N

HAL

open science

Maritime Flows

César Ducruet, Olivier Joly, Marine Le Cam

» To cite this version:

César Ducruet, Olivier Joly, Marine Le Cam. Maritime Flows. [Research Report] CNRS. 2012.

halshs-00784146

HAL Id: halshs-00784146
https://shs.hal.science/halshs-00784146
Submitted on 9 Apr 2019

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://shs.hal.science/halshs-00784146
https://hal.archives-ouvertes.fr

THE ESPON 2013 PROGRAMME

TIGER - TERRITORIAL IMPACT OF GLOBALIZATION
FOR EUROPE AND ITS REGIONS

APPLIED RESEARCH PROJECT 2013/1/1
DRAFT FINAL SCIENTIFIC REPORT

WORKING PAPER 15

"MARITIME FLOWS"

CESAR DUCRUET, OLIVIER JOLY, MARINE LE CAM

CNRS FRANCE

1. Introduction

2. Port traffic concentration dynamics within the ESPON space, comparison with
NAFTA and ASEAN+3 (1970-2009)

Background on the evolution of port systems
Application to ESPON space and other main regions

3. Position of ESPON ports in global maritime flows, omparison with NAFTA and
ASEAN+3

Background on maritime network analysis

Application 1: Position of the ESPON space in glatyapping flows

Application 2: Single linkage analysis, nodal reggpand dominant ports
Application 3: Weight and share of ESPON-relateqbgimg flows at external ports
Application 4: Geographic specialization of ESPOdtp' maritime forelands
Application 5: Centrality and attractiveness of EEB¥ ports in global maritime flows

4. Territorial linkages of port traffic specialization within the ESPON space,
comparison with Japan

Background on port-region linkages
Application to ESPON and Japan

5. Synthesis, conclusions, and main recommendations

6. List of references



INTRODUCTION

Recalling the main objectives of the report

The main objective of the WP3 is to underline tlosippon of Europe and its hub/gateway ports in
worldwide air and maritime flows. Three levels obdysis are considered: global, regional, and |ocal
as well as relations between those scales. Thealglelel focuses on the weight and position of
Europe in global port traffic and maritime connens over time, notably looking at their changing
geographic distribution and identifying which domim port gateways have ensured Europe’s
maritime relations with the rest of the world. Owaerld level, the position of Europe will be anadgs

on various degrees of aggregation: as one singjiy,ems groups of port gateways (maritime ranges),
and as individual cities (multiple or single ter@as). The regional level looks at how such traffic
connections are distributed within the Europeamittey, taking into account the previous level
(world) while proposing a multi-scalar view on pgeteways. We also wish understanding the mutual
influence between global level and regional levakte port gateways are embedded within local,
regional, national, and trans-national economiessgatial systems. The local level will focus o on
gateway-corridor through a case study highlightiogcrete issues of regional planning and socio-

economic development in relation with port and $ggort activities.

The objectives can be synthesized as follows:
» To assess the position of Europe in maritime antlais;
» To assess the changing patterns of ports and tarpomaritime and air flows;

» To assess the territorial impacts of global mastfitows on regional development.

This report mainly focuses on the position of Eerags a whole in the maritime and airflows.
Databases that constitute the base for furtheryseslat port/airport level are described, and main
results are presented. There exists numerous statlieuropean ports and gateways but few of them
have a European-wide or worldwide focus, such aHidrconcentration analyses. More likely are
individual case studies on a local level of poritéilands, port terminals or the port-city intedac
where technological and socio-economic changesnare readable (e.g. waterfront redevelopment,
value-added and planning issues). European poke h#stly been analysed from a continental
perspective (e.g. their position and accessibilitythe road network), notably due to the inland
centrality of the London-Milan megalopolis. Thenefp the link with the research on maritime
networks remains rather limited, whereas Europesats @re often compared with each other based on
sole traffics regardless of their position globallyonversely, research on maritime networks is

dominantly local in scope, with studies of speclii@sins such as, for instance, the Caribbean, the

2



Mediterranean, and East Asia, notably about coetgiorts and liner shipping services, while their
industry coverage is bound to few or main operateecent research has provided some measures of
the polarised structure of the global liner shigpimetwork but without looking at its detailed
geographic coverage and its evolution except frdentifying the most central ports on the East-West
trunk route. There remains much to do on the iejgedddence among the three main elements of the
port triptych: maritime foreland, port (city), amihterland, although this concept has emergeden th
1960s and has been put in question later on wehatlvent of newer concepts such as transport (or
commodity, supply, value, logistics) chains andbgloproduction networks. No research has been
done yet putting together those elements in a samebus analysis, although it may best highligat th

strengths and weaknesses of European ports andaystéen the worldwide and European context.

Deviations from initial working plans

It must be noted that due to data problems, thiysisaof port traffic concentration has been resgd

to container traffic only on the 1970-2009 periadile inter-port maritime flows data could have
been exploited in 1996 and 2006 only for containarsd in 2004 for all commodities. Existing
databases on yearly port traffic data per commoditeh as Journal de la Marine Marchande and
Institute of Shipping and Logistics (ISL Bremen)revesither too incomplete or too costly (or both).
Lloyd's vessel movement data is extremely costligital format, and the time needed to encode and
clean paper-based versions that were obtained shemkprevious research projects was largely
underestimated. It took more than 6 months to oldailean table from two Lloyd's List paper-based
registers (October-November 2004). We now possdugga quantity of raw data in scan or paper
format on the 1946-2008 period, which were acquaheding the ESPON-TIGER project by means of
other funding, but it requires a lot of time antbdft to make it analysable. We hope that the amly
in 2004 only, although it cannot account for timgamics, can provide sound results to be further
complemented by other years. Another difficulty i@she statistically insignificant results obtaine
from factor analysis applied to European regionsetlaon their socio-economic characteristics and
traffic distribution per commodity. We still keepet main results in the last section of the regmrt,

the subsequent steps have been abandoned nanaddijsbatg a typology of port regions in ESPON,
NAFTA, and Japan. Yet, main trends obtained bydiaahalysis are still useful to better understand
the linkages between port activities and local ecties nowadays, although such linkages have
greatly weakened. It was the first time such anslgs port-region linkages was tried based on
available indicators, and further reflections olevant measures should be envisaged before going
further. The low statistical relationship among ighles has resulted in too many principal
components (factors) so that it was not relevamtrépose a typology of port regions based on these

factors, but the factors themselves remain intiergsts they clearly describe continental trends.



PORT TRAFFIC CONCENTRATION DYNAMICS WITHIN THE ESPON
SPACE AND OTHER MAIN REGIONS

Background on the evolution of port systems

The concepts of maritime range (Vigarié, 1964) pad system (Robinson, 1976) originally
depict a set of adjacent seaports in close proyianid interdependent through land and sea
freight flows. The search for regularities in thevdlopment of port hierarchies has mostly
been done from a continental perspective consiggrorts as heads of land-based transport
corridors willing to extend their hinterland covgea Early works provided spatial models
(Taaffe et al.,, 1963; Rimmer, 1967; Ogundana, 1930ygesting a trend towards an
increasing level of cargo concentration in porttsys. However, most scholars have
continued focusing primarily on hinterlands, duethie development of intermodalism and
logistic chains around ports (Van Klink 1998; Ramn, 2002), and the higher cost of land
transport versus sea transport (Notteboom, 200khoAgh the development of peripheral
ports (Hayuth, 1981) and offshore hubs has a maipurpose for cargo distribution towards
secondary ports (Slack and Wang, 2002; Nottebood®5Y their emergence has been
interpreted from the hinterland perspective of & pegionalization process leading to the
formation of a ‘regional load centre network’ (Nelibom and Rodrigue, 2005). There remain
important local deviations from general models oftpsystem development due to path
dependency and contingency (Notteboom, 2006a, 30@8aseen in Table 1 that provides a

review on former studies of port system evolution.

The definition of port systems has, however, otbeen limited to coastal morphology (i.e.
oceans, seas, basins, gulfs, straits, and deltas)c geographic proximity between ports
situated within administrative borders on varioesels (see Ducruet et al., 2009 for a
synthesis about case studies of port systems). rNewe&e port systems been defined and
delineated from the maritime perspective of intertpinkages. This raises the question
whether physical factors and geographic proximiilf play a role in the current spatial

patterns of container shipping circulations. Thaaepts of maritime region and port region,
which remain rather descriptive and vague in ttegdiure (Ducruet, 2009), may benefit from

the application of similar frameworks than in otlséudies of global networks (see Derudder



and Taylor, 2005), allowing for the definition obleerent groups of ports as well

identification of leader ports.

as the

Author(s), year Year Area Concentration factor(s) De-concentration factor(s)
Taaffe, Morrill & Gould 1963 Africa Inland transport corridors
Rimmer ngg Australia, New Zealand Inland transport corridors
Kenyon 1970 United States Q(/Igrt&?polltan dominance (New Hinterland-foreland changes
Ogundana 1971 Nigeria Sustained port dominance Port diffusion, diseconomies of scale
- Spatial consolidation and
Hilling 1977 Ghana rationalization
1981, . Development of large load '
Hayuth 1988 United States centres, intermodalism Peripheral port challenge
Slack lggg United States Level of intermodalism Port selection by carriers
Congestion, lack of space for further
Barke 1986 General expansion
Hoare 1986 United Kingdom Europegn_ integration, national
connectivity
; ’ Stable structure of port . I
Charlier 1988 Belgium hierarchy Traffic specialization
- . Exogenous development
Alrriess 1989 Indonesia through hinterland penetration
Kidwai 1989 India New port construction (bulk)
Technological innovations,
Kuby & Reid 1992 United States disappearance of smaller
ports
Todd 1993 Taiwan ‘Eglzc;rt-led policy and growth Balanced regional development
: Economies of scales in liner
Starr 1994 United States shipping, decreased port calls
Hoyle & Charlier 1995 East Africa Concentration of investments
' Hinterland development (railway), port
Charlier 1998 Benelux selection (Zeebrugge)
Notteboom 1997 Europe g(r)a:tf;lc shifts to medium-sized (new)
. Technological advance of Port competition, congestion, modal
Wang 1998 Hong Kong, China Hong Kong shift, high handling costs
Primate city polarization
Hoyle 1999 Kenya (Mombasa) New port development
Brunt 2000 Ireland ?g?g?iﬁ?“tan dominance National development plans
Wang & Slack 2000 Pearl River Delta Carriers’ pressures, port policy
Slack & Wang 2003 Asia Strategies of transnational operators
De & Park 2003 World Port competition, new technologies
) ) Development of ‘off-shore’ hubs and
Notteboom & Rodrigue 2005 Developed countries inland terminals
Urban growth, regional port
Ducruet & Lee 2006 World competition
Notteboom 2006a Europe, North America Stability of concentration
Notteboom 2006b East Asia New port development
Frémont & Soppé 2007 North European Range Stable traffic concentration Shipping line concentration
Ducruet 2008 Northeast Asia Hub dependence Military control, logistics barriers
. Technological differentials, Congestion, lack of space, port
Lee, Song & Ducruet 2008 Hong Kong, Singapore efficient planning policy competition
Ducruet, Roussin & Jo 2009 Northeast Asia Corridor development Cross-border cooperation

(Nampo-Pyongyang)

Selected studies on port system concentration



Application to the ESPON space and other main regits

There is a common trend among regions that is @lphincrease of throughput volume and
throughput concentration, despite some exceptigeats. Although Europe has the best fit
between the two indicators over the period, theé pesiod (2000-2009) shows an inverse
relationship due to the lowering concentration wéreased traffics. The same trend has
occurred in Asia and to a lesser extent in the Agasr because traffic has only slightly
dropped in volume (global financial crisis sinceéd2Pcompared to the negative fluctuations
of concentration. It means that in periods of sriahd decline, traffics tend to be less
concentrated than during periods of stable growfter a period of rapid volume and
concentration growth everywhere (1970s to mid-198bgrope’s traffic has remained far less
concentrated than in other regions (except Afrieandp the least concentrated) until the late
1990s. The rise in concentration may be explainedhb new role of Mediterranean hubs
competing for transhipment activities along theaABurope trunk line (e.g. Malta, Valencia,
Calabria, etc.) thereby capturing flows from tremtal gateway ports.
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POSITION OF ESPON PORTS IN GLOBAL MARITIME FLOWS

Background on maritime network analysis

Maritime networks can be simply defined as linksaeen ports created by the circulation of
vessels. Yet, there is a scarcity of empirical gsidlthough there is no reason why maritime
networks should not be analysed exactly like otrarsport networks (Joly, 1999). Yet, their
specificity is that the spatial design of maritimetworks depends solely on carriers’
circulations due to the absence of an infrastrectfrtrack as in air transport (White and
Senior, 1983). Unlike air networks, maritime netsare spatially constrained by coastal
geography: vessels cannot cross continents unleasa exists. For the rest, oceans allow a
great freedom of circulation despite physical fegtsuch as permanent or seasonal icing,
depth requirements of bigger vessels technically. (gort entrance channels), and political
barriers such as the former interdiction to essibtlirect calls between Taiwan and mainland
Chinese ports. As a result, maritime networks farwaguely defined distribution compared

with land networks (Rodrigue et al., 2006), dugreater spatial complexity and volatility.

But the main reason explaining the lack of appitwabf network theory to seaports is more
to be found on the practical side of the probldme:rarity of detailed information on maritime
circulation including nodes (ports), links (seadsa)) and flows (traffic). Some scholars
adopted an intermediate solution using, for insandata obtained from the French
Meteorological Office reporting every six hours fhesition of about 4,000 vessels worldwide
(Brocard et al., 1995), but this could not baseetwonrk analysisper se Historians and
geographers tended to represent circulation patiera very broad way based on qualitative
sources (Westerdahl, 1996). The time needed fdregag and encoding data from various
paper-based sources on vessel movements (Joly) 499%ell as the cost of existing numeric
information easily explain transport geographemsifuctance confronting such issue. In
addition, a comprehensive visualization of shippmegworks was difficult simply due to the
fact that classical tools of cartography remainedtéd in representing complex and vast

networks.

