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ABSTRACT

Port efficiency isa significant element that stimulates poompetitiveness and enhancegional
development. Withincreasinginternational maritime traffic and changing technology in the
maritime transporsector, containergion andenhancedogistic activities infrastructure might be

one of the main determimmg factors of port competitionMerk & Dang 2012).Due to the
increasing container traffiand the high quality of service required by the shipping lines,
Mediterranean container ports are beicgmpelledto enhanceport efficiency toimprove
comparative advantages that wilcreasecargotraffic and satisfy theF X V W Rrégditeivdhts

The Mediterranean Sea a link point between EuropeéAfrica and Asia This research aims to
examine the impact of portgchnical efficiencyn the improverant of Mediterranean container
SRUWVY FRPSHWLWLYHQHVY 7KH UHVHDUFK DQDO\VHV WKH
the top22 container ports in the Mediterranebasinusing a crossection, panel data and
window analysis application of daenvelopment analysis (DEA) for the period between 1998
and 2012.The selected 15 year peri@hables the analysis ®flediterranean container port
market dynamicandthe benchmarkingf thetechnical efficiencyof the selected porter three
consecutivemarket cycles This research can be classified as quantitative analytical research.
The research follows the concept of the Industrial Organization (I0) and the Structuralism
(Harvard school) methodology that analyses the market Structures, Conduct awchderé
(SCP) of market players.

The study conducts simultaneous threstage procedure: in the first stage, thhenpetitiveness

of the main container ports in the Mediterranean is analysed through the study of market
structure and conduct. Market sttue is assessed through measuring and analysarget
concentration by usingotir different methodsThese methods ar¢he K-Firm concentration

ratio (K-CR), HirshmarHerfindahl Index (HHI), the Gini coefficient (GC) and the generalized
entropy indexBoston Consultant Group (BCG) matrix atso used to visualize the dynamics
between ports in the defined market and as$espdrts’ competitive positioMarket conduct is
analysed usingshift-share analysis (SSAp geta thorough understanding tfe ssue of port

traffic development

In the second stage, nkat performance is analysdtrough the use othe nonmparametric
models ofData Envelopment Analysis (DEA) which estimates the relative efficiency scores and
ranking seaports according to their efficienBywve DEA models are adopted for roparative
purpose, the DEACCR,DEA-BCC, the Supekfficiency (A&P, 1993), the sensitivitgnalysis

and slack variable analysis modétsthe third stageto examinehe impact of port efficiency on

port competitivenessa number of hypotheses are examitkecbugh the use oparametric
correlation coefficient{Spearmar Yank ordey and Simar and Wilson (2007) procedure to
bootstrap the DEA scores with a truncated regresklemg this approach enablesre reliable
evidence compared to previous studies analysing the efficiency of seaports.

The main findings demonstrate that the recent wematration tendency of the Mediterranean
container port market is due to the increased number of market phayierswill in turn reshape

the market structurehang the container port hierarchy amdensify the competition between

ports as the marketifts from oligopoly to pure competition. Thesearctindings alsoreveal

the existence of inefficiency pertaining to the management of container ports in the region, since
the total technical efficiency is found to be below 50% on average. This edatimited
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technical efficiency of the Mediterranean container ports indicates the need for appropriate
FDSLWDO LQYHVWPHQWY IRU SRUWVY LQIUD VXSHUVWUXFWX
not favoured by some factors such as size, geom@pbosition and socteconomic conditions

of the region in which they are located, must adopt suitable reform strategies to promptly
improve their efficiency and competitive positioiWhat differentiates this work from previous
studies on the subject that both crossectional and panel data have been collected and
analysed at the level of individual containerts in the Mediterraneanh@ study is based on a
wide range of methodologies, both parametric andpsametric, that have ensured the validi

of the empirical examination that hhsenundertaken and the results obtain@te research
analysedthe Mediterranean container ports competitivendssnchmarked and ranked ithe
efficiency by considering the Mediterranean in its totality, including South Europe, Middle East
and North Africa. The study puts forward a way to assess container port efficiency based on
simple, yet validated and meaningful physical efficiency measures
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CHAPTER ONE
INTRODUCTION & RESEARCH FRAMEWORK

1.1 Introduction

Throughout theera of containerigtion, maritme transportation of containezis
cargoes hassignificantly improved trade between nationthrough reduction of
handling time, labor costs, and packing cospecialistion and technological
development in the shipping industry haaghancedhe efficiency ofinternational
shipping and port operations over the past two dedadeset al,2009) The useof
containersallows the integrationbetween freight transportation modesgrgviding
a higherflexibility to movements and a standaedisn of loads(Rodrigue et al,
2013) The container hasignificantly contributed to the adoption of termodal
transportation which has led ggeatchangein the transport secto€ontainer trade
has grown to represent about 17 per cennhigrnationalseaborne trade by volume
and 52 per cent by value (UNCTAD, 2012).

Container traffichas grown not just at the expense of the break bulk eaogoried

by other means but also through increasetrnationaltrade. Recent studies
explain that while theglobal seaborne trade doubled from 3.6 billion tons in
1985 tons 7.9 billio tons in 2007the containerisd traffic increased about eight
times within the same period from 160 million tons to 1.3 billion tons (UNCTAD,
2008). World container trade grew by 7.1 per cent in 2011, down from a 12.8 per
cent rise between 2009 and1®0 Total containetraffic amounted to 151 million
TEUs in 2011, equivalent to about 1.4 billion tatdNCTAD, 2013a) The three

main trade routegotalled 47.3 million TEUs, while the nemain trades routes
reached to 103.3 million TEUs (Clarkson Research Service, 2012). This illustrates
the significant role of container transportation and its contribution to the global
economy.The containeriged traffic expanded in 2012 to reach 155 million TEUs

(Clarkson Research Services, 2D13ontainerized trade, which accounted fopéb
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cent of other dry cargo, increased by 3.2 per cent in 2012, down from 13.1 per cent in
2010 and 7.1 per cent 20011 (UNCTAD, 2013a.

Over the last few decades, tamer transport has charactedsthe development of
maritime transport and its importance has grown beyond the most optimistic of
expectation. The number of containers handled in ports worldwide was well over 200
million TEUs in the year 2000 and increased up to 300 million TEUs in 2068d
container pod throughputgrew by about3.78 per cent to 60%6 million TEUs in

2012. This increase was lower than éxpected’.3 per cent increase of 2011. The
most reliable prediain expectghat this figure will reach to 700 million TEUs by
2015 (Degerlund, 20H3. This prediction could be considered rash &tree when

the maritimetransport sector is often subjecttimes of uncertainty, but objectively

it must beemphasisethat the phenomem is following a growing trend/hich does

not seem to be slowing down.

Container transportation playssanificantrole in such development and changes,
by and large because of thariouseconomicand technicahdvantages ihasover
conventionalmodesof transportation, standing over thial interface ofland, sea
and inland transportatiom terms oftraditional port operations, containerisation has
significantly enhanced port efficiency and service, mainly because it enables ports to
gain the maximum benefits of economsscale andscope(Cullinane & Wang,
2010. Therefore shippinglines and contaner ports are respectivebiming to use
container ships andffective container handling systems. On the other hand, many
container ports no longegnjoy ther monopolistic positionof handling cargoes
within their hinterlanl; they are not onlynterested inwhether they can merely
handlecargaes but also wheter they carattractsuch carges(Cullinane & Wang,
2010.

The great part of liner traffic based on Round the World routes (RTW), mainly
linking the Far East with the North American E&stast through the Pacific Ocean
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and Panama Canal, has shifted to transatlantic pendulum routes which cross the
MediterranearSea As shownin Figure 1.1,the Rendulumroutes link three areas:
North America, Europe and the Far East, which alone guarantee more than 80% of

internationally traded containerised goods in impand expod.

Figure 1.1- Main liner shipping trade routes

Source: Containerisation International and MDS Transmodal (2008). Retrieved from the World Wide
Web{http://news.bbc.co.uk/2/hi/business/7700818| stm

Many ports have adapted to this changing pattefntrade by establishing
infrastructure developmentlans to increase heir marketshare of containeresl

cargees Increased port throughput maLQFUHDV H W K HoleRédwWibvgiJ HY HQ X H
port dues or cargo handling fees. However, increased cargo volumes driven by
increased competition between ports cosignificantly enhancethe chances of

return cargoes becoming available. This could lead to improved conteend

lower transport costs per unit, to the benefit of the eastomers (UNCTAD,

2013a)

While not every port mapave the ability taaccommodate the latest ULCS vessel,

their existence has an implication for all ports. Ostyne ofthe world's biggst
ports on the EadiVest trade routes will be served by ULCSs. However, displaced
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ships will deploy elsewhere and bring changes to other pddewry shipping
consultant (2007) highlighted thatet firstgeneration posPanamax type vessels
with a draftof 14.5 meters, which are too young to be scrapped, are still operating on
the main EasWesttraderoutes. These vessels are still too big for the majority of
African ports excludig those located in South Africkgypt and Morocco. Figure

1.2 illustratesthe evolution of container ships over last sixty ye@dICTAD,
2013a)

Figure 1.2- Evolution of container ships

Source:Ashar and Rodrigue, (2012). Copyright Dr. J&aul Rodrigue, Dept. of Global Studies &
Geography, Hofstra University, New York, USA.
Note: All dimensions are in metres. LOA: Length overall.

