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Abstract

The dissertation mainly focuses on the study of pontainer transshipment.
The several models were developed in the researahdlyze the competition
and development of container transshipment. Fotigwhe two branch lines of
the study two aspects of contents are paid attemtidor establishing models
and forecasting. Then the two branch lines wererpparated into the same
target results.

In the first branch line the purpose of the studytd establish models to
analyze the competition among hub and spoke pdiny development
especially in Northeast Asia between Korean portd &hanghai ports in
China, and to forecast the T/S amount of Koreanspamder the condition of
competition mainly from Shanghai ports in China.

In the first branch line study the differential atjons are analyzed and applied
to establish competition and development modelsnagntaub and spoke ports
in Northeast Asia mainly based on Korea. And son@nemetric models are
established too by analyzing a huge amount of dataut container
transportation on the three main routes in the dvothcorporating the
econometric models into the differential equatidihg, differential equations
are solved.

The differential equations’ approach has been opteinbined with
econometric analysis after a deliberate pre-fel#tgilsitudy. The econometric
models in the dissertation are established indeggghd A combination of a
guantitative and a strategic analysis for the pmmpetition and their
development by applying the differential equati@sl econometric model
analysis is a creative study firstly after the agtee analysis about the hub and
spoke ports around Northeast Asia focused on Korea.
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In the second branch line study the purpose igtiapsthe relationship models
between T/S and trades focused on Korean portanBlyzing the relationship
between T/S containers and corresponding tradels @thier countries (or
regions) in Northeast Asia based on Korea, the cehgmsive model for the
relationship is established to analyze and preaditionships between trade
and transshipment under the analysis of the ddiected.

The quantitative approach encompasses a detailelgsén of the container
flow mainly to and from the principal ports on Nuogast Asia- North America,
in terms of the T/S containers and transpacifict@ioers to and from the
relative ports on the route. Furthermore, a modskl approach is taken to
predict future T/S containers’ levels. Additionaltyhe segment T/S markets
based on Korean for Chinese regions are dealt with.

As a whole, we focus on the phenomenon of port @titign and development
around Northeast Asia from the perspective of trategyic development of the
relevant players. An academic approach will rewta@ngths and weaknesses
of hub and spoke ports’ development. The modelshef study provide a
foundation to make decisions for shipping compamied ports in selecting
hub and spoke ports in a relative long dynamic @ssc
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Chapter 1
Introduction
1.1 Background

The world economy has changed thoroughly as atreduhn international

redistribution of labors and capital, and the inatign and globalization of
markets. This trend has coincided with a substamierease in mobility.

Naturally, this also has consequences for maritiraesport, to the extent that
the role and the significance of seaports are twnging. Modern seaports
have become critical nodes in complex logisticsirchaSeaports that fail to
establish themselves as key players in the opttioizaprocess unfolding

within such logistics chains are in danger of 'imigsthe boat' and being
disregarded as ports of call on international fieigutes.

A port is essentially a point where goods are feansd from one mode of
transport to another. Then ports have the functmfneollecting, distributing
cargoes, and transferring transportation mode frester to land, water to
water and land to water. Thus most ports have aahdlspoke function.

In an era of economic globalization ports are ewgivrapidly from being
traditional land/sea interfaces to providers of ptate logistics networks. This
means that ports have had to face many challengesta unpredictable
environmental changes and trends in the shippiog,gnd logistics industries.
It is estimated that 90% of the world internatitpw&laded goods are imported
or exported by sea. And the container transporialias become the most
important way to global trade. There are three nhaig distance mainline
routes of container transportation. They are Easibi-North America, East
Asia-Europe and North America-Europe. The totaltaimer flow increases



rapidly in the world, especially on the three rautérom 2001 to 2005 the sum
of the container flow increased by 53.7% (see Ktk and Figurel-2).

Hereinto the flow on East Asia-North America roitereased by 50% and
increased by 66.1% on East Asia-Europe. But thgekrflow is still on East

Asia-North America, about 17940 thousand TEU whghigher than on East
Asia-Europe route by 43%.

(umite: thousandTET) sum: 55,676
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Figure 1-1. World Maritime Container Movement in 2001
(Source: MOL,\W2002)

This structure evolution of container flows in tverld established a basis of
container transshipment in the shipping market. @ieployment of bigger
ships is another factor to stimulate transshipnieoteased. Post-Panamax
ships of 5000-7500TEU and above now dominate thermaprld trades. Ship
size is still increasing with about 11000TEU ship®e delivered recently, and
before 2010 more ships of around 11,000 TEU ar&ipated in running.



Some yards such as Germany’'s HDW and Samsung iraKbave similar
sized vessels on the drawing board. Maersk Seddasgut 11,000 TEU ship
on routes. These vessels have a draught of betieBrand 16.0 meters with a
service speed of 26 kndts

(unit: thousand TEU) sum: 85600

- 3020 __—__
3, f\«\’b America
9
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Figure 1-2World Maritime Container Movement in 2005
(Source: rg 2006)

With the rapid development of both the structurecofitainer transportation
and the bigger size ships, container transshiprhebt ports have become
highly sought after throughout the world and esgfcin some Asian regions.

Thus competition between hub and spoke ports aodehas become more
and more fierce. It also has made some countriegemments or local

governments pay a lot of attention to the intrinpioperties of the ports

themselves, such as the geographical locationavh#able infrastructure, the
degree of industrialization, government policy, arkde standard of

performance of the port. They have made substantiaktments in upgrading
their ports and corresponding infrastructure. Bostrof hub and spoke ports
in the world still should have paid (or should pattention to some challenges
and emerging issues, such as:

1 0. Mahony and Porter 2004.



_rapid growth in volume of world seaborne freigtgpecially container
_emerging hub and spoke system in global shippngce

_increase of transshipment cargo and competitioangnports and terminal
operators

_introduction of the super mega size containership

_increasing competition towards hub ports

1.2 Research Objective and Scope

The development background of container shipping ports’ performance

has indicated what should be researched. The parpbghis study is to

establish models to analyze the competition amarigand spoke ports, their
development especially in Northeast Asia betweere®o ports and Shanghai
ports in China, and to forecast the T/S amount ofeldn ports under the
condition of competition mainly from Shanghai poitsChina. The study is
also to setup the relationship models between T& taades focused on
Korean ports, and to predict the T/S amount thrakigrea for some Chinese
regions. The suggestions are given for the devetopnof Korean ports

through the study.

The research questions are quite broad. Therdfaiations in terms of scope
and depth are necessary. Some major limitationghef research in this
dissertation are recognized.

There are several hub and spoke ports in the vamddalso in Northeast Asia.
The study only focuses on the correlative questamsng Korean ports and
some ports in China.

The number of factors that influence the T/S cowta and the transpacific
containers is huge. This study mainly deals witmspacific containers’ and



relative variables. The relationship proportion i@bhles between T/S
containers and trade are focused on based on Kpaén A focus on these
factors can yield new insights, as it has becoreardhat these variables have
a substantial influence on the development of hodh spoke ports around
Northeast Asia through the analysis of the histmyg present data. Although
other variables, such as technological developnmetipnal policies and other
container market’'s development clearly influence lnb and spoke ports, but
most of the information are included in the datackhs used for establishing
the models and analyzing in the study. Some extearables are considered
too in data analysis.

The differential equations are analyzed and apgieéstablish competition
and development models among hub and spoke poisritieast Asia mainly
based on Korea. Some econometric models are eftadlltoo by analyzing a
huge amount of data about container transportatiothe three main routes.
Incorporating the econometric models into the difféial equations, the
differential equations are solved.

By analyzing the relationship between T/S contaimerd corresponding trades
with other countries (or regions) in Northeast Asiased on Korea, the
comprehensive model for the relationship is esthblil.

In the process of the study the following tasks eaeried out through the
course of this study:
* Collection of data and information on containengortation on three
major routes and T/S containers based on Korea,pand trade in
Korea with other countries or regions in the NoatteAsian
* Research on current situation of container trarighon on major
routes especially on transpacific route, and retesthip between T/S
containers and trades based on Korean ports



» Korean T/S containers’ forecast under the conditbrcompetition
with Shanghai ports in China.

* The proportions of T/S containers through Korea aradles with
Korea for some Chinese regions are predicted, dunthore the T/S
containers through Korea for the Chinese regioapezdicted.

» Study and analysis on the results and the T/S’duattse direction

* Recommendation

1.3 Research Methodology

The differential equations’ approach has been opteinbined with
econometric analysis after a deliberate pre-fel#tgilsitudy. The econometric
models in the dissertation are established indeggghd A combination of a
guantitative and a strategic analysis for the pmmpetition and their
development by applying the differential equati@sl econometric model
analysis is a creative study firstly after the axtee analysis about the hub and
spoke ports around Northeast Asia focused on Korea.

The quantitative approach encompasses a detailelgsén of the container
flow mainly to and from the principal ports on Nagast Asia- North America,
in terms of the T/S containers and transpacifict@ioers to and from the
relative ports on the route. Furthermore, a modskl approach is taken to
predict future T/S containers’ levels. Additionaltyhe segment T/S markets
based on Korean for Chinese regions are dealt with.

As a whole, we focus on the phenomenon of port atitign and development
around Northeast Asia from the perspective of thategyic development of the
relevant players. An academic approach will rewta@ngths and weaknesses
of hub and spoke ports’ development. The modelshef study provide a



foundation to make decisions for shipping compamied ports in selecting
hub and spoke ports in a relative long dynamic @ssc

The methods employed are substantial, so thatdkelts obtained may be
collated and translated into conclusions that acmemically relevant.

1.4 Structure

The dissertation consists of an introduction, sirpters centered on research
results, and a final chapter with conclusions aeetbpment implications.
Chapter 1 provides an introduction to the disseraincluding background
analysis and the explanation of the study purposeabjectives. The scope of
the study, methodology and approach, structurbektudy are explained and
analyzed in the chapter too.

Chapter 2 discusses the concept and definitionoof gompetition and hub
port development with the competition.

Chapter 3 is concerned with the general evolutiod development of the
world container trades, container transportationettgoment on the different
ocean routes. Some of the major changes that heowgred in the container
shipping environment over the last decade have leatyzed. And the
economic growth context related export and impativeen Northeast Asia
and North America is set forth. The container teade the specific route and
in the ports among Korea and China are analyzed too

Chapter 4 is devoted to discussion of the modetaldishing of development
and competition between ports in Korea and portShianghai China. And
some relative relationship models and time senwidels are established in the
chapter.

In Chapter 5, the differential equations are solaed forecasting of Korean
ports’ T/S containers is made.



Chapter 6 discusses the relationship of T/S coatsirand trade based on
Korean ports. Some models are established to anttgzrelationship.

Chapter 7 predicts the T/S containers through Korparts for the main

regions in China according to the trade developnimitveen Korean and
major regions in China.

In Chapter 8, the final chapter, the principal filg$ from the previous

chapters are integrated into a coherent set of palis’ development

implications and conclusions, especially for Korgants.
The study and content structure is shown in Figiael
This chapter is an overview of the dissertation &mel study. It guides to

understand what the dissertation is going on irfathewing chapters and what

the relationship is between the chapters logically.



Figurel-3 The study and content struct@
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Chapter 2
Port Competition and Development
2.1 A Conceptual Definition of Port Competition

Competition between ports is therefore fierce. Timestoppable rise of
container traffic flow and the constant drive faesialization, and capacity
increase of seagoing vessels have resulted inialgigpmpanies concentrating
as much as possible on a limited number of portscaf. Increasingly,
connecting services are left to feeders. In the, whipping companies are able
to benefit maximally from the economies of scakt their larger vessels offer,
while they are also able to provide more flexibhel guicker transport services
and sailing schedules. Emerging strategic alliantetween shipping
companies, meanwhile, have led to a further conatoin of demand for port
services. It seems that there is clearly a dediniend in the number of
players requiring services from ports or contateeminals.

Shipping companies are increasingly focusing onirdegrated approach to
transport in which logistical services are provideda global scale. Many of
these companies have in fact become inter-modalatps. Throughout the
logistics chain they are tightening their grip amtainer flows. Consequently,
shipping companies appear to have become the painglayers when it
comes to a choice of seaport. It used to be the daat only territorial
considerations were taken into account in the seteaf ports of call. But
increasingly port characteristics are assessedlation to the global logistics
supply. Geographical or territorial aspects are lagportant than they used to
be. The key consideration today is the summarimatsport cost, i.e. the total
transport cost (including out-of pocket costs, timests, reliability etc.)
associated with the logistics chain.

10



The purpose of a further standardization of fretghffic is not only to reduce
maritime costs but also transshipment and warehousing costs ¢osts
incurred within ports), as well as the cost of bitand transpiration. The
general trend thus far has been for global tranafion to become cheaper.
However, there is considerable doubt about longentost developments.

In the context of port competition, reference ienfmade to Verhoef{1981),
who argued that seaport competition unfolds at fistinct levels: competition
between port undertakings, competition betweenspawmpetition between
port clusters (i.e. a group of ports in each osheitinity with common
geographical characteristics), and competition betw ranges (i.e. ports
located along the same coastline or with a largidgtical hinterland).

The factors influencing competition may vary froravél to level. The
competitive strength of individual undertakings hit a port is determined
mainly by the factors of production (labor, capitedchnology and power).
Competition between ports, port clusters and pamges on the other hand is
also affected by regional factors, such as the mpbdcal location, the
available infrastructure, the degree of industzation, government policy, the
standard of performance of the port (measured rimgeof proxy variables,
such as the number and frequency of liner servieas] the cost of
transshipment, storage and hinterland transpomnfatio

This traditional approach to port competition mastwv make way for an
approach based on competition between logistictisha which ports (and
port undertakings) are merely links. As the mogtantant consideration is the
overall cost of the transport chain, it is inevieathat, besides throughput, the
industrial and commercial functions (including wasasing and distribution of
goods), as well as hinterland transportation wiime to occupy an

2 Verhoeff (1981) is perhaps the first scholar whecdssed seaport competition in a comprehensive enann
he claims there is ‘hardly any literature on thejsct’ (Verhoeff 1981, p. 49).

11



increasingly important position.

A port and the undertakings established in it camphrectly with a limited
number of other ports, usually within the same ean@ompetition between
ports belonging to different ranges involves justeay few types of goods
flows. Consequently, the crucial question is whetednines the choice of port?
Why is one port preferred to another? Which undtérgs located in that port
are chosen? And which hinterland transport modes?

Port competition is traditionally regarded as cotitjp;n between and within
ports. This definition would appear to be incompletnd it is therefore hard to
assess. The operational context of the concepsrtedik extended.