For such reasons, seaports are often compareddtegmiof their type of connection on the

maritime side, although it can be hypothesized tiatcharacteristics of seaborne connections



are a fundamental element of port performance.yEstidies of maritime forelands have
shown the specialization of ports in terms of gapgical reach in developed countries (see
Bird, 1969). The lack of detailed, accessible adatanaritime networks and related analytical
tools often constrained international comparisonldoal attributes such as throughput
volumes, physical equipments, terminal or cranalpectivity, and number of vessel calls
(Langen de et al., 2007). Early works, however,vighed some analyses of maritime
forelands for given ports, such as Irish ports (#&mé, 1955), Hamburg (Weigend, 1956),
Australian ports (Britton, 1965), Tyne (Elliott, 89), Clyde (De Sbarats, 1971), and British
ports (Von Schirach-Szmigiel, 1973), followed bynmeecent works on French (Marcadon,
1988) and Chinese ports (Wang and Ng, 2011). Thesks had in common to look at the
geographic specialization of ports' maritime fonels, notably at a time when port authorities
and central governments were principal actors efttansport chain, based on the concept of
port triptych (Vigarié, 1979). The reduction of éand studies is explained by the growing
ability of private and specialized transport firtasspread their networks across boundaries,
therefore motivating scholars to look at issuegoit selection and competition in a new
environment (see Slack, 1985, 1993; Notteboom atmk&Mmans, 2001; Robinson, 2002).
Some specific studies use the cartography of maiforelands on the world map for a given
port such as Le Havre (Merk et al., 2011) or a panige such as the Maghreb (Mohamed-
Chérif and Ducruet, 2011) in order to visualize enciearly the extent of overseas linkages.

Maritime networks have received increasing attentio recent years due to growing
availability of data, but global analyses remaiw.fén their recent review of the scientific
literature on maritime network analysis, Ducruealet(2010a) particularly stress the scarcity
and fragmentation of empirical studies in thisdjelvhich may be categorized among four

main approaches:

» Geographic coverage of carrier networkegional or global distribution of the port
networks for individual shipping companies basedservice data (e.g. Coscon, Maersk)
revealing their strategic choices in spreading rtimgtworks in a context of intense
competition and market concentration (Rimmer andntoss 2005; Frémont, 2007;
Bergantino and Veenstra, 2002, 2007; Veenstra anald® 2007);

» Network connectivity characteristics of a given network based on afgology, with
reference to spatial analysis and graph theoryh ssscthe pioneer study of Joly (1999)

showing the tripolar organisation of the global itiae system based on Reeds zones, and
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other works on a regional level where hub-and-spstkategies have modified the port
hierarchy and the organization of the network, sashthe Caribbean (McCalla, 2004,
Veenstra et al., 2005; McCalla et al., 2005; Wilregan and Hoffmann, 2008), the
Mediterranean (Cisic et al., 2007), Northeast Aflacruet et al., 2010a), the Atlantic
(Ducruet et al. 2010b), and the world (Ducruet almdteboom, 2012; Ducruet and Zaidi,
2012);

Network efficiency modelling of port selection processes and se#&ochthe optimal
location, for instance, of a transhipment hub lomgroverall shipping costs, and the
optimization of shipping routes (Zeng and Yang,2(agerholt, 2004; Song et al., 2005;
Tai, 2005; Shintani et al., 2007);

Complex networkslescription of the network’ hierarchical struetwn a worldwide level
comparing its properties with general models of Ismarld and scale-free networks,
providing series of robust statistical measure$ agcaverage path length and transitivity
on a world level (Deng et al., 2009; Hu and Zhu)2&aluza et al., 2010).



Application 1: Position of the ESPON space in globahipping flows

Methodology

Data was obtained from Lloyd's List, the world'simaaritime insurance company that
covers about 80% of the world fleet. It provideformation about the daily movements of
merchant vessels, including the sequence of ptst @ad information about vessels' carrying
capacity, type of commodity, among other. Due ® ¢bst of such information, the analysis
concentrates on 1996 and 2006 (January-Decemberfdotainer flows, and on 2004
(October-November) for all commodities. Due to lamkinformation on vessel type and
capacity in 2004, missing data was retrieved fralditeonal vessel databases such as Fairplay
World Shipping Encyclopedia MIRAMAR Ship IndexX, DNV Exchangg and the World
Shipping Registér This has demanded considerable efforts becautieecdbsence of IMO
(International Maritime Organization) numbers ofssels. Since many vessels regularly
change their name and flag, the risk of confoundivem across databases was avoided by
taking into account their type, subtype, year dafdhand ex-names.

Another methodological issue was the choice ofttmmage capacity. Although deadweight
tonnage (DWT) provides a more accurate pictureestel's commercial capacity (excluding
reservoirs, decks, rooms, etc.), the Gross Regit€éonnage (GRT), which corresponds to
the volume of the entire vessel, was chosen duéstwider availability in ship registers.
Measuring the weight of maritime flows based on GRjlres, however, may mislead the
importance of some commodities as there is no ptiopality between DWT and GRTIn
any case, the occupancy ratio of vessels (i.entineber of tons actually carried on each trip)
as well as the volume of freight handled at eaah @@ not specified by the sources. Thus, it
was assumed that the overall capacity (GRT) ofeless a good indicator of the importance
of flows. Vessel capacities were summed by portlandhter-port link during each period of
movements. This results in the elaboration of amgimidestination (OD) matrix to be
considered as a weighted, undirected graph ashier agttudies of accessibility in networks

(Rodrigue et al., 2009). Traffic flows are thusocaééted taking into account the volume and

! http://iwww.ihs.com/products/maritime-informatiohitss/world-shipping-encyclopedia.aspx

2 http://www.miramarshipindex.org.nz

3 http://lexchange.dnv.com/exchange/Main.aspx

* http://e-ships.net/

® The calculation greatly depends on vessel tyf&tepford (1982) suggested to convert GRT to DWTrtgans
of ratios such as 1:1.75 for tankers, 1:1.7 fokérd, 1:1.44 for general cargoes, 1:1 for containend 1:0.9 for
passengers.
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the frequency of vessel trips between locationsstlizavessel types were aggregated in
different categories, such as liquid bulk (i.e. ledp crude oil, oil products, chemicals,
liquefied natural gas, liquefied petroleum gas,eratine, edible oil, and unspecified tankers),
solid bulk (i.e. aggregates, cement, ores, andaaifsgd bulks), and containers. Flows of roll-
on / roll-off (ro-ro) vessels, which typically cgrtrucks and vehicles, are not analyzed
separately since they are often restrained to sartshipping services and remain intra-

regional.

Another crucial aspect of the methodology is thénden of spatial units upon which the
analysis will be based. Individual ports and perirtinals were aggregated at urban region
level because several large cities possess mulpple gateways. The absence of an
internationally recognized definition of the urbaea forced us to privilege a radius of ten to
twenty kilometers within national boundaries. Stlethworld regions are those defined by
the European Spatial Planning Observatory NetwB&RON) as World Unités Territoriales
Statistiques (WUTS), which are composed of seveintries grouped according to

geographic proximity as well as socio-economicratis.

The cartography proposed in this report stems fdifferent methods of data analysis.
Multiple linkages analysis (MLA) retains only thedviest traffic links among world regions
up to 50% of each region's total traffic. This noeth helps revealing the inner structure of
traffic flows without losing too much informatiorP@ebla, 1987), as it is well adapted to
small-sized networks. On the more disaggregateal lEworld ports, single linkage analysis
(SLA) is preferred to the previous method due ® gheater network size; only the largest
link is kept for each port. These two methods haveommon to simplify the network in a
way that spatial structures are better readabléatp at port level, the readability of results
is increased by the representation of subnetwonksafeas rather than through graph
visualization. Each area is a subpart of the ndtvwomodal region centered upon a dominant
or independent node. Another method applied in gaiper is the calculation of Europe-
related traffic at non-European ports in order ¢ofy the regionalism of Europe's influence.
In that case the chosen definition of Europe isEB&®ON space (EU27+4). Lastly, we apply
a multivariate analysis to European ports basethergeographic distribution of their traffic
in the world on the level of the aforementioned roaegions.

Main results
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This first analysis of maritime flows simply magsettotal amount of traffic flows among
world regions (WUTS1 and WUTS2 level) as well as fhare of ESPON-related traffic in
the total traffic at each region. This gives anaidd the absolute and relative weight of

ESPON in the global network compared with othermmagions.

The pattern based on all commodities at WUTSL1 lekielvs a clear polarization of network
by the Asia-Pacific region, with its largest floasnnecting Western Asia and Southeast Asia.
Europe has the highest share of Europe-relatedsfldue to the very high density of
interregional traffic, followed by Latin America diWestern Asia. Europe is still very central

but its links to other regions are not their latgegcept for Africa and Western Asia.
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On the level of WUTS2 regions, we observe a ventragé and dominant position of Europe
(here Western Europe) in global container flowgpdssesses the highest number of largest
flows connected to it, thus reflecting upon its diloamce over nearby regions (Africa, Eastern
Europe, Middle East, South Asia, and the Americhigrth America forms an independent
system by dominating Central America, just like theast Asia polarizing Asia-Pacific
regions. This pattern has significantly changed@®6. Although its distribution remains
comparable, the relative weight of Western Euroge ¢iminished everywhere. In addition,
Western Europe has "lost" a number of dominant eotions, such as East Africa, Middle
East, and South Asia, which are in 2006 directedhtds East Asia. Even North America's
largest flow is directed towards East Asia as watlian regions have become more strongly
interconnected, shifting from mono-polarization npblortheast Asia in 1996 to multi-
polarization upon Northeast, East, and SoutheastiA®006. There is also the emergence of
strong South-South linkages such as between Somérida and Africa. Overall, the global
container system has become more complex andamga éxtent less dominated by Western
Europe in only 10 years time.

1996 2006
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Application 2: Single linkage analysis, nodal regins, and dominant ports

At port level, results provide a number of so-ahlfeodal regions" as the global network is
split. The method is a simplification of the globatwork through keeping, for each port,
only the largest traffic link with another port, camemoving all other linkages, thereby
obtaining sub-trees. Each nodal region corresptmassubpart of the whole system and it is
internally organized through a hierarchy of porteeve one dominant port exerts its influence
on other ports. Relay ports are important nodesthiey remain under the influence of the
"dominant” port. Results can be interpreted in aasi ways. The geographic delineation of
nodal regions provides clues about the extent®infiluence of some dominant ports as well
as a certain continuity in flows and a degree ¢égration within certain areas. Each nodal
region is polarized by one or more larger portsl #re factors behind the separation among
nodal regions can be attributed to "barriers” éfkalds, such as distance, traffic and trade
intensity, geopolitical and cultural extensiong, élthough it remains very much descriptive,
such methods allow investigating the integratiorelef Europe in worldwide maritime flows.
Other methods of graph clustering and partitionshguld be tested in order to refine the
results: although this method has the advantag#adfying the overall network structure, it
gives too much importance to the hierarchical dismam of flows and it operates through
over-simplifying the real flows. For instance, ibfRerdam has 135 links with other ports, only
the largest traffic link is kept whereas many otlirgts actually matter to explain its position.
Of course, it was impossible to represent the whelevork. Each nodal region is represented
by an area on the world map with colours used aalgistinguish distinct regions, and
keeping only the names of the dominant ports.

For container flows in 1996 and 2006, one very darggion centred upon Hong Kong
dominates the world scene and extends across ttiecRand the Indian oceans. Elsewhere,
regions are much smaller in scope and reflect ulpoal patterns of port systems and
maritime circulations around one or more dominamb Iports: their existence reveals the
geographic coherence of the global system basedanitime ranges. In 1996, most of
Europe's main ports are included in the largesbregolarized by Hong Kong. This reflects
upon the importance of Asia-Europe trades as sedhe previous figures on total traffic.
However it is rather surprising that already in @9%uropean ports do not form an
independent system, or another system turned tewaa$s-Atlantic or cross-Mediterranean

links. Europe is thus split between the Asian regiad other local regions centred on Piraeus
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(East Mediterranean and Black Sea), Trieste (NoAdriatic), Barcelona (West
Mediterranean), Las Palmas (Canaries), Kemi (Nd#itic), the only exception being
Liverpool reaching across the Atlantic (Quebec).