Thelargesize of containevesselssignificantly affectsthe container portsfficiency.
Because ports are location spegifiontainer portcompetitionwasnot very rigorous.
However, with thesignificant growthof transhipment traffién relation tothe total
container port traffic (Drewrghipping Consultants2006), thegececonomicnature
of container ports haseenchangedandcontainerport competitionhas intensified
(Liu, 2010)
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Recently, container ports am®t only competing wittadjacentports, but also with
portslocated in other regiong-or exampledue to the enhanced land transportation
networks and thencreasedtranshipmentraffic, the Port of Algeciras, located in
Spain in the Mediterranean bastompetes with the Port éfntwerpin Belgiumin
Northern Europe(liu, 2010 Notteboom, 2012)

The traderouteslink the Suez Canal and the Mediterrangants have been very
important as theyink Asian and Europan ports In the ea of containerigtion the
old Mediterranearcontainerports havedeveloped theiroles; the new ports have
establishedelatively newstrategiessuch asranshipment antbgistics retworks As
land-bridges are becomingyghly significantin the supplychains, the Mediterranean
containerports try also teenhanceheir position in the newnarket structureeither
by linking southermand northerrEuropeammarketsor by extending their services to
the regiondar from the mairtraderoute of SueztGibraltar (Pace, 200&6chinas &
Papadimitriou, 2003

Neverthelessmany of them faces different institutionalperationpatterns local
conditionsand, more importantly, some of them amet ableto compete foa niche
in theinternationalport market.Due to the increased number of container ports and
container traffic, lte clarity of the Mediterraneamontainer portmarketbecomes
more difficult andcargo trafficwill follow complex patternsbased oncost and
efficiency mther than national and cultural fragmentatibhe Mediterranean ports
will seek for new rolén the market;some of these portsill actashubsand others
aslocal gates(Zohil andPrijon, 1999 Schinas & Papadimitriou, 20R3Academics
(Notteboom, 1997, Z®g 2012; Fageda, 2000)ave triedto study whether the
Mediterranean basin is a uniquearketin the sensdhat marketsthat are usually
affectedby political changesand needs arafluencedby the ideas of the nations
served by the newargo traffic patternsand finally theapplied polices of ports
(Schinas & Papadimitriou, 20Q3)
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In this context, competition between ports in the Mediterranean container market is
strongly affected by the number of sofarkets that each port is able to compete in.
However, the ability of a port to compete depends on various factors such as
location, accessibility, connections, equipment, turound time, monetary cost,
service quality, productivity and othe(Slotteboom, 2010)These factors together
form a market appropriate for each port. To be competitively attractive, ports have to
establish and aintain a reputationof reliability and efficiency thatreabling the
maintenance of competitively low prices so that they can not only retain their

existing customers but also attract new business (UNCTAD, 2001).

The studies that focus on the Mediterrmesontainer ports tend to be limited in
scope; they use data from one single country such as lItaly (Mus402013) and

Spain (Manzano et al, 2009) or use only the Mediterranean ports in the European
Union (Notteboom, 201,®012). This is mainly due tomitations in data availability

and difficulties in collecting data for such a large and diverse group of ports,
belonging to various countries and different continefkss research considers the
Mediterranean in its totality, including south Europeddle East and North Africa.

The research tests the theory of industrial organisation and SCP approach and
develops a model that can assess the impact of port efficiency on port

competitiveness.

This research focuses on studying and assessing the covgmetits and the relative
technical efficiency of 22 container ports in the Mediterranean market. These ports
are classified into two main categories. The first category presents the existing hub
ports including GioiaTauro, Algeciras, Marsaxlokk, Tangwed and Port Said. The
second category is the gateway ports of Piraeus, Valencia, Barcelona, Ambarli,
Genoa, Haifa, La Spezia, Mersin, Izmir, Taranto, Constantza, Livorno, Naples,
Alexandria, Damietta, Cagliari and Marseilles. The selection of ports undbr ist

based on their location and the container traffic served, since these ports share the

same foreland. Moreover, these ports represent the large and reziaghtontainer

28



ports in the defined market with container throughput greater than 500,000iTEUs
the year of 2012Degerlund 2013).

The research assesses the impact of port technical efficiency on port competitiveness

in the Mediterranean container market tbe 15 year period between 1998 and

2012. The rationalfor using the 15 year peridd to analyse the market dynamics,
SRUWVY FRPSHW b#hehhariiOWMKN BRGWVY WHHRK teEDO HIILF
consecutive market cycledJsing this periodalso allows the study of market

dynamicsand technical efficiencypeforeand after the world @nomic crisis that

took place in 2008 and 200®oreover, using the panel data for 15 year period
enablesanalysis ofthe change of the competitiveness and technical efficiency of

ports under study.

The aim of this chapter is to provide the theoreti@hework of this research. The
remainder of this chapter is organised as follows. Section two defines the research
importance, problengim and objectives. The research questions, hypotheses and the
methodological tools employed in this research aretilitesd in section three.
Section four explains the area of study and the conceptual research framework.
Section five illustrates the research significance and contribution and outlines the

thesis structure. A summary of the chapter is presented in ssotion

12 ,PSRUWDQFH RI VWXG\LQJ SRUWVY HIILFLHQF\

Shipping capacity for the trade between the Mediterranean and the Far East is offered
by routes connecting both areas directly and indirectly. It also includes the shipping
capacity offered by thgendulum services and rowtlde-world (RTW) services
which are passing the Mediterranean thereby connecting it with the Far East and
North America (Miglior et al, 2003).

The geographically strategic location of transhipment and some gateway ports in the

Mediterranean have encouraged modern liner shipping conspsmienake short
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duration calls upon them (Salem et al, 2008).This in turn has intensified the
FRPSHWLWLRQ EHWZHHQ SRUWV LQ WKH OHGLWHUUDRQ'
attract more customers in order to be able to maintain or even enhance its
compettive position, increase market share and accordingly maximize profits. In

doing so, ports should, to a large extent, be customer oriented by consistently

improving operational performance, efficiency and quality of service.

Thus, it is very important to malysethe efficiency of individual container ports for

the survival and competitiveness of the industry andlégers(Cullinane et al,
2006). $ich an analysisan not onlyprovide a powerful management tool for port
operators andnanagersn the Mediteranean market, but it aldormsan important
input for informingregional and nationgdort planning and operations (Filippini and
Prioni, 1994; Oum and Yu, 1994; Regan and Golob, 2000; Adler and Golany, 2001).
However, t is important to note, that thiesearch is aimed solely at comparing
various estimates of the efficiency of the industry. Alluding to the significant level of
competition within the industry provides merely a justification for doing so.

1.3 Research problem

Thegreat part of traffic based on Round the World routes (RTW), mainly linking the
Far East with the North American East Coast through the Pacific Ocean and Panama
Canal, has shifted to transatlantic pendulum routes which cross the Mediterranean
Sea The Pendlum routes link three areas; North America, Europe and the Far East,
which alone guarantee more than 80% of internationally traded containerised goods
in imports and expoid (UNCTAD, 2013a)

The competitiveness level of the container ports changeseasilaaf changes in the
relative costs of using the ports. Such change may result from many factors, such as
changes in port productivity, efficiency, quality of service, port dues, terminal

charges and economies of scale effects with respect to maantinieeder lines.
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Most port studies conducted in the last decade headisedthat a thorough
understanding of all these changes is essential donmgrehensiveinderstanding of

the adjustments required. Scholars have recemdgteda series oihew cacepts
aiming to explain these latest trends. These coneepisrlineports as elements in
supply chains (Robinson, 2002), port regionalisation (Noteboom& Rodrigues, 2005),
ports ceopetition (Song, 2003) globsation of port operations(D&ouza et al, @03;

Slack & Fremont, 2005) the need to reduce entry barriers (De Langen & Pallis, 2007)
and private entry in container terminal operations (Peters,2001; Olivier, 2005;
Midoro et al, 2005).

While these scientific effort§orm the current port research agenda, they also
underlinetwo issues. Firstly, that thexistenceof an increased number of players in
port service ownership, management and provisieadsa reconceptualisation of

the current interface of the public and yate sectoparticipationin the port sector.
Secondly, that there is a needitwersethe fact that mosof port studies have
emphasisewn port efficiency and have considered the relations between the port
service providers angort users involved in gort as of secondary importance
(Notteboom & Redrigue, 2005)

Recently the relationship between port operators and port users has taken central
stage in determining port efficiency and port competitiveness. Such relationship
enables ports, as nodes in tilebal supply chains, and port users, shipping lines in
particular to be able to optimise their resources setdits operational plans that

enable them to satisfy their customs needs and require{haiteboom, 2012)

This situation has repercussiorfSramediate significance on container transhipment

and brings with it particularly privileged conditions for ports in the Mediterranean,
especially those nearest to routes between the Suez Canal and Gibraltar travelled by
transoceanic ships. The core olijpes of shipping lines to cut times and therefore

reduce cost places wdticated ports at an advantage. However, theramfte
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deviation distance for transoceanic ships calling at transhipment ports in the
Mediterranean is small in comparison to the tangf oceanic route (Notteboom,
2010). This only applies if the ports in question can always guarantee the extremely
high level of efficiency demanded.

