country level, the maritime network is a polarized or scale-free structure with a high level of connectivity. It is a core-periphery structure where the most important countries are the world's main importers and exporters. Japan, Egypt and Spain have very high closeness coefficients, which means that they have strategic locations in the network. In terms of intermediate nodes, Spain, Japan, Germany and Malaysia are found to be the most important nodes. We have not estimated the hub coefficient due to the high level of density of the network and the fact that almost all countries in the sample are interconnected. Unsurprisingly, at the country level the clustering coefficient and the graph density are higher than in the Maritime Port Network (Table 5).

When we compare the countries in the sample, we observe that China and the U.S. are the most connected nodes according to all centrality measures (Table 6). In terms of Indegree and Malaysia, Cambodia, the Philippines and Brunei. We did not include Myanmar due to the lack of data, and we did not include Laos since it is a land locked country. The low graph density (0.383) and the average path length of 1.677 suggest that the ports are well connected and that on average they interact with 25.7 nodes in the sample (Table 7). The good connectivity between the ASEAN+3 ports is confirmed by the high clustering coefficient (0.741).

In contrast with the global 'Maritime Port Network', within 'The ASEAN+3 Ports Network' Singapore is ranked 5 th and 7 th in terms of Outdegree and indegree respectively. In terms of intra-ASEAN outgoing and incoming traffic, the Japanese ports and Honk Kong are the most important ones (Table 8). However, Singapore is the gateway port of ASEAN+3 to the global shipping market. It has many direct connections with smaller (feeder) ports and its role as a major transhipment centre for Eastern and South-Eastern Asia is confirmed by its high closeness and betweenness coefficients. Shanghai, Hong Kong and Shenzhen are also important intermediate ports. The high hub coefficients of Hong Kong, Singapore, Shanghai, Shenzhen and Kaohsiung

show that these ports are mainly connected with other hubs of the 'ASEAN+3 Maritime Port Network'. Appendix 6 shows detailed centrality measures for all ports in the sample. The correlation matrix between the centrality measures of the 'ASEAN+3 Maritime Port Network' is similar to that of the maritime port network. However, it should be noted that the correlation between Outdegree and hub, as well as indegree and hub, is lower in this network with 0.68 and 0.69 respectively. This is normal since we observe a regional network of well interconnected ports. Kong, Taiwan and the Philippines. These results suggest that the ASEAN ports have a strong maritime intra-regional integration. As a corollary, it means that the ASEAN Single Shipping Market and its designated ports maintain close ties. In addition, there is also a high level of connectivity between Chinese ports and Hong Kong.

Comparison between ASEAN+3 Maritime Country Network and ASEAN+3 Export Country Network

Since the dataset includes almost all major ports situated in ASEAN+3 nations, we focus our analysis on the particular case of the maritime and export networks at a country level in this The other states belong to the second community which is dominated by Japan and South Korea.
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In both observed networks Japan, China and Hong Kong have the highest scores. In addition, the rankings of Cambodia, Brunei, Philippines and Thailand are very similar. Vietnam has low Outdegree and Indegree centralities while its betweenness scores are higher in the two networks. It should be highlighted that in the Maritime as well as the Export network, Singapore plays an important role as a bridging organization (high betweenness centrality). These results

suggest that in the context of ASEAN+3, the development of the port infrastructure and the connectivity has a substantial impact on the overall trade performance. When we look at the structure of the Trade and Maritime Networks of ASEAN+3, we observe similar features not only at the country level but also at port level.

Conclusion

Network Analysis is a suitable method to investigate the structure of the maritime transport system as well as the hierarchy of the ports/countries at global and regional levels according to different centrality measures. We have analyzed five types of directed weighted networks. The weights of the links between nodes are according to the number of trips and the size of the containership vessels operating between the origin and destination ports, or, the value of countries' exports.

The first network consists of 153 ports from all around the world. Our findings confirm the hub and spoke structure of the Global Maritime Network. As major hubs have been identified

Singapore, Hong Kong, Ningbo-Zhoushan, Shanghai and Shenzhen. Ports with relatively low Indegree and Outdegree centralities, such as Port Said, Balboa and Belawan, have very high betweenness centralities which indicates their strategic geographical position and connections with ports which are situated at the periphery of the global network. When we aggregate the data at the country level, the 'Maritime Country Network' shows a similar pattern. The European states as well as North and South America form linked communities. China, the U.S., the Netherlands, and Japan are intermediate passages.