In 2006, the pattern has changed in several ways.dbminant Asian region has extended its
dominance towards the Mediterranean region andképsits influence over Rotterdam and

Algeciras. It has also clearly taken over Africenakt entirely except for the (much reduced)
regions of Abidjan and Mombasa, but also imporfzarts of Oceania. The trend in Europe
corresponds to a wider split into smaller regiodAsaeus has been integrated in the Asian
region, but Turkish ports (Mersin, I1zmir) as wedl @onstanta are now dominant ports in their
own regions. New regions have appeared with LisBengen, Rostock, but also Antwerp and

Hamburg forming their own systems both across tti@nfic.
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For all commodities in 2004, the dominance of tls&aA nodal region (this time centred upon
Singapore, not Hong Kong) is somewhat more limgedgraphically than for sole container
flows, but it remains the largest, and still exteng to Algeciras and Gioia Tauro in Europe.
Other nodal regions of the world are more locatdope: they correspond to relatively clear
delineations of "maritime ranges" with a strongioegl dimension. For Europe, the overall
picture is still the one of a fragmented spacehwvilie largest component centred upon
Rotterdam (reaching across the Atlantic up to Mealtrand Toronto), and other smaller
components centred upon London, Barcelona, VemdeHfast, and Lisbon. It confirms the
lack of integration between North and South in peroas only Bilbao is included in the
region of Rotterdam. There is, of course, an olwimfluence of geomorphology on the
results, as merchant vessels need to follow thstinoas, unlike air transport. Nodal regions
are thus more likely to appear within rather tharss closed seas and basins, as they are

among other factors a product of traffic spatiaitowuity.
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These results also confirm the continental dimens@f Europe-related flows. The

fragmentation of the European space into severbtmuponents indirectly reflects the

importance of land-based networks and flows (rafiwaad) that are not counted in the

analysis of sole maritime flows. In contrast, Astands as a maritime region with a much
stronger homogeneity and spatial continuity. Furtlesearch should integrate, for instance,

road and railway networks in order to keep a camtial continuity among Europe's cities and

regions. This would provide drastically differemsults as well as for Asia (weaker inland

penetration of logistics chains) and North Amef(itanscontinental land bridges). This would

also help better understanding the intermodal itapae of some European gateways, as well
as the relative importance of maritime flows fdamd (non-port) cities and regions in Europe

and other parts of the world. At present basedhesd results, Europe is made of different

maritime subsystems having their own internal lpgiespite the fact that in reality, they are

complementary and interconnected.
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The same analysis applied to container flows ird20@@surprisingly, provides similar results

to the ones in 2006, which confirms the respecatjuality and comparability of the sources
(digital and paper versions). The overwhelming dwnce of the Asian region centred on
Hong Kong is visible, with long-distance ramificais towards Africa and North America.

However, Europe appears less fragmented than i6, 2@0€h most northern ports polarized by
Rotterdam, and a couple of nodal regions in theéhs@¢alencia, Constantza, Mersin, Istanbul,
and Piraeus). Other nodal regions are very sintibathe ones obtained in 2006. The
difference for Europe would mean that there is r@tinaous process of Asian expansion, but
this should be tested using more recent data i8 20@ 2010 for instance. The 2009 global

crisis may have dramatically reconfigured such dyiea and patterns.

Complementary evidence about the position of Eurekits ports in world maritime flows
can be obtained b applying the same methodologpécific commodity groups: liquid bulks,
solid bulks, general cargoes, and also contaifr@nsliquid bulks, Rotterdam, Marseilles, and
Alexandria include most of European ports in thespective nodal regions, followed by
smaller sub-networks centred upon Lisbon, Oslosidki, London, and Izmir. Oil, gas and
chemicals flows are thus polarized by a few domtirgorts, but there is still a clear divide
between northern and southern circulation logicthiwi Europe, with lesser cross-Atlantic
linkages. The rest of the world is organized ambongjatively clear regional ranges of ports
with a number of specialized and dominant liquidkbports such as Houston, Itaqui, and
Fujairah. It confirms the strong position of Singepas a pivotal centre for oil traffics in a
Southeast Asia-Oceania region, while Yokohama hasstnct subgroup with Japan and
South Korea. The Asian influence in Europe is thugh less evident than for containers and

all commodities.

A totally different pattern was obtained based olidsbulks flows (i.e. agricultural products,

coal, ores,, minerals). The Asian nodal regiontils gentred upon Singapore, but it extends
across the whole world up including most of Asid &drica, the Latin American East Coast,
Canada's West Coast, and most of Northern Europe.r@st of Europe (and the world) is
split amongst many small and geographically nartbwegions, except for Barcelona
extending its influence towards Morocco. While thwsuld suggest that solid bulk flows

create more integrated patterns, the dominancesaf i& better explained by the importance

of South-South trades and the enormous needs ahA&siuntries for such resources.
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Notably, it reflects upon the growing tendency Asian countries (Japan, China) to purchase
agricultural land at Southern countries of the glaind import products for domestic
consumption, as well as the voracious utilizatibrraav materials from all over the world,
China for instance being the world's premier imgodf coal, sugar, cement, etc. Singapore is
the dominant port because of its central role giamal distribution, and despite the fact that
bulk networks are mostly services through on-denardidirect calls, i.e. without hub-feeder

systems.

The distribution of nodal regions based on genegiedio flows provides the most fragmented
picture of Europe, as the maritime network is cosgabof several local subgroups with the
exception of the northern region centred upon Radi®. On the contrary, there is striking
continuity along the West Coast of the Americasdahcluding New York on the East Coast),
while Asia is split into a few nodal regions witln§apore still being the largest dominant
port. Osaka, Hong Kong, Surabaya, Dubai, and Sydhewever, act as pivots within
relatively large regions, but the one polarizedSygapore still reaches distant coasts such as
East Africa and India's East Coast. In Europe, moshl regions remain small and bound to
national boundaries or neighbouring ports suchnaghe Baltic (St. Petersburg) and the

Mediterranean (Valencia, Naples, Venice; Istanbimhassol).

For containers, there is not so much differencd whe previous analysis based on the year
2006, although the dominance of Asia is relatidelss important, but it already spreads all
over Africa and up to the Mediterranean (Gioia Taaind Algeciras hubs). Because the Asian
region in 2006 is even larger and spreads farthercan hypothesize that there has been a
progressive expansion of Asia's influence over tand that it is still expanding nowadays.
Asia's dominance in world trade flows is thus thestvisible for manufactured goods
(containers) and raw materials (solid bulks), msslfor liquid bulks and general cargoes.
Europe in general always appears fragmented artchapbngst relatively small nodal regions,
partly because it is a continental power and ansem@. Perhaps, the results may support the
idea of a weaker economic and trade integratideurope compared with other regions of the
world, but this contradicts official trends. Itpsobably more the influence of geomorphology

on vessel circulation patterns than economic fragaten, but the question is relevant.
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Application 3: Weight and share of ESPON, NAFTA, ad ASEAN+3 in the maritime
traffic of external ports

Methodology

Based on the aforementioned aggregation of indaligorts and terminals into metropolitan
cities whenever possible, we have calculated tlagesbf ESPON-related container flows in
the total traffic of each non-ESPON port. This cameal how important is the weight of
ESPON in the world at local level, and what is ¢f@graphic coverage of this importance.
Based on the GRT (Gross Tonnage) of vessels airccthamilation patterns, we calculated the
weight and share of each economic pole (ESPON, MARBNKd ASEAN+3) in the total traffic
of each external port. Such analysis provides ar @ecture of the geographic extent of each
pole's forelands and as such, those forelands eantérpreted not only as trading links but

also as areas of influence in the world.

Main results on container flows (1996-2006)

In 1996 and as a confirmation of previous analyseslarge region level, the relative
importance of ESPON is highest in the vicinity, mdynin the Mediterranean basin
(especially North Africa), West Africa, Canada (Qee), and the Gulf coast (Mexico, Texas,
Louisiana), with a few other spots in the Indiane@t (Madagascar, Reunion), in Polynesia,
and in Latin America (French Guyana, some Brazifiarts such as Belem and Recife). Trade
preference is thus clearly apparent together wiih permanency of post-colonial and

linguistic proximities.

In 2006 however, we also see some drastic modiiesitof this pattern. It seems that
ESPON's relative weight has geographically shrumkih) a concentration along West and
North African coasts, and still in Quebec. Elseveh@nly small and medium-sized ports are
heavily influenced by ESPON traffic in their overaictivity, such as Greenland, some
northern Latin American ports and some ports ofAhélles. Yet, some Asian ports (albeit

not very large) exhibit a higher share of ESPOMNtesl flows than in 1996, notably in

Southeast Asia. The dominance over African portsdraatly reduced, thus confirming the

former single linkage analysis.

For the two other main poles, the effect of geolgraproximity on traffic distribution is also

made clear, although for ASEAN+3 the influence gbegond the sole Pacific region, and it
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has expanded over time. For NAFTA, the influencenigch more in proximity: despite high
traffic volumes with Asia, the highest shares reamaith Latin America, with a noticeable
shrink over time. The analysis of container flow®ws that the influential area of ESPON
and NAFTA remain relatively concentrated aroundi&drand the Caribbean respectively,
while the influence of ASEAN+3 is more widespread al continents. This also simply
confirms the fact that Asia is a major exportercoftainerized (finished products) cargoes
towards the rest of the world, and it is dominarglynaritime region where ports have a

central role in logistics chains.
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Main results on all commodities (2004)

The weight and share of Europe in other portsfitraf by no means revelatory of the
importance of geographic proximity in the geograpiiylows. All maps confirm the heavy
specialization of North African and East Europeamt® in European traffics, with central
Maghreb (Morocco, Algeria, Tunisia) and Russiantpde.g. St. Petersburg) being the most
Europe-oriented (i.e. over 75% of their traffic ceoting European ports). Only a few distant
ports have a dominant share of Europe-related fiaviiseir total traffic, as seen in the map of

all commodities, and they often account for reldiivnegligible Russia. The extent of
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Europe's influence varies, however, according ®tifpe of commodities. While container
traffics are more widespread, general cargoesidignd solid bulks primarily concentrate in
the vicinity, with secondary clusters in West A&jche East Coast of North America, and the
Gulf countries. Except for containers, Europe isistHargely dependent upon few and
concentrated areas for its imports and exportsaaf materials. NAFTA's influence is still
(compared with the previous analysis based on cmhainer traffics) largely bound to the
Caribbean (relative values), and it is less glabah for ESPON (volumes handled). The
influential area of ASEAN+3 is primarily in the AsPacific and Indian Ocean regions as an
effect of continuity, from the U.S. West Coast te tMiddle East, and a much stronger

presence in Oceania, which is a major exporteawfmaterials (e.g. Australia) such as coal.
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For containers, the picture is relatively similar the one in 2006, but with a stronger
influence of NAFTA on West Australia, of ESPON omiahtic Americas as well as Indian
Ocean. Such differences can be explained by diffedgnamics taking place in 2004 and in
2006, and also by the different unit used for tim@lygsis (GRT instead of TEUSs). Sitill,
ESPON's foreland is more global than for the twbeotpoles, despite the very high
concentration of largest shares in the vicinity ¢¥ieeb, Eastern Europe) and throughout the
Atlantic.

For general cargoes, ESPON's forelands are mudlower than for containers, as they
concentrate mostly in the vicinity and at some h.and North American ports. For NAFTA,

there is a much higher concentration in the Caahband in some part of the Asia-Pacific
(Western Australia, Japan) than for container flowsr ASEAN+3, there is a clear

dominance all over the Indian Ocean and Asia-Raeifeas with a specific concentration on
Indian and Russian Far-Eastern ports.

Liquid bulks, which comprise oil products, chemg;and liquefied gas, provide much more
specific patterns in relation with the three mawmleg. This time, ESPON's forelands are
dominantly in the vicinity, due to the overwhelmimgportance of Europe in the energy
export flows of Maghreb countries (e.g. Algeriahand gas) as well as Ukraine and Russia,
with a lower influence over West African ports. NPk is more influenced on the latter (e.qg.
Nigeria) but its influential area remains boundeml, to Latin America (e.g. Venezuela,
Barbados). ASEAN+3 has the most narrowed forelantdtbconcentrates principally on the

Middle East and also Australia for natural resosrce

The patterns of solid bulk flows, which comprisesvariety of commodities such as
agricultural products, minerals, and ores, are &amjlar to the one of liquid bulks, with the
exception of ASEAN+3 for which the foreland is mudlore global. Australia appears as the
main partner for these flows due to its role asomakporter of such materials (e.g. coal, ores)
but also South Africa and India, which almost dmt appear in the maps of ESPON and
NAFTA for solid bulks.

Overall, the analysis if the forelands of main emoit poles per commodity groups provides

useful evidence to identify where and for which durcts the influential area of Europe
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(ESPON space) is dominant and/or limited. Europé&suits remain mostly local (North
Africa, Eastern Europe) despite some exceptionspeoed with ASEAN+3, but more
widespread than NAFTA, which often remains boundht Caribbean basin. The analysis
can be done in the future on more specific prod(ets gas, crude oil, coal) and for specific
countries (e.g. forelands of France, Spain, Unikedjdom, China, USA ...) in order to better

focus on specific transport chains by sea, and gathparisons established with other years.
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Weight and share of ESPON, ASEAN+3 and NAFTA in 200 (liquid bulk)
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Application 4: Geographic specialization of ESPON prts' maritime forelands

Methodology

The objective of this analysis is to differentid@&PON ports according to the dominant
geographic specialization of their traffic connagowith the world. Statistical analysis is
used to group ports into common "clusters" basedhendistribution of their traffic by
WUTS1 region (factor analysis and hierarchical sifesation).

Main results

The factor analysis of the distribution of trafbiy main world region at each European port
city was operated on the basis of the share of eamid region in ports' total maritime
traffics. It provides very clear views about thg&ographic specializations. At each year and
regardless of the type of flows (containers orcathmodities), traffic with Western Asia (i.e.
South Asia, the Middle East, and Eastern Europsyssematically opposed to other traffics,
especially the Americas and East Asia on the maatof 1, which concentrates most of the

total variance.