Ports, as nodes in the global supply chains, and port users, shipping lines in particular
seek to optnise their resources and set operational plans that enable them to satisfy
their customers' needs and requirements. In this context, this research provides a
thorough analysis for Mediterranean container port efficiency and its impact on the
dynamics of cotainer port market structure, conduct and performance and the effect

of market dynamics on container port competitiveness.

1.4 Research aim and objectives

The Mediterranean is now a growing market that can offer and absorb containers and
commodities.Due to its geographical location, it is considered as a strategic link
between the EadWest trade routes. The transhipment (hub) ports in the region are
located on the shortest route that allows the minimum wastage of time for the great
oceangoing contaner lines. The Mediterranean is also boarded by several countries
where the pace of growth is estimated to rise remarkably, such as the North African
countries and those boarding the Black sea.

This research aimsotanalyse thampact of ports' échnical efficiencies on the

LPSURYHPHQW RI OHGLWHUUDQHDQ FRQMWBWLWHU SRUW\

contribute to assist port managers to optimise their resources and set operational

SODQV WKDW HQDEOH WKHP WR VDWLVI\ MkithU FXVWRI

the research objectives are:

1. To review the literature in port competition and efficiency.

2. 7R DQDO\VH WKH OHGLWHUUDQHDQ FRQWDLQHU S
studying the dynamics of the Mediterranean container port market.

3. To study the currenthanges of market structure, conduct and performance.
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4. To evaluate and benchmark the technical efficiency of container ports in the
defined market.

5. To assess the impact of port technical efficiency on port competitiveness and
study the ability of some ¢@way ports to become future hubs.

1.5 Research questions

Mediterranean containerodgs needio consider the status of their competitiveness
and the level of efficiency and qitglof service provided. Optimadion of servicas
neededfor ports tocreate a customariented market. However, to a large extent,
ports are competing in order to attract the big market players and achieving a higher
throughput.A few researchers have tried to study the relationship between port
efficiency and port compiibn (Cullinane et al, 2004; Cullinane et al, 2005b; Wang

et al, 2005). However, none of these studies addressed such a relationship in the
context of the Mediterranean container marKet.order to achieve the above
mentioned research aim and objectjude research will try tanswer the following
questions:

1. What is port competitiveness and competition and how it is assessed?

2. What isport technical efficiency and hogan itbe evaluated?

This leads to three questions that are going to be verified iretiearch model and

the empirical work of the thesis, namely:

3. What are the main characteristics of the Mediterranean container port market in
WHUPV RI PDUNHW VWUXFWXUH SRUWVY FRPSHWLWLYHC
4. What is the relative technical efficiencevel of the Mediterranean main
container ports?

5. What is the relation between the Mediterranean container ports efficiency and

their competitiveness?
To maintain its competitivenesklediterranean containgrorts haveto invest inits

infra/superstructure to accommodate the largest containershipmnable cost

reductions for the container shippimgarket It is the intense competition which
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characterises the container porarket(Liu, 1995; Tongzon and Heng, 2005; Yap
and Lam, 2006jand this hasnotivatedan obviousinterest in the efficiency with
which it utilises its resources (Tongzon, 189®lartinezBudria et al., 1999; Coto
Millan et al., 2000; Notteboom et al, 2000; Tongzon, 200Cullinane, 2002;
Cullinane et al, 2004).

The rationale for research question 1 and 2 arises from the need to provide a
theoretical background about port competitiveness and port efficiency in order to

pave the way for finding the relationship between the two in order to find out to what

extent the RUW WHFKQLFDO HIILFLHQF\ FRXOG DIIHFW WKF
rationale for research question 3 arises from the need to update the knowledge of the
Mediterranean container port market dynamics in terms of concentration and
deconcentration tenden@nd the changes in market structure and conduct over the

past two decades.

The rationale of research question 4 arises from studying the Mediterranean
container port market from the demand side. There has been consistent increase in
Mediterranean containgorts throughput over the past two decades. This in turn
KLIKOLJKWY WKH LPSRUWDQFH RI HQKDQFLQJ WKH SRU\
able to meemarket demand. Moreovgrorts should benchmark their aggregate and

pure technical efficiency iorder to be able to optimise the resources that enable

WKHP WR PHHW WKHLU FXVWRPHUVY UHTXLUHPHQWYV
competitive position. The rationale for research question 5 arises from the
observation, often addressed in the literature, thast previous studies of port

economics addressed the issue of port competition and port efficiency in isolation.

As such this researdtudiesthe relationship between pardmpetitiveness and port

efficiency and establishes a model that can analyse itmgact of port
competitiveness on port efficiency in the Mediterranean container market.
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1.6 Research hypotheses

JRU D FRQWDLQHU SRUW HIILFLHQF\ PDNHYV D VLJQLI
competitive advantage (Dawoud, 2000). Traditionally, the efficiency of a container
port has beemmeasuredby calculating and seeking tenhanceor optimize the
technicalefficiency of cargo handling (De Monie, 198As such, in the context of

this researchnine hypotheses are formulated in orderatmalyse the impact of port
efficiency on port competitiveness. The hypste are divided into thregroups.

The first group cosiituting hypothesesH1 and H2 is used toexamine the
OHGLWHUUDQHDQ cbrip@tkiénkes3 tihatkBt Wiyantics. The second
group, represented by Hypothese to H6, forms the hypotheses used to
benchmarkhe relative efficiency of the maicontainer ports in the Mediterranean
The third group, represented by hypothdd&go H9, is used t@nalyse the relation
between port technical efficiency and port competitiveness in the defined market.

These hypotheses are as follows;

H1: The Mediterraean container port market is moving towardscdecentration
and perfect competition.
H2: The competitiveness level SUHVHQWHG E\ SRUWVY WKJARXJKSXW
the ports under study has changed over the period of study.
H3: The technicakfficiency of the Mediterranean main container ports is not related
to scale of production.
H4: The technical efficiency of the Mediterranean main container ports has
improved over time.
H5: The technical efficiency of the Mediterranean container porteases as the
scale of a container port increases.
H6: The technicalefficiency of the Mediterranean container ports is affected by
different exogenous variabled XFK DV FRXQWULHVY *'3 DQG SRUW (
H7: Ports technical efficiency could affect contaimrts competitiveness ithe

Mediterranean market.
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H8: 7TKHUH LV D SRVLWLYH UHODWLRQ EHWZHHQ WKH O
competitive position of the container ports in the Mediterranean market.
H9: There is a positive relation between Medi@ean container ports average

growth rates and their technical efficiency.

1.7 Research methodology

This research canebclassified asleductive positivistic and quantitative analytical

research. To assess the impact of port technical efficiency on port competitiveness in

the Mediterranean container market, the research follows the concept of Industrial
Organization (10) and Structuralis(darvard school) methodology that analyses the

market Structures, Conduct and Performance (SCP) of market players. The SCP
FRQFHSW DVVXPHV WKDW DQ LQGXVWU\YYVY SHUIRUPDQFH
and consumers which, in turn, are determined ly $tructure of the market (Bain,

1951; 199; Wang et al, 2005

In this research, the impact of technical efficiency on port competitiveness among the
representative sample of 22 Mediterranean container ports from 1998 to 2012 is
analysed using a simultaneous thst@ge procedure: in the first stage, the
Mediterranearcontainer port market dynamics and port competitiveness is analysed
through the study of market structure and conduct. Market structure is assessed
through measuring and analysing market concentration. Four different methods will
be used to evaluate thgrdamics of market concentration for the lagb decades.
These methods aréhe K-Firm concentration ratio (#(CR) (Maunder et al., 1991)
HirshmanHerfindahl Index (HHI) (Hirschman, 1964)the Gini index or Gini
coefficient (GC) (Gini, 1921; Brown, 1994)and the generaksl entropyindex
Shannonjl948; Curry and George, 1983 this stage, hypotheses hd H2 are

used to examine the Mediterranean container port market dymaamd the

competitiveness of ports under studoreover, the ports' competitiyeosition s
also assessed by using pgrowth rate figures and market share that are used as the
PDLQ GHWHUPLQDQWY WR H[DPLQH UHODWLINiH FKDQJH’
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context, the Boston Consultant Group (BCG) matrix is usedgess and analyse the
change of the studp RUW V { F RaésE W the/dewidd between 1998 and 2012
in the defined market.