We have also analyzed the intra-maritime connectivity between ports situated in the ASEAN+3 countries. The Japanese ports and Hong Kong play the most important roles in terms of outgoing and incoming traffic. However, Shanghai and Singapore are found to have the highest betweenness scores which make them important intermediate points connecting many ports in the network. Furthermore, modularity analysis identifies a community of ports from exclusively ASEAN member states except the Philippines. This finding reveals that ASEAN states had a good intra-regional connectivity in 2014.

A comparative analysis was conducted between the maritime and trade integration of ASEAN+3 countries. In the case of maritime connectivity, all ASEAN member states form the first cluster, while China, Taiwan, Hong Kong, Republic of Korea and Japan are associated with the second cluster. When we weight the links between countries according to the exports, the 'ASEAN+3 Export Country Network' has similar features as the 'ASEAN+3 Maritime Country Network', even though the rankings for some countries was slightly different. Similar to the Ports Network, China and Hong Kong form one community, while Singapore plays an important intermediate role in both networks. These findings confirm the comparable pattern of countries' exports and their maritime connectivities.

Potential future research could be conducted by analysing competition in the liner shipping sector by taking into account the number of carriers operating on different maritime routes. In the context of ongoing investments in port infrastructure and Climate Change, the sustainability of the supply chain network is a hot topic. Network analysis could be a useful tool to detect ports which are important in the network and to assess their resilience to different disturbances such as natural and man-made disasters. A similar analysis for a longer period of time with dynamic graphs could be also conducted in order to observe how containerized transport has evolved throughout the years. In the near future, data availability should increase and similar analyses might be possible for a bigger sample.

Appendices:

Appendix 1: Descriptive statistics of different type of networks 

  on port connectivity was obtained from Lloyd's Marine Intelligence Unit. It contains information about port to port connectivity in 2014, and consists of 153 ports from 51 countries, including 79 ports in Asia, 27 in North America, 20 in Europe, 19 in Africa and 8 in Latin America and the Caribbean. There are 6,410 direct maritime routes connecting the ports in the sample: Container port of origin (Source, port i) Container port of destination (Target, port j) Average size of the ships in TEU going from port i to port j (AvgTEUij) Number of trips from port i to port j (NbTripsij) Data were also aggregated at a country level in order to analyze the interactions between the states in the sample: Country of departure, Source (country a) Country of arrival, Target (country b) Average size of the ships in TEU going from country a to port b (AvgTEUab) Number of trips from port A to port B (NbTripspab) The export dataset was collected from UN ComTrade 3 commodity databases in the Standard International Trade Classification (SITC) Revision 3. It contains the exports in USD for ASEAN + 3 states (EXPab).

Figure 1

 1 Figure 1 Hub and Spoke versus Multi-Port Calling configuration. Source: (Imai et al., 2009)

  

  

  

  

Table 1 .

 1 Type of networks and weightingTable

	Maritime Port Network	Ports	153	6410	𝑤 𝑖𝑗 = 𝐴𝑣𝑔𝑇𝐸𝑈 𝑖𝑗 * 𝑁𝑏𝑇𝑟𝑖𝑝𝑠 𝑖𝑗
	Maritime				
	Country	Countries	51	2490	𝑤 𝑎𝑏 = 𝐴𝑣𝑔𝑇𝐸𝑈 𝑎𝑏 * 𝑁𝑏𝑇𝑟𝑖𝑝𝑠 𝑎𝑏
	network				
	ASEAN+3				
	Maritime Port	Ports	68	1745	𝑤 𝑖𝑗 = 𝐴𝑣𝑔𝑇𝐸𝑈 𝑖𝑗 * 𝑁𝑏𝑇𝑟𝑖𝑝𝑠 𝑖𝑗
	Network				
	ASEAN+3				
	Maritime Country	Countries	13	135	𝑤 𝑎𝑏 = 𝐴𝑣𝑔𝑇𝐸𝑈 𝑎𝑏 * 𝑁𝑏𝑇𝑟𝑖𝑝𝑠 𝑎𝑏
	Network				
	ASEAN+3				
	Export Country	Countries	13	156	𝑤 𝑎𝑏 = 𝐸𝑋𝑃 𝑎𝑏
	Network				