It should be noted in this respect that Verhodéfiels of competition also
interact with one another, so that they cannot tresidered independently.
Verhoeff's definition of port competition does riake into account the traffic
structure of ports or port undertakings. Goss (£990274) rightly asserts that
the composition of the traffic flows is essential the context of port
competition: '(...) many commodities are exportednt several countries,
whose ports are therefore in competition'. Verlsoafefinition fails to
distinguish between ports and port undertaking®tims of the goods (i.e. the
type of traffic) in which they specialize. He catesied them to be comparable
units. Clearly, though, an undertaking in a corgaiport is not in competition
with a maritime concern specialized in liquid bulk forestry produce. Port
competition is further influenced by other factomych as the type of
management, the know-how of port authorities anchagars, the well-
considered application of EDI, government interi@mtthe existence of niche
markets, and the generation of added value. Inrotherds, a modern
definition of 'port competition' must incorporaté aspects relevant to the
constituting terms 'port' and 'competition’. Aftdk, ports are considered to be
the competing entities. One can only arrive at perational definition by
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combining the above mentioned aspects meaningfulithe present study, we
shall employ the following definition of port contji®mn:

A conceptual definition of 'seaport competitioBeaport competition refers to
competition between port undertakings, or as thse cmay be terminal
operators (the competing players involved in th@aoization of entire
transport chains) in relation to specific transawi (the object, taking into
account the origin and destination of the traffiowls concerned). Each
operator is driven by the objective to achieve mmaxh growth in relation to
goods handling, in terms of value added or othexwRort competition is
influenced by (1) specific demand from consume, qpecific factors of
production, (3) supporting industries connectedhwiach operator, and (4) the
specific competencies of each operator and theialsi Finally, port
competition is also affected by port authoritied ather public bodies.'

Firstly, there is competition between operatordsTipe of competition may
be summarized as 'intra-port competition at operkgeel'. In recent years,
operators within ports have increasingly tried teedsify their activities,
offering services throughout the total logisticaich As a result, operators are
now often present in several ports, where theyirar@ved in the handling of
various traffic categories.

Intra-port competition can however be put in annelbeoader context, as port
authorities and undertakings may also compete mithisingle port, albeit

indirectly. This form of 'mixed competition' occuik a port authority has

stakes in a port undertaking or terminal operaldris competition could affect
the competition between two hub ports in a singeeographical position.

Secondly, there is competition between operatam fdifferent ports (level 2:
'inter-port competition at operator level). Thixend level of port competition
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occurs mainly between operators within the samgeaaerving more or less
the same hinterland. However, Verhoeff (1977) am$s5(1990c) have both
asserted that competition may also involve porgearas such. Competition in
the Hamburg -Le Havre range is usually restriceeddmpetition within that

range. Only rarely are ports belonging to othegeaninvolved, as there is very
little overlap between the hinterlands of ports nirodifferent ranges.

Consequently, operators within a given range uguklnot feel threatened by
operators from other ranges, and there is no ew@ewhatsoever of

competition at this level.

Thirdly, there is competition between port authiesitbe it national, regional or
local-which directly affects the determinants oftpcompetition (particularly
the infrastructure in and around a port). Thisfi€aurse crucially important
for the competitive position of operators. Thiseigel 3: 'inter-port competition
at port authority level'.

Implementation of this theoretical framework aleguires a reconsideration of
the 'mainport' concept, which is based on portsiptitive position. In the
economic literature, it is traditionally suggestibdt a mainport is a market
leader in several or even most traffic categorMsreover, it is usually
claimed that such ports provide the best servioeshandling facilities for a
broad range of goods. Such an interpretation ofria@port notion is rather
misleading, as it is an illusion to believe thataat can easily become a market
leader in several, let alone all, traffic categarigut a hub port for container is
possible in some regions.

The fact that many ports in the world specializes@veral traffic categories
requires that, unlike the notion of mainport, tledimition of a mainport should
be reinterpreted as a hub port. It concerns theirdomoe of one port over
others in relation to a specific traffic categorg.eontainer traffic.
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It should be noted in this respect that the terim jport is increasingly used by
port authorities who wish to assume a certain sthiumarketing reasons, the
actual status of the ports is to compete for Ti8aioers.

A great many players are involved in port companitiboth conceptually and
operationally. Consequently, port competition andrt pmanagement is
influenced to a very considerable degree by a tadki of related - sometimes
conflicting - interests.

Three types of port competition may be discerned jmtra-port competition at
operator level (competition between port undertg&iwithin a single port),
external port competition at operator level (coritjpet between port
undertakings from different ports), and inter-pommpetition at port authority
level.

A hub port which is active in this competitive emmriment must therefore
constantly care their T/S containers’ increase. T™oenpetition for T/S

containers could be various and diversiform, bug tinside nature of
transoceanic containers is difficult to change. sTitumay be known by the
study and then to grip the trend of the developmBatisions could be made
according to the development how to adjust the aditipn strategy for hub
ports and also for shipping companies, in ordeetain a competitive edge.

2.2 The Development of Hub Ports
There are close to 600 container ports across tddwith an estimated

combined handling capacity of more than 400 millideJ. The largest ports,
those that can handle in excess of 1 million TEUgmaum, account for nearly
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two thirds of global capacit

Economic forces appear to be favoring the emergeficeuper-hubs and a
changing pattern of port callsBy limiting port calls to regional hub ports,
shipping companies can reduce costs. It has beggested that ports must
have throughput of 5 million TEU and logistics fais to support the
efficient flow of cargc’.

Drewry’ forecasts container throughput to grow at 8.3qeet per year from
275 million handlings in 2002 to a total of 442 Iroih handlings in 2008. This
includes growth in transshipments estimated atp@i3cent per year. Untill
2005, container throughput in the world has rea@®&imillion TEU.

In last two decades, the hub and spoke systemnir lservice has been
introduced as larger containerships have been eddptmajor sea transport
routes such as Europe-Far East-American West cbhstemergence of this
new system has allowed load centers along the\Bast-shipping lanes. Since
that time the shipping and port industry has carsid possible changes from
direct call or multi-port itineraries to hub andokp (i.e. transshipment)
services.

This hub-feeder system allows shipping lines tovig® a global grid of
east/west, north/south and regional services. @tgeIships on the east/west
routes will call mainly at transshipment hubs wheoatainers will be shifted
to multi-layered feeder subsystem serving northifsodiagonal and regional
route$.

% Drewry, 2001

4 Trace, 1997.

5 Lloyd's List,2002.

% Year 2001

" Hayuth and Fleming,1994.
8 Notteboom, 2004.
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Liner service network design depends on the balarfc@ower between
carriers and shippers (Notteboom, 2004). From the&ier’'s perspective
economies of scale are a critical element in ordleeduce costs, which can be
achieved by operating larger ships and having fgyeets of call. However,
from the shipper’s perspective total freight ratésie and service quality,
including frequency and flexibility, are more otdl elements. There are
clearly different views existing between carriersl ahippers with respect to
the hub and spoke system. The different views agses the competition
between hub ports.

Transshipment cargoes offer port authorities ananiteal operators an
opportunity to develop their businesses at a faaterthan the development of
their economic hinterlands would permit. It is #fere not surprising that the
competition for this business is fierce and also lwa very volatile.

Thus most ports have introduced incentives to #fsipsnent such as longer
free storage periods, lower terminal handling charmand the reduction of port
tariffs for shipping lines handling more than cartéreight volume, which
could contribute significantly to reducing the cadt shipping companies
and/or shippers.

Because there has been strong trend towards megacantainerships, the
service pattern of these mega size containershigg aepend on the cargo
volume available. If there is enough volume to tfile space, well developed
ports and good land transport facilities with rewdue cost, and a direct call
system may be a better service pattern. On the bided, there is a strong
possibility of ports adopting a hub and spoke servpattern with an
appropriate number of ports of call.

17



Figure 2-1 sets out the methodological approacll t@enodel and evaluate
the relative competitiveness of competing locatiamsoptimal transshipment
centre in one region. Key elements in the modelamgproach involve
assessment of:

Ship Cost Transhipment Location Factors

F—rr1 S Cost F—r
M;':i';:e M;":i';:e Feeder Feeder Difference Msat':;:_:;e
Deviation Deviation _Shlp Ship By Cost
Distance Cost Distance Cost P Saving

Existing New
Transhipment Transhipment
Ports FPort

Figure2-1 Optimal transhipment port locatinathodology

» Mainline ship deviation distance and cost

 Feeder ship distance and cost

» Mainline plus feeder ship distance and cost

« |dentification of cost differences between exigthub port locations and the
new hub location, and any cost savings thereof

» Share of the container transshipment market requiy a new transshipment
hub

» Mainline operator deep-sea service string coghga

The objective is to compare, in the context of phiacipal transshipment and
feeder markets, the cost of shipping via currenfomaiub port locations
relative to a new location in the region. The al&tive location in this instance
is the proposed container transshipment terminal.

18



Cullinane et al.9 highlight a number of reasons darriers continuing to
provide direct call services using large contasteps, including:

» Feedership costs are much higher per TEU-mila the cost of mainline
ships, and

» Scale economies in liner shipping are not quit@awerful as expected and
are not totally lost by multi-port calling.

However, pointing to the ongoing trend towards ghkr proportion of
transshipped containers, Cullinaneet al. suggest dhrect calls by mainline
vessels are being rationalized (by implication késyin more transshipment)
as carriers seek higher levels of return from thsgets.

Yet the degree of load centering which would previdlowest cost solution
tends to be route specific, and it is thereforéalift to generalize for all trades.

Research by UK-based transport consultants MDS simadal (1994)
suggested that multi-port schedules are preferrechlse relatively large
volumes of cargo can be shifted and big ships eatuimed around in port in
under one day (i.e. through only part loading ioheport). According to MDS
Transmodal, the costs of making a port call arediand relatively small
compared to the cost of transshipment, providedsiie of the container
exchange is significant. MDS Transmodal’s studyjclwhcentered on ports
situated close to the English Channel, did findilsiry to Cullinane et al10in

that the scope for transshipment over these portsotts further afield was
considered likely to grow in future as itinerari@mcame more concentrated.

Traditionally, the degree of load centering or hiojgbhas therefore been
determined by evaluating the trade-off between ifepédnd extra handling

% Year 1999
10 vear 1999
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costs, and the extra costs of calling at an additigort’. Even relatively
recently, prominent maritime researchers have texstaehat almost seems to
have become an inevitable view that extra feeder lzemdling costs must
make transshipment more expen&ive

Nevertheless, several major carriers and alliamadd appear to be moving
in the opposite direction, as they busily selectd(in many instances help
develop) new transshipment hubs and call at thedss hwith ever larger
vessels. This therefore raises the question: hasgémeral theoretical and
academic analysis of the direct call versus hub gtcaitegy been sufficient?

One of the more detailed academic studies invdstgaontainer ship costs
considered different ship sizes for end-to-endpgloand pendulum service
types?, each essentially multi-port itineraries. But itl dhot compare these
service types with a hub and spoke alternativeurgér study concluded that
the hub-feeder system (in northern Europe) woulgt ba competitive if there
was a substantial percentage of containers on eke-gea vessel (i.e. about
35-45%) that are not feedered, but remain in thénipart for onward
distribution by land*. Without this base cargo, it was suggested, double
handling costs involved with feeder containers &mel additional transport
costs involved would outweigh the benefits of ultnaye container carriers.

One reason for increased interest and competitionhib and spoke
transshipment service networks relates to the ttemdhrds deployment of
bigger ships. Post-Panamax ships of 5000-7500 Tielhhove now dominate
the major world trades. Ship size is still incregsiwith 9600 TEU ships due
to be delivered in 2005, and before 2010 ships \ar dl0,000 TEU are

11 RSPB/MDS Transmodal,1997; Cullinane et al., 1999.
12 Stopford, 2001.

13 Lim,1996.

14 Wijnolst,2000.
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anticipated. Ishikawajima-Harima Heavy Industries has desigae2b-knot
10,000 TEU.

There has been considerable speculation regardiwdoiy containerships may
become in future. In his analysis of ships of upl®000 TEU capacity,
McLellan (1997) cautioned against continued upgiznggesting that the size
of the biggest ships would likely plateau due tggital restrictions in ports.
Yet the number of new deep-water offshore hubs tizae developed over
recent year§ means larger vessels can now be accommodated.sAioof
these new types of offshore hubs have transshipmankets as their main
focus. Detailed analysis by O’ Mahony (1998) alsggested that the technical
barriers to handling bigger shipsould be overcome. The bigger and bigger
size ships have motivated the competition of huli ponstruction between
countries or regions.

Another reason for increased competition in hub apdke transshipment
service is illustrated in Figure2-2 that global w@oner port demand has
consistently increased more rapidly than outputadidition to direct, trade-
related factors, container port demand has alsn beested by the continuing
containerization of general cargoes in developiagkets and of backhaul bulk
cargoes in developed markets, as well as by theeasing use of
transshipment.

Figure2-2 also shows that growth in transshipmea$ been even more
dynamic than general container growth.

Over the 1991-2002 period, transshipment traffigaexled by an average of

15 Flynn,2001a.
16 E.g. Freeport, Salalah, Tanjung Pelepas, Taratto,
" E.g. crane size/productivity, quay strength, etc.
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almost 14% per annufh Growth has been very steady over the period thizh
exception of 2001 when transshipment expanded by ®#6ch was still
almost three times world output growth for thattigafar year.

|+ Qutput Growth —8— Container Growth —&— Transhipment Growth |
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Figure2-2 World economic, container and transshigrgeowth
(Sources: Ocean Shiggonsultants, IMF)
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In East Asia, the development of T/S ports is ramid also the competition is
fierce. Singapore emerged in the late 1980s airgtigport in the world that
was dependant primarily on trans-shipment cargoest$ existence. Since
then it has been joined by other ports in East A&iaumber of ports that have
substantial volumes of hinterland cargo also playaor role in the trans-
shipment system: these include ports of Hong K&amphsiung, Busan, Tokyo,
and Port Klang.

The dynamic opportunities will offer opportunitiéar new emerging trans-
shipment hubs. The traditional port centers of &jruge, Kaohsiung and Hong
Kong are expected to retain their importance thinoudythe period.

In Northeast Asia Shanghai is an obvious candiftate trans-shipment hub
port in mainland China with its massive hinterlaralumes expected by the

18 Ocean Shipping Consultants, 2003.
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end of the forecast period. The Yangsan New Coetdiarminal is expected to
lead to a reduction in the number of direct cajlsriajor services at other ports
of mainland China, contributing to the increaseshsrshipment opportunity at
Shanghai. Korean ports are most likely to gain, dahd new port of
Gwangyang (Republic of Korea) will join the compieti and capture some
trans-shipment volumes. Although the competitiotwleen Korean ports and
Shanghai ports of China emerges, Korean ports edgltinue to play an
important role in trans-shipment business in aireddong time period.

2.3 Summary

Port competition has formed at four levels in thaladl container transportation.
For hub ports the focuses of the competition aee dbmpetition between
traditional and new hub ports, to gain more T/Staimers from the present
flows and increase flows of transoceanic containeifse competition between
direct call and transshipment for hub and spoketspdeEven though the
competition becomes more and more fierce the dpusat of T/S containers
is still continuous.

In the Northeast Asia the competition of hub pomtEnly exist among Korean
ports and Shanghai ports of China, especiallytfeirtnew container terminals,
such as terminals in Gwangyang of Korea and in ¥an@f Shanghai China.