The second main trend (factor 2) somewhat diffetsvben the years, but overall, traffic with
East Asia is always opposed to Africa and Latin Aogetraffics (containers, 1996 and 2006)
while in 2004, it is only opposed to Africa. These dimensions of the original data can be
interpreted as an opposition between "proximityfita(Western Asia) and "distant traffic"
(Americas, East Asia) on factor 1, and as an opposbetween "Atlantic traffic" (Africa,
Latin America) and "Pacific traffic" (East Asia) dactor 2. Other factors being difficultly
comparable over the years, we can say that therggloig differentiation of European ports’
forelands primarily rests upon their traffics witain economic poles of the world, while
African traffics are only secondarily representadhe factors. This stands in contrast with
previous analyses showing the enormous importahESBON traffic for many African ports,
but the opposite is not verified. Perhaps, a cle@icture would have been obtained based on
smaller world regions or maritime ranges such agh\&est, South, and East Africa, etc.
This can be done in further research on the speaiain of maritime forelands. In addition, a
look at results per main commodity groups such dsl $ulks, liquid bulks, and general
cargoes might be interesting as well to balancedhelts.
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Year Factors 1 ] 2] 3] 4] 5
Eigenvalue 068 047 043 037 025

Variance (%) 308 216 196 168 113

Cumulated variance (%) | 30.8 524 719 88.7 100.0

1996 AMS 093 -1.05 -0.12 04N -0.08
(containers) AFQ 004 -048 -1.05 -0.85 -0.29
AVN -1.06  0.02 4060 074 0.3

ASW 0.9 003 027 014 004
AUS -0.60 005 -1.19 -0.30 73827

ASE -0.69 WHM9N -052 041  -0.19

Eigenvalue 063 050 041 032 0.08

Variance (%) 328 259 210 164 39

Cumulated variance (%) | 32.8 588 79.8 96.1 100.0

2006 AFQ 0.10 [SRi2050:97 -0.10 0.02
(containers) AVN 097 009 016 183 -0.01
AMS 1.19 1.38 0.02

ASE 110 1.18 0.10

ASW 10701 0.19 019 -0.01 0.0

Eigenvalue 057 053 047 043 040

Variance (%) 238 219 195 181 167

Cumulated variance (%) | 23.8 457 652 83.3 100.0

AFQ -028  -1.13 -051 -0.04 -0.03

(all corznorggdities) AMN 0.09

AMS -1.19

ASE 0.06

ASW -0.07

AUS -0.97

Results of the factor analysis in 1996, 2006 and @9 (up to down)

N.B. regional codes account for Western Asia (ASWceania (AUS), Africa (AFQ), Eastern Asia (ASE),
Latin America (AMS), and North America (AMN)

Based on the factor analysis, we obtained fiveselasof ports in 1996 and 2006 and six
classes in 2004, each class being defined by tmeindmce of one main region. It is
interesting that there was no class characterigédjlobal forelands", i.e. including a mix of
main poles (e.g. North America and East Asia grduped opposed with the rest of the
world), probably due to the use of percentageseratian gross tonnages, which limited the
size effect. Thus, each class is dominated by oam megion, making it relatively easy to
classify European ports according to their mainggaphic orientation. From one year to
another, the obtained classes are well comparatue itais important to underline the
existence of a specific class focusing on Africaaffics, while Oceania remains very
secondary due to its low shares at European pbiis.most important is to verify whether
ports belonging to the same class are located esdr other within Europe, thus supporting

the idea of shared forelands at given territorigs w specialized linkages.
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Latin America (AMS), and North America (AMN)

One striking result in 1996 is the overwhelminduehce of East Asia as all largest European
ports are dominantly specialized towards this negghould they be northern of southern
ports. Some medium-sized ports, however, are mpeeialized towards Africa or South
America. All French ports except Le Havre and Mélesseare specialized on Africa, as well
as Leghorn (Italy) and other minor ports mostlyhe Mediterranean. For French ports, this
clearly confirms the permanency of longstandingdiopes with many African countries (i.e.
North and West Africa). The specialization on So#itherica applies to Bilbao, Lisbon, and
Amsterdam, for the same reasons of historical legaand linguistic/cultural proximities

favouring regular trades. The influence of otherld/@egions remains minimal, except for

Izmir (Turkey) that is the only port specialized \Mestern Asia.

In 2006 it is more or less the same picture, with largest ports turned toward East Asia and
a minority of ports turned towards other world wags. Liverpool is the only port with non
negligible traffic being specialized on North Aneaj probably because of strong cross-
Atlantic ties, while London has shifted under WAsian rather than East Asian influence.
Only Montoir and Nantes (Loire estuary) remain sgexed on Africa, as Leghorn and Rouen

shifted under South American influence. The latEmains strong for Lisbon and Bilbao,
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confirming the sustained linkages between the #meReninsula and South America for the
aforementioned reasons. Such patterns and tremdgneathe growing influence of Asian

trades in the configuration of global maritime flaw

This map does not

S necessarily reflect the
250 500 1 000 § opinion of the ESPON
_5, UMR |DEES, 2011 ki Monitoring Committee
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Dominant specialisation Volume of flows in thousand tons
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Geographic specialization of ESPON ports' forelandg 1996 (containers)

In 2004 for all commodities, results provide a samat more balanced picture of external
influences. While still most major ports are unfeast Asian influence, a majority of southern
ports are turned towards Africa and Oceania, prighdbe to the inclusion of bulk traffics

(e.g. Marseilles, Savona, Koper, Naples, and alaoté$). The North American influence is
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visible only at a few northern ports, such as Beygeothenburg, and in the British Isles.

Several small Baltic, Black Sea, and Turkish paresturned towards West Asia due to spatial

proximity with Russian and other East Mediterrangamts. Surprisingly, Rotterdam, the

largest port, is specialized on South America,tbigt might be explained by strong links with
other oil ports in Brazil and Venezuela.
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Application 5: Centrality and attractiveness of ESFON ports in global maritime flows

Typical indicators are proposed to rank world pbdased on their centrality and attractiveness
in the global network of maritime flows. Firstlyt is important to mention the different
characteristics of the five networks analysed based maritime flows in 2004: all
commodities, containers, general cargo, liquid sulnd solid bulks. Each network has a
different size in terms of the number of ports &nks (see table). It is important to mention
that all analyses are based on direct and indirdct between ports created by the circulation

of vessels and their calls at multiple ports witthia period considered.

Traffic
No. Complexity | Connectivity Small-world Scale-free
Network No. links concentration

ports (Beta) (Gamma) (clustering) (rank-size) o

(Gini)
All commodities 1,831 61,298 334 0.037 0.621 -0.930 0.648
Containers 719 10,215 14.2 0.040 0.691 -0.907 0.648
General cargo 1,432 29,441 20.6 0.029 0.604 -1.018 0.620
Liquid bulks 1,187 19,806 16.7 0.028 0.627 -1.046 0.659
Solid bulks 1,089 17,117 15.7 0.029 0.565 -1.043 0.607

Main characteristics of global maritime networks in2004

The general cargo (GCN) network is the largeseims of the number of ports and links; but
in comparison, the container network (CN) is moeasgly organized as it has the highest
clustering and gamma coefficients. The liquid bodtwork is the most concentrated (highest
Gini coefficient, calculated on the basis of thropgt volumes among ports) and the most
hierarchical (highest slope coefficient of the povaav line drawn on a bi-log plot of degree
distributions), closely followed by solid bulks fahe latter aspect, probably due to the
enormous traffic volume at some bulk ports thatsomewhat inflated by the giant size of
some vessels. The container network is the mosttbet in terms of the number of ports

(smallest network), and has the lowest numbemékliper node (Beta).

In the following analyses of the port hierarchydopmmaodity type, five main indicators have
been retained. Total tonnage is used to rank mdrthe world based on the level of their
overall throughput performance. It is complemerigd look at thelustering coefficientC"
(likeliness for their direct neighbours to be iotamnected, from 0 to 1), their degree centrality

"K" (number of direct links to other ports), betweess centrality "BC" (number of
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occurrences on possible shortest paths in the mietwand eccentricity "EC" (farness to/from
other ports in the network). For the top 25 pantserms of tonnage, such indicators indicate
different aspects of their function and positiorthe network, and can be interpreted in terms
of robustness and vulnerability. Such data is tiky @wne capable of estimating port
throughput per commodity group (e.g. Chinese patissics do not release such data and it is
absolutely not harmonized on a world level due rmbfems of units, absence of data, time
periods, differences in categories), and it woultbwva many other analyses such as
commodity specialisation by port and by world regibut those have been left behind in
order to stick to the central question of the prpje.e. the position of Europe and its

components (here port cities) in global flows.

Global port hierarchy in all commodities

In the network combining vessel circulations oftgfles, ten European ports belong to the 25
largest ports in the world; with both northern awlthern locations. Compared with their
tonnage ranking, northern ports (e.g. Rotterdantywarp, Bremen-Bremerhaven, Hamburg)
often have a higher betweenness centrality (BC)dewmtee (K) than many larger ports: their
position in the network is better than their traffiolume would suggest, due to the number
and geographic range of their linkages with thd oésthe world. Their lower clustering
coefficient (C) also indicates a hub profile tretomparable with Hong Kong and Singapore,
while Rotterdam remains the most eccentric pothefworld (EC) due to its central position

in all commodity flows, which is, with Antwerp, stnger than Hong Kong.

Among the top European ports, results underlineaceweaknesses in the global position of
some large traffic ports, as seen with the low leetwmess centrality of Savona, Bruges-
Zeebrugge, Palma, Gioia Tauro, and Katakolon, folybdue to their specialization in a few
main commodities; these ports often have highestefing coefficients: they are embedded
within densely connected communities of ports llycand have less connections with the
rest of the network (K). It is important to undedithat overall, South European ports are far
less central than North European ports, as onleditgs (Spain) surpasses the betweenness
centrality of northern ports, and Felixstowe (UKgnmrains less central than its direct

neighbours.
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World Europe
Rank Port Tonnage BC c K EC | Rank Port Tonnage BC c K EC
1 Singapore 923847763 | 288427 | 0.115 | 752 | 0.996 3 Rotterdam | 429849488 | 184647 | 0.128 | 771 | 1.000

2 HongKong | 660723170 | 75516 | 0.175| 506 | 0.933 | 10 Barcelona | 272495744 | 31536 | 0.236 | 427 | 0.907
3 Rotterdam 429849488 | 184647 | 0.128 | 771 | 1.000 | 13 Naples 250255944 | 17985 | 0.285 | 312 | 0.876
4 Fujairah 351553491 | 28378 |0.235| 342 | 0.888 | 15 Antwerp 224652688 | 99545 | 0.157 | 653 | 0.970
5 Kaohsiung 345447495 | 43706 | 0.202 | 416 | 0.905 | 16 LeHavre | 224125660 | 37142 | 0.232 | 438 | 0.914
6 Yokohama 305625724 | 39819 |0.205| 397 | 0.900 | 20 Hamburg | 206869560 | 63438 | 0.185 | 535 | 0.939
7 Dammam 288006668 | 15237 | 0.262 | 302 | 0.873 | 21 London 205470254 | 54892 | 0.197 | 501 | 0.928
8 Osaka 280927150 | 47718 |0.191 | 433 | 0.912 | 22 Savona 195946769 | 6293 | 0.356 | 234 | 0.846
9 Nagoya 277002458 | 32386 |0.222 | 391 | 0.900 | 23 Bremen 193393300 | 64392 | 0.189 | 526 | 0.937
10 Barcelona 272495744 | 31536 | 0.236 | 427 | 0.907 | 24 Marseilles | 192013299 | 31236 | 0.234 | 415 | 0.907
11 Busan 257583519 | 47025 |0.216 | 370 | 0.892 | 30 Venice 141745692 | 34404 | 0.248 | 326 | 0.878
12 Miami 254364068 | 43770 |0.245| 313 | 0.879 | 31 Immingham | 140464648 | 47623 | 0.188 | 477 | 0.915
13 Naples 250255944 | 17985 | 0.285| 312 | 0.876 | 32 Valencia 139348827 | 18848 | 0.271 | 364 | 0.892
14 Los Angeles | 241215282 | 42113 [ 0.219 | 352 | 0.888 | 35 Leghorn 136789622 | 23778 | 0.269 | 358 | 0.888
15 Antwerp 224652688 | 99545 | 0.157 | 653 | 0.970 | 36 Bruges 134185749 | 5566 | 0.377 | 212 | 0.850

16 Le Havre 224125660 | 37142 |0.232 | 438 | 0.914 | 38 | Southampton | 132891491 | 21658 | 0.259 | 375 | 0.896
17 Shanghai 218794784 | 24859 |0.229 | 372 | 0.895 | 39 Felixstowe | 132246373 | 12004 | 0.317 | 292 | 0.870

18 Tokyo 212874390 | 33175 | 0.213 | 407 | 0.905 | 41 Fiumicino | 123943892 | 11844 | 0.319 | 228 | 0.833
19 Houston 207154557 | 34220 | 0.229 | 402 | 0.904 | 43 Piraeus 122097469 | 30579 | 0.253 | 375 | 0.894
20 Hamburg 206869560 | 63438 | 0.185| 535 | 0.939 | 47 Palma(Maj) | 116842589 | 3593 |0.403 | 164 | 0.813
21 London 205470254 | 54892 | 0.197 | 501 | 0.928 | 53 Gioia Tauro | 100906556 | 1569 | 0.466 | 170 | 0.831
22 Savona 195946769 | 6293 | 0.356 | 234 | 0.846 | 57 Algeciras 94730680 | 42133 [ 0.217 | 457 | 0.914
23 Bremen 193393300 | 64392 | 0.189 | 526 | 0.937 | 58 Bergen 93326723 | 29816 |0.244 | 314 | 0.873
24 Marseilles 192013299 | 31236 | 0.234 | 415 | 0.907 | 59 Genoa 91967731 | 17239 |0.297 | 318 | 0.878

25 New York 190610187 | 30087 | 0.253 | 376 | 0.901 | 60 Katakolon 90625598 | 3064 |0.461 | 108 | 0.760

Global port hierarchy in container flows

For container flows, the number of links (K) is quemable among top world ports, but there
are wider discrepancies in terms of betweennedsatiéy (BC), as Singapore is positioned on
17,000 more shortest paths than Rotterdam buthigs3@ more links with other ports. Hong
Kong and Singapore are thus extremely well postibm the global container network, and
their position is explained by their transshipmbuab functions within East Asia as well as
between East Asia and the rest of the world. Rbtescacting mostly as gateways often has a
lower betweenness centrality and a higher clugezroefficient (C). Within Europe, Northern
ports clearly dominate the figure, whereas Le Haereains under the level of Valencia and
Algeciras (BC) despite its favourable positionka entrance/exit of the English Channel and

its high number of links (K) to other ports.
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World Europe