Table 2

 2 

	Clustering Coefficient	0.695
	Diameter	4
	Average Path Length	1.809
	Average bivariate Degree	47.81699346
	Average Weighted degree	16,409,626.386
	Node Count	153
	Density	0.276

). On average, the bivariate distance between any two connected nodes is 1.809 edges and each interacts with approximately 48 other ports in the sample.

Table 2 .

 2 Characteristics of the Maritime Port Network

Table 3

 3 depicts the top 20 ports ranked in terms of the selected network indicators. The most important port in Europe is the port of Rotterdam, as it has the highest Outdegree score. This means that the frequency and the size of the ships departing from this port of origin are substantial.In terms of Indegree centrality, Singapore has the highest score and Rotterdam ranks second.

	No	Rank Outdegree (weighted)	Rank Indegree (weighted)	Rank Closeness (weighted)	Rank Betweenness (weighted)	Rank Hub
	1	Rotterdam	Singapore	Port Said	Singapore	Singapore
	2	Singapore	Rotterdam	Singapore	Port Said	Hong Kong
						Ningbo-
	3	Shanghai	Port Said	Shanghai	Shanghai	Zhoushan
	4	Hong Kong	Shanghai	Rotterdam	Rotterdam	Shanghai
		Ningbo-		Ningbo-		
	5	Zhoushan	Hong Kong	Zhoushan	Hong Kong	Shenzhen
	6	Port Said	Antwerp	Hamburg	Balboa	Port Klang
	7	Hamburg	Hamburg	Hong Kong	Valencia	Rotterdam
			Ningbo-			
	8	Shenzhen	Zhoushan	Shenzhen	New York	Tanjung Pelepas
			Bremen/Bremer			
	9	Antwerp	haven	Antwerp	Tokyo	Kaohsiung
		Bremen/Breme		Bremen/Bremer		
	10	rhaven	Shenzhen	haven	Belawan	Port Said
	11	Tokyo	Le Havre	Valencia	Port Klang	Hamburg
	12	Le Havre	Valencia	Felixstowe	Marsaxlokk	Antwerp
					Tanjung Priok	
	13	Valencia	Tokyo	Yokohama	(Jakarta)	Algeciras
	14	Felixstowe	Yokohama	Tokyo	Antwerp	Jebel Ali (Dubai)
	15	Yokohama	New York	Algeciras	Yokohama	Le Havre
					Tanjung Perak	
	16	New York	Felixstowe	Tanjung Pelepas	(Surabaya)	Valencia
	17	Algeciras	Nagoya	Port Klang	Shenzhen	New York
	18	Nagoya	Algeciras	Le Havre	Ningbo-Zhoushan	Norfolk (USA)
	19	Kaohsiung	Jebel Ali (Dubai)	Southampton	Port Everglades	Balboa
						Bremen/Bremer
	20	Port Klang	Kaohsiung	Keelung	Algeciras	haven

Table 3 .

 3 Ranking of top 20 ports according to different centrality measuresAlthough Port Said had an annual throughput of only 3.96 million TEU in 2014, it has the highest closeness coefficient due to its unique geographical location. The port is located at the north gate of the Suez Canal, a 200 km-long canal that connects the Mediterranean with the Red Sea[START_REF] El-Bastawisy | Integrated Socio-economic Development for Accelerating the Regional Role of Port-Said in Tourism Development of Egypt[END_REF], and is at a strategic position easily reachable by many ports in the sample. Singapore is ranked second due to its role as a major hub port connecting Southeast Asia with Western Asia, Europe and Africa. Similar to the findings of[START_REF] Wang | Determinants of port centrality in maritime container transportation[END_REF], the Chinese ports of Shanghai, Shenzhen and Hong Kong have very high weighted closeness scores and rank 3 rd , 7 th and 8 th respectively. Ningbo-Zhoushan is another Chinese container port which is ranked 5 th and is situated in the Yangtze River Delta, a large industrial and logistics area.Similar to closeness centrality, the betweenness measures show that the ports serving as the most important intermediate passages are Singapore, Port Said and Shanghai. It is interesting to highlight that the port of Balboa is in 6 th place. It is an important hub connecting Far East and North America to the West Coast of South America, Central America and the Caribbean. Like Port Said in Egypt, the Panamanian port has a strategic location on the Panama Canal which makes it