The main source of containers for the competitietwleen Korean ports and
Shanghai ports of China is from transpacific cordes and the competition
appears on the transpacific route.

This chapter focuses on academic analysis of porhpetition and its

development, especially in Northeast Asia. It giwsdences and basis to
support establising models in chapter 4.
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Chapter 3

The Analysis of World Container Trade Volumes and
Container Shipping Evolution in North-East Asia

3.1 The Evolution of the World Container Trade

The inauguration of the container some forty yeag® brought about a
significant structural change in international gaheargo shipping which still
is not completed. The development of container gtarlas enormous.

The market environment in which container ports aipping lines are
operating is substantially changing. One of thenmuiiving forces to change
emerges from the globalization process and theedacgle adoption of the
container since the late 1960s.

Container turnover figures of the ports of the woshow exceptional high
growth rates almost independent from the developm&the world economy.
During the seventies world container port turnanereased by an average of
22 % p.a., during the eighties by 9 % p.a. andnduttie nineties even again by
10.5 % p.a. During the nineties market observarschsted a slowing down of
the growth rates due to the seemingly saturatiocoofainerization. However,
yearly growth rates remained high and in some yewes surpassed clearly
the 10 % barrier. As is shown by the Figure3-1 dable3-1 below from 1995
the slowing down of growth rates finally seems &wé started, however, the
figure for 1998 must be seen in the context ofAkian crisis.

In the absolute figures worldwide container porottghput® increased from
36 million TEUs in 1980 to 393 million TEUs in 200Borecasts point to

¥9n the dissertation the concept throughput inciumiansshipment. Transshipment containers
be count once only for import.
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between 432 and 468 million TEU in 2010 (OSC, 188d@ OSC, 2003), but it
seems lower from present change. While the AtlaRiim is the cradle of
containerization, economically dynamic East Asia Heecome the world's
main container region. The share of Asia in worltkvicontainer port
throughput rose from 25 per cent in 1980 to abdutpércent now, while
Europe saw its share drop from 32 per cent to 28pé( see Figure3-2).

Figure 3-1 World container throughput evolution (million TEU)
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Source: Drewry Shipping Consultants, Clarkson

Table3-1 The world container increase rate

v Thr_oughput Increase rate of
(million TEU) throughput
1991 98.3 9.40%
1992 108.1 9.89%
1993 118.9 10.01%
1994 134.7 13.34%
1995 145.1 7.69%
1996 157.9 8.82%
1997 176.0 11.46%
1998 190.5 8.24%
1999 209.9 10.18%
2000 235.6 12.24%
2001 247.4 5.01%
2002 275.9 11.52%
2003 317.0 14.90%
2004 354.0 11.67%
2005 393.0 11.02%

20 Drewry Shipping Consultants, Clarkson
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Figure3-2 East Asia container throughput proportions
accounting for world throughput(%)
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No other sector of shipping or of any land-basexhdportation sector has
experienced such a phenomenal development. Thengdsr the unparalleled

success of the container trade are various anly jgarinected to each other. The
rise of world containerization is the result of tiéerplay of macroeconomic,

microeconomic and policy-oriented factors. Worlade is facilitated through the

elimination of trade barriers, the liberalizatioema deregulation of markets.

Gaining the benefits of containerization, howeverecessitates heavy
investments in all parts of the transportation sh@hese investments have taken
place step by step and with different velocity ire tvarious countries. The
structural change in favor of the container ssllunder way in a number of
countries such as in Latin America, Africa and Agig also in higher developed
areas such as in Baltic and Mediterranean countries

The container was and still is penetrating the gareargo market and for this

reason growth rates have had and still will corgirto develop more than
proportionate in comparison to the general cargosjportation market.
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With the tremendous development of containerizatiomore efficient system
combining hub port and feeder lines has been pa@htion to very much.

Introducing a feeder system meant a multiple tuenaf containers which, by
the way, was only acceptable to the shipping conesaas to times and costs
involved through the high productivity and compdyalow costs of modern

container ports.

The advantages of the feeder system were suclnthastimated 20-25 % of all
container handlings in the ports worldwide are &etbntainers. It is estimated
that the share of feeder containers of total caetai handled in the port of
Singapore, one of the world market leaders, amdorgeme 90%.

The feeder system served to push the port turnfigieres in the past. Because
some trade relations are still being newly contdeel also in future the
transshipment containers will lead to more tharpprtionate growth rates in
container handling as against the general growthaimsportation. However, the
additional effects should not be estimated to béa@ge as in the past because
there is an economical limit as to the share ofléeecontainers on given trade
routes.

Another effect of the feeder system was to push tle transportation demand
for ships. Substituting direct calls through feedalls increases the seaborne
transportation distances, some examples showeaddyo85 %.

Finally to mention is the effect of reduced tramsgiion cost for certain trade
relations which attracted additional cargo volumesbe inter-continentally
exchanged. Using the transshipment points of $imga Hong Kong and
Busan etc. the cargo now is transported over aifisignt part of the total
distance by the biggest containers ships availabkhe world which means
that it profits from the high savings possible du¢he economies of scale.
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3.2 The Structure of the World Container Trade

The total world container traffic in 2000 was 136#dlion TEU, it increased to

215.3 million TEU in 2005 by 1.578 times of one2id00. From Figure3-3 the
increase curve goes with a slope up. The annuabgeeyrowth rate was 9.4
percent per annum during the year 2000 and 2006hwtas somewhat higher
than the rate at which the global containerizedy@anarket was expected to
grow. The total world container traffic which isrécasted from MergeGlobal

will increase to 305 million TEU by the year 2010.2006 it is 231.7 million
TEU.

Figure3-3 World containerized ocean freight traffic (million TEU)
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The world container traffic has formed a regionalicture. On sub-routes the
container traffic volumes are very different. Fig8#4 and Table3-2 show the
proportions of container traffic flows on sub-raut&xcept for the flow on the
route of rest of the world, the bigger one is omrahsia route, next is

transatlantic route, third is transpacific route@mting for 8.9% in 2005.
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Figure3-4 Distribution structure of world container traffic(%)
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“Table3-2 Distribution structure of world container traffic (%)

ub-region Rest Trans- Asia- Trans- Intra-
Year of world | Atlantic Europe pacific Asia

2000 51.7% 16.7% 7.6% 8.7% 15.3%
2001 51.9% 16.2% 7.9% 8.7% 15.3%
2002 51.7% 16.4% 7.4% 9.0% 15.5%
2003 51.5% 15.4% 7.4% 8.5% 17.1%
2004 51.4% 15.4% 7.3% 8.6% 17.2%
2005 51.4% 15.0% 7.6% 8.9% 17.1%
2006* 51.4% 15.0% 7.7% 9.1% 16.8%
2007* 51.3% 15.0% 7.8% 9.2% 16.7%
2008* 51.3% 15.0% 7.9% 9.2% 16.6%
2009* 51.3% 15.0% 8.0% 9.3% 16.4%
2010* 51.3% 15.0% 8.1% 9.5% 16.1%

The other obvious feature is the structure charigheoT/S container flow. The
Figure 3-5, which is from MPPM models’ forecastpwis the market share of
individual trans-shipment ports by trade route @2 In the Asia-Europe route,
ports of Singapore, Hong Kong and Tan Jung Pelepagxpected to continue

2L Source: MPPM models’ research paper
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to dominate the trans-shipment business. In thestPacific route, ports of Hong
Kong and Busan will handle around 60 per cent @f tibtal trans-shipment
volume. In intra-Asian trade, Singapore will domahe trans-shipment. The
competition between Hong Kong and Busan for traasiffe containers reaches
a stable status. The MPPM models’ estimates shatvpthrts of Singapore and
Hong Kong will remain as the main trans-shipmentgof the region.

*Figure 3-5 Trans-shipment shares by trade route (215)
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3.3 The Trade Development between North-east Asia
and North America

Since 2002, world economic expansion has had angtpmsitive impact on
growth. Most developing countries have benefiteunfithis growth momentum

22 Source: MPPM models’ research paper
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as a result of strong demand for their exportsrishgry commaodities and, to an
increasing extent, of manufactures.

The expansion of world output continued unabated(@5, and is expected to
maintain its pace, with a projected GDP growth & @er cent in 2006. Output
growth in developed countries is likely to continag 2.5-3 per cent, despite
high prices for oil and industrial raw materialsdaa tendency towards more
restrictive monetary policies.

The developing countries have contributed to thet feace of global growth,
with strong investment dynamics and an overall ghorate averaging about 6
per cent for the group as a whole. In particulapid growth in China and India
has contributed to this outcome.

The growth that has occurred in the Asian economies the last decade has
brought changes in both the composition and thgrggdical structure of Asian
trade, especially the trade changes between Naitthata and North America.

It is expected that the trans-Pacific trade wilbwhthe stronger growth among
the three major Asian trades (namely, Asia-Northefica, Asia-Europe, and
Intra-Asia) over the next decade. This is partlgcese the growth prospects for
Asian trade with North America are likely to be qmmatively enhanced as the
economic adjustment ends after a period down inJhiéed. It is also because
the trade between China and America will increaseticuously and it will
provide a higher percentage of total cargoes.

Figure3-6 shows that the trade between Northeast Asd North America
appeared weaker and presented a fluctuation dthiengear 2000 and 2003. But
after the year 2003 the stronger trend appearsragal almost has a straight
increase with a stable slope upward.
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The main countries in Northeast Asia are Korean€hind Japan. The changes
of the trade distribution structure among the thoeeintries are shown in
Figure3-7 and Table3-3. It is clearly seen that ttade proportion between
China and North America becomes bigger and biggem about 20% in 1999
to 44% in 2005, and Japan appears a heavy decrfease63% to 41%, and
Korea shows a slight decrease with a fluctuatidms Thange could affect the
container flow and T/S containers through hub pont$ranspacific route.

Figure3-6 Trade amount between Northeast Asia
and North America
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Figure3-7 The trade proportions for main countries between
Northeast Asia and North America(%)
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Table 3-3 The trade proportions with North Ameica for Asia countries

Korea China Japan
1999 0.1729 0.1979 0.6292
2000 0.1917 0.2186 0.5898
2001 0.1605 0.2456 0.5939
2002 0.1597 0.2800 0.5603
2003 0.1618 0.3470 0.4912
2004 0.1681 0.4034 0.4285
2005 0.1495 0.4428 0.4077

3.4 The Transpacific Ocean Container Trade Developant

As analyzed in the preceding section, the contdloer structure on transpacific
route among countries in Asia may be discussed.

From Asia countries to USA

From the Figure 3-8 the biggest proportion of cioties to USA is caused by
China. The trade from China accounts for about&@ent in 2004 on the route
to USA. Hong Kong'’s proportion is higher than 10gemt. All of other is lower
than 10 percent, Korea and Japan are respectibelyt %% and 7.5% in 2004
(See Figure3-8 and Figure32d)

Figureld-8 The propertions of containers to USA for Axis
countriex in 2003
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Figurel-3 The proportionz of contesiners to USA for Axia
countriex in 2004
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Comparing trade proportions from Asia countrie®tJ®A in 2003 with in 2004,
the obvious feature is that the proportion of Chijod increase, and others got
decrease.

From USA to Asia countries

From the Figure 3-10 the biggest proportion of aordrs from USA is caused
by China too. The trade from USA to China accourftg#dabout 36 percent on
the route from USA in 2004. Japan’'s proportion exhkn the second and
accounted for about 21% in 2004. Korea ranked éntlfird and accounted for
12% in 2004. All of other is lower than 10 percé®¢e Figure3-10 and Figure3-
11y

Comparing trade proportions from USA to Asia coi@stin 2003 with in 2004,
the obvious feature is that the proportion of Chgwt increase, and others
almost got decrease.

24 Drewry Shipping Consultants
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Figura1-10 The proportion® of comainers frorm USA for Axig
countriex in 2003
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Figurel-11 The proportion= of coniminers from USA for Axia
couririex in 2004
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3.5 Analysis to Drive the Development of Trade an8hipping

As it is analyzed above shipping containers andtitscture have developed and
changed with trade development and its structuaag, especially in Northeast
Asia. The further analysis is done to answer whatrhain factors are to drive
such changes in trade and its structure.
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There are some factors to influence trade develaopmaed its structure change.
But the main factors are economic development dedchange of economy
distribution, redistribution of industry in the War

From 1990 to 2004, world economy has changed napidile GDP in the world
increased from 21,735,592 million dollars in 196(1.,290,409 million dollars
in 2004. It increased by almost 90% in 10 yearse Tdustry share in GDP
decreased from 33% to 28%. The distribution of &@P also changed from
1990 to 2004; see Figture3-12 and Figure3-13.

Figure 3-12 World economy distribution on GDP in 1990
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The Figure3-12 and Figure3-13 show the share of (BD&w income countries
in East Asia & Pacific region increased from 3.18610990 to 6.4% in 2004,
more than 2 times. And the high income countribatrs in the world decreased
by 2.6 points of percent from 1990 to 2004.

The Figure3-14 and Figure3-15 show the main coesitihange of Northeast
Asia in the world. Totally shares of the main thoeeintries’ increased by 0.69
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points of percent. But China’s share increased sintimes. The unusual
change happened and will continue to happen ifutiuee.

Figure3-13 World economy distribution on GDP in 2004
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Figure 3-14 Northeast Asia economy in the world on GDP in 1990
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In the main three countries in Northeast countties,Figure3-16 and Figure 3-
17 show that Japan’s share of GDP decreased 18ihts pf percent, Korea’s
increased 2.19 points and China’s increased 1700d £990 to 2004. Thus the
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Figure 3-15 Northeast Asiaeconomy in the world on GDP in 2004
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Figure3-16 Northeast Asiaeconomy distribution on GDP in 1990
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Figure3-17 Northeast Asia economy distribution on GDP in 2004
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changes are strongest factors to drive trade den®lot and its structure change.
And this is consequences for container transportatevelopment. According to
Figure2-2 container growth expanded bigger than neey growth,
transshipment growth expanded than container growttus the containers’
volume, structure and transshipment changed oroldinge much greater than
economy itself, especially in Northeast Asia.

3.6 Summary

Container trade has experienced and will have amnawus growth with the

economic globalization and the development of lacge container and bigger
vessels. Countries in East Asia play an importaig m the development of
containerization. The share of container throughpuEast Asia accounting for
the total throughput in the world increased and iwdrease close to 50%.

Hub ports and feeder system have been establisitedtive development of
containerization. It causes the competition amomly and spoke ports for T/S
containers and transoceanic containers.

A distribution structure of world container traffi@s been formed. On the Asia-
Europe route the T/S business has been dominatedingapore, Hong Kong
and Tan Jung Pelepas. The competition for T/S kssirwill happen more
fiercely on the transpacific route.