Market conduct is angded by using shifshare analysi§SSA) (Marti, 1988; De
Lombaerdeand Verbeke, 1989) 7 KH pV K D képtésentshéidstimhateagrowth

of container traffic in gort as if it would simply maintain its market share. The total

shift implies the total number of containers (TEUS) a port aetsially won fromor

lost tocompeting ports in the same market, with ésématedccontainer traffic (share
HITHFW DV D UHIHUH Q Fatows7«K Ibttter MdlLdtiv iR H IDH BWU W TV
competitivenessas it eliminates the growth of the overall comés sector
(Notteboom, 199,2010.

In the second stage, ports relative technical efficiency, as a proxy of market
performance, is assessed and benchmarked through the use of Data Envelopment
Analysis (DEA) which estimates the relative efficiency scores and ranks container
ports according tdheir efficiency. Five DEA models arappliedfor comparative
purposes, the DEACCR model, Charnes, Cooper and Rhodes, (1978); the DEA
BCC model, Banker, Charnes and Cooper (1984); the -&ttdéency DEA model,

Doyle and Green (1994), the DEA @wifficiency Model, Andersen and
Petersen (1993), sensitivity analysis model and slack variable analysis model.

In this context, due to the complexity of the extensive activities carried out at
container ports, this research focuses solely on the tedhefficiency at the level of
container terminals within the port. As such, the term port refers to the aggregate

activities of all container terminals that operate within the ports of study.
Moreover, unlike the practice of cressctional data analysisn a DEA panel data

and window analysis, originallgstablishedby Charnes et al. (1985pplications are

used not only to benchmark the efficiency of DMUs (container ports) but also to
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identify the changes of the DMUs' efficiensgoresover a specifié time period

(Cullinane & Wang, 2010) $ VHW RI SDQHO GDWD WHUPHG UHIH
subsets (Tulkens and van den Eeckaut, 1995), is used in oas=etsthe efficiency

of an individual DMU. Tulkens and van den Eeckaut (1995) proposed that each
observation in a panel can be characterised in efficiency terms through three different

kinds of frontiers which are Window, Contemporaneous and-tateporal analysis.

In this stage the second group of hypotheses, H3 to H6, are used to examine the
sampleSRUWVY WHFKQLFDO HIILFLHQF\ RYHU WKH SHULRG |

In the third stage, the impact of port efficiency on port competitiveness is analysed
WKURXJK WKH XVH RI 6LPDU DQG :LOVRQTYTV SURFHG
with a truncated regressioApplying this approach enables more reliable evidence

to be obtained compared to previcesearchanalysing the efficiency of container

ports. This is because the Simar and Wilson (2007) procedure ensures the efficient
estimation of the secorstage esti@ators, which is not a property of alternative

methods. The threstage procedure also depends upon o#ixegenousvariables,

which are not taken into account in the secestadje efficiency estimation. This

implies that the error term must be correlatedhvihe secondtage explanatory

variables.

The methocdestablishedy Simar and Wilson (2007) overcomes these difficulties by

adopting a procedurdbased on a double bootstrap that enables consistent
inference within models, explaining efficienogstimateswhile simultaneously

producing standard errors and their confidence intervele third group of

hypotheses, H7 to H9, is used to examineH UHODWLRQ EHWZHHQ SRU)
HIILFLHQF\ DQG SRUWVYTY FRPSHWLWLYHQHVAdeww KUR X JK
correlation coefficient. Finally, the research reliability and validity will be tested

through the use of different type of reliability and validity that are relevant to the

research type, design and approach.
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The above stages of the researchhmaology are conducted based on data gathered,
analysed and evaluated from secondary sources. Secondary data are mainly taken
from issues of the Containerisation International Yearbodks. analyse the
dynamics of the Mediterranean container port martetassess the competitive
position of the container ports and to estimate the efficiency of the port siudier s

data for the years from 1998 to 2012 are usé&d.Banxia Frontier Analysis software

was used to solve the two DEA models that explain therrdéo scale of the ports
production function, the CCR model (CRS) and BCC model (VRS).

1.8 Area of study £The Mediterranean range
1.8.1 Definition of range

While there is no formal methodology that defines the extent of a port range, it is
usual to consider factors such as access to a specific body of water, port proximity
and hinterland as defining factors. The Mediterranean basin has historically and
geogrphically grouped together countries and respegtorgés around its shores. The
Mediterranean basin is the area around the Mediterranean Sea, and reaches three
continents: Europe (south), Asia (near east) and Africa (north) (Notteboom, R012).

is by defnition limited by the Strait of Gibraltar to the West, the Suez Canal to the
East and the Bosphorus Strait to the Northeast. However, a more encompassing
definition of the Mediterranean area of influence includes countries such as Portugal
and the Atlanticoast of Morocco, as well as countries around the Black Sea, such as
Romania. This latter definition is the one to be taken into consideration in this

research.

Traditionally in the port industry, the Mediterranean is not considered a
homogeneous rangas there is little competition between ports, with each port

catering essentially to its domestic hinterland. The liberalization of sea, road and
railway transport within the EU and a simultaneous increase in the amount and

quality of landside transport fiastructure has had an impact in the enlargement of

WKH SRUWVY FDWFKPHQW DUHDV *OREDOL]DWLRQ K

39



Mediterranean in international maritime freight transport, nevertheless, traffic growth
has mainly involved transit flows, withthiaMediterranean flows representing less
than a quarter of the total (Fageda, 2000). The Mediterranean container ports can
basically be divided into two categories: gateway ports serving a hinterland, for
example, Genoa and Barcelona have been used pyinaar gateway ports for
national trade and transhipment hubs used by lines to tranship containers between
eastwest servicesand local feeder services, for example, GioiaTauro, Port Said,
Algeciras and MarsaxlokkJNCTAD, 2008)

1.8.2 Reasons for the foas on the Mediterranean container market

The reasons for the focus in the Mediterranean are manifold. Firstly, the
Mediterranean has a strategic geographical location that makes it one of the
preferable transhipment areas in the world. It is located abmayof the major
VKLSSLQJ WUDGH URXWHV IURP 6RXWKHDVW $VLD WR
West coast. Secondly, there is a significant increase in local origin and destination
(O&D) traffic. Currently, around the Mediterranean there are signifaadtgrowing

origin and destination markets in Southern Europe, North Africa and Middle East.
The volume of goods transported by sea within the Mediterranean region has grown
on average by 5% per annum in the decade preceding the international economic
crisis of 2008. The growth of container traffic was particularly high, expanding by
over 10% a yearGouvernaket al 2005).

Thirdly, the Mediterranean container market structure is changing. In order to
accommodate the increasingcél and transhipmendemand, avast hubfeeder
container systerand short sea shipping netwdrasdevelopedn the Mediterranean
since the miell990s. Earlier, Mediterranean ports were typically bypassedéry
vessels betweeNorthern Europe anthe Far Eas{Notteboom, 20Q). Fourthly,
although globalization has strengthened the role of the Mediterranean in the

international maritime transport of goods, this port range is still one of the least
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studied regions, especially when compared with the Hambairgavre range, the

Asian orNorth American port¢Notteboom, 2012)

1.9 Research conceptual framework

Scherer and Ross (1990) provided valuable guidance for any discussion of the
container port industry and its market structure. The market structure of the container
port industry can be analysed from the viewpoint of an individual port, nation, and
continent or even from a global perspective. The former refers to the various parties
and their relationship within a port, while the latter refers to a situation in which a
port is regarded as a unit under a national administration and congpetesperates

with other portsAs competition is one of the most important concepts in the context
of market structure, port competition can be simgkplainedas the competition
betweendifferent ports (within the context of this work, the discussion is obviously

limited solely to container porfg/ang & Cullinane, 2005)

One of themost importantfactors for deciding whether two container ports are
competing with each other is study whether they serve the same or overlapping
hinterland or foreland (Ng, 2005 From this perspedste, studies that analyse the
competition between the ports of Hong Kong and Singapore such as Fung (2001) are
not relevant here since these two patsve the trade otompletely different
hinterlands; while the gateway port of Hong Kong serves mainly the teaffic

from southern China, thieub port of Singapore mainly serves the catgidfic to and

from Southeast Asian countries, such as Malagsid Indonesia, as well as the
North $Southtraffic to Australasia. Gosgl99(a) highlighted that thebility of port

to competevaries according ta number of factors such #s geographic location

and the nature of theargoeghat move through it.
In this context, one should differentiate between port conpeti and

competitiveness Schle (19%, p. 105 stated thatompetitiveness isThe ability to

get customers to choose a particular service over competing alternatives on a
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sustainable basis Thus, in the long term, ports should invest for the future even at
the expense of short term profits. However, port competition can be defined as a
process to maintain customers, market share and hinterland over which ports might

have complete or partial cont (Marlow &Paixao, 2001).

Such distinction between port competition and competitiveness allows using any
SRUWYV FDSDELOLWLHYVY DW WKH XWPRVW 7KH SRUW(YV
own strengths, but alsmn the way it succeedis copingwith its weaknesses and the

ability to transform threats into opportunities. However, the port competitive position
depends on port selection criteria determined by shipping companies and shippers as

ports have become crucial links in almost every sugplgin. As such, they have

obtained a meaning beyond transport and transhipment itself (Winkelmans, 2003).