a compulsory intermediate node for the majority of traffic in Latin and Central America. Although weighted betweenness centrality identifies major hubs of the global network, Belawan with an

Table 4 .

 4 Correlation matrix between weighted centrality measures for the Maritime Port Network

		Outdegree Indegree Closeness Betweenness	Hub	Container Throughput
	Outdegree	1					
	Indegree	0.99	1				
	Closeness	0.34	0.35	1			
	Betweenness	0.74	0.74	0.18	1		
	Hub	0.80	0.81	0.61	0.47	1	
	Container Throughput	0.72	0.68	0.22	0.63	0.62	1

Table 5 .

 5 Characteristics of the Maritime Country Network

	Clustering Coefficient	0.792
	Diameter	3
	Average Path Length	1.408
	Average Bivariate Degree	29.784
	Average Weighted degree	42,509,324.093
	Node Count	51
	Graph Density	0.596

Table 7 .

 7 Characteristics of the ASEAN+3 Maritime Port Network

	Clustering Coefficient	0.741
	Diameter	4
	Average Path Length	1.677
	Average Bivariate Degree	25.662
	Average Weighted degree	7,332,918
	Node Count	68
	Graph Density	0.383

Table 8 .

 8 Ranking of top 20 ASEAN+3 ports according to different centrality measures

		Outdegree	Indegree	Closeness	Betweenness	Hub
	1	Tokyo	Tokyo	Singapore	Singapore	Hong Kong
	2	Yokohama	Yokohama	Tokyo	Shanghai	Singapore
	3	Nagoya	Nagoya	Yokohama	Hong Kong	Shanghai
	4	Hong Kong	Hong Kong	Hong Kong	Shenzhen	Shenzhen
	5	Singapore	Shenzhen	Shenzhen	Tokyo	Kaohsiung
	6	Shenzhen	Shanghai	Shanghai	Yokohama	Port Klang
	7	Shanghai	Singapore	Nagoya	Tanjung Priok (Jakarta)	Ningbo-Zhoushan
	8	Keelung	Ningbo-Zhoushan	Ningbo-Zhoushan	Port Klang	Nagoya
	9	Ningbo-Zhoushan	Keelung	Keelung	Tanjung Perak (Surabaya)	Laem Chabang
	10	Kaohsiung	Kaohsiung	Hanshin Ports	Belawan	Tanjung Priok (Jakarta)
	11	Hanshin Ports	Hanshin Ports	Kaohsiung	Bangkok	Hanshin Ports
	12	Bangkok	Bangkok	Penang	Manila	Tokyo
	13	Port Klang	Busan	Port Klang	Ningbo-Zhoushan	Yokohama
	14	Laem Chabang	Port Klang	Bangkok	Kota Kinabalu	Penang
	15	Busan	Laem Chabang	Laem Chabang	Kaohsiung	Tanjung Pelepas
	16	Penang	Tanjung Pelepas	Busan	Tanjung Mas (Semarang)	Xiamen
	17	Lianyungang	Penang	Belawan	Laem Chabang	Busan
	18	Xiamen	Lianyungang	Lianyungan g	Zhanjiang	Manila
	19	Tanjung Priok (Jakarta)	Xiamen	Xiamen	Ho Chi Minh City	Keelung
				Tanjung		
	20		Tanjung Priok	Mas		
		Tokyo	(Jakarta)	(Semarang)	Nantong	Bangkok

Table 9 .