The trade between Northeast Asia and North Amesitawed a stable and
stronger increase after 2003. The trend might Ip¢ ikethe near future. The data
shows the trade proportion between North Ameriah @hina becomes higher
and higher. It is over Japan’s in 2005. Japan'p@tion goes down quickly and
Koran proportion shows a slight down.
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The structure change of container flow between &siantries and USA showed
that the biggest container flow between USA andiAsithe one between USA
and China. And it still shows the stronger trende¥elopment.

With the stronger increase of the trade between BISRAChina, the competition
for scrambling for transoceanic containers on angic route becomes more
and more fierce; certainly the competition is fr@minese ports especially from
Shanghai ports. The next chapters will discuss d¢hepetition trend by
establishing academic models.

The analysis of the chapter strongly supports ttabdish a model about
competition and development between Korean podsSdranghai ports in China.
It gives a direction to decide what kinds of valésbshould be considered. The
issue of analysis in the chapter is addressecktichhapter 4.
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Chapter 4

The Models’ Establishing of Development and Competitin
between Ports in Korea and Ports in Shanghai China

4.1 Analysis and Assumptions of the Competition & Bvelopment
between Ports in Korea and Ports in Shanghail@na

In the preceding discussion the main internatiotrainsshipment ports
currently are Singapore, Kaohsiung, Busan, and H&myp in East Asia. The
largest amount of transshipment is through Singajport (it is the largest in
the world to0), its transshipment rate reaching 90%e necessary conditions
to become an international transshipment port@teve deep-water terminals,
a strategic geographic position and a fully devetbfrastructure in both the
port and its immediate hinterland.

It is expected that mainline services that focusarily on the key hub ports
on inter-continental routes need to operate lacgéesvessels to be competitive.
Large vessels are deployed in three major tradeesothe Trans-Pacific, and
Far East - Europe and North American Atlantic Caaswices via the Suez
Canal. This greatly encourages competition betvwkesnhub ports, especially
in Asia. It was estimated that a total of 490 Viarge vessels will be in service
on these routes and approximately 130 of theseduoeilof more than 10,000
TEU in 2011. Recently 11000TEU has been put inteice. This means that if
an international transshipment port is unable twept such large vessel, the
port is no longer a viable transshipment port. @gagntly, several countries
and regions, especially in Asia, have made subataimvestments in
upgrading their ports and corresponding infrastmect

From the evolution of port development in Asia, wete that not all
international transshipment ports, which had themal to become major hub
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ports, have achieved this ambition. In the 1978sad’s Kobe Port became the
key hub-port in North-east Asia relying on the hummount of Japanese
exports. But since the late 1980s to 1998, theemmxd competition in
container hub-ports led to Kobe losing its pre-aminposition in Asia. Busan
Port and Kaohsiung Port, respectively north andrsaf Kobe, developed
rapidly and were ranked respectively the fifth atidrd highest TEU
movement ports from 1985 to 1995. But Kobe’s raek from fifth to
seventeenth from 1985 to 1998. This occurred pimtigause of the upward
revaluation of currency in Japan resulted in a tsuttisl changes in the nature
of Japanese industries from the mid-1980s and tmserjuent decrease in
locally generated container cargoes. The massivihgqeake in Osaka and
Kobe also had major repercussions for Kobe Pomité&nporaneous with the
decline of Kobe Port was the development of Kaalggiand Busan ports.
Drawing from the experience of failure in Japanjolhinvested its resources
of financial and material across several scattelegp ports, Korea and the
Taiwanese Province of China concentrated theirurees on constructing
deep-water ports with a depth of at least 15 meteaser with the rapid
increase of container cargoes being generatedefiinese mainland in the
1990s, Kaohsiung and Busan ports benefited fronopip®rtunities to develop
container transshipment with the Chinese mainl&noim that time, almost all
ports on the Chinese mainland, which were ableotw land unload large
international container-ships, transshipped theintainer cargoes from
Kaohsiung and Busan ports to America and Europeaan to south-east and
south Asia. The two ports were recognized as lkaysshipment hub ports by
most ports on the Chinese mainland. This stimul@tedremendous increase
of transshipment container throughput in Kaohsiand Busan ports. Shipping
companies certainly put their core ship linerstonports.

From the late 1990s to the 2000s the competitiotwdmn international
container transshipment key ports has formed inhetspot areas in the world,
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one in the North America, and another in north-east south-east Asia. With
the development of container transportation, egdbntport competition

between regions, which are not directly connected ldnd routes, is
competition to be a major international contaimansshipment hub-port.

According to preceding analysis most of the T/Staimers of Korean ports is
from shipping containers on transpacific oceaneaoiihe shipping container
flow on transpacific route is the biggest one ia torld and still has the great
potential to increase. The trade with North America shanghai ports’
hinterland is large and still grows rapidly. Thime topportunity for Korean
ports to get T/S containers from Shanghai portgtdnland is great too. But the
competition is fierce because Shanghai ports ofn&hwill improve their
infrastructure to gain back the lost containergyindted from their own
hinterland and will develop its ports’ T/S funct®no gain T/S containers
especially on transpacific route (even though tfe d@mount is still smaller
presently, the increase rate is much higher).

Thus the preceding analysis supports that it isiptesto study the competition
between Korean ports and Shanghai ports of Chingdiming T/S containers
on transpacific route in Northeast Asia. It is atke main factor to affect
Korean ports’ T/S containers. In the following $ewtthe details will be
discussed more.

4.2 Establishing of the Differential Equations forCompetition
and Development of Ports

How to describe the competition and developmengasfs in quantitative in a
mathematics model is a very crucial issue to gee¢réect result for the study.
After analyzing data, main variables and theirtreteships it was found that
differential equations are more suitable to describe phenomenon and

43



situation of port competition and development bemveorean ports and
Shanghai ports in China in this study, and a maddifferential equations
could be realized to describe what it is studiedtha dissertation. In the
competition and development situation of ports\altiables relate to time
finally. Thus the rates of change with respectitoetare important and key
factors. The relationships between the rates ohghare more obvious. It is
usual and necessary to use differential equatidrenwve model the rates of
change. A lot of trials of models with data cotest also show that using
differential equations is a best way to get thailtesin the dissertation. The
result of the differential equations proves satidfiinally too.

Interactive situations usually occur in the studyconomics and other fields.
Ports’ competition in a certain scope may be remeghas an interactive
system. In the system cargo volume or containewdlaare the inter-
exchangeable resource. We are modeling the chamg®f container flow for
each port in the interactive ports’ system, so rimdels invariably involve
differential equations.

Because it is not so easy to solve a system drdifitial equations we restrict
our study to specific interactive ports’ systemsa toertain scope or one kind of
cargo. According to the analysis above the key etaokthe ports’ competition
in Northeast Asia is focused, especially betweeneko ports and Shanghai
port of China(The main target of the market for two side portsmeen
Korean ports and Shanghai port of China to com@getenspacific container
flow. The transpacific container T/S in Korea ig timain part of its total T/S,
about 40%-50% according to the sample statistida, dand on Europe-Far
East route the competition for T/S has almost redch point of balance
because the bigger T/S ports in the world, sucBiagapore, Hong Kong and
Kaohsiung, have existed for quite a long time. @a toute Korean ports
would not get more and lose more for the T/S flowFirstly an autonomous
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system of differential equations for two side pastsonsidered as

dx
—_—=f X,
pm (X,y)
(f4-1)
dy
2 = X,
ot a(x,y)

where x is defined as a kind of container flow megort in the interactive
autonomous system and v is defined as a kind daowr flow in another port
in the interactive autonomous system, and f iscti@nge function for x, and g
is the change function for y. In such a systemitiikependent variable t is
hidden in x and y.

If there is only one port in the system (in a reddé region which competition
could exist), we assume that the port can supportirdimited number of
container flow so that in isolation the differehtguation of the change rate of
container flow is considered as

dx
— = ax f4-2
ot fora>0 (f4-2)

that is related to its own container flow, whichans there is no competition
within the region (we may find it desirable to refithe model and use a
limited growth assumption). At the situation contiflow or T/S flow would
increase in its own nature in the port. But initgal is seldom to exist, such as
in Northeast Asia. Next, we modify the precedinfiedéntial equation to take
into account the competition of one ports’ clustentainer flow with another
for the common container flow source. The effecooné container flow is to
decrease the growth rate of another one. The €iffexi equations may be
established according to the analysis later. Extmphe two sides’ interactive
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effect there are other factors to increase or @seréoth sides’ container flows.

The differential equations of (f4-1) express twalesi ports interactive
situation considering the change rate of contdio@rs in two sides’ ports. As
the preceding analysis this interactive system awdyally be affected by other
container flows from outside or from another kirmhtiner flow in each side
ports. Thus the differential equations of (f4-1ghtibe extended as

(f4-3)

{ %:f(x,y)w(t)
d—f =g(xy) +v(t)

where u(t) is a function with the change of t torgase or decrease the change
of one kind container flow in one side ports frootside or from another kind
container flow inside, and v(t) is a function witie change of t to increase or
decrease the change of one kind container flowniotheer side ports from
outside or from another kind container flow insidée effective process is as

Cm

Ports’ cluster
B (v)

Figure 4-1.

o

Ports’ cluster
A (x)

etdw

Figure 4-1 The effect process on ports’ contain
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According to the analysis above, combining theedéhtial equations of (f4-2)
and (f4-3), we may establish the differential etnret between Korean ports
and Shanghai ports of China.

We assume that the competitive change of Koreats’'mumtainer T/S is from
transpacific container flow, and that Shanghai 'sacthange of transpacific
container flow is mainly affected by Korean T/S. $hanghai port the
transpacific container flow consists of two partme is created by its
hinterland’s trade with North America and anothetransshipment containers
to North America from the third countries (Nowaddkis part is very small
but increases rapidly). An increase of Korean Tdftainers may cause a
decrease of the transpacific containers of Shangtraj and vice versa. They
are rivals for transpacific container transportatidciorean ports’ T/S and
Shanghai port's transpacific container transpantatiolume both may get the
container sources from respectively total trandfgaaontainer flow and
Shanghai port’s foreign trade container flow. Thféecential equations’ model
assumptions are:

(1) The competitive change of Korean ports’ @fSount is from transpacific
containers, and compared with the competitive chaottper change may be
stable and normal.

(2) There is interactive flow between T/S contaénefr Korean ports and the
transpacific containers of Shanghai ports.

(3) Compared with other T/S ports on the transpacdibute the most
effective impact on Shanghai port is mainly fronr&an ports.

We assume that KT(t), SD(t)s(8, SF(t) are respectively Korean ports’ T/S
containers, Shanghai port's transpacific containeigal  transpacific
containers, Shanghai foreign trade containers. Thedifferential equations
between Korean ports’ container T/S and Shanghat’spdranspacific
containers may be established as
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dKT

{T:—aﬂxKT (t) +b,, xSD (t) +d, x S,(t)
(f4-4)
dd;?:auxm (1) ~b, xSD (1) +d, xSF (1)

where t is time, a,, is the coefficient of interactive impact betweeoré&an
ports and Shanghai port of China due to the chawfg&T, b,, is the
coefficient of interactive impact between Koreantpand Shanghai port of
China due to the change of S, is the coefficient of increase impact of total
transpacific containers on Korean ports’ T/S carees, d, is the coefficient
of increase impact of Shanghai foreign trade caoetai on Shanghai port's
transpacific containers. Solving the differentigliations above is not easy. It

needs more analysis in the follow sections.

4.3 The Relationship Model of Total Transpacific Catainers and
Korean Ports’ T/S

According to the analysis in the chapters abovesthace of T/S containers is
almost from transoceanic containers in the wordgualitative analysis there
must be a relationship between transoceanic cantaignd T/S containers. In
Korean ports the T/S containers mostly derive fthm transpacific container
flow. It accounts for 40%-50% of total T/S contaim@ Korean ports. And the
rest of T/S containers through Korea is scatteruhiately from different

regions, which is almost stable due to the longteampetition with other T/S

ports. Thus in Korean ports the relationship betwd@éS containers and
transpacific containers is much closer. The dafBainie4-1 shows that there is
a disciplinarian relationship between T/S contaner Korean ports and
transpacific containers. By analyzing the datarélationship may be found

and proved in quantitative way.
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The total transpacific containers increase stegdieing 25Figure4-2). After

1999 the slope of increasing line of the transpacbntainers became steep
gradually. In 2005 the total transpacific container 1794 ten thousand TEU.
It shows the bright prospect.

Figure 4-2 Transpacific containers (10 thousand TELD
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The T/S containers of Korean ports increase cooredipgly. The proportion
of T/S containers accounting for total transpacifamtainers increased from
1993 until 2001. But it has begun to decrease 2062 (seé°Figure 4-3 and

Figure 4-3 Korean T/S proportion accounting for total transpacific
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Table 4-1). The increasing weakness of the prapoghows that the total tran
spacific containers increasing stronger than Kofi@&ncontainers.

“Table 4-1 Korean T/S and Transpacific containers

vear Korean T/S '_I'ranspacific
(10 thousand) Containers (10 thousand)
1993 38.21 611.30
1994 59.40 688.10
1995 85.93 720.00
1996 94.40 758.60
1997 117.19 830.90
1998 126.84 875.50
1999 172.49 978.10
2000 252.85 1103.80
2001 311.08 1197.20
2002 420.50 1292.70
2003 459.88 1426.30
2004 515.87 1611.30
2005 553.30 1794.00

According to the data in Table 4-1 we may estaltlighrelationship between
Korean T/S containers and total transpacific comta by an econometric
analysis. Due to deriving from transpacific congan the Korean T/S
containers’ variable is defined as the dependemiabie( variable to be
explained), called KT here. The transpacific caorges’ variable is defined as
the independent variable(explanatory variable),ledalS, here. So the

econometric model function may be considered gdpera

KFF{ S} + & (f4-5)

where the index t concerns an observation for #imble at time t.

1) Scatter plots analysis
By using SPSS software, a specific model is dewsldpr the (f4-5) function.