Hence, the importance of port competition far exceeds the competition between any
port actorsPort efficiency reflects better the competitivenesshe port. From this
perspective, this research analyses the competitiveness of major Mediterranean
container ports by considering the Mediterranean in its totality, including south
Europe, Middle East and North Africa. The study puts forward a way &s®sS
container port efficiency based on simple, yet validated and meaningful competition

measures.

1.10 Research significance and original @ntribution

The significance and original contribution of this research is as follows:

1. It consolidates andummarizes the vast existing literature on container port
competition and efficiency.

2. It validates the concept that the container ports in the Mediterranean market can be
treated as one single geographic entity that by and large are facing the same

marketchallenges over the last two decades.
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3. It uses the industrial organization concegtiucturalism thatuses structure,
conduct and performance to study the Mediterranean container ports market
dynamics.

4. It studies the impact of port technical efficiency ot competitiveness through

the use of various parametric and fgarametric tools.

Furthermorethis thesis considers the Mediterranean in its totality, including south
Europe, Middle Bst and North Africa. e research puts forward an innovative way

to assess container port efficiency based on simple yet validated and meaningful
physical data. It proposes to build a bridge between academia and industry, the
former being known for the complex econometric efficiency models and the latter for
easyto-useanalytical tools that vary according to the entity measuring them and thus

often lack consistency for intgrort comparability.

1.11 Research structure and plan

The research structure shows the plan that has been undertaken to test the hypothesis,
answer the research question and achieve the aim and objethigestructure of the

thesis depicted in Figure 1.3 indicates that chapter one constitutes the research
theoretical frameworkChapters 2 and 3 establish the background and foundation of
this study. Chapter 4 represents thethodological framg&ork and research model.
Chapters 5, 6 and 7 provide the application of the ssmad® of port
competitiveness,echnical efficiency analysis and tlassessmentf the impact of

port efficiency on port ampetitiveness in the Mediterranean container port market.

Chapter 8 provides conclusions, recommendations and areas for further research.

This thesis can be outlined as follows:

Chapter 1 constitutes a general introduction about the research topic. It also provides
an overview of the research importance, problem, aim, objectives, methodology and
originality. In addition, it outlines the thesis structure and clarifies the conteptua

framework of the research topic.
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Figure 1.3 - Research structure and procedures

Chapter 2 provides a comprehensive theoretical back ground on the conceptual
definition of port competition and competitiveness, different types of port
competition and factors affecting p@ompetitiveness. The chapter critically reviews

the literature in the areas of port competition and competitiveness in terms of
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SUHYLRXV VWXGLHVY VFRSH REMHFWLYHV DQG WKH DV

port competition.

Chapter 3 provides a thmugh understanding of the concepts, definitions, types and
theories of port efficiency. It reviews and analyses the literature on port efficiency
and efficiency measurement and evaluation tools. This chapter also indicates the
variable specifications irhe existing literature and conducts a gap analysis between

the previous studies and this research.

Chapter 4 identifies the research scope, philosophy, approach and strategy, on which

the theoretical framework is formulated and the methods, models amuiciees

used in creating it are discussed. It also demonstrates the specifications of variables
WKDW DUH XVHG WR DVVHVV SRUWVYTY FRPSHWLWLYHQH

explanation on data collection and software used to measure port efficiency.

Chapter 5 provides a thorough analysis of structural changes and development of the
Mediterranean container port market demand. The chapter analyses the
Mediterranean container port market structure through the use of five methods.

These methods are: theFrm concentration ratio, the Hirschm#éerfindahl index,

Gini coefficient, Entropy index and BCG matrix. It also analyses the Mediterranean

container port market conduct throuthie use of shifshare analysis.

Chapter 6 benchmarks the relative technical efficiency of ports under study through
the use of five DEA models. The DEBCR model is used to assess the aggregate
technical efficiency, the DEBBCC model is applied to assess the pure technical
efficiency, réurn to scale analysis is utilised to find out the status of return to scale of
each port and supefficiency (A&P) analysis is conducted to rank the efficient
ports. A sensitivityanalysis is used to distinguish between variables that have larger
weightsin terms of efficiency andack variable analysis is used to identify potential

areas of improvement for inefficient ports.
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Chapter 7 tests the research hypotheses that examine the impact of port efficiency on
port competitiveness. It also examines ithpact of some exogenous factors on port
efficiency through the use of the bootstrapped truncated regression in order to test the
potential for some ports under study to be a future hub. The reliability and validity of

the research design and results dse tested.

Chapter 8 summarises the research and presents the research conclusions, limitations
of the study, recommendations for port managers and operators that enable them to
enhance their porftechnical efficiency and competitiveness. The chapteo a

highlights the potential areas for further research.

1.12 Chapter summary

This chapter introduced the research topic and based on this the research aim and
objectives have been defined. It highlighted the research importance and clarified the
original contributions to knowledge which would be reached on realisation of the
aim ard objectives. The chapter also presented the research methodology and
processes by which the research aim and objectives will be achieved. Finally, the

outline of the research structure and design was presented.

The next chapter will synthesise publisHedrature in relation to port competition

and competitiveness in order to illustrate how this study would differ from, support,
add to or even derive from previous studies. Based on a literature review, the
research gap will be identified in a way thdardies how this research will
contribute to knowledge. Also, based on this review, the foundation of the research
framework will be created and the best suited data collection techniques for this

research will be selected.
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CHAPTER TWO
PORT COMPETITION AND COMPETITIVENESS

2.1 Introduction

In recentdecadesglobalisation, shift in thevorldwide production and consumption
centers and the development of the international transport network have increased the
role of ports as nodes in the global logistics and supply chain systems. Meanwhile,
seaports encounter @ter challenges, uncertainties and risks than ever before. The
development of different markets has contributed to intensify the competition in the port
industry (Haezendonck & Notteboom, 2002). Containerisation andrmadalty have
extensive impact oport markets The reform of the liner shipping service networks as
well as the increased bargaining power of the shipping lines contriliatete
deterioration of existing ports and to the development of new ones that, in turn, caused a

continuouschangdan the market structure and port hierar¢Nyptteboom, 2012)

Continer ports, in particulamot only encountered competition from the large load
centers in the same port range but also from the medium and small load centers having
the same hinterlandnd, to some extent, from load centers in other port ranges. The
hub-andspoke system that has emerged in liner shipping operation patterns has put
increased pressure on the supply chain network around load centers. Thus, the concept
of containerisatiornas enlarged the geographical coverage of seaports to the extent that

the concept of a captive market is no longer vidageda2000).

The aim of this chapter is to review aadalysethe literature in port competition. The
approach of reviewing the litature is based on looking at the theoretical arguments and
premises of port competition concepts and definitions, the various types of studies on
port competition (qualitative and quantitative) and the development of the previous
research in port compebtn in terms of research objectives, paradigms, methodologies
and measures used to assess port competitiveness. In doing so, this chapter is divided

into four main sections. The first section discusses the conceptual defioitiport
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competition. The secw section illustrates theifferent types of port competition. The

third section reviews the literature in the international competitiveness of seapdrts

the different methodologies and approaches used in the assessment of port
competitivenesand comptition. Chaptersummary and gap analysis provided in

section four

2.2 Conceptual definition of port competition

Words in common usage tend to have a variety of meanings. Competition is no
exception. Although many hints are attached to the term, mestarchers attempt to

define competition as either a process or a state of affairs. When competition is
demonstrated as a process, some treatises express entrepreneurs as the key to success
(Haezendonck & Notteboom, 200Znight (1921) focused on thaotion of risk. He

asserted that risk taking is the function of the entrepreneur success for their efforts. The
common theme of this debate is that a competitive market system is one where
entrepreneurs contend freely with each other for success. Thglstregresestmarket
contestability in which the tense competition is characteristhe market

Schumpeter (1942) described the competitive struggling process as one that revolved
around innovation, technology and economic progress as the ultimateantdorm of

competition creates from the new product, technology, and new soustgply and

reform of organiation. Hayek (1948) andirzner (1973) emphasexd competition
betweenindividual entreprenesrand typified this tradition. However, econorsistave

provided not only descriptions and definitions of competition but also model for the
processes. Steindle (1965) asserted that competition should be regarded as a stochastic
SURFHVV +H DVVRFLDWHG WKH XQGHUO\LQdecM& RFKDV WL
process.

Another customary and more traditional way of illustrating competition is to explain it
as a state of affairg.he fiercemessof competition is evaluated by capturing a snap shot
at a point in time. Those who assigned to this view paitvocate the view that the
dimensions of the competitive system carcagegorisedy a set of structural elements
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of the market. Adherestof this view placéhe focus on such features as the number of
firms, concentration, marketing ratios and othercétmal variables. These variables are
proxies for the intensity of the competitive process. Substantial efforts have been
devoted to demonstrating that these features are related tesend®mal differences in
profitability. Nevertheless, this is consigtd as an indirect way of proving that these
measures are related to the fierce of competitive process that has been assumed to affect

crossindustry differentials in profitability (Haezendonck & Notteboom, 2002).