Rank Port Tonnage BC c K EC | Rank Port Tonnage BC c K EC

1 Hong Kong | 508639281 | 44444 | 0.157 | 268 | 1.000 | 5 Rotterdam | 195571194 | 38326 | 0.183 | 228 | 0.976

Singapore | 360648005 | 55563 | 0.144 | 259 | 0.987 | 9 Hamburg | 135754094 | 27997 | 0.204 | 207 | 0.966

Kaohsiung | 223138841 | 8013 | 0.277 | 150 | 0.923 | 10 LeHavre | 129575773 | 11086 | 0.262 | 187 | 0.954

Busan 209863748 | 23304 | 0.218 | 185 | 0.944 | 15 Antwerp | 110745754 | 23894 | 0.209 | 207 | 0.966

Rotterdam | 195571194 | 38326 | 0.183 | 228 | 0.976 | 18 Bremen 95472072 | 15612 | 0.237 | 146 | 0.923

Osaka 167811078 | 9599 | 0.246 | 153 | 0.918 | 20 | Gioia Tauro | 88299171 | 6598 | 0.340 | 122 | 0.900

Shanghai 158971542 | 13862 | 0.238 | 180 | 0.945 | 26 Felixstowe | 72299825 | 6131 | 0.318 | 145 | 0.924

Shenzhen | 140816228 | 5934 | 0.328 | 136 | 0.917 | 30 London 63763382 | 7439 | 0.294 | 144 | 0.927

© | | N[O ||

Hamburg 135754094 | 27997 | 0.204 | 207 | 0.966 | 31 Barcelona | 60973898 | 9280 | 0.302 | 148 | 0.918

10 Le Havre 129575773 | 11086 | 0.262 | 187 | 0.954 | 32 Valencia 60338562 | 11360 | 0.274 | 157 | 0.930

11 | Los Angeles | 122089750 | 11959 | 0.290 | 129 | 0.905 | 37 Algeciras | 49020408 | 11119 | 0.286 | 132 | 0.910

12 Nagoya 114820747 | 8985 | 0.287 | 136 | 0.907 | 46 Marseilles | 34321602 | 6294 | 0.327 | 132 | 0.912

13 Tokyo 113647857 | 6687 | 0.285 | 145 | 0.912 | 51 Genoa 32756513 | 3579 | 0.365 | 125 | 0.904

14 Yokohama | 113176929 | 6140 | 0.325 | 110 | 0.874 | 54 | Southampton | 30756089 | 296 | 0.617 | 56 | 0.853

15 Antwerp 110745754 | 23894 | 0.209 | 207 | 0.966 | 55 Valletta 30006988 | 4458 | 0.359 | 90 | 0.870

16 PortKlang | 106161049 | 6828 | 0.275 | 141 | 0.891 | 56 Bruges 29021379 | 1532 | 0.430 | 71 | 0.854

17 Ningbo 99969776 | 3245 | 0.333 | 129 | 0.906 | 58 Cagliari 28330748 | 1572 | 0.461 | 73 | 0.848

18 Bremen 95472072 | 15612 | 0.237 | 146 | 0.923 | 63 Piraeus 24845535 | 3428 | 0.343 | 96 | 0.861

19 Taipei 93283178 | 4151 | 0.245 | 118 | 0.816 | 64 | LasPalmas | 24838799 | 4295 | 0.305 | 90 | 0.789
20 | Gioia Tauro | 88299171 6598 | 0.340 | 122 | 0.900 | 65 Naples 24721777 | 6154 | 0.306 | 120 | 0.899
21 Dubai 87375986 | 12827 | 0.320 | 122 | 0.889 | 70 Dunkirk 23169015 | 5272 | 0.347 | 91 | 0.874

22 Bangkok 84138731 4098 | 0.343 | 94 | 0.859 | 74 LaSpezia | 22203041 | 3302 | 0.383 | 94 | 0.882

23 New York 82977885 | 8459 | 0.320 | 142 | 0.915 | 80 Lisbon 20314058 | 5798 | 0.333 | 86 | 0.845

24 Santos 79879707 | 5249 | 0.370 | 118 | 0.897 | 82 Surte 20060119 | 2242 | 0.374 | 42 | 0.777

25 Miami 72331828 | 14545 | 0.304 | 132 | 0.883 | 83 Leghorn 19888270 | 4052 | 0.331 | 99 | 0.857

Global port hierarchy in general cargo flows

General cargo flows produce a port hierarchy thas the specificity to include many
European ports in the top 25, as Rotterdam and @aptwnank just under Singapore in terms of
betweenness centrality but have the strongest ctimite in terms of the number of links (K)
to other ports, i.e. more than one hundred links tBingapore and two hundred more than
Hong Kong. Some ports stand out due to exceptibedleenness centrality values, such as
Busan (South Korea) and St. Petersburg (Russiapapty due to their role as regional
distribution platforms within Northeast Asia ancktBaltic respectively. Within Europe, this
is also the case for Istanbul, Algeciras, and Andste, while many large general cargo ports
locate preferably in the Scandinavia-Baltic regiba. Havre does not appear in the top 25

ports due to its specialization in containers amaid bulks.
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World Europe

Rank Port Tonnage BC c K EC | Rank Port Tonnage | BC c K EC

1 Singapore 33014293 | 183153 | 0.094 | 369 | 0974 | 3 Rotterdam | 26562993 | 123693 | 0.129 | 471 | 1.000

2 Hong Kong 26578427 | 57525 | 0.136 | 240 | 0.892 | 5 Antwerp 21948219 | 116132 | 0.132 | 459 | 0.999
3 Rotterdam 26562993 | 123693 | 0.129 | 471 | 1.000 | 7 Bremen 18245765 | 45414 | 0.195 | 321 | 0.942
4 Osaka 23221843 | 54944 | 0.129 | 260 | 0.903 | 8 Hamburg 16853012 | 39616 | 0.197 | 323 | 0.939
5 Antwerp 21948219 | 116132 | 0.132 | 459 | 0.999 | 9 Immingham | 15098710 | 27508 | 0.200 | 311 | 0.877
6 Kaohsiung 20075913 | 382373 | 0.171 | 199 | 0.884 | 13 Oslo 13674840 | 11399 | 0.288 | 210 | 0.835
7 Bremen 18245765 | 45414 | 0.195 | 321 | 0.942 | 14 London 13522898 | 32377 | 0.210 | 293 | 0.914
8 Hamburg 16853012 | 39616 | 0.197 | 323 | 0.939 | 17 Lisbon 11819354 | 24282 | 0.221 | 240 | 0.896
9 Immingham 15098710 | 27508 | 0.200 | 311 | 0.877 | 21 | St. Petersburg | 11324098 | 52277 | 0.185 | 319 | 0.942

10 Guayaquil 14289001 | 32789 | 0.193 | 178 | 0.907 | 22 Szczecin 11046958 | 29130 | 0.207 | 306 | 0.901

11 Shanghai 13956023 | 28342 | 0.173 | 195 | 0.884 | 23 Valencia 10404768 | 21434 | 0.239 |220 | 0.905

12 Yokohama 13937156 | 29596 | 0.185 | 182 | 0.865 | 32 Barcelona 8636510 | 11073 | 0.275 | 171 | 0.871

13 Oslo 13674840 | 11399 | 0.288 | 210 | 0.835 | 34 Gdansk 8449754 | 28253 | 0.232 (270 | 0.915
14 London 13522898 | 32377 | 0.210 | 293 | 0.914 | 37 Malmo 7510088 | 3716 | 0.383 | 149 | 0.806
15 Busan 12849529 | 45991 | 0.151 | 205 | 0.888 | 39 Klaipeda 7408867 | 32480 | 0.210 (267 | 0.904
16 Nagoya 12221716 | 19369 | 0.182 | 182 | 0.806 | 41 Amsterdam | 7203630 | 36922 | 0.209 | 303 | 0.914
17 Lisbon 11819354 | 24282 | 0.221 | 240 | 0.896 | 43 Las Palmas | 6896605 | 23772 | 0.218 | 192 | 0.903
18 Tokyo 11741477 | 25604 | 0.166 | 204 | 0.879 | 44 Bilbao 6796638 | 17250 | 0.250 |251 | 0.873
19 Miami 11572242 | 24047 | 0.209 | 110 | 0.835 | 46 Algeciras 6567648 | 47965 | 0.200 (268 | 0.927
20 Dubai 11525307 | 15356 | 0.189 | 127 | 0.855 | 47 Istanbul 6529743 | 45976 | 0.207 |220 | 0.903
21 | St Petersburg | 11324098 | 52277 | 0.185 | 319 | 0.942 | 50 Belfast 6322140 | 7028 | 0.326 | 190 | 0.822
22 Szczecin 11046958 | 29130 | 0.207 | 306 | 0.901 | 51 | Frederiksvaerk | 6264919 | 1102 | 0.546 | 91 | 0.767
23 Valencia 10404768 | 21434 | 0.239 | 220 | 0.905 | 52 Surte 6225083 | 4444 | 0.367 | 156 | 0.797
24 Houston 10231652 | 31226 | 0.171 | 161 | 0.886 | 55 Porsgrunn 5923874 | 6434 | 0.331 | 186 | 0.825
25 Jakarta 10034763 | 35671 | 0.163 | 184 | 0.868 | 56 Riga 5867164 | 8124 | 0.302 | 199 | 0.838

Global port hierarchy in liquid bulk flows

Flows of oil, gas, and chemical products producadically different port hierarchy, as large
oil ports are clearly recognizable in the top 2hjcl did not appear in previous tables (e.g.
Fujairah, Dammam, Houston, Ruwais, Bergen, AlexandUlsan, Port Arthur, etc.).
Singapore clearly dominates this global networktas two times more central (BC) than
Rotterdam despite the fact that Rotterdam has #dasifslightly higher) number of links to
other ports (K) and is the most eccentric port.hMitEurope, Antwerp that did not appear in
the world top 25 ports for tonnage is in fact meosentral than Le Havre and Marseilles.
Except for Marseilles, Genoa, Algeciras, Cagliard &iracusa, all major liquid bulk ports
locate in the North, reflecting upon the failedeatpts to create maritime industrial clusters
throughout southern Europe in the 1970s based ergtbwth pole concept (e.g. Huelva,
Sines, etc.).
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World Europe
Rank Port Tonnage BC c K EC | Rank Port Tonnage BC c K | EC
1 Singapore | 275064745 | 214558 | 0.086 | 414 | 0.998 | 5 | Rotterdam | 117134294 | 128002 | 0.116 | 421 | 1.000
2 Fuarah | 247335231 | 52276 | 0146 | 260 | 0.949 | 8 | Bergen | 67422081 | 22548 | 0213 | 184 | 0.904
3 Dammam | 207317342 | 22905 | 0185 | 207 | 0.923 | 13 | LeHavre | 55063029 | 34246 | 0.194 | 255 | 0.945
4 Houston | 121594935 | 42527 | 0.173 | 255 | 0953 | 18 | Marseiles | 49977138 | 24303 | 0.216 | 229 | 0928
5 Rotterdam | 117134294 | 128002 | 0.116 | 421 | 1.000 | 21 | London | 47520164 | 18105 | 0.229 | 205 | 0.804
6 Ruwais 04353732 | 12353 | 0.224 | 144 | 0888 | 26 | Tyne | 41203800 | 19186 | 0.250 | 192 | 0918
7 | Yokohama | 79873939 | 28767 | 0.179 | 182 | 0902 | 27 | Felixstowe | 40207168 | 1422 | 0.449 | 71 | 0.802
8 Bergen 67422081 | 22548 | 0213 | 184 | 0904 | 28 | Ostend | 37741493 | 6 | 0.600 | 5 | 0.653
9 | AlexandriaEGY) | 64885722 | 15697 | 0.238 | 173 | 0905 | 31 Leith | 35181710 | 6728 | 0.296 | 151 | 0.832
10 Knargls. | 62233447 | 4000 | 0305 | 79 | 0.841 | 32 Petesr;'burg 34757498 | 10757 | 0.289 | 162 | 0891
19 Ulsan 61120274 | 46926 | 0.151 | 240 | 0933 | 34 | Antwerp | 33891224 | 34111 | 0477 | 277 | 0.929
12 | PortAhur | 60743811 | 12744 | 0.226 | 156 | 0916 | 35 | Siracusa | 33681908 | 18464 | 0.250 | 173 | 0.902
13 LeHavie | 55063020 | 34246 | 0194 | 255 | 0.945 | 38 | Brofjorden | 32990500 | 7526 | 0.325 | 140 | 0.866
14 | Phiadelphia | 56705953 | 15869 | 0212 | 152 | 0908 | 39 | |00 | 32806906 | 14093 | 0.264 | 169 | 0893
15 Nagoya 55226616 | 5339 | 0.287 | 115 | 0.858 | 40 | Bremen | 32265830 | 13350 | 0.265 | 173 | 0.900
16 | Doha(QAT) | 53258710 | 1644 | 0.324 | 75 | 0.820 | 47 | Novorossiysk | 20741747 | 8193 | 0.260 | 124 | 0.875
17 Sokhna 50175050 | 1837 | 0.388 | 47 | 0.836 | 48 | Southampton | 29139067 | 19100 | 0.227 | 198 | 0.912
18 |  Marseiles | 49977138 | 24303 | 0216 | 229 | 0928 | 50 | Sute | 28699804 | 10086 | 0.276 | 149 | 0.851
19 | NewOreans | 49759477 | 25356 | 0.200 | 191 | 0.926 | 51 | Immingham | 28412813 | 17356 | 0.234 | 202 | 0.910
20 | LosAngeles | 47986173 | 17464 | 0221 | 119 | 0.881 | 56 | Helsini | 25272582 | 2803 | 0.393 | 104 | 0.860
o1 London 47520164 | 18105 | 0.229 | 205 | 0894 | 57 | Algeciras | 25111030 | 23389 | 0.226 | 225 | 0.929
22 | HongKong | 46958077 | 29797 | 0474 | 197 | 0.898 | 61 | Bruges | 23134508 | 1243 | 0535 | 48 | 0.770
23 Yanbu 43560682 | 11021 | 0.274 | 125 | 0.889 | 66 | Genoa | 21175593 | 8614 | 0.282 | 134 | 0.887
24 Dubai 42194896 | 14004 | 0231 | 146 | 0.892 | 68 | Cagliari | 20984841 | 4833 | 0.332 | 124 | 0.875
25 | Kaohsng | 42096332 | 19963 | 0203 | 170 | 0.887 | 69 | Fredericia | 20075034 | 1213 | 0.444 | 90 | 0.775