27 Source: KMI website of Korea.
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Firstly scatter plot of two variables’ data is aizald. After extensive analysis
for some models, the three models, which seemofithe data considered
before, were chosen and employed to analyze with statter plots, as
LINEAR, QUADRATIC and EXPONENTIAL. As shown in <Fige 4-4>, the
plot shows the data spots are close to the lifmear |

Figure 4-4 the scatter plots comparedtivLinear line for KoreanT/S

6000000 — Korea. T
£
500.0000 — @ el
Limes

— - Quadratic

—  —Exponertial
400.0000 —| -
3000000 —|
2000000 —
1000000 —|

0.0000 — S_pacific

I T I I T I
B00.0000  S00.0000 10000000 12000000 14000000 1600.0000 13000000

2) Analyzing of the result value
The linear model’s value results and the anal\yessilts are shown in Table4-2,
Table4-3, and Table4-4.
Table4-2 Model Summary

Adjusted R | Std. Error of
R R Square Square the Estimate
.988 .975 .973 30.270
The independent Malgas S.pacific.
Table4-3  ANOVA
Sum of
Squares df Mean Square F Sig.
Regression 400452.381 1 400452.381 437.058 .000
Residual 10078.690 11 916.245
Total 410531.071 12

The independent variable is S.pacific.
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Table4-4  Coefficients

Unstandardized Standardized
Coefficients Coefficients
B Std. Error Beta t Sig.
S.pacific 487 .023 .988 20.906 .000
(Constant) -273.230 26.252 -10.408 .000

According to the results shown in tables abovectideulated F-value 437.058
is much larger than the tabular value of F 4.73hat specified level of
significance 0.05 and degrees of freedom in TaBleBhus the null hypothesis,
Ho: all coefficients in the model are zero, is regecand the null hypothesis’s
significant probability is 0.000, much smaller tHa@5, seeing Table4-3. Thus
the model is acceptable. To the parameters théfismym probabilities of the
S, coefficient and constant are much smaller than @d@5 close to zero,

passing the t-test. Then the relationship modesignated as

KT, =0.487xS_~273230 (f4-6)

4.4 The Relationship Model of Transpacific Containes in
Shanghai Port and Its Total Foreign Trade Cotainers

In 1996, Shanghai transpacific containers was abh8utn thousand TEU. It
reached 420 ten thousand TEU in 2005, increaseditab? times (see
Figure4-5). From the figure the evolution line gagssteadily almost with a
stable slope between in 1996 and in 2001, thersltyee gets a leap in 2002
into a higher one.

The proportion of the Shanghai transpacific comtairaccounting for the total
transpacific containers goes up from 2.5% in 19983.4% in 2005, raising
about 21 points of percent (see Figure 4-6). ltwshohat the increase of
Shanghai port's transpacific containers is mucdongfer than the total

52



transpacific containers.

Shanghai foreign trade containers increases quitddybut more smoothly
than Shanghai transpacific containers (see Figife 4

Figured-3 Shanghai transpacific containers{ 10 thousancd TEU)
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Figure4-6 Shanghai transpacific container proportion
accounting for total transpacific containers
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Figured-T Shanghai foreign trade containers( 10 thousamd TEU}
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From the preceding analysis the transpacific costai is also the largest
container flow In Shanghai port. It is concludedttthere exists a relationship
between Shanghai foreign trade containers and $hangranspacific
containers from the data analysis. Thus Shanglaispacific containers’
variable is defined as the dependent variableedsD here. Shanghai foreign
trade containers’ variable is defined as the inddpat variable, called SF here.
So the econometric model function may be considered

SOF{ SR} + & (f4-7)
where the index t concerns an observation for #r@blles at time t.
1) Scatter plots analysis
By using SPSS software, a model is developed fr(fdh7) function. Firstly

scatter plot of two variables’ data is analyzedteAfextensive analysis for
some models, the three models, which seem fitdod#ta considered before,
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were chosen and employed to analyze with the scpttd, as LINEAR,
QUADRATIC and EXPONENTIAL. As shown in <Figure 4-8the plot
shows that the data spots are close to the lifvear |

Figure 4-8 the scatter plots comeal with Linear line for Korean T/S

. !

s00.00004 S.Spacific J ya
400.0000 -

) Observed

Linear
300.0000- —- Guadratic
—  =Exponential
200.0000—
100.0000—
0.0000— - SF.container

I ] I T I I
0.00 300.00 G00.00 200.00 1200.00 1500.00

2) Analyzing of the result value
The linear model’s value results and the analyessilts are shown in Table4-5,
Table4-6, and Table4-7.

Table4-5 Model®mary

Adjusted R | Std. Error of
R R Square Square the Estimate

.994 .989 .987 15.825

The independernialzle is SF.container.
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Table4-6  ANOVA

Sum of

Squares df Mean Square F Sig.
Regression 176627.110 1 176627.110 705.283 .000
Residual 2003.475 8 250.434
Total 178630.585 9

The independent variable is SF.container.

Table4-7 Coefficients

Unstandardized Standardized
Coefficients Coefficients
B Std. Error Beta t Sig.
SF.container .336 .013 .994 26.557 .000
(Constant) -57.289 9.119 -6.283 .000

According to the results shown in tables just abthee calculated F-value is
much larger than the tabular value of F at the iipdclevel of significance
0.05 and degrees of freedom in Table4-6. Thus tilehgpothesis is rejected
and the null hypothesis’s significant probabilisy 3.000, much smaller than
0.05. Thus the linear model is acceptable. To thepeters the significant
probabilities of the SF coefficient and constat il@auch smaller than 0.05 too,
close to zero, passing the t-test. Then the relship model is estimated as

D, =0.336xSF —57.289 (f4-8)

4.5 Some Time Serials Models for Korean Ports, Shghai Port
and Transpacific Container Volume

1) Total transpacific containers’ time serials mode

The development of transpacific containers hasow® nature affected by
economics and shipping environment. The data imetuthformation reflects
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the impacts of different factors on it. Transpacifiontainers are strongly
affected by some factors which have close relatignsvith time, such as
macro economy etc, in relative regions. Accordingthe data analysis in
Figure4-2 and Table4-1, it shows the serial treitth the change of time. By
this token transpacific containers are correlatiith the change of time. Thus
the total transpacific containers changes with tihee and the time serials
model may be concluded as

S, =F{T}+ & (4-9)
where T concerns a variable which changes with ser&l.
By using SPSS software, a model is developed fer(t#h-9) function. The
scatter plot of two variables’ data is analyzedteAfextensive analysis for
some models, the three models, which seem fit éodtdita considered before
(the data is used frome 1996 to 2004), were chaseénemployed to analyze
with the scatter plot, as LINEAR, QUADRATIC and ERRENTIAL. As
shown in <Figure 4-9>, the plot shows that the datats are close to the
exponential line.

Figure 4-9 the scatter plots compared with exponéal line for
total transgific containers
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The exponential model's value results and the amalsesults are shown in
Table4-8, Table4-9, Table4-10.

Table4-8 Model Summary

Adjusted R | Std. Error of
R R Square Square the Estimate
.998 .996 .995 .018
Table4-9 ANOVA
Sum of
Squares df Mean Square F Sig.
Regression .526 1 .526 1636.890 .000
Residual .002 7 .000
Total 528 8
Table4-10 Coefficients
Unstandardized Standardized
Coefficients Coefficients
B Std. Error Beta t Sig.
Case Sequence .094 .002 .998 40.458 .000
(Constant) 680.763 8.862 76.815 .000

The dependent variable is In (S.pacific3

According to the results shown in the tables ahweesignificant probability
of the exponential formula’s F-test is much smallem the significant level at
a=0.05, almost zero, see Table4-9. Thus the modelcteptable. To the
parameters the significant probabilities of the fiicient and constant are
much smaller than 0.05 too, close to zero, pastirgt-test. Then the time
serials model of transpacific containers is estidats

S, = 680,736x %97
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2) Shanghai foreign trade containers’ time $&rnizodel
The development of Shanghai foreign trade contaifexs its own nature
affected by Shanghai economics development and gowtironment.
According to the data analysis in Figure4-7, lolwious that the data has the
trend with the change of time. The data includinfpiimation reflects the
impacts of different factors on it. Thus Shanghaiefgn trade containers
changes with the time, and the time serials modasi be concluded as

SF = F {T}et (f4-11)

where T concerns an variable with time serialsigka

By using SPSS software, a model is developed fer(#h-11) function. The
scatter plot of two variables’ data is analyzedteAfextensive analysis for
some models, the three models, which seem fit éodtita considered before
(the data is used frome 1996 to 2004), were chasenemployed to analyze
with the scatter plot, as LINEAR, QUADRATIC and ERRENTIAL. As
shown in <Figure 4-10>, the plot shows that theadaiots are close to the
exponential line.

Figure 4-10 the scatter plots compared with expongal line for
Shanglageign trade containers

1zo0.00- SF.container s

1000.00 —

) Observed
Linsar

— - Quadratic
—  —=Exponential

S00.00—

E00.00 —

400.00 —

20000 —"=-

0.00— Sequence

T T
o 2 4 [=]

0=

10

59



The exponential model's value results and the amlsesults are shown in
Table4-11, Table4-12, Table4-13.

Table4-11 Model Sumnya

Adjusted R | Std. Error of
R R Square Square the Estimate
.998 .997 .997 .038
Table4-12 ANOVA
Sum of
Squares df Mean Square F Sig.
Regression 3.404 1 3.404 2300.174 .000
Residual 010 7 001
Total 3.414 8
Table4-13 Coefficients
Unstandardized Standardized
Coefficients |  Coefficients
B Std. Error Beta t Sig.
Case Sequence .238 .005 .998 47.960 .000
(Constant) 130.022 3.634 35.781 .000

The dependent variable is In(SF.container).

According to the results shown in the tables ahtyeesignificant probability

of the exponential formula’s F-test is much smatlem the significant level at
a=0.05, almost zero (see Table4-12). Thus the m@delcceptable. To the
parameters the significant probabilities of the fiicient and constant are

much smaller than 0.05 too, close to zero, pastirgt-test. Then the time

serials model of Shanghai foreign trade contaiiseestimated as

SF =130022x 2T
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In this chapter the acdamic model about competiimh development between
Korean ports and Shanghai ports in China is estaddi. The model is solved,
tested and applied in the next chapter.
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Chapter 5

Analyzing and Applying the Differential Equations’ M odels for
Forecasting Korean Ports’ T/S

5.1 Solving the Differential Equations

Based on analyzing above, the model (f4-4) expsesise competition and
development between Korean ports and Shanghai pb@hina. In order to
solve the model some assumptions are made as follow

(1) In the model the variabl€T = K~T , the difference is the coefficient

before them and may be summarized hedihal constant.

(2) In the model the variabls, = és , the difference is the coefficient

before them and may be summarized irgditial constant.

(3) In the model the variabl&D = SD , the difference is the coefficient

before them and may be summarized irddittal constant.

(4) In the model the variabl&F = SF | the difference is the coefficient

before them and may be summarized irddittal constant.

Incorporating these assumptions into the mode#ffAve obtain the substitute
model as

m;—tT=—a12><K~T () +by,, x D (1) +dy xS (1) + 0,
{ (f5-1)

dd;?:aﬂxKNT (1) —b21><Sb(t)+dl><S~:(t) tC
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Combining the models (f4-6) and (f4-8) into the mbdf5-1), we get the

model as

KT _ ~a,, X {0.487>< S. (1) - 27323} +b,, x {0.336x - 57.289}
dt
+d, xS,
dyxSs (1) +¢ (15-2)
dsD _ - -
= %0487 S, (1) ~27323 ~b,, x, 0.336x SF-57.289
\ + dl X SN: (t) + G

Combining the models (f4-10) and (f4-12) into thedal (f5-2), we get the

further model as

B - _a, x{0.487x680.736x %7 — 27323}
+b,,x{0.336x130022x 2% - 57,289

+d, x680736x T + ¢,
(f5-3)

9D _ , , x{0.487%680736x €2 - 27323

dt
~b,, x{0.336x130022x €***T - 57,289
+d, x130022xe***T + g,
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From the model (f5-3) we may conclude the resultsthe differential
equations by integrals. The Integration of the niiedeo sides leads to

(1% dK—Tdt = [ - a,%{0.487x680.736% €7 - 27323t

+ b,y x{0.336x130022x "> ~ 57 289t

+ [ dy x680.736x ™ dt + kg

< (f5-4)

—dt = |a,x{0.487x680.736x *®**T - 27323t
ot =fau }

§-b,,x{0.336x130022x "™ - 57.28t

\ +[d,x130022x e et + k,

[ KT =-a,x {0.4870><O69840.736>< Q00T _ 5735 3xT}

0.336x130.022
+ b21 X
0.238

680738 0
° 0.094

< (f5-5)

D =a,x 0.487x 680.736>< Q009 _ 57 oo T
0.094

_b, 0.336x130022
! 0.238
\ +d. x %x eo.zaew
b 0.23¢

x &7 —57.280x T}

+ ky

x g23&T _ 57.289><T}

+ ks
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5.2 Estimating and Deciding the Coefficients of th®ifferential
Equations

In order to decide the coefficients of the mod&+gj, we conclude the model
(f5-5) to other expressions. By the formula KTthe formula SD, we get
the result as

680'736><e0'094xT +d ><130-022xeo.zsew

KT+SD =d, X ———— )
0.094 0.23¢

+k  (c5-1)
where k= k+k,

Derivative coefficientsd,,d, and k in (c5-1) are calculated analytically with
the statistic data of KT and SD from 1996 to 200He results are shown in

Table5-1 and Table 5-2.

Table5-1 Iteration History (b)

Residual Sum
Iteration Number(a)  of Squares ~ Parameter
do di k

1.0 1925918.242 .000 .000 .000
11 1507308.249 .002 .008 17.176
2.0 1507308.249 .002 .008 17.176
21 840217.242 .005 .026 50.019
3.0 840217.242 .005 .026 50.019
3.1 153348.560 .011 .072 82.736
4.0 153348.560 .011 .072 82.736
4.1 3627.762 .011 .168 -105.976
5.0 3627.762 .011 .168 -105.976
5.1 3511.716 .014 .165 -128.650
6.0 3511.716 .014 .165 -128.650
6.1 3511.716 .014 .165 -128.650

Derivatives are calculated numerically.

a. Major iteration number is displayedhe left of the decimal and minor iteration
number is to the right of the decimalRiin stopped after 12 model evaluations and 6
derivative evaluations because theixgatduction between successive residual
sums of squares is at most SSCON = 10
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Table5-2 Parameter Estimates

95% Confidence Interval
Parameter Estimate Std. Error Lower Bound Upper Bound
do .014 .018 -.031 .058
d1 165 .041 .064 267
K -128.650 131.252 -449.813 192.512

By formula KT subtracting formula SD we get theulegs

KT -SD = _alz x 2% { 0.487%x680.736 % e0_094><T _ 27323)(T}
0.094
by 2 { 0.336x130022_zopr _ 57‘289><T}
0.238
" xwx Q00587 _ d, x 130.022>< 02T (c5-2)
0.094 0.23¢
where p = k- k;

Incorporatingd,, d, into (c5-2), derivative coefficients,,, b,, and p in (c5-
1) are calculated analytically with the statistedalof KT and SD from 1996 to
2004. The results are shown in Table5-3 and Taldle 5

By combining (f5-5), (c5-1) and (c5-2) with deriiwe coefficients k and p in
Table5-1 and Table5-3, we get linear equatiorsotee k1 and k2 as

{ 1+l{(2 =-128.650
Ki- ko = -1551.627

The solving results ata = -840.139, k= 711.489.
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Table5-3 Iteration History (b)

Residual Sum
Iteration Number(a)  of Squares Parameter
al2 b21 p

1.0 1530033.778 .000 .000 .000
11 1162939.535 -.002 .020 17.531
2.0 1162939.535 -.002 .020 17.531
21 597965.853 -.006 .062 50.844
3.0 597965.853 -.006 .062 50.844
3.1 99704.270 -.012 .188 67.696
4.0 99704.270 -.012 .188 67.696
4.1 28632.677 -.028 .295 -160.196
5.0 28632.677 -.028 .295 -160.196
5.1 18099.953 -.079 177 -506.482
6.0 18099.953 -.079 177 -506.482
6.1 6002.612 -.180 -.066| -1192.997
7.0 6002.612 -.180 -.066| -1192.997
7.1 4388.028 -.233 -193| -1551.627
8.0 4388.028 -.233 -193| -1551.627
8.1 4388.028 -.233 -193| -1551.627

Derivatives are calculated numerically.
Major iteration number is displayedhe left of the decimal, and minor iteration
number is to the right of the decimal.

a.