At a conceptual level, the two approaches to illustrating competition may be at a
conflict as to what represents higldgmpetitive markets. Scholars who had to rely on
measures of market structure anldeststatic features are emphasjsa stateof affairs.

By using such measures they presume that these measures represent the fierce of
competition within the industry (Baldwin, 199%)astillo-Manzano et al. (2009)efined

port competitivenesgssthe ability of a port tocreateadded valuegreatecore busgiess

and produce productive activityithin its market As such the most competitive port

will be able toestablish a differentiatedolicy and gaining more customersthan its
rivals(Teng et al., 2004; Yeo and Song, 2006; Cashkiknzano et al2009)

However, in generalVoorde and Winkelmans2002) definedport competition as the

competition between ports undertakings involved in the same traffic and terminal
operators who are involved in the organisation of the whole transport chain, with respect

to certain transactions. It should be kept in mind that every operitdé PDLQ REMHFWLY
to maximiz his profit and to increase his throughput and market share.

6RQJ DQG <HR S port coMpBtoOH Bfewd 0 Ehé/dévelopment and
application of differentiated strategic alternatives so as to attract more customers to
FRPSHWLW LThetef@® Ut W \Efucial for a port to obtain and/or maintain a
competitive boundary over its competitors. Meersman and Voorde (2002) referred to
9 H U KsR193[1) definition of competition whexplained thaport competition unfolds
under four different levels, namely: competition between port undertakings; competition

between ports; competition between port clusters, a group of ports in thereaket
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with common geographicdeaturesand competition between porshare the same
hinterland or positionedtthe same coastline.

These different levels of competition interact with each other so that they cannot be
evaluated individually. However, suctdafinition does not consider the composition of
traffic structure of port undertakings, which is very important as far as port competition
is concerned. The definition also does not differentiate between different types of traffic
in which ports and portndertakings are specialised. It treats them as if they were
similar, but in reality, for instance, container terminal operators do not compete with
liquid/dry bulk terminal operatorsVporde & Winkelmans, 2002)Nevertheless, a
modern definition of port gopetition should include all the above mentioned aspects as
ports are considered to be the competing bodies. Next section illustrates the various

types of port competition with a given examples of each type.

2.3 Types of port competition

Port competition can be classified into three main types that represent the
comprehensive concept of seaport competition and explain the relationship between
ports and port undertaking¥/ang et al2005) These types are: intport competition
intra-port competition and inter-port competition at port authority level. In{port
competition can be defined as the competition betwesmous ports. The most
significantfactor for determining whether twgorts are competing with each other is to
find out whether theghae the same or overlapping hinterland or forelé@dllinane et

al, 2005 Ng, 2006a)

Traditionally, before the development of containerisation, iptet competition was

not significant. Port markets usetb be recognisd as beingeither monopolistic or
oligopolistic due to the concentration of port traff;d the limited and fixed
geographical location of the pofCullinane et al, 2005)However, developments in
containerisation and intermodal transportation regaificantly changed this situation.
Recently, terminal operators are not only concerned with their productivity but also
whether they can compete or not.
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S5HIHUULQJ WR 9HUKRIITV -port conpeditihnQchmbie RI@ssifle® viidd U
three subcategories (Figu2.1). The first is competition between whptatrange and
coastlines; the perfect example of such type is thrapetition between ports ithe
HamburgLe Havre rangeAnother example can be provided by increasing evidence
that the present interontaner port competition between ports on the West and East
coast of North America. This competition has been intensely increased by the
development of both the multimodal and ledigtance transport systems. The second
type is the competition between portsdiiferent countries such as the competition
between Rotterdam in the Netherlaaasl Antwerp in Belgiunor betweenracoma and
Seattle in the United States avidncouver in Canada. The third type is the competition
between individual ports in the same ctvyrwhere ports havthe same ooverlapping
hinterlands, such as the competition betwees Angeles antlong Beach in California

or betweerQingdao anddalian in Northern China. (Wang et al, 2005).

l Competition

Competition at po between whole

authority level range of ports anT
coastline

Competition
between ports in
different countries

Inter-port
competition

Port competition Competition

between ports in
the same countny

Competition
between terminals
& operators

Intra-port
competition

Intra-terminal
competition

Figure 2.1 +Types of port competition.
Source:Adapted from Wang, -F., Cullinane, K., and Song,-D H&ERQWDLQHU SRUW SURGXF
HFRQRPLF HIILFLHQF\Y 3DOJUDYH ODFPLOODQ 1HZ <RUN 868%

One of thenegativeaspectf interport competion is that it may put a port &igh

risks (Heaver, 1995Cullinane et al, 2005 In order to maintain its competitiveness, a
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port should greatly invest in its infra/superstructure to be able to accommodate the
largest containevessels Moreover, in a competitive environment, paright face the

risk of losing their customers where shipping lines have the power of choosing among
ports that satisfy their requiremestsch aghe efficient cargo handling, short ship turn
round time in port and low port chargesd match their criterian terms of port
location, accessibility and hinterland connectig@sillinane et al, 2005Ng, 2006a;
Notteboom, 2010

The second type of port competition is irfrart competition. This type of competition

is mainly related to port administration, og¥ship and terminal operators. Ports can be
categorised according to their type addministration andwnership(Cullinane et al,
2005) Goss (1990) illustrated that, administratively, ports actassifiedinto three

main types. First is the comprehensive (public) port, when all/or most of the port
activities are carried out by port authority. Second is the landlord port, when part of port
activities are controlled by the private sector, third is the hydwitl when the majority

of port activities are allocated and controlled by the private sector.

In this context, intrgport competition can be classified into two categories. The first is
known as intrgerminal competition, where two or more operatorshimi a single
terminal compete with each other. It is considered to be a micro level of competition
that offers high level cost efficiency. However, this type of competition does not
provide the flexibility required for the terminal operator. Accordinghe lower the

level of intra port competition, the higher the flexibility of theort as far as pricing is
concernedSlack, 2007)

7KH VHFRQG FDWHJRU\ LV WKH FRPSHWLWLRQ EHWZHHQ
port such as the competition within tpert of Antwerp between container terminals

operators like Hessenatie, Noord Natie and Katoenatie. Another example is the
competition between APM and ECT in Rotterdam. HoweVegrde & Winkelmans

(2002) explained that intrgport competition can be recagad in a broader form. Port
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authorities and undertakings may indirectly compete within a single port if a port
authority has shares in port undertakings or terminal operators.

Despite the fact that conventionahdustrial organ@tion theory explainsthat
competition has its pros and cons in any firm. In the context ofpartacompetitionit

can be agreedhat intraport competitionenhancesort efficiency (Cullinane et al,
2005) Goss (1990 expressed that comprehensive ports accomplish thigileaty by

direct management while landlord ports achieve their efficiency by motivating
competition. The role of port authorities, in this regard, is to promote and ensure the

existence of competition.

On the other hand, privasison is an effective ggoach to presenting int@ort
competiton. Leaning towards thgort privatisationin order to enhance their efficiency
reveals the growing recognition of thsignificance of intra-port competition.
Nevertheless, privatisation cannot always enhancegfitstency (Song et al., 2001).

Port privatisation is usually associated with a long contract between private firms and
governments or ports authorities. Per se, a okgopoly or monopolywithin the port

might exist(Cullinane et al, 2005)or instance, if there is neither inter nor inp@rt
competition, it isdifficult to decide whether public management will do better than

private managemeiiBaird, 1997)

As far as the managerial implications of inp@rt competition are concernedtional

port policies should seek to enhance the performance and the efficiency of the whole
port activities within the country. By definition, intgort competition occurs within a

port; therefore it is not directly affected by specific aspects of redtipalicies and
regulations. However, port authorities should ensure that the internal market within the
port is contestable. Meanwhile, Wang et al. (2005) argued that a port authority should
play an effective role in promoting cooperative activities tetieve economies of
scale and scope within the whole port.

The third type of port competition is intport competition at port authority level. This

type of competition exists between port authorities at a national, local, regional or
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internationallevel. It can be clearly identified when the competing ports share the same
target market and handle the same type of cargo. A good example of such type of
competition is the competition between ports within the Hamherglavre range and,

as in the focusof this research, competition between container ports in the
Mediterranean. These ports, to a large extent, compete for containers and are investing
to keep pace with the future demand and to increase their throughput and market share.
Another example ishie competition between Hong Kong and Singapore in the Far East
and between New York and Halifax on the East coast of North America (World Bank,

2001). Next section reviseschanalyses the literature ports competition.