Global port hierarchy in solid bulk flows

Finally, solid bulk flows generate a very specpgrt hierarchy where most top ports are large
exporters of raw materials such as mine productsaeted locally for the global market.
While Singapore remains the most central and langes in this segment, many ports of the
southern hemisphere now appear, such as Austréftant Hedland, Mackay, Dampier,
Gladstone), South African (Richards Bay), Indiams@khapatnam) and Latin American ports
(Vitoria, Rosario), but their centrality is ofteruch lower than the import/export load centres
such as Vancouver, Yokohama, Hong Kong, New Orleand Rotterdam, which locate in
the North. In Europe, St. Petersburg is the seaondt central port after Rotterdam and

before Antwerp
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World Europe
Rank Port Tonnage BC c K EC | Rank Port Tonnage | BC c K EC
1 Singapore 169282653 | 161179 | 0.090 | 439 | 1.000 | 14 Rotterdam | 37994400 | 46390 | 0.135 | 236 | 0.927
2 Port Hedland 69553387 | 6756 | 0.282 | 125 | 0.851 | 16 London | 33986659 | 12043 | 0.213 | 99 | 0.840
3 Yokohama 56829441 | 17982 | 0.212 | 170 | 0.873 | 17 Ostend 29395782 | 61 0.689 | 20 | 0.675
4 Mackay 55634940 | 12213 | 0.235 | 164 | 0.877 | 19 | Immingham |26051013 | 10690 | 0.212 | 120 [ 0.865
5 Sydney 55244276 | 10882 | 0.225 | 173 | 0.871 | 21 v;ézi?: 25192538 | 7569 | 0.258 | 100 | 0.862
6 Hong Kong 52121143 | 19744 | 0.203 | 183 | 0.884 | 22 Antwerp | 24638561 | 25488 | 0.153 | 185 | 0.898
7 Kaohsiung 49816869 | 21960 | 0.192 | 205 | 0.901 | 35 | Amsterdam |20424526 | 15144 | 0.197 | 128 | 0.873
8 Dampier 49005530 | 4443 | 0414 | 70 | 0811 | 38 Bruges 19731000 0 1.000 | 8 | 0.640
9 | Vancouver(CAN) | 44116364 | 35732 | 0.161 | 222 | 0.901 | 57 Dunkirk | 13184632 | 11360 | 0.195 | 125 | 0.870
10 Gladstone 42513839 | 7896 | 0.248 | 147 | 0.853 | 58 Hamburg | 13134411 | 14579 | 0.183 | 147 | 0.855
11 New Orleans 40375650 | 73433 | 0.117 | 295 | 0.951 | 64 Bremen | 11650314 | 23071 | 0.161 | 146 | 0.867
12 Vitoria 40359619 | 9971 | 0.233 | 139 | 0.888 | 66 Pet esrébu g 11248256 | 31223 | 0.148 | 191 | 0.903
13 Richards Bay 38262473 | 22521 | 0.170 | 198 | 0.907 | 71 Barcelona | 10386820 | 3321 | 0.250 | 78 | 0.806
14 Rotterdam 37994400 | 46390 | 0.135 | 236 | 0.927 | 72 Algeciras | 10205865 | 23237 | 0.156 | 162 | 0.885
15 Nagoya 35262692 | 11099 | 0.218 | 163 | 0.871 | 83 | LasPalmas | 9037134 | 14187 | 0.194 | 142 | 0.873
16 London 33986659 | 12043 | 0213 | 99 | 0.840 | 88 Valencia | 8492338 | 11186 | 0.205 | 120 | 0.863
17 Ostend 29395782 61 0.689 | 20 | 0.675 | 91 | Southampton | 8354536 | 738 | 0.378 | 49 | 0.756
18 Shanghai 29203788 | 5628 | 0.259 | 146 | 0.857 | 95 Gdansk 7759269 | 10491 | 0.212 | 129 | 0.868
19 Immingham 26051013 | 10690 | 0.212 | 120 | 0.865 | 97 | Tarragona | 7528403 | 2609 | 0.262 | 65 | 0.824
20 Mizushima 25212887 | 4298 | 0.281 | 102 | 0.825 | 101 Piraeus 7077684 | 13825 | 0.189 (121 | 0.854
21 | Pontada Madeira | 25192538 | 7569 | 0.258 | 100 | 0.862 | 102 Tallinn 6937982 | 10881 | 0.232 | 94 | 0.844
22 Antwerp 24638561 | 25488 | 0.153 | 185 | 0.898 | 103 | Escombreras | 6851554 | 3064 | 0.257 | 63 | 0.793
23 | Visakhapatnam | 24628665 | 8702 | 0.230 | 129 | 0.868 | 106 Tyne 6747118 | 5947 | 0.227 | 90 | 0.822
24 Qinhuangdao 24106287 | 10860 | 0.256 | 138 | 0.851 | 108 Espevik 6734184 | 5771 | 0.247 | 92 | 0.770
25 Rosario 23959760 | 19349 | 0.173 | 176 | 0.901 | 109 Rouen 6709878 | 5889 | 0.233 | 81 | 0.808
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TERRITORIAL LINKAGES OF PORT TRAFFIC SPECIALIZATION WITHIN
THE ESPON SPACE

Background on port-region linkages

Contemporary transport systems are marked by atdealezation of the economy and rising
average transport distances thereby making it asongly difficult for decision-makers and
scholars to map and explain the distribution omfirand flows in relation to their spatial
environments (Leslie and Reimer, 1999; Hesse ardtigRee, 2004). Continuous progress in
the physical and organisational connectivity ohgport systems as well as reduced trade
barriers and logistics costs fostered the spatiahtiity of flows, resulting in both
concentration and diffusion of markets and flowsoas regions and nations (Fujita et al.,
1999; Hesse, 2010). As noted by Janelle and B&@ft), the absence of disaggregated data
on detailed flows has often been a major obstactbe analysis of their spatial determinants.
Conversely, most research on transportation nesvddcuses dominantly on freight
movements, capacity and connectivity problems istralbt spaces (e.g. graph theory,
complex networks, routing and modelling), and ea#'i strategies, with minor attention paid
to the (changing) socio-economic characteristic®cdlities (Ducruet and Lugo, 2012). Such
state of affairs also relates with the persistamidd between qualitative and quantitative
approaches within transport geography as well asdifficulty identify underlying causal
structures (Goetz et al., 2009).

Recent efforts have, however, expanded the unadhelisn of the spatial fix of flows as well
as the causal relationship between flows and tlaeackeristics of cities and regions. This is
notably true in air transport research where itoisnd significant correlation between the
volume of air flows and some attributes of airpoities (e.g. centrality, economic or
demographic size) in the United States (Neal, 20Eljope (Dobruszkes et al., 2011), and
China (Wang et al., 2011). Exceptions to the "rae2 often attributed to specific geographic
situations and carriers' choices in terms of inetiacy (Fleming and Hayuth, 1994). Similar
empirical research on rail and road freight flo@mains far less developed due to the drastic
lack of data on land-based intra- and interregidioas (McCalla et al., 2004). The study by
Cattan (1995) on barriers effects in Europe usiad passenger flows is an important
exception, in the tradition of Nystuen and Dace96{)'s work on telecommunication flows
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among Oregon cities. Indeed, researchers haveyrapmdroached (high speed) rail traffic

from an urban and regional perspective (Dobrusekes, 2012).

The maritime and ports sector offer contrastingdences about the interplay between
shipping flows and localities. The dereliction obrpcity and port-region spatial and
functional linkages is often believed to be an endal and ineluctable phenomenon (Hoyle,
1989). Throughout studies of port choice factorshippers, liners, and terminal operators in
the container business, elements such as localemnarke and hinterland's socio-economic
characteristics are often low ranked compared wifrastructure, service quality and cost
factors (Lee et al., 2007; Ng, 2009; Notteboom, DO@AIthough there is no question that
improved hinterland connectivity, technological okitions in shipping and terminal
operations, heightened port competition, transnatioindustrial shifts, and spatial-
environmental pressures modified such linkages (&]0E986; Todd, 1993; Norcliffe et al.,
1996; Bennachio et al., 2002; Notteboom and Roérig@005; Hall and Jacobs, 2010), there is
no evidence that those have completely disappedited. is highlighted by in-depth case
studies of particular cities where port and mastifiunctions keep their roles albeit in
different forms than in the past, such as in Ana&ter (Wiegmans and Louw, 2010),
Hamburg (Grossmann, 2008), and Hong Kong (Wang@mehg, 2010) to name but a few
examples. If the linear correlation between totat phroughput and the demographic weight
of port cities of the world has dramatically lowereince the 1990s, it has maintained and
even increased in some regions (Ducruet and Le&g)2@ue to the diversity of urban-port
trajectories, port systems configurations, anddniahd spatial patterns (Lee et al., 2008).
Accordingly, the globally weak correlation betwegaorts' total throughput volume and the
number of maritime Advanced Producer Services irt pibies does not contradict the fact
that some specialized gateways keep concentratitigtertiary activities and traffics, such as

Rotterdam and Houston (Jacobs et al., 2010).

Some drawbacks of existing research are thus punefyhodological. Port impact studies,
despite their in-depth scrutiny of ports' locaklges, have the problem not to be comparable
from one place to another, thereby forbidding aeryosis identification of large-scale trends
(Hall, 2004). Most studies of the socio-economiarelsteristics of port regions conclude to an
absence of linkages with port traffics (De Lang&07) or to their impoverishment compared
with non-port regions in Europe (Lever, 1995) ahd United States (Grobar, 2008; Hall,

2009). However, such studies have in common to oglytotal port throughputs thereby
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ignoring the wide diversity of port activities atr@ffics. The field survey by McCalla et al.
(2001) towards manufacturers and wholesalers sifuatound Canada's major intermodal
terminals may have concluded to weak industry lj@sa but again there has been no attempt
to link the results with the structure of freighdviis. Conversely, studies focusing on port
traffic structure and specialization rarely tese trelation between flows and adjacent

economies (Haezendonck, 2001).

Several arguments motivate this paper to searclsustained functional linkages between
port activities and local economies. The first angat lies in the fact that different cargo
types will have different affinities with the ouithgy region where port traffic takes place (see
Marti, 1985). It is recognized that heavy indudtaetivities that use bulk raw materials "are
generally adjacent to port sites” Rodrigue et2000), despite important spatial shifts in this
sector after the 1970s crisis (Dunford and Yeur@l12. Based on customs data on the
geographic distribution of port-related tradingwkin France, Debrie and Guerrero (2008)
demonstrated that containers reach farter desimatiin the hinterland than other
commodities, while smaller ports have geographyaadirrower hinterlands than bigger ports.
The second argument is based on recent researcttingoiat noticeable port-region
interrelations. For the Chinese case, Cheung am (2009) demonstrated the positive
influence of regional GDP and productivity on pwaffic growth between 1995 and 2005. In
advanced economies, container port traffics seehmat@ closer ties with the tertiary sector
than with the industrial sector (Ducruet, 2009ndHy in Europe, the diversity of cargoes
handled at ports is positively influenced by theaur size of port cities and the situation of the
latter in the continental urban system, among deors (Ducruet et al., 2010).

Application to ESPON and Japan port regions

Methodology

The main challenge of this section is to find digant interdependences between types of
flows and types of regions taking place within gepdically and economically relevant local
areas. We first propose to consider the varietyraific flows by main categories (see Table
1) as well as by the level of port traffic: domests. international, import vs. export, and
degree of commodity variety. One additional indicavas calculated on the basis of the work

of Debrie and Guerrero (2008) who measured theadattion of different commodity types
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through a spatial interaction model using portteglacustoms data. Weighting the tonnage of
each category allowed us to make the ratio betweth weighted tonnage and total non-
weighted tonnage. High indices mean that portita#f composed of commodities that are
generally not carried over long distances: theyraoge likely to be produced, transformed,
and/or consumed in the vicinity of port facilitiesg. liquid bulks and metals). Manufactured
goods are more likely to travel longer distances tlu their higher containerization rate

allowing more intermodal solutions, while agricuéiliproducts have an intermediary status.
The commodity variety index tells us about the aillgurofile of port traffic. The respective

levels of international and import traffics can arlthe the role of different scales of flows

and of their directionality, as some regions wilpert more than others and be more

internationalized on average.