1.00E-008.

Table5-4 Parameter Estimates

. Run stopped after 16 model evaluatamts 8 derivative evaluations because the
relative reduction between succesmgelual sums of squares is at most SSCON =

- 95% Confidence Interval
Parameter Estimate Std. Error Lower Bound Upper Bound
Al2 -.233 .036 -.320 -.146
B21 -.193 .087 -.406 .020
P -1551.627 241.692 -2143.025 -960.228

Further conclusion from model (f4-4) may be resliltewith the derivatives.

By substituting coefficientsy,,b,,,d,, d, in model (f4-4) with derivative

value, the refined model may be got as
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KT 0233 KT (1) ~0.193xD (1) +0.014x S, (1)
dt (f5-6)
dsD
_t =-0.233x KT (t) +0.193x D (t) +0.165x S (t)

The model (f5-6) implicate that Korean ports T/Sntainers causes the
positive effect on its change and Shanghai traipamntainers causes the
negative effective on the change of Korean portS' dontainers. Korean T/S
containers’ effect is still stronger than Shanghamnspacific containers on the
change of Korean T/S containers and on the chah@hanghai transpacific
containers in the near future because the abseohitee of the coefficient
before KT is larger than one before SD. As it isuaised the total transpacific
containers causes the positive effect on chand@uodan T/S containers even
though the coefficient befor&, is smaller compared with others. Certainly
Shanghai foreign trade containers causes positiget@n change of Shanghai
transpacific containers. Thus the model (f5-6) iogies the strenth and
weakness of the competition through the differemtables’ effects. Finally the
result of the model KT may be solved and expreased

KT = 0.233x | 2A87X080736  omut _ 57353, T
0.094
~0.193x {0336)( 130022 qozser _g7580x T} (f5-7)
0.238
+0.014x 680738, e%%*T + 840.139
0.094

5.3 Forecasting Korean Ports’ T/S

According to the model (f5-7) Korean ports’ T/S tainers may be predicted.
The starting sequence in the model (f5-7) is 1aswonding to 1996. The
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contrast sequence table is shown in Table5-5.

Table5-5
1| 2| 3| 4| s| 6| 7| 8] o9 1 12 1 16 [17
< [l [l [l [l N N N N N |\); N N N N N N N N
[0} (o] o (o] o o o o o o o o o o o o o o o
[}] (o] o (o] o o o o o o o o o o o = = = =
- (o)) ~ (0] © o - N w I 3] (o] ~ (0] © o [l N w

* The data in 2005 is not used in establishing rh&e7)

Substituting T in the model (f5-7) with the sequemin Table5-5, we get the

prdicting results shown in Table5-6 and Figure5-1.

Table5-6 Korean ports’ T/S containers

(10 thounshTEU)
Year Mode! Actual data
calculation

1996 76.4 94
1997 111.7 117
1998 153.6 127
1999 202.1 172
2000 257.4 253
2001 319.1 311
2002 386.7 420
2003 459.4 460
2004 535.9 516
*2005 614.2 553
2006 691.7

2007 764.4

2008 827.3

2009 873.5

2010 893.6

2011 875.6

2012 803.4

2013 656.3
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Figure5-1 The trend of Korean port's T/S containes (10 thousand TEU)
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5.4 Conclusion and Analysis

In this chapter the differential equations werevedl by integrals. The
coefficients before variables in the differentigjuations were decided. The
derivative coefficients were calculated analytigallith the statistic data of
variables of KT and SD. Some conclusions and aisafye as follows.

(1) Comparing magnitude of the coefficients before gwariable, it was
found that the effect of the variable of KoreantgoT/S containers is
greatest and causes positive effect on the charfg&Kooean T/S
congtainers in the near future.

(2) The coefficient of the variable of Shanghai tramsijia containers is the
second larger. It causes the negative effect ongehaf Korean ports’ T/S
containers.

(3) The total transpacific containers is the sourda¢cease Korean ports’ T/S
containers. It causes the positive effect on ttengh of Korean ports’ T/S
containers too in the past and near future.

(4) It may be concluded from the model (f5-6) that cetitipn has formed
between Korean ports and Shanghai ports of Chiiragb&cramble for
transpacific containers.

(5) The developed model f(5-7) fits the developmentKofean ports’ T/S
containers. After verifying the actual data in 20@%ich data was not used
for establishing the model f(5-7), the model cadtioh result is close to
the data in 2005.

(6) According to model f(5-7) the predicting curve @t dor the development
of Korean ports’ T/S containers. The curve goetopoin 2010 then gets
down because of the competition. By the model &arftredicting can be
done after inputing new data, especially for pridc after the time in
which the predicted curve reaches the top.

(7) In 2011, the Korean ports T/S containers is predietbout 8756 thousand
TEUs by the model. It is forecasted that Shanghatsp transpacific
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containers is over Korean ports’ T/S containerdd@7 by the model.

(8) There are some possibilities to change the tretideipreceding discussion.
It could be the changes of the trade structuréiserworld and in Northeast
Asia which will be discussed in next chapters.

This chapter’s forecasting result is used in chapte&Some conclusions of the

dissertation are derived from the chapter’ results.
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Chapter 6

A Model Analysis on the Relationship between Trade and/S
in North-East Asia Based on Korean Ports

The preceding chapters’ analysis mainly emphasireshe development of
Korean T/S containers under the environment of aditipn for scrambling
transpacific containers with its important rival.

Transshipment hub-port shipping companies not onlysider their mainline
transportation scale but also the feeder line seaapecially to ports with a
similar geographical location. Finally, competitovill improve the facilities of
their ports for both hardware and software condgiclrhe shipping companies
will choose appropriate hub-ports and adjust thenoaling to changes in the
volume scale on mainlines and feeder lines. laagshipment hub-port wants
other ports to feed it, the feeder lines’ volumalsanust be maintained. Feeder
lines’ volumes consist mainly of two parts. Oné&réssshipment, another is the
volume generated by direct trade between two pbitgerlands. The scale of
direct trade is very important. It is unimaginalide transshipment between
two ports to exist if there is no direct trade betw two port areas, otherwise a
port must be located in a very important stronghastbss oceans only. From
this perspective, we may analyze the ports in eadtern based on Korea and
its ports as the focus of discussion.

The following chapters will discuss more about tited of T/S containers in

the view of the relationship between trade witheottountries (or regions) and
T/S containers from other countries (or regiongellaon Korean ports. On the
basis of the preceding forecasting of Korean T/@tainers the further

predicting is done for T/S container through Koreants from some important
regions in China. The purpose is to try finding sostrategies and clues or
ways of decision for both shipping companies ariddrts themselves.
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6.1 Overall Analysis of Korean Ports and Trade

6.1.1 The evolution of container throughput and T$ in Korea

From the mid 1990s, container throughput in Kor@as ncreased rapidly.
Throughput increased from 4918 thousand TEU to &5Rbusand TEU in
2005 (seé®Figure6-1). The highest rate of increase occurre@G00, about
35%, but the next year adjusted to -4.45%. Thenr#tte of increase was
maintained at more than 10% until 2004, and fe#l.#67% in 2005.

The container T/S throughput in Korea increasedensrongly than its total
throughput (seé’Figure6-2). The highest rate of increase also @eduin
2000, about 47%, more than the total throughpuatbofut 12 points of percent.
Except for two years in 1998 and in 2003, whichengightly lower, the rates
of increase of T/S were higher in all other ye&specially in 2001 the rate of
increase of the total is negative but the T/S maéehed 23.03% in Korea. Thus
it is necessary for highlighting the importancd (% containers in Korea.

Figure6-1 Korea ports' container throughput(Thousand TEU)
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28 Source: integration from KMI.
2 source: integration from KMI.
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Figure6-2 Korea ports' T/S containers(Thousand TEU)
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From the view of T/S share accounting for the téabughput, it increased
quickly from 1999. The proportion of T/S share wa&21% in 1999, and
reached 35.37% in 2002, then enters periods ditdligctuation (Figure6-3).

Figure6-3 Korea ports' T/S container share in totalcontainer throughput (%)
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Does the proportion have a top limit or is it orily a fallow period?
Nevertheless, the absolute amount of T/S is ingrgam Korea ports. To
properly assess the future development of T/S tstreicshare from different
countries, the factors that affect structure sHareall countries need to be
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identified and measured.

6.1.2 Korean trade evolution and correlation withcontainer
throughput

Korean foreign trade has experienced several diftestages. The amount
broke through US$10 billion in 1974, US$100 billiom 1988 and US$200
billion in 1995. Even though the Asia crisis sloweelvelopment of Korean
economics in 1997 and 1998, Korea foreign trade ovayg slightly affected.
After the crisis, Korean foreign trade continuedrtarease and broke through
US$300, US$400 and went over US$500 in 2005 {eégure6-4).

Figure6-4 Korea foreign trade devel opnent
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The strong development of Korean foreign trade ghoalong and stimulated
the development of port container throughput asd @S containers. Through
an analysis of correlations between the trade laadotal container throughput,
the trade and the T/S containers in Korea, bothctineelation coefficients are
higher, the values are respectively 0.8662 and58.868 shows that the two

%0 Source: http://www.customs.go.kr
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correlations are similar because of the closerfioefts. It seems that T/S
containers in Korea is affected by trade with défe countries too. This result
encourages us to do further research about thiéoredhip between trade and
transshipment based on Korean ports.

6.2 Data Analysis of the T/S Distribution through Korea

In order to analyze the trade and the T/S contgjnend to set up the
relationship model we need to obtain efficient datae purpose of the data is
to analyze direct trade and T/S containers betw@ara and other countries.
Because the feeder line’s scale consists of ba#ctirade and feeder T/S
containers, the scale of feeder line’s volume nfégcaa shipping company’s
decision to select its core transshipment hub. @asethe analysis of Korea
and its ports, the data of trade and T/S contaibetaseen Korea and other
countries or regions in East Asia is analyzed. Harrhore the trend of trade
and T/S containers between Korea and some main qities in China is
analyzed. Based on analyzing the data collecteck siomportant results are
concluded.

6.2.1 Data collection

Data was collected through KT-Net, Port-MIS, theippng Statistics
Handbook of Korea, the monthly bulletin of The Barilkkorea, and the main
Chinese cities’ economic statistics for the analyditrade and T/S containers
between Korea and the other 12 countries and regidme major port cities in
China were also included in the analysis as them larger volume of trade
and T/S containers between Korea and China. Theaicem T/S containers
data collected between Korea and other countriegefpons) covers 9 months
in 3 different years for 12 countries and regidftse monthly aggregate data it
is sufficiently long to provide a robust analysis the data in repeated cross-
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sections is different from the panel data, we vadie to analyze the behavior
of 12 countries and regions in the same monthstanetpeat the analysis
across several different months.

Accuracy of data from each source is very much né@et upon the extent to
which data was available and how it was countedhik paper, as far as the
availability and the usefulness of data collectiame concerned, the
computerized and summarized data from port KT-Rett-MIS, and Shipping
Statistics Handbook of Korea were the most appabgriA pre-feasibility
study was carried out for the usefulness of dakee ffade data from official
statistics handbook or bulletins and KT-net, amthdéshipment data aggregated
from the transshipment containers registered in-Mt® system one by one
are mostly accurate and possible to collect antiyamaAccording to the pre-
feasibility study more than 0.5 million items wesken for analysis, model
setting, trade and T/S data of container cargoésdes Korea and other 12
countries, and related to some port cities in China

6.2.2 Data transformation and analysis

1) Data transformation
Before the analysis is made, the data as an olgmrveesult needs be
transformed. Firstly the container transshipmenbwamh from the 12 countries
and regions through Korea is aggregated respegtigetording to every
country (or region) and every month in which thg¢adaan be collected.
Considering the possible relativity and comparabilbetween the data
aggregated in every different month, the proposgiofithe amount of container
transshipment through Korea, which the 12 counti®d regions respectively
account for the total amount of container trangsleipt in Korea in every
month, are counted and transformed from the calteatlata. Then the
corresponding trades between Korea and the 12 mes{ur regions)
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respectively in the same months are counted angrityortions of the trades
between Korea and the 12 countries respectivelgamated and transformed
from the collected monthly data.

Table 6-1 data format

Proportion of one country’sProportion of trade betwedn
Country | or region’s T/S containersKorea and one country ¢r
(or region) | through Korea accountingregion accounting fof

name for total amount of containerKorea’s total foreign tradg
transshipment in Korea amount

2) The proportion data of transshipment
As shown in <Table 6-2>, the country (or regionhict has the biggest
proportion of the T/S through Korea is China, foelsy month in which data
was collected and aggregated. The proportionsufiet! between 0.45 and
0.28 and showed a tendency to decrease.

Table 6-2  Proportion of container transshipmenthrough Korea ports about
Asia countries and regions

Nnti:unl'Reg;:L : 2004 .06 004 07 00408 [ A005.08 200510 00511 2006.01 2006 .02 0603
1 | China 03047 04194 0.44 52 03141 02866 04099 03472 n2a0n4 03224
1 | Tapan 013 0.12112 0.1421 0.0764 0.167% 0.1354 0.1334 01482 n211a
3 | Sgapore 0059 0.06632 0.0571 00612 0.06a7 0.0396 0.06a1 00437 00512
4 | Honghong 00nseE 00433 00403 00223 00413 00292 0.0203 nnaae 00444
5 | Malaysia 004 e 00444 0.0424 00131 00327 00n13s n.0la4 00134 00253
fi | Indonesia 00462 00364 00234 0.0037 0.0080 00069 0.00346 nniae ool
7 | Thailand 0n3s 00204 0.0280 0.0024 0.0026 00056 n.onal ooz 00133
2| Tamran N3 00424 0.0437 00242 00449 00313 n.0322 0n3ars 00428
0 | gt lia on2m 00180 0.0240 0007 00059 00013 0.0064 0021l 00132
10 | Philipp e onLsr 0.o17g 00153 0002l 00041 00023 00002 nnong 0.o0ns
11 | Wietran 000% 00093 0.0064 0.0003 0000l o000l n.oonz noong 00004
11 | Hewr Zealand nnn4g 0.0040 0.0040 0011 0.0023 noooon4 n.oong noogn n.onn3
13 | Others onesE n.oagl 0.1174 04602 03440 03246 03588 03929 02535

The second one is Japan. Japan’s proportions ofiféigh Korea fluctuated
between 0.13 and 0.22 except for one month, whials @.074. The two
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countries, China and Japan, accounted for the ofdste T/S shares through
Korea.