24 Review the lterature on port competition

Port competition and competitiveness have been evaluated and analysed from various
perspectives. This section reviews the literature in port competition by classifying and
categorizing the previous studies portcompetitionaccording to their objectives and
scopes. The objectives of research in port competition have evolved over times and
extended tstudying the effect ahfrastructure investment on port competition (Chang,
1978; Nir et al, 2003), evaluating the impact\wK L S S L QpbriG&l€ztioN §riteria on

port competition leaver, 2002; Parola and Musso, 20@nalysing thekey factors
DIIHFWLQJ DQG GHWHUPLQLQJ SRUWYV {ChoR &3IH200BW LY H DG\
exploring the key elements that aff@crt competition (Notteboom et al, 19970 and

Song, 2005)studying the impact of work environment on port competitivengsad,

2003; Cullinane et al, 2005aylusso et al, 2013), assessing port competition from the
SRUW XVHUVY SHUYVSHYodardey H002;Yapl Hrid \NBt2bom, 2011)
modeling strategic competition using capacity investment and pricing for different
purposes including transportation network congestion and strategic capacity expansion
(De Borger et al, 2005, 2007) analysing the pefition between ports serve a common
hinterland with separable transportation networks (De Borger et al, 2008), evaluating
port competitionthrough generic elements such as variations in market shares and
changing in market dynamickgm and Yap, 2008Vu and Tu, 2013) and studying The

role of container ports as strategic units in changing the value chain and market
structure Asgari et al, 2013Tian et al, 2015)
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Container port competition has been analysed through various methods, including time
seriesanalysis (Yap et al, 2006), Analytic Hierarchy Process (AHP) (Song & Yeo,
2004; Yanbing et al. (2005); Yeo & Song, 200®ata Envelopment Analysis (DEA)
(Cullinane et al, 2005), muitriteria evaluation Nlanzano et al, 2009)survey of
shipping lines andbgistics manager&ondag et al, 2010; Yeo et al, 2011; Cheraghi et

al, 2012) shiftshare analysis and diversification indexes like Herfinddildchman
(Notteboom, 1997, 2010; 2012Z)he methodology used depends on the objectives, data
availability and hypotheses that each study considers. This chapter provides a
comprehensive analysis on the objectives, scopes and methodology of research in port

competition and its evolution over time.

A series of studies developed models of port competition, but ¢bdginly regard
infrastructure investment as an external market, rather than internal strategic
phenomenon (UNCTAD, 1976; Chang, 1978; Plumlee, 1979; Thah9&%; Hanelt &
Smith, 1987; Dwd, 1990; and Nir et al, 2003Hoffman (1985) ad Tongzon (1995a)
explored port performance by using ship, berth or terminal indicators. Sachish (1996)
and Robinson (1999) extended their analysis to comprise production elements or
productivity indicators to evaluate ports productivity. An exception is Zan (1999) who
esablished a multlevel market game of port services prices, liner scheduling and
pricing and shipper lineselection In the leadefollower game applied the port
administrator determines a level of infrastructure and port service prices, the shipper
thendecides routes, frequencies and transposts and shippers then select shipping
lines according t@ost and timeAlthough this model is exceedingly detailed, it is one

of the few models of game theaapplied to port competition.

Port selection is considered dle main consequenceof the dynamics ofport
competition.In the 1980s, studies of port competitiveness mainly focused on port
selection criteria. Pearson (1980), Willingale (1981), Collison (1984), Slack (1985)
proposed vaous component®f port selection which covered Europe, America and
Southeast AsiaDutta and King (1980and Karnani (1984) applied game theory in the

assessment of market dominance under oligopolistic competition to evaluate
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competition strategieBrooks (1984, 1985pnalysed the main elements influencing
port selection criteriaOral and Dominique (1989) embraced Total Factor Productivity

(TFP) to establish an analytical model for competitive strategies of business enterprises.

In the 1990s, Peterd 990), Murphy et al. (1988, 1989, 1991, 1992), UNCTAD (1992),
andMcCalla (1994)addresseanajor factors affecting port selection criteria. Studies in
the 1990s included American studies of the geographic location of ports, inland railway

transportation, investment in port facilities and the stability of port labour (Starr, 1994).

From a shipping line perspectivideaver (2002passertedhat thecreationof strategic
alliances mergers andacquisitions inthe liner shipping markehas significantly
increased the bargaining power of shipping linesawiss ports Shippinglines became
thekey players indecidingthe ports otcall. This positionresoundedvith theresults of
Parola and Musso (2007) who arguihat theresults of port competition would be
affected byW KH S R U Wrjafchwitthh UinBjovdhipphifg lines Strategicelementsat
company level such as availability of hinterland connections, feeder connectivity
reasonable t#fs, alliance structure and the total portfolio of the port essentiain

port selection (Robinson, 1998; Wiegmans et al, 28@® & Notteboom, 2011

Veldman and Buckmann (2003) highlighted the issue of port competition by using the

logit model applied to Rotterdam port to quantify the rousetectionand developa

demand function for port traffic forecasting and for the finaneiatl economic

assessment of container port projects. Notteboom (2006c) argued that sHippsfj

decisiongo call at a port could beffectedby anumberof operational andommeraal

IDFWRUV LQFOXGLQJ GLVWULEXWLRQ DQG SDWWHUQ RI
cargogenerating potential of the goDQG WKH SRUWIV QDXWLFDO DF
context, Huang et al. (2008) established a model of transhipment pgpetom in

order to study the shipping lines port selection criteria. The model is examined and

applied on Taiwan international ports.

The literature further implieshat containeports whichhad the abilityto adapt tothe
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integration processwithin the liner shippingmarketand add value to thstrategic
commercialand operationalinterestsof shigping lineswould beconsidered as more

attractive as a pouf-call, relative to theirivals (Yap & Notteboom, 2011)Asteris and

Collins (2010) highlighted the bargaining power of the shipping lines and its impact on

WKH FRPSHWLWLYHQHVYVY RI 8. SRUWV 7KH WhHftisDUFK UHY
dominated by ports in the South East of England. In order taranodate both trade

growth and the increasing size of container ships, UK ports have recently been put

forward several investmeptans

Most researchers in international business and management who are interested in the
issue of competition have shiftélgeir focus from comparative advantage to the factors
affecting and determining competitive advantage. Porter (1990) has effectively followed
such a stream in his endeavours to answer the question of why certain nations seem
successful in particular induss and surpass other countries in the international
market. Porter's (1990) perception on the origins of competitive advantage is, to some

extent, similar to Krugman's (1991) clustering approach.

Porter's diamond frameworK1990) explains the main elements affecting and
contributing to a nations' competitive achievement. In his framework, four main
interconnected building blocks represent the significant sources of the competitive
advantage of nations in particular industries. fidhve determinants of the diamond are:

the factor conditions, demand conditions, supporting industries condition and relevant
strategies, structure and competition condititime factor condition relates to the means

of port services.

Rugman and D'cruz §B3) and Cartwrilgt (1993) argued that Porter'muhond did not
perfectly take into account the characteristics of the international and multinational
activities. For instance, d@ise core competence of mapgrts is directly associated with
internationalraffic, the achievements and developments of such enterprises are affected

by the international factors.
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Rugman and D'cruz (1993) and Dunning (1996) introduced the double diamond model
that expresses the nature of international competition in the patemalo be
internationally competitive, the double diamond model proposes that port managers and
decision makers should establish their own national and international diamond. This
should be achieved in line with the logistics and supply chains concty agakness

of any node within the chain will directly affect the performance of other nodes (Moon
et al 1998).

In order to include internationality as a basic concept of port competitiveness, Rugman
and Verbeke (1993) developed a model based on the Porter diamond. They established a
local, regional, foreign and global category for each corner of the diamond. déhey a

such categories to the Porter diamond with a belief that some firms compete at a local
level while others compete at the international level. The inclusion of these categories to
Porter's diamond formed the so called extengdiachond which made the el quite
relevant to the global economgplthough Porter's frame work emphasised the home
base country as the key element of competitive advantage, Dunning (1997) has
expressed that other nations rather than the home country may affect the competitive
postion of a firm in a particular marketdiowever, Heaver (1995) inquired whether
ports could be at an advantage if they were involved in greater cooperation rather than
competition. In the same context, Song (2002, 2003) assessed the possibility of
cooperabn among container terminals in Hong Kong and Shenzhen using Porter's five

forces model.

Kuroda and Yang (1995) and Yang (1999) utilised the Stackerlberg equilibrium to
create competition models for a port's carrying volume and also to exdahene
operational strategies of container terminals. Huang et al. (20®&lopeda multr

criteria assessment model by developing Fuzzy Muiteria Grade Classification
(FMGC) to assess the competitivene$sight East Asian containgrorts by partial

order based on five categories: DEA and operational competitiveness; rating analysis to
assess operational efficiency; Game theories, productivity analysis; anecriteita

decision making (MCDM) methods that focus on quantity decisions under a cavepetit
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environmentChou et al. (2003) used Strength, Weaknesses, Opportunities and Threats

(SWOT) analysis to explain competitiveness of four Asian container terminals.

As shown in appendix 2.1,series of studies addressed the issue of port competition in

a particular port market or range and explained key factors that could encourage or deter
port competitiveness. Many researchers have tried to ascertain the significance of port
location as a dmsive factor in port competitiveness. Miyajimi and Kwak (1989)

implied that containerisation is one of the most influential exogenous factors that
contribute to changinghe competitive position oports. Warf and Kleyn (1989)
examined the competition lvaten eight main ports of the United States and focussed

on comparing handling quantities and benefits of the ports. HayutRlaming (1994)
DUJXHG WKDW WKH JHRJUDSKLFDO ORFDWLRQ LV WKH

competitive position.