List of traffic and regional indicators

_Type of Specialization General characteristics
indicator
*Combustibles & solid minerals (coal, liquefied gas) *Traffic size
*Crude oil & refined oil products *Import versus export traffic
*Chemical products (other liquid bulks) *Domestic versus international traffic
*Metal products (iron & steel, other general cargo) “Commodity variety
Port traffic | *Agricultural, forestry products and live animals “**Spatial friction
*Minerals & construction materials (ores, other solid
bulks)
*Manufactured goods (containers, traded vehicles)
*Passengers & trucks (ferry, ro-ro)
**Employment in primary sector *Demographic size
**Employment in construction sector *Population density
Local o o . -
economy Employment in mQustnaI sgctor Unemployment
**Employment in private tertiary sector “GDP
**Employment in public tertiary sector **GDP per capita

* index based on all regions' average ** index ldase national average *** index based on individiegions

Defining and describing local economies has raisgabrtant methodological issues. Based
on the concept of port cluster proposed by De Lan@®03), we have retained the sub-
national administrative units for which socio-ecomno data was available. This definition of

port regions is motivated by the fact that altholagtal economies do not fully reflect the true
extent of port hinterlands, they concentrate trghést proportion of port-related industries
and logistics. Other and more distant areas maybeoas port-related as the port region
remains to be. The drastic lack of precise dattheriocation of port clients (i.e. shippers) and
on the spatial distribution of port-related freiglws forbid us to push further the definition

of port service areas. Attributing different sizéspatial units to ports would have been risky

due to the importance of sea-sea transhipment amtdased transit flows at several large
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ports. While larger ports often have a more difeditraffic portfolio that should be reflected
in a wider hinterland, there are many exceptiong do factors such as functional
specialization and landward accessibility (Chapel®06; Ducruet et al., 2010). All ports
situated within the same spatial unit were mergeallbw direct comparison between traffics
and regional indicators. The core of the analysitius proposed from a regional perspective
rather than from the perspective of individual polninterlands.

Variables were transformed into indices using tieation quotient method (####) illustrated

by the following formula:

_gfe
Le=%7E

Where:

ei is the local traffic or employment in sectorivided by the total traffic or employment in
the region;

Ei is the total traffic or employment in sectowor the world region or country divided by the

total traffic or employment in the world region@yuntry.

Port traffic indices were calculated with referertoethe world region level, while socio-
economic indices were calculated with referencthéonational level, except for population,
population density, and regional Gross DomesticdBtt Such indices better express
specializations than raw figures and percentagdsey Talso facilitate cross-country
comparisons while avoiding the bias of country-#pesituations. The comparison of traffic

and regional characteristics should answer theviatlg hypotheses:

- H1: port traffic specialization and local econonspecialization are somewhat
interrelated,;

- H2: the interdependence between traffic and loc@nemy exists at different
geographic levels;

- H3: common trends exist among advanced econom&RBQE, Japan, and NAFTA).

Testing such hypotheses necessitates a prelimiredhgction about possible port-region

linkages and their interpretation. The core ofghgblem is both spatial and functional. First,
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it is believed that a certain proportion of thenaties generating port traffics is located in the
same administrative unit than the port(s). It ipassible to evaluate this proportion so there
might be important discrepancies in port-relatatkdges among the administrative units
considered, especially when many port-related #ietsvand port clients locate outside the
administrative boundaries of the port region, oewlhe administrative unit is much larger
than the actual port hinterland. Indeed, admintisaunits greatly vary in their geographic
coverage, as rural areas are often larger thamuab@as. Large ports located within such
urban areas will thus be amputated in terms ofehismtd coverage. This is particularly true
for containers due to the inland shift of many $&bigs and distribution activities during the
current "port regionalization phase" (Notteboom dRddrigue, 2005). Nevertheless, it
remains highly relevant to test the influence afjéacities on traffic flows, because port-
region linkages are not only about physical tramssfeéut also refer to immaterial
interdependencies, such as within the tertiaryose&econd, we expect that certain types of
traffics will have some affinity with certain typed regions and economic sectors. The
observed linkages will be considered relevant déipgnon the closeness of traffics and
economic sectors. For instance, it can be expebtgdagricultural products will concentrate
dominantly at regions where the primary sectorighly represented, while raw materials
such as bulks may be more strongly linked withitigleistry sector. Containers, by their likely
content (i.e. consumer goods), are better relatidd the manufacturing sector, but by their
shipment mode, they also belong to the tertiaryoseitirough the transport and logistics
business. Another aspect is the directionalitylofvé and the stage in the value chain. The
same commodities may have been either produceduowed, or re-exported depending on
the location where they are shipped, but this is gpecified in port statistics. This raises
important issues about the possible correspondésteeen material flows and local
economies. For instance, raw materials relate thighprimary sector when they are exported,
but are closer to the industrial sector when they emported and transformed. The
impossibility knowing the proportion of import arekport per commodity obliges using
aggregated figures. The directionality of portficafiows is only available for total traffic (i.e.
inbound vs. outbound).

Despite such difficulties, it remains highly relevdo test the existence and nature of port-
region linkages, notably within two drastically feéfent contexts, namely Europe and Japan.
These three main economic poles of the northernidptrare are known to exhibit very
distinct spatial patterns in terms of their respecteconomic geography and hinterland
configurations (Ducruet, 2006; Lee et al., 2008, diRyue and Notteboom, 2010). While
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Europe is better defined by the continental din@msf its transport systems, Japan has its
main cities (markets) on the coast. Such configomatgive more or less importance to inland
logistics and hinterland accessibility. Even witldarope, there are noticeable differences in
terms of hinterland configurations, notably betwdgarth and South as a reflection of
differentials in development levels, historical kgwunds, and physical factors (Ducruet et
al., 2010). We hypothesize that despite such diffees, some invariants in port-region
linkages might appear among those three areas. argisment is motivated by the path-
dependency and co-evolution of local economic sinecand port specialization. Although
certain port hinterlands have expanded beyond #eels1of the adjacent economy, the latter
still has some influence on the distribution anture@of current freight flows. For instance,
many large container ports are or have been lardestrial ports, and the introduction of
containerisation has not deleted the existing itrdlsbase, even in a context of de-
industrialization. The cost of building new porfrastructure and the economic advantages of
agglomeration economies made that different devedop stages and innovation cycles are
mixed and overlapping at certain locations. Théalifty of the proposed analysis is thus to
identify the spatial fix in spite of numerous spdicee distortions.

Data on port traffic was obtained from Eurostat Barope and from the JETRO for Japan.
Regional data was obtained from Eurostat for Eurapd from JETRO for Japan. The
administrative levels retained for the comparisom IdUTS-2 for Europe (114 entities) and
TL3 for Japan (43 entities). Based on such datsstoamed into indices, we run a Principal
Components Analysis (PCA) in order to verify thatistical affinity among traffic and
regional variables. Additionally, we look at thelividual scores of regions on each principal

component in order to appreciate the spatial distion of the results.

Main results on the ESPON space

Core variables on employment and commodity traface kept "active" while additional
variables remain passive, i.e. they do not infleetitze formation of factors but we can
interpret what would have been their role in therfation of factors if they were included as
active variables. Six regional variables and eigatffic variables thus base the main results
showed in next table. The percentage of total magaeaches only 67% with the sixth factor,
which means that due to low linear correlations agnoore variables, it is difficult to find

high significant trends across Europe. Neverthelesspossible to comment the main factors
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based on the hypothesis that traffic specializatind regional specialization are somewhat
interrelated:

Factor 1 (17.6% of total variance):

- coincidence between traffic specialization in raatenials / solid bulks and regional
specialization in the primary, industry, and cownstion sectors. Although they are
less significantly represented, chemicals trafissvell as traffic friction lean towards
this group of variables. This is a very logical @sation since raw materials are
mostly consumed and produced by those economiorseahcluding transformation
activities;

- coincidence between traffic specialization in highealued goods (containers,
vehicles), passengers, and regional specializaticthe financial, retail, and public
service sectors. Passive variables participatingthie trend are regional GDP,
population density, commaodity diversity, and traffize. To some extent, this is also a
very logical association: higher valued, larger,d amore diversified traffics
concentrate at tertiary and trading regions, whak richer and more densely

populated.

Factor 2 (14% of total variance):

- coincidence between traffic specialization in pagses and trucks (i.e. ferry, ro-ro)
and regional specialization in the construction gnichary sector. Retail and public
service sectors lean towards this group of varglds well as two passive variables,
unemployment and traffic diversity. This associat@an be interpreted as matching
port cities handling mostly local (intra-EU) pasgen traffic rather than freight,
without offering specific port-related activitieschlly due to the relatively lower
importance of the industrial sector.

- coincidence between traffic specialization in metahd regional specialization in the
industry and financial sectors. Extra-EU traffiegional GDP, and population density
(passive variables) also belong to this trend. dntiast with the previous trend on
Factor 2, such profile seems to correspond to natenal regions having a strong

industrial base and handling general cargo traffamecting distant markets.
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Variables / Factors

Eigenvalues
Variance (%)
Cumulated variance (%)

2.5
17.6
17.6

2.0
14.0
31.6

1.5
10.5
421

1.3
9.0

51.1

1.2
8.3
59.4

1.1
7.8
67.1

Primary sector

Industry sector
Construction sector

Retail sector

Financial sector

Public services sector
Agricultural traffic
Chemicals traffic
Combustibles traffic

Oil & gas traffic

Metals traffic
Manufactured goods traffic
Minerals traffic
Passengers & trucks traffic

Active
variables

Unemployment
Regional GDP
Population density
Commaodity diversity
Traffic size

Inbound traffic
Traffic friction
Extra-EU traffic

Passive
variables

Correlations between variables and main componenis the ESPON PCA

Factor 3 (10.5% of total variance):

coincidence between traffic specialization in oifldagas products and regional
specialization in the primary sector (followed Iogustry). Among passive variables,
traffic friction and extra-EU traffic are well reggented in this group, followed by
traffic size. Such trend may correspond to a peodf industrial cluster importing
energy traffics from outside Europe for local tfansation and redistribution. This is
typically the role of large maritime Industrial Degpment areas (MIDAS) that
emerged in the 1960s around most large Europeds; por

coincidence between traffic specialization in nstaminerals, and regional
specialization in the retail (and also financiakcter. Passengers traffic and
manufactured goods (active variables) as well g®nal GDP and population density

(passive variables) lean towards this trend.
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Trends /

Factors ! 2 3
UKM5 | North Eastern Scotland | FR83 Corse DEA1 Dusseldorf
UKF3 Lincolnshire DE8O Mecklenburg-Vorpommern GR42 Notio Aigaio
GR24|  StereaEllada | GR21 Ipeiros UKF1 h?;tr%shhxsi’:fe
BG33 Severoiztochen GR22 lonia Nisia PT17 Lisboa

Trend A BG34 Yugoiztochen GR23 Dytiki Ellada GR22 lonia Nisia
SE21 | Smaland med 6arna | IEO1 Border, Midland and Western | NL12 Friesland (NL)
PT16 Centro (P) FR25 Basse-Normandie UKJo | Surey, ;"j‘:;:;d West
NL12 Friesland (NL) UKNO Northern Ireland DE50 Bremen
GR14 Thessalia ITF6 Calabria DE93 Liineburg
FR53 Poitou-Charentes ITG2 Sardegna NO07 Nord-Norge
ITF6 Calabria UKD3 Greater Manchester NO05 Vestlandet
GR30 Attiki UKF1 | Derbyshire and Nottinghamshire | DE94 Weser-Ems
DKO1 Hovedstaden ITD3 Veneto PT18 Alentejo
DE50 Bremen ITD5 Emilia-Romagna ES62 Regién de Murcia
ITE4 Lazio ES51 Catalufia ULy | \VestWalesand The

Trend B Valleys
ITC3 Liguria NL41 Noord-Brabant UKM2 Eastern Scotland
SE11 Stockholm UKM5 North Eastern Scotland BG34 Yugoiztochen
UKI1 Inner London UKI1 Inner London ITG1 Sicilia
NOO1 Oslo og Akershus DEA1 Disseldorf UKM6 | Highlands and Islands
PT17 Lishoa ES21 Pais Vasco GR25 Peloponnisos

Position of ESPON regions on the main factors

In terms of specific regions, only the ten mostespntative ones have been kept in the table.
We see on Factor 1 that the most dynamic profie financial sector, richer, larger and more
valued traffics, more densely populated) correspotmd a number of large coastal cities
having kept dynamic port functions (Lisbon, Oslagnddon, Stockholm, Genoa, Rome-
Civitavecchia, Bremen, Copenhagen, and Athens-fd)aeSuch regions are thus mostly
tertiary locations concentrating advanced prodsegvices but at the same time, handling a
variety of cargoes of which the most valued (fiedlgoods). The opposite profile on Factor 1
corresponds to regions remotely located within Barand also within their country, with
smaller populations and smaller traffics. Theseorgyare thus mostly agricultural and handle

a majority of raw materials.

On Factor 2, there are many island regions relgindgerry and ro-ro traffic as well as the

construction sector, which would indicate the imiance of tourism functions, notably in the

south. Other regions are more industrial and hamadtals, showing a profile of "steel
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industry" as reflected in the importance of DussdldAmsterdam, Greater Manchester, and
Scotland, i.e. traditional regions in this seciourism is thus opposed to steel industries on
Factor 2. Lastly, Factor 3 groups regions havirdpainant function of liquid bulk imports
and/or extraction, opposed to a majority of namhegions focusing on the trading of raw
(solid) materials, recalling the tradition of theah$eatic League in medieval and modern

times.

Main results on Japan

For Japan, all variables have been kept activeuseci is one single country so that there are
less variations and discrepancies than across Europ many ways, we found similar
associations of variables than in Europe, withdtierence that the first factors concentrate

much more variance due to more significant con@tgtamong variables.