The data show that even a key hub in transshipitemit feeds its containers
to other container transshipment hubs. For instatiee proportions of T/S

originating from Singapore, whose T/S containergreatest in the world, was
guite high even compared to Japan and fluctuattgelesm 0.04 and 0.07. The
regions’ T/S ports in Hong Kong and Taiwan alsoehaeme shares of T/S
through Korea. This means that even between tw@dls there exist feeder-
lines for inter-transshipments. According to thealgsis of proportions of

transshipment through Korea for the 12 countriesragions in East Asia, the
ports in Korea have formed comparatively more esitenfeed lines in East
Asia. These comparatively extensive feeder ling$ dasolid foundation for

one of the most important core transshipment haolSaist Asia, even though
the competition for core hubs became more and fienee.

3) The proportion data for trades
In order to correspond to the proportion data @hsshipment monthly
aggregated, the proportion data of trades betwesaaand other 12 countries
and regions respectively were counted based oratel data aggregated
monthly. As shown in <Table6-3>, the country (ogiom) which has the
biggest proportion of the trade with Korea, accognfor total Korea foreign
trade monthly aggregated, is still China. The prtopos fluctuated between
0.16 and 0.19, smaller than the transshipment ptiops and its fluctuation.
The second one is again Japan. Japan’s proportbrisade with Korea
fluctuated between 0.12 and 0.16 quite close térdtssshipment proportions
through Korea. The two countries, China and Jagerpunted for about 1/3 of
Korea foreign trade. The trade proportions for ott@untries and regions in
different months are distributed between from @.106. From the analysis of
the trade proportion data it seems that if thedradbportion is higher the
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corresponding transshipment proportion is alsodrig8hould the relationship
between trade proportion and transshipment praporixist? What and how
would the relationship be between them? The furdmalysis in the following
chapters answers these questions.

Table 6-3 Proportion of trade between Asia countrie (or regions) and Korea

respectively
Time
Hationre g1om 2004 06 [ 200407 | 200408 | 200509 | 200510 | 200511 | 200601 (200602 | 200603
1 China 01613 0175l 0.1724 0.184% 01842 0.1837 0.1ra1 016749 0.1865
1 Tapan 01328 01512 0.1362 0.133% 01312 0.1274 0.1232 0.1z09 0.1z02
3 Smgapore 00203 nnadg n.o2od 0026l 00240 0025 00255 00244 nna3s
4  Hongliong 0.0403 0n3ie n.o4o7 IIEEN 00352 00348 00348 00333 nnz43
5 Malaysia 00203 00192 00234 00207 n.a177 nnlad n.a2za 0.0203 naasl1
fi hdonesia 00124 nnang o1 00243 00234 UMEY] o2l naoles naoZdn
T Thailand o113 0a117 0.0113 nnlng 00113 onln7 noi11a 00121 no1ds
% Tabwin 00363 0n3gs nnzgd 00343 00344 0036l 00354 00346 nnzzs
9 Ametralis 0.0217 nnade 00249 00263 n.oard 0016 n.o2an 00258 no24a
10 Philippine 00108 nallg 0.0112 000835 00098 009 00023 00098 n.oaoer
11 Wiethan n.oorl nnote nooys 0007 0.ooaT JUTINE naonas 0.oose paoorr
12 Hew Zealand 0002y onnozn n.ooze 00025 00024 00030 n.oozs 000z nood
13 Others 0.5085 04776 04203 04861 04925 049249 0.5001 0515 4881

6.3 Analytical Method and Establishing Models

6.3.1 Analytical method and function variables

Based on the data analysis above, an econometilgsiwas then applied.
From the proportion data, the phenomenon that tmdeortion higher the
transshipment proportion higher based on Koreadst Rsia and vice versa
was identified. That transshipment also occurs betwdeep ports or core ports
in East Asia was also noted. We consider thateheans for these phenomena
are that the feed line’s economy of scale makesedgoamsshipment containers
more efficient and low cost for efficient transpeven between two core ports.
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It seems that the important impetus and motivatiodrive the transshipment
between two ports is the direct trade between twrdspor corresponding

countries and regions. In qualitative analysishef proportion data, it may be
concluded that it is no trade no transshipmentitat versa, except for regions
that have no alternative routes through other portshe port itself, but it

seems such regions no longer exist in East AsidoSeconometric analysis
the two variables are considered to determine tiedationship. Because trade
will occur between two ports even if both of them dot have sufficient

infrastructure for transshipment. Thus the tradepertion variable is defined

as the independent variable or explanatory varjatdéed X here in general
terms. The T/S proportion variable is defined as dependent variable or
variable to be explained, called here Y in gen&rahs. So the econometric
model function may be considered generally as

i Xic } + it

where the index (i, t) concerns an observationnfdividual country or region
i at time t, for data aggregated in t time period.

6.3.2 Specific model analysis

1) Scatter plots analysis
By using SPSS software, a specific model was deeeldor the F { x }
function. Firstly scatter plots of two variablesatd are analyzed. After
extensively analysis for some models, the threeatspavhich seem fit to the
data considered before, were chosen and employedalgze with the scatter
plots, as LINEAR, QUADRATIC and GROWTH.

As shown in <Figure6-5>, one month data (2004.@6x @ample was plotted
with LINEAR. The plot shows the data spots are elés the linear line.
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Finally the 9 months’ data were plotted and analy&éh LINEAR. The result
is almost similar as shown in <Figure6-5>.

Figure6-5 the scatter plots compared with Linear ke
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As shown in <Figure6-6>, one month data (2004.@6x @ample was plotted
with QUADRATIC. The plot shows the data spots al@se to the quadratic
line. Finally the 9 months’ data were plotted andlgzed with QUADRATIC.
The result is similar as shown in <Figure6-6>.

As shown in <Figure6-7>, one month data (2004.@6x @ample was plotted
with GROWTH. The plot shows the data spots areeclosthe growth line.
Finally the 9 months’ data were plotted and analyméth GROWTH. The
result is similar as shown in <Figure6-7>.
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Figure6-6 the scatter plots compared with Quadratidine
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Fig 6-7 the scatter plots compared with Growth line
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2) Model setup and parameters’ test
According to the results of scatter plots, furtiealysis should be done to
decide which model is a better fit to the relatlipsbetween trade and T/S
proportions.
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(1) Linear analysis

By counting the data aggregated monthly statidyiegith SPSS software, nine
linear formulae were produced with parameters ast results, as shown in
<table6-4>. According to the results the significarobability of every linear
formula’s F-test is much smaller than the significkevel ato=0.05, almost
zero. Thus all of the formulae are acceptable hEoparameters the significant
probabilities of all the XL coefficients are muamaller than 0.05 too, close to
zero. But the significant probabilities of the ctamd coefficients are larger
than 0.05 except for YL603. So the formulae shdngamodified.

Table6-4 Linear formulae, parameters and their testesults

Time Formula F-test =
2004.06 YL406:-?0._34?15)+(J(;j(?030§*)ﬁ406 (6080%%3; 0.934
2004.07 YL407:-((3_.§703)7+;;690$)7*)E407 (60304:)802) 0.929
2004.08 YL408:'(g.-500];‘r+£§-0%§;5*)ﬁ408 (40%10%3 0.910
2005.09 YL5°‘“’F'£,'§41§+(§;,‘£)1*‘5°9 (40%70363 0.896
S R i
0511 | oo ooy | %
2006.01 YLeolz-(g..:?oii)l.:;-ozgf*)&sOl (90%4:)601) 0.953
2006.02 YL601=-((;..§)1{;13.OE;€;)8*>£601 1((7)%81(7))9 0.972
2006.03 YLeoaz-(g.-(?olg-:;;)%g)l*)ﬁeos 8(3%8(7);) 0.994

Note: the value in the parentheses is significestt probability.

To determine the linear model it is considered as

Ye=PBr ot Bo e Xete (f6-1)
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wherepl , t ,B2 , t are coefficients of the linear formulae iblea4-1, and the
index ( L ,t) is expressed as the Linear formuldirme t. Firstly we may

assume thapl , t=p1 andp2 , t=p2 , and consider thgtl , t andB2 , t are
normal distributions respectively,

i.e. Bl,t ~ N(Bl, GZB )
B2t~ N(B2 GZB)

The assumptions are testified by using SPSS. Thenalop-p plots and
histograms were made, seeing Figure6-8 to Figute6-1

Figure6-8 Normal p-p pladf B,
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Figure6-9 Normal p-p pladf .
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Figure6-11 Normdtistogram of 8,
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From the observation of p-p plots and the histogréns verified thap,; ;and
B> .+ have normal distributions. Both of them also p#®s Kolmogorov-
Smirnov test. The normal distributions, whigh (andf, . abide, are; ~
N( -0.014, 0.0072), B>, ~ N( 1.784, 0.238). Sop,= -0.014 andB, = 1.784
respectively. Based on (f 4-1), the linear modeksup as

¥=-0.014 + 1.784 X (f6-2)
where Y is the variable of T/S proportion, and, Xs the variable of trade
proportion. Because the significant probabilities-test off; . are larger than
0.05 analyzed in <table 4-1>, the assumptiof,of equal to zero is significant.

The model of (f 4-2) should be modified as

Y= 1.784 X, (f 6-3)
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But in the reality the situation of (f 4-2) appepossibly, it will be discussed in
a later section.

(2) Quadratic analysis
By counting the data aggregated monthly statidyiegith SPSS software, nine
guadratic formulae were produced with parametedstast results, as shown
in <table6-5>.

Table6-5 Quadratic formulae, parameters and their ést results

Time Formula F-test R
200406 | T oo (0000) | 097
SN Nl
o % it el )
T R e A
Sl e il

Note: the value in the parentheses is significastt probability

Analyzing the results the significant probability every quadratic formula’s
F-test is much smaller than the significant leved=0.05, almost zero. Thus
all of the formulae are acceptable. But the pararsesignificant probabilities
of coefficients are not ideal, most of them argéarthan 0.05. So the rest of
the formulae have been modified, which coefficigudiss the t-test, are listed
in <table6-6>. These formulae in <table6-6> arey aulitable to very specific
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situations, which happen seldom in practice. Inlitateve analysis meanings
implied in the rest of the formulae have been idetliin linear model (f6-2)
and (f6-3), especially the formulag¥s=1.406*Xq603 Which is very similar to
model (f6-3).

Table6-6 the rest quadratic formulae modified

Time Formula F-test R
200408 | TP oy | 09T
200500 | Tl A0l oy | 0958
200511 | ER T ooy | 09T
2006.01 Y?(i%l;l)l-ooo%eofz %8.% (2)(2))4 o50
2006.02 Y(gﬁgi?ﬁo‘l*xoeozﬂz %8%83)4 0,085
2006.03 \Eg%%il-“%*xqeoa zzg%gg)l 0,008

(3) Growth analysis

By counting the data aggregated monthly statidyiegith SPSS software, nine
growth formulae were produced with parameters astresults, as shown in
<table6-7>. According to the results the significarobability of every growth
formula’s F-test is much smaller than the signiitickevel ato=0.05. Thus all
of the formulae are acceptable. Because the signifiprobabilities of all the
coefficients are much smaller than 0.05, closesto,zall the parameters in the
growth formulae are accepted.
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Table6-7 Growth formulae, parameters and their testesults

Time Formula F-test R
ks | Voo PO STl 23 | oau
oy | VrOPCBE STt | oas
T it Tl
s | YorOTES ST s | o
s | VBTSN 000 | o
sy | Ve PRI o | o
o | YR BT L | o
el N 5 v i A
2006.03 | Yoo o b0ty ot | 0T

Note: the value in the parentheses is significestt probability

The growth model is considered as
X =EXP{y1 , t #2,t*X ¢ (f6-4)

whereyl , t ,y2,t are coefficients of the growth formulae in &84, and the
index ( G ,t) is expressed as the Growth formuléinae t. Firstly we may
assume that; = y,andy, = y.and consider that; ;andy, . are normal
distributions respectively,

i.e.  y1.t~ Ny, czy)
Y2,t~ N(YZ! 02‘{)

The assumptions are testified by using SPSS. Thenaiop-p plots and
histograms were made as analyzed in Linear. Thétsesre thay,  andy, .
abide normal distributions, and both of them pémes Kolmogorov-Smirnov
test. The normal distributions @f  andy, arey, ~ N(-5.1941, 0.8176),
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v2 .+ ~ N( 26.0174, 5.614‘?7). Soy; = -5.1941 and, = 26.0174 respectively.
Based on (f 4-4), the growth model is set up as

Y=EXP{ -5.1941 +26.0174 *¥} (f6-5)

6.3.3 Analysis and discussions of the comprehensivmdel and its
results

Quadratic formulas regressed from the data colleatad transformed, cannot
become a quadratic model because the coefficidné®rme formulae do not
pass the t-test. But the implications for the dsthe quadratic formulae can
be explained in the linear model qualitatively. Qamed with linear formulae
in <Table6-4>, the correlation coefficients <>Rof the growth formulae are
correspondingly smaller. Thus the linear modehés ¢losest to the aggregated
data. If the growth model is used; Ynust be smaller than 1, because the
transshipment proportion is smaller than 1, s9 iX smaller than 0.2, the
application extent of Xis limited. X; must be larger than zero, according to
the model, ¥ is larger than 0.0055. That means even if theraoisrade
between the two regions’ transshipment would elst. for model (f6-2), the
situation is the opposite. In model (f6-2), wheniXlarger than 0.00785,, Ys
larger than zero. That means transshipment bedfies teade occurs between
two regions. Further analysis to model (f6-5) sttafter X exceeds 0.006587,
Xg is larger than ¥ until that X; exceeds 0.11726. These can be explained as
follows, when trade increases to a comparativeij tével transshipment will
be stimulated and increase tremendously, and tBepfidportion will exceeds
trade’s proportion. This shows the driving functioihtrade on T/S. Similarly

in linear model (f6-2), when Xexceeds 0.01786, Xs larger than Y.

Totally, the three models, (f6-2), (f6-3) and (fR-have almost the same
characteristics or implications in qualitative aysid. The different arguments
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are that no trade no T/S or trade must occur beféeor T/S could exist if
there is no trade between two regions or countfibe.last situation may arise
if a region’s port infrastructure is not sufficietd support a transoceanic
shipping line and has a special trade pattern witly transoceanic countries
and with countries which also have inadequate pdrastructure. Presently
this situation will occasionally occur in some neveloping regions. The
argument if trade between two regions occurs befé®e or at the same time,
is that in most situations trade occurs first. lagtice, even though there is T/S
between two countries if there is no trade or treedemall, the T/S is very
small, even ignored. Summarizing the analysis fadinof the above a suitable
comprehensive model is concluded as follows (mt@ié):

D Yc=EXP{-5.1941 +26.0174 *¢ 0 < X [10.006587 (T/S larger))

@ Yc=EXP{ -5.1941 +26.0174 *¥ 0.006587 < % (10.01211 (Trade largef)

@ Y=-0.014+1784K 0.01211 <5X10.01786  (T/S smaller) (f 6-6)
@Yc=-0.014+1.784 X 0.01786 <X10.14573  (T/S larger)

(B Yc=EXP{ -5.1941 +26.0174 ¥ 0.14573 < X% (10.14861 (T/S larger)

® Yc=1.784 % 0.14861 g X0.56053  (T/S larger) )

6.4 Conclusion and Analysis

As a result the model (f 6-6) is composed of 6aktso it is able to express
the different stages or different situations of th&tionship development of
the trade and T/S between ports and their correBpgnregions. Some
implications from the model are explained as foow
1) To set up a relationship between the proportionsrade and T/S, a
single function is not sufficient or suitable enbugp express all
situations. The model should be a combination ot functions as
(f6-6).
2) Itis possible, though this seldom occurs in peagtior transshipment to
occur without trade between two regions. This sitltamay arise if a
region’s port infrastructure is unable to suppottaensoceanic shipping
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3)

4)

5)

6)

line and has a special trade pattern only withsimaaanic countries and
has trades with countries that also do not havdicmirft port
infrastructure. But the T/S amount is very lowhifstoccurs.