 9 Correlation matrix between weighted centrality measures for the 'ASEAN+3 MaritimeAs we can see in Appendix 7, three communities have been identified in this network. The first one includes 8 ports from Japan, Korea, and China. The second one includes 29 ports exclusively from ASEAN. The only ASEAN country we studied which does not have any ports in this cluster is the Philippines. The last cluster is the biggest one and has 31 ports from China, Hong

		Outdegree	Indegree	Closeness	Betweenness Hub	Container Throughput
	Outdegree	1					
	Indegree	0.9971	1				
	Closeness	0.3418	0.3446	1			
	Betweenness	0.7032	0.7	0.2583	1		
	Hub	0.6798	0.6875	0.6614	0.5346	1	
	Container Throughput	0.5678	0.5839	0.2286	0.7652	0.57	1
				Port Network'			
	Container throughput is highly correlated with betweenness centrality. Therefore, ports
	with high betweenness in the ASEAN+3 network also constitute an important part of the intra-
	ASEAN+3 maritime traffic.					

Table 11 )

 11 community. Recall that in the former network weights of edges are based on the Number of Trips multiplied by the average size of the containerships in TEUs, while in the latter, weights correspond to country Exports in USD. . In the case of the ASEAN+3 Maritime Country Network, we have identified two clusters. The first one includes all ASEAN states except the Philippines, while the second is constituted of China, Philippines, Japan, South Korea, Hong Kong and Taiwan. It confirms our previous finding that ASEAN countries form a well-connected community where the dominant port is Singapore (being both a port and a country).

		ASEAN+3 Maritime Country	ASEAN+3 Export Country
		Network	Network
	Clustering Coefficient	0.909	1
	Diameter	2	1
	Average Path Length	1.135	1
	Average Bivariate Degree	10.385	12
	Average Weighted degree	25,181,747	224,695,259
	Node Count	13	13
	Graph Density	0.865	1
	Table 10. Characteristics of ASEAN+3 Maritime Country Network and ASEAN+3 Export
		Country Networks	
	Unsurprisingly, the 'Export Country Network' is denser, since it takes into account all
	exported goods. On the other hand, ASEAN+3 countries have 10.38 maritime country connections
	on average.		
	At first glance we can see that major economies such as China, Japan and Hong Kong,
	which act as bridges toward Europe and North America, play a substantial role in both networks
	(		

Table 11 .

 11 Rankings of the ASEAN+3 countries in the Export and Maritime Network according to different weighted centrality measures In the case of the Export Country Network (Appendix 11), we have identified two clusters of countries. The most dominant nodes are China and Hong Kong, and they form the first community. These results are consistent with the outcomes of the modularity analysis of the third network, 'ASEAN+3 Port Network', where Chinese ports and Hong Kong form the third cluster.

https://comtrade.un.org/

https://cran.r-project.org/web/packages/tnet/tnet.pdf
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Outdegree centralities, Germany has the highest connectivity in Europe, followed by Spain and the Netherlands.

Outdegree

Ranking Indegree (weighed) ). The first one is constituted by only European countries. The second cluster includes 21 nodes mainly from Asia and the Middle East. The third cluster is the most diverse with countries from Europe, Asia, South America and Africa. Finally, similar to the port network, North and South American countries form a community.

ASEAN+3 Maritime Port Network

In this section we analyze the ports belonging to the ASEAN+3 community, which includes China, Hong Kong, Taiwan, South Korea, Japan, Singapore, Thailand, Vietnam, Indonesia,

Appendix 2: Main weighted centralities measures for the 'Maritime Port Network'

Weighted centrality measures for the 'Maritime Port Network' as well as the modularity class to which every port belongs. Note: Ports for which we do not have data for the container throughput, in the first column is written 'N/A'. 

Appendix 4. Main centralities measures for the 'Maritime

Appendix 5 Graphical Representation of the Maritime Country Network

Maritime Network of 51 countries in the sample. The size of the nodes corresponds to their outdegree weighted centrality. The weight of the links is 𝑤 𝑎𝑏 = 𝐴𝑣𝑔𝑇𝐸𝑈 𝑎𝑏 * 𝑁𝑏𝑇𝑟𝑖𝑝𝑠 𝑎𝑏 . The different colours of edges and nodes correspond to the modularity classes (closely linked nodes). 

Appendix 6 Main centralities measures for the 'ASEAN+3 Maritime