Factor 1 (29% of total variance):

- coincidence between traffic specialization in matired goods, chemicals and
regional specialization in the financial, retaihdapublic service sector. Other influent
variables for traffics are traffic size, commoditiyersity, and international traffic, and
for regions demographic size, population densityd aegional GDP. Just like in
Europe, large, higher valued, and internationdfitsatend to concentrate at richer and
more densely populated regions. It is exactly #tmaestrend, with the difference that it
has less statistical significance in Europe thadapan, probably due to the wider
diversity of local and national situations in Eueop

- coincidence between traffic specialization in costliales (and to a lesser extent
minerals and agricultural products) and regionacggization in the primary and
construction sectors. Traffic friction also contribs heavily to this trend, meaning
that traffics handled in such regions are morelyike be consumed / transformed
locally. Once again, this trend is very much simitathe one found in Europe, with

the important exception that in Japan, the indaissector is not influent on factor 1.

Factor 2 (18% of total variance):
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- coincidence between traffic specialization in costlinles, chemicals, oil and gas, and
regional specialization in the industry sector. étmfluential variables are inbound
traffic, international traffic, and traffic frictio as well as regional GDP. This profile
typically echoes the large MIDAs in Japan develojetthe 1960s in the form of port
industrial clusters transforming the imported patihemical products;

- coincidence between traffic specialization in ma&gr passengers (and to a lesser
extent metals) and regional specialization in thelip service, retail, and primary
sectors. Another influential variable is unemploymePerhaps those are regions
handling mostly coastwise traffics without specifiort-related industries in the

vicinity. This opposition also echoes Factor 2 iardpe that is based on similar

groupings.
Variables / Factors 1 2 3 4 5 6
Eigenvalues 6.6 41 21 2.0 15 14
Variance (%) 28.8 17.9 9.2 8.9 6.6 6.1
Cumulated variance (%) 28.8 46.7 55.9 64.8 71.4 77.5

Traffic size

Combustibles traffic
Minerals traffic
Manufactured goods traffic
Agricultural traffic
Chemicals traffic

Oil & gas traffic

Metals traffic

Passengers & trucks traffic
Inbound traffic
International traffic

Construction sector -0.671
Retail sector
Financial sector

Public services sector

Commodity diversity

Traffic friction
Demographic size

Population density

Unemployment
Regional GDP

Primary sector -0.787
Industry sector -0.037

-0.101

0.038
0.029
-0.689

-0.303

0.133 -0.322 0.141

-0.420 0.176 0.207

0.076 0.000 -0.030

0.029 -0.011 -0.013

0.219 0.049 -0.003

0.048 0.029 0.285

-0.319 0.166 0.176 -0.186
-0.276 0.093 0.028 0.143
-0.162 -0.311 0.176 -0.154
0.017 -0.083

-0.147 0.071

-0.069 -0.011

-0.193 0.073

Correlations between variables and main componenis the JAPAN PCA

Factor 3 (9% of total variance):

- coincidence between traffic specialization in mal&r agricultural products (and also

manufactured goods) and regional specializatioienprimary sector. Those are also
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richer regions with a noticeable concentration wipbyment in the industry sector.
To some extent, it echoes the profile on FactarEurope;

- coincidence between traffic specialization in mtlagas (as well as combustibles) and
regional specialization in the retail sector. Thosgions are also marked by higher

unemployment levels and larger, more diversified more locally consumed traffics.

Trends / Factors 1 2 3

Shimane Kochi Kochi
Yamagata | Okinawa Tokyo
Akita Aomori Iwate
Iwate Hokkaido | Saga
Aomori Fukuoka Shizuoka

Trend A , , , , .
Kagoshima | Miyazaki Miyazaki
Tottori Miyagi Oita
Fukushima | Ehime Tottori
Miyazaki Kumamoto | Aichi
Nagasaki Kagawa Kumamoto
Kyoto Shimane Akita
Shizuoka | Tottori Fukushima
Hokkaido Ibaragi Kagawa
Chiba Yamagata | Nagasaki
Fukuoka Fukushima | Osaka

Trend B , —
Hyogo Shizuoka | Miyagi
Aichi Ishikawa Chiba
Kanagawa | Aichi Hokkaido
Osaka Toyama Kagoshima
Tokyo Mie Okinawa

Position of JAPAN regions on the main factors

The position of Japanese regions on Factor 1 pesvadclear opposition between the largest
cities of the megalopolis (Tokyo-Yokohama, Nagogagd Osaka-Kobe) and less urbanized,
remotely located regions in the northern and wagparts of the country. Factor 2 also has a
relatively clear geographic logic, with central dap(trend B) opposed to northern and
western Japan (trend A). The latter regions thusenmaore use of coastwise traffic (ferry, ro-

ro) due to the distance to/from core economic mgi@nd as a result of a national policy
supporting environmental-friendly transportatiorthin Japan (modal shift from road to sea).

Factor 3 has lesser geographic rationale, as pdustrial clusters locate all over the country

(e.g. Fukushima) and the opposite profile mixes$ lerge cities and rural regions.
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SYNTHESIS, CONCLUSIONS, AND RECOMMENDATIONS

This analysis of global maritime flows has provideacumber of new evidences about the
position of European ports and of Europe as a wbmhepared with other ports in other world
regions, as well as about the external influencEwbpe in the world through the vector of
shipping. We summarize below our main findings gmpose some cross-sectional
conclusions that serve the formulation of somegyalecommendations.

Port traffic evolution and concentration dynamics

- ESPON as a whole has experienced a similar evaldbian NAFTA (decline of its
relative weight in world traffics) due to the rapgdowth of other regions through
catching-up container dynamics, as well as a coaotis increase of port traffic
concentration internally. This stands in contrasthwASEAN+3 where traffic
concentration occurred in parallel with a rapid aedular increase of its relative
weight in world totals;

- according to port system evolution models, reachigh concentration levels provide
a chance for secondary ports to catch traffic fomngested load centres, so there is a
need to verify whether the Motorways of the Seatsgy will fulfil this objective to
make the European port system less concentratate edrefully checking whether
greater port concentration always means greatércparpetitiveness, and whether de-
concentrating the port system (and in which waysuld benefit both larger and

smaller ports.

Position of the ESPON space in global shipping $low

- Europe still nowadays enjoys a very central positoworldwide maritime flows, as
seen with the "dependence" of many sub-regionsS@N traffics. However there is
a clear shift towards Asia-centred patterns of aioetr flows between 1996 and 2006,
and a reduction of strongest ties except with afjapartner regions such as North
Africa and Eastern Europe. Thus, there is a riskde Europe becoming a simple
"satellite” of Asia, among others, rather than eg@ant pole in the world system;

- ESPON as a whole does not make much sense in illgerelity of shipping flows,

but there are certainly ways for taking advantafenaving a strongly connected
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vicinity. Although North-South flows between Europed Africa remain largely

polarized by Western Europe, they can be the lmdsisonger cooperation in the field
of port and terminal operations as well as route®malization. This idea anticipates
the next analysis where Europe's profile appeaendiragmented among scattered
and small subgroups of ports, thereby crying out &m engagement in the

harmonisation of the maritime space, notably inEheo-Mediterranean area.

Single linkage analysis, nodal regions, and domirpamts

Most of these analyses point at the fragmentatfoBusope amongst relatively small
and scattered "nodal regions” compared with theidam Asian region and with
other maritime ranges showing more spatial conynuAlthough result vary
throughout the years and according to specific codity groups, they somewhat
reflect several key factors such as the strongimental character of Europe (i.e.
importance of landward connectivity, hinterlanadand cities that are not included in
the analysis), its morphology that influences vesseulations (peninsula), and
results in a variety and multiplicity of circulatiopatterns, with northern ports and
southern ports belonging to distinct groupings. theo possible factor behind the
results is the maintained mosaic of trade oriematiamong European countries and
regions, but this factor could not account for tenparatively less integrated Asian
region, which appears much more homogenous. TlisaHat to do with the fact that
Asia is using dominantly maritime transport whiteEurope, land-based transport is
vital and the implementation of short-sea shippgwdicies remains rather limited.
Rotterdam appears as the pivotal hub for many cadities as it extends its influence
towards a majority of northern European ports: thiectly reflects its dual role as
both maritime hub and load centre (continental\gag.

The extent to which such fragmentation is a stierggta weakness compared with
other regions remains to be demonstrated. Yet,oag argue that European ports
may extend their influence in the global networkdzhon further impetus given to the
maritime and ports sector, not only within Eurofself but in relation with nearby
partners as mentioned earlier. An "extended magitpulicy” may well reduce the
overwhelming influence of Asia and the fragmentatiof Europe. Such policies,
however, depend on macroscopic factors such asigtiod location and trade routes,

as well as on the established trucking industry ttere is room for rethinking the role
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of sea transport in European economic developmenbrid sole demand-driven
arguments. In particular, the further developmentintra-European liner services
could strengthen European integration and limitiremmental impacts, as well as
land-based detours caused by over-concentratidarge hub ports: 40% of French
exports still shift towards external ports suchAaswerp and the Benelux instead of

passing through Le Havre or Marseilles.

Weight and share of ESPON-related shipping flowexétrnal ports

Most of the results confirm the high concentratminEurope-related flows in the
vicinity, notably along North and West African ctasas well as in Eastern Europe
(Russia, Ukraine, Georgia). Such patterns are nimfue to maritime flows, but they
point at the necessity considering such vicini@ssde facto integral parts of the
European space of flows. Although many of thesedlare in fact unidirectional (e.g.
energy exports from Maghreb ports to Western Eyrapd reflect more post-colonial
linkages than real integration processes, theyirmportant in the framework of a
possible common maritime policy. Already severalghii@b ports are included in the
MEDA-MOS project (e.g. Bejaia) following a port ogin and concessions in Algeria
established in recent years, while some Europege |aort operators invest at Tangier
Med among other Mediterranean transshipment hubsveMer, the Maghreb itself,
which foreign trade occurs dominantly by sea (95%&)mains poorly integrated
internally and follows a competition strategy whmreeach country develops its own
hub port (Tangier, Djen Djen, Enfidha), which inrns weakens integration
opportunities and reinforces the fragmentationm# .

Possible recommendations based on the weight ard shEurope in world maritime
flows can also focus on world regions where Eurgpstill badly influential and
almost absent for certain commodity types, sucl.as America, South and East
Africa, and Oceania, which are more polarized byRYA and ASEAN+3 regions
respectively. This has a lot to do with the estditient of preferential trading links

with those regions (agreements).

Geographic specialization of ESPON ports' maritiorelands
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The internal diversity of European ports' maritifoeelands is somewhat blurred in
the results of the classification, due to the grorfluence of East Asian flows. Only
secondary ports show some "preference" for otlggons (e.g. Africa, North America,
Latin America) and this tends to disappear oveetone to the continued expansion
of Asian influences, especially in the containesibass. When all commodities are
included in the analysis, the diversity is moreibles with northern ports turned
towards North America, and southern ports turnedatds Africa and/or Latin
America. This simplified picture of the reality gegts that all large European port
cities are specialized in East Asian trades;

It seems difficult to influence the distribution foirelands for ports as the main agents
of change are macro factors and the decision facfoshipping lines. The distribution
of forelands simply reflect preferential tradindatens with the rest of the world, in
this case pointing as a rather monopolistic infage(East Asia) for containers and a
more balanced picture on the basis of all commeslith comparison with more years
(e.g. 1970s, 1980s, and 2010s) as well as on this bamore precise world regions
(e.g. maritime ranges instead of large "blocks"ulidchelp further understanding the
exact influence of Asian trades and the permanehother trading links despite the

growing Asian influence.

Centrality and attractiveness of ESPON ports irbglanaritime flows

In many analyses over time and across commoditgstyRotterdam appears as the
most central port either in the world or in Europ¥e identified a recurrent higher
centrality of northern ports in the global netwadmpared with southern ports, which
remain bound to more localized traffics despitertbemparable performance in terms
of total tonnage. Thus, many ports handle largadges but are not well positioned in
the network. In addition, the number of links (I§)dther ports does not always reflect
upon the true centrality (BC) on the level of tméie network(s);

Further research on such issues of centrality shoubtivate decision-makers in
launching European-wide studies of multimodal asibégty of European cities on a
global level, taking into account not only sepadlad@ or maritime flows but also the
position of cities in land-based networks. Becausay of the most central ports are

also important load centres and continental gateywtnere are ways to improve the
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analysis towards more complete measures of cegteald accessibility in multimodal

transport systems.

Territorial linkages of port traffic specialization

The last analysis clearly confirmed the very logiaasociation between types of
traffics and types of regional economies in Eurapé Japan, which share very similar
trends of port-region functional linkages. Althougih additional analysis on NAFTA
port regions is ongoing and could not be made rdadyhe final report due to data
issues, it will be interesting to push further twanparison of such trends. The nature
of port-region linkages thus differs across regiand traffic specialization is largely
influenced by local demand. It also confirmed thegjor port cities have the most
dynamic profile compared with rural and remotelydted areas;

In terms of recommendation, the fact that not iturees but in shares, port traffics
keep very strong associations with regional (locagstal) economies in Europe (and
this is confirmed by the Japanese case) despitewbleition of logistics chains and
hinterlands, strongly cries out for an engagememfaither analyses of port clusters in
Europe. The strong influence of local economieghennature and structure of port
traffics means that ports remain essential to ewondfe, and this can base further
opportunities for economic development within amdween regions. In addition, the
analysis can be made at a thinner level (NUTS-Burope) so as to verify more in-
depth the nature of port-region linkages, so agl¢ntify specific value chains and
niches where the role of ports is vital. A very on@ant option for Europe would be to
determine based on such analyses where and hopo#ractivities more important

than other activities in supporting local econotifeceand regional competitiveness.
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