Generally, T/S is driven by trade between two ragivhen the trade
reaches a certain amount or a proportion about thare0.01 according
to the model analysis as previously noted. Sorddetbetween regions
has an accumulation process to stimulate T/S taroédter T/S occurs
the proportion of T/S increases gradually from demathan the trade
proportion to a level when the trade proportionches approximately
0.02, T/S’s proportion would exceed the trade priipo and then
gradually become much larger.

A tremendous increase of T/S may occur after thaeetrproportion
reaches a higher level perhaps about more than 0.1.

For certain countries or regions the proportiontrafie with the T/S
country (or region) is limited to 0.2-0.56, accoglito the model and
some components, there are possibly other factarthby do not affect
our analysis, so the T/S proportion is impossiblgse to 1 with a
country (or region).

For all countries (or regions), a T/S country (egion) should have an
ideal structure of trade in the foreign trade amamaximize its T/S
proportion close to 1 (this is the base to devdlf containers further
more). The model indicates that a T/S country égrian) should have a
trade proportion more than 0.5 (the model countixigg), with the
countries’ (or regions’) trade in East Asia or ttoantries’ (or regions’)
own trade, when it is geographically possible tansship their
containers through the T/S country (or region) aotl necessary by
transoceanic transportation to the T/S country (egion), then
accounting for the total foreign trade of the Timtry (or region), to
maximize its T/S amount, i.e. for T/S country (cggion) non-
transoceanic trade should be larger than transacetmade, the
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proportion is approximately 60:40, to maximizeTitS amount.

This chapter’s established model is applied in t&rap. Some conclusions of
the dissertation are derived from the chaptersltes
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Chapter 7

The T/S Prediction through Korean Ports from the Main
Regions in China

The comprehensive model developed in last chaptarats new evidence of
the relationship between trade and T/S. Althougth mf the two variables
imply relationships with other factors, the modeleg us clues to describe the
evolution of the relationship and helps us prefiittire changes.

The data from which the model was concluded shawftir Korean based on
trade proportions and T/S proportions the biggeastngr is always China. It is
better and more reasonable to apply the model édigir T/S proportion and
T/S containers combined with the result of predigtKorean T/S containers in
chapter 6 for some regions in mainland of ChinactWwhhave ports like
Hongkong and Taiwan of China. Thus the model isliegiple to regions of
mainland in China and could ignore the nation'satfin this research.

7.1 The Evolution of Trade Proportion between Koreaand Regions in
China

As shown in <Figure 7-1> and <table7-1>, the prtpos of trade between
Korea and Shanghai are the largest, it exceedegrdportion of Qingdao in

1999. It reaches almost 4% with Shanghai in 2004, the proportion has

maintained its strong upward tendency. The secegibm, which has a high
trade proportion with Korea is Qingdao, its tradeopwmrtion curve has

maintained a stable increase with a certain siDpéian and Xiamen appeared
to decrease in 2004.
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Figure 7-1 the evolution of trade proportions withregions in China (%)
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Table 7-1 The proportions of trade between Koeeand regions in China
accounting for Korea forg trade

Tme 1999 | 2000 | 2001| 2002| 2003 2004
Region

Shanghal 0.01556| 0.01831| 0.02121| 0.02416| 0.03280| 0.03926
Qingdao| 0.01613| 0.01703| 0.02109| 0.02357| 0.02587| 0.02638
Tianjin | 0.00741| 0.00811| 0.00973| 0.01247| 0.01450| 0.01460

Dahe_m 0.00651| 0.00746| 0.00830| 0.00905| 0.00910| 0.00893
(Liaoning),

Shenzhen 0.00677| 0.00773| 0.00864| 0.01051| 0.01269| 0.01351
Xiamen | 0.00186| 0.00170| 0.00179| 0.00302| 0.00334| 0.00294

Source: region’s statistics book in China

7.1.1 Predicting Trade Proportion

According to the data shown in <Table7-1>, a timges analysis model may
be constructed. The time series model is defined as

Yer =+t T (f7-1)

97



where Yt+T is one region’s trade proportion atdipoint T. By using SPSS,

every region's detail model is constructed in dabi2>. The values of R in

<Table 7-2> are high enough to satisfy the condlitio set up time series

models for every region. According to the modelserg region's trade

proportions from 2007 to 2011 are predicted as shiovtable7-3>.

Table 7-2 The correlation coefficients of time s&rs analysis to every region’s

trade proportions
regior . : , Dalian :
item Shanghai Qingdao Tianjin (Liaoning) Shenzhen Xiamen
Time
series 0.941 0.958 0.954 0.824 0.976 0.705
(R)
M$ de 0.009+0.005x[D.014+0.002%[D.005+0.002x[D.006+0.001%|D.005+0.001x[D.001+0.0004x
HT
E-test 63.975 92.222 83.665 18.712 163.80 9.563
(0.001) (0.001) (0.001) (0.012) (0.000) (0.036)

Table 7-3 The proportions of rade between Korea airegions in China accounting for

Korean foreign trade in predicted year

Region Yean o007 | 2008 | 2000 | 2010| 2011
Shanghai 0.054 0059] o0064] 0069 0074
Qingdao 0032 0034] 0036 0038 004
Tianjin 0.023] 0025  0027] 0029] 0031
Dalian(Liaoning) 0.015 0.016 0.017 0.018 0.019
Shenzhen 0.014 0015| 0016] 0017| 0018
Xiamen 0.0046  0.005| 0.0054] 0.0058| 0.0062

7.2 The Forecasting and Analysis of T/S and Its Rportion through

Korea for Chinese Regions

According to the model (f6-6), the T/S proportionisthe regions in China
through Korea are predicted. We substitute the mgalevalues in <table7-3>
for variable XC in (f6-6) according to which intahof XC the values locate in.
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The predicting results from 2007 to 2011 are listedtable7-4>. In 2011 the
TIS proportion of Shanghai exceeds 11%, and Qingdaks second reaching
5.7%. Xiamen'’s T/S proportion is the lowest, sz iin the stage to accumulate
trade with Korea.

Table 7-4 The T/S proportions from 2007 to 2011 fahe regions in China through
Korea accounting for Korean totd /S

~—__Year | 5007 | 2008 | 2009 | 2010| 2011

Region

Shanghai 0.0823 0.0913 0.100p 0.1091 0.11180
Qingdao 0.0431 0.0467 0.0502 0.0538 0.05f74
Tianjin 0.0270 0.0306 0.0342 0.037y 0.0413
Dalian(Liaoning)| 0.0128 0.0145 0.0163 0.0181 0.0199
Shenzhen 0.0110 0.0128 0.0145 0.0163 0.0181
Xiamen 0.0063 0.0063 0.0064 0.0065 0.0065

Based on the predicting results of Korean total @d&tainers in chapter 5,
combining Table7-4 with Table5-6, the T/S amounttled regions in China
through Korea is forecasted (see Table7-5).

Table 7-5 The T/S amount forecasted from 2007 t@Z21 for the regions in China
through Korea ( unit: ten thosand TEU)

o Year | 5007 | 2008 | 2009| 2010| 2011
egion

Shanghai 62.9 69.8 76.6 83.4 90.2
Qingdao 32.9 35.7 38.4 41.1 43.8
Tianjin 20.7 234 26.1 28.8 31.6
Dalian(Liaoning) 9.8 11.1 12.5 13.8 15.2
Shenzhen 8.4 9.8 11.1 12.5 13.8
Xiamen 4.8 4.8 4.9 4.9 5.0
Sum 139.5 154.5 169.6 184.6 199.7

In <Table7-5>, Shanghai's T/S amount through Kane2011 would be almost
902 thousand TEU and Qingdao reaches approximd#ythousand TEU.
The total T/S amount through Korea for the regionsChina forecasted is
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close to 2 million TEU in 2011. And from 2007 t®1A the total T/S
containers from China shows the trend of increasm though the Korean
total T/S containers will go down from 2011 accaglito the preceding
forecasting.

7.3 Conclusions

Based on Korean ports, the relationship betweenaftStrade, T/S structure
and trade structure are researched and analyz#usirchapter. Some main
conclusions and suggestions are concluded.

Because there are some limitations of the rese#relpredicting results from
the comprehensive model (f6-6), mainly focused ortmeast Asia around
Korea, is a way to express the relationship ofar8 trade, especially between
Korea and the regions in China. It could be regeatanore in the future for
verifying the model and predicted data, and to wpplother hub ports like
Singapore, Kaohsiung and Hongkong. The lack ofréoent T/S data about
regions in China and other countries makes itdliffiy to verify the model and
modify it again. It also could be done in the fatuesearch.

Shipping companies, from their own view, will depkbeir ships on mainlines

and feeder lines economically, not for ports. Tdé®slcalls the bigger ships on
mainlines, the lower the total shipping cost. Andleveloped feeder lines
structure, which is constructed by trade structuré container flow volume, is

necessary to support it. The trade structure ahema scale by countries and
regions would become one of the crucial criteria gbipping companies to

choose their T/S port and adjust it strategicatlyoading to the predicted T/S
containers between port regions.

There is a positive relationship between T/S aaddr The direct trade could
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be one of the main factors that drive T/S betweean T/S ports. Direct trade
has the driving function of stimulating T/S.

Some conclusions of the dissertation are deriveah fihe chapter’s results.
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Chapter 8
Conclusions and suggestions

This chapter discusses research findings of ttayshat can be generalized to
hub and spoke ports’ competition, this could beardgd as academic
generalization and applicable way to measure cdtigretstatus of similar

types.

The study analyzed that port competition has foratddur levels in the world
container transportation. For hub ports the focugehie competition are the
competition between traditional and new hub potts, gain more T/S
containers from the present flows and increasedlofstransoceanic containers,
the competition between direct call and transshipgrf@ hub and spoke ports.
Even though the competition becomes more and niereefthe development
of T/S containers is still continuous.

The structure change of container flow between Aantries and USA
showed that the biggest container flow between W®A Asia is the one
between USA and Chian. And it still shows the sgeartrend of development.

With the stronger increase of the trade between USW China, the
competition for scrambling for transoceanic corgesnon transpacific route
becomes more and more fierce. In the Northeast th&acompetition of hub
ports mainly exists among Korean ports and Shangimais of China,

especially for their new container terminals, sashterminals in Gwangyang
of Korea and in Yangsan of Shanghai China. The msaimce of containers for
the competition between Korean ports and Shangbis @f China is from

transpacific container increase. The competitiontagdy appears on the
transpacific route.
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In the study the method of a groupe of differeniguations to describe and
express the competition between two hub and spoks was developed. The
calculation results of the differential equatiohew this method is applicable.
Results from the solved differential equations ynphat the competitive

strength in gaining T/S containers for Korean paststronger in the near
future compared with in gaining transpacific conéais for Shanghai ports of
China.

The growth of total transpacific containers is g@irce to increase Korean
ports’ T/S containers. It causes the positive éffat the change of Korean
ports’ T/S containers in the past and near futdral the increase of Shanghai
foreign trade containers will stimulate the inceasf Shanghai ports’
transpacific containers.

According to model f(5-7) the predicting curve ist dor the development of
Korean ports’ T/S containers. The curve goes toimop010 then gets down
because of the competition. In 2011, the KoreanspdVS containers is
predicted about 8756 thousand TEUs by the models Iforecasted that
Shanghai ports’ transpacific containers is overagorports’ T/S containers in
2007 by the model.

By collecting and imputing new data the models sdhabove may predict
farther trend and development after the time inclwhihe predicted curve
reaches the top more exactly.

In the study another comprehensive model was dpedldo describe and
express the different stages or different situatioof the relationship
development of the trade and T/S between ports theidt corresponding
regions based on Korean ports. The implicationsfioe model are explained
as follows:
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1

2)

3)

4)

5)

It is possible, though this seldom occurs in pragtfor transshipment to
occur without trade between two regions. This sibmamay arise if a
region’s port infrastructure is unable to suppottaansoceanic shipping
line and has a special trade pattern only withsimaeanic countries and
has trades with countries that also do not havdicmirft port
infrastructure. But the T/S amount is very lowhifstoccurs.

Generally, T/S is driven by trade between two ragivhen the trade
reaches a certain amount or a proportion. The toatieeen regions has
an accumulation process to stimulate T/S to odsftier T/S occurs the
proportion of T/S increases gradually from smaltkan the trade
proportion to a level when the trade proportionches approximately
0.02, T/S’s proportion would exceed the trade priipo and then
gradually become much larger. A tremendous incre&3éS may occur
after the trade proportion reaches a higher level.

For all countries (or regions), a T/S country (egion) should have an
ideal structure of trade in the foreign trade dcemaximize its T/S. The
model indicates that for T/S a country (or reginap-transoceanic trade
should be larger than transoceanic trade, the piiopds approximately
60:40, to maximize its T/S amount.

There is a positive relationship between T/S aaddr The direct trade
could be one of the main factors that drive T/Svieen two T/S ports.
Direct trade has the driving function of stimulati/S. The model
developed could become a base for shipping compaame ports to
make part of their decisions for developments.

It is possible that in some ports the trade voluareslarger but the T/S
containers are smaller. It could be explained as $ituations: one is
that even though the total T/S containers are smalhd the trade
volumes are larger, the proportion of trade for @oeintry and the
proportion of T/S for the country accord with themprehensive
model(f6-6); another is that such ports are ndthah ports, and at this
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stage their trade structure and T/S structure iaterted because of their
undeveloped “hub ports”, but after the ports areprowed and
developed their trade proportion and T/S proportigh accord with
model (f6-6) finally.

Because there are some limitations of the rese#relpredicting results from
the comprehensive model (f6-6), mainly focused amtiNeast Asia around
Korea, is a way to express the relationship ofadn8 trade, especially between
Korea and the regions in China. It could be regeatanore in the future for
verifying the model and predicted data, and to wpplother hub ports like
Singapore, Kaohsiung and Hongkong. The lack ofréoent T/S data about
regions in China and other countries makes itdiffi to verify the model and
modify it again. It also could be done in the fatuesearch.
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