Hoyle and Charlier (1995) investigated the porarketin East Africa and indicated that
inter-port competition has encountered significant problems due to specific historical
events that took place in that regi@aird (1996) explained that shipping lines grogvi

trend towards increasing container vessels' capacity and the need for shonteurndrn

time have limited the competitive advantage of river ports with constrained maritime
accessibility.Chen (1997) explored port service competitive advantgmes location,
container terminal service, and geconomic conditions. Huang et al. (1997) had
divided port assessment indicators into two categories which are efficiency and
effectiveness. Effectiveness indicators were further classified into two groupsiahe t

cost incurred in a port and the cost encompasses congestion, waiting time and ship mean

time in port.

NeverthelessNotteboom et al. (1997) indicated that there are influential factors other
than port location that could intensify port competitiosuch as port
infra/superstructure, hinterland accessibility and productivity. Coeck et al. (1997) stated
that the competitive advantage of a port could also be expressed according to different

types of cargo traffic. In their study of port competition bedw Western Europe and
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the United States, Fleming and Baird (1999) provided six groups of factors that could
explain why particular ports could have competitive advantages over their rivals.

Jayanthi et al. (1999) chose Total factor productivity (TFP)their analysis of

competition of firms for comparison with Operational Competitiveness Rating Analysis

(OCRA) and concluded that there wasetationship between TFP and OCRA. Oral et

DO DQDO\WVHG HQWHUSULVHVY SURGHMdEWthat LW\ DQG
productivity and competitiveness were highly correlated. However, Andeta.

(2008) highlighted thathese techniques do not consider competition with respect to
financing methods, cost recovery and impacts on port service quality thanhidete

whether a port's operations are profitable and sustainable.

Haezendonck & Notteboon(2002) addressed the issue @&dctors influencing
competition between porthat may vary from one level of competition to another. The
study revealed that compétgness of individual undertakings within a port is

determined mainly bgpecificin puts such as skilleldbor, capital and technology.

On the other hand, competition between ports, port clusters and port ranges is also
influenced by some regional factors such g®rt location, the availability of
infra/supestructure, the degree ohdustriali@tion the government policy, port
performance, which isisually measuredby using alternative variables, such as the
frequency of liner swices, the transhipment cost, storacggpacity and hinterland
transportation. Such a traditional approach to port competition paves the way for
another approach based on competition betwkmgistics chains in which container
ports are links. The mosnportant element that should be considered is the total cost of
the transport chain. It is inescapable that, besides port throughput, the $dgidtics

such as warehousing, distributionaafrgoesand hinterland transportation are also very
vital and essntial factors affecting competition between ports

At managerial and port authority levelMporde & Winkelmans (2002)asseted that

port competition is alsenfluencedby other factors such as thmrt organisational

structure, the political and regulatory framework, the secimnomic stability, the
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know-how of port authorities and their management system, the implementation of EDI,
government intervention, the existence of niche markets, port proiyctuality of

port facilities and the creation of added vall¢aralambides (2002) evaluated port
competition and port overcapacity for various pricing methods wat@usfinancing
structures. The results highlighted that marginal cost pricing is\ds¢ suitable way to

attaincost recovery and fair competition among ports.

Winkelmans (2003) explained that the competitiveness level of a port depends on the
way a large number of elements are used and brought into force. Efficiency oriented
ports achieve their competitiveness either by cost leadership, by becoming the lowest
cost service provider, or by differentiation, achieved by offering specific port services in

market niches different from those services provided by other ports.

In the same contex§ong and Yeo (2004roupedthe most importantactorsfor the
assessment of port competition into five groups. The first group is the cargo volume
which indicatesthe ability of ports to handle more cargoes including ingp@xpors

and transhipment. The second group is the port facilities vdaohtituteport infra and
superstructure in the sense that the greater the capacity, the highgorthe
competitiveness. The third groupomprisa port location which clarifies the
significanceof the geographical location and accessibility of a port in port cotigreti

The fourth is thequality of serviceas the higher th&evel of services provided to the

port users, the higher the competitiveness level of the port. The fifth group is the port
costswhich encompasgort dues, handling charges in the sense thathteaper the port

expenses, the higher thert competitiveness.

Teng et al. (2004) identified the port competitiveness characteristics by applying Grey
Relation Analysis (GRA) model to eight East Asian container terminals. Tdieaton

of port competibn indicated the effectiveness type of criterion as the principal and the
efficiency type ofcriterion as a minorTable 21 illustrates the elements that should be
considered when evaluating port competitivengéhgese elements are identified through

the questionnaire surve&pnducted by Yeo and Song (2005). Since port operations have

61



some barriers to the general public in terms of expert knowledge, the surveys were
provided to the understanding of the group ofeziipe. The group was selected from
ship owners, shippers, terminal operators, national research institutes, and local

government research centers.

In the context of this researcthese elements are classified into four groups. These
groups can be furthalivided into two categories which are the endogenous elements,
over which ports have control, and exogenous factors over which they have no control.
The first group comprises the so@oonomic factors that affect port competitiveness
such as financial akctors, port management and ownership, port tariff and price
competitiveness which are mainly endogenous in nature while changes in social
environment, economics of scale of hinterland, trade markets and status of national

economy may be considered as extwaus.

The second group constitutes the operational factors that are, to a large extent,
endogenous in nature such as the berth availability, port productivity, port service level,
loading time and port congestion. However, the frequency of ships callihg port is
considered as an exogenous factor as it is mainly determined by the shipping lines and
consequently affects berth utilisation and port service levels. The third group presents
the elements that are related to port geographical location@hadgqeessibility Some

RI WKHVH HOHPHQWY DUH HQGRJHQRXV VXFK DV SRUW OF
Other elements are considered as exogenous, such as the capacity of transportation
connectivity, market position within the port area, nearnedsinterland, nearness to

main trunk and port accessibilitfhe fourth group presents the technological factors

that affect the port competitiveness. These elements are also endogenous in nature such
as the application of EDI system, building the portSMexistence of cargo tracing

system and existence of terminals operation system.
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Table 21- List of the elements of port competitiveness

Type Category Type Category
SocicEconomical Operational

Financial factors of port Endogenous Average_ hours of port Endogenous
congestion

Handling charge per TEU Endogenous | Berth/terminal availability Endogenous

Internal politics Endogenous Cap_acny/status of facilities Endogenous
available

Port marketing Endogenous Cargo.volume ohandling Endogenous
transhipment

Port operation by government Endogenous | Dredging: yes or no (?) Endogenous

Port operation by local autonomous Effectiveness of terminal

. Endogenous . Endogenous

entity operations

Port operation by private sectors Endogenous | Free time of freight station Endogenous

Port ownership Endogenous Ha”d“r.‘g volume of Endogenous
export/import cargo

Port tariff Endogenous | Loading time Endogenous

Price competitiveness Endogenous | Ability of port personnel Endogenous

Response of poauthorities Endogenous | Port congestion Endogenous

concerned

Types of port operation/manageme| Endogenous | Port facilities Endogenous

Changes in social environment Exogenous | Port operation Endogenous

Changes in transport and cargo Exogenous | Portoperation time Endogenous

function

Concentratlon of volume by Exogenous | Port productivity Endogenous

export/import

Economic scale of hinterland Exogenous | Port service level Endogenous

Inland transportation cost Exogenous | Securing deep draft Endogenous

Mutual agreement of port users Exogenous Secyrmg exclusive use of Endogenous
equipment

Number of liners calling at ports Exogenous | Securing fairway Endogenous

; Securing navigation

Status of national economy Exogenous facilities/equipment Endogenous

Trademarket Exogenous | Sufficiency of berth Endogenous

Trade/commerce policy Exogenous | Terminal facilities Endogenous

World business Exogenous | Frequency of ships calling Exogenous
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Table 21 - List of the elements of port competitiveness (Cont.)

Type Category Type Category
Location and Accessibility Technological
Port type; river/sea port Endogenous | Application of EDI system Endogenous
Securing railroad connection Endogenous | Building port MIS Endogenous
Capacny pf transportation Exogenous | Customs clearance system | Endogenous
connectivity
Com_plete preparation of Exogenous Existence of cargo tracing Endogenous
multimodal transport system
Easy access to port Exogenous Existence of terminal Endogenous
Y P 9 operating system 9
Existence oport hinterland road Exogenous | Extent of port EDI Endogenous
- S Possibility of mutual

Existing pattern of navigation :

Exogenous | reference of electronic Endogenous
routes .

computation network
Inter-linked transportation network  Exogenous Sufﬂmenpy ofse.curlng Endogenous
information equipment
Location factors of the port Exogenous | Technical factors of port Endogenous
concerned
Market position within the area Exogenous
Navigation distance Exogenous
Nearness to hinterland Exogenous
Nearness tonain trunk Exogenous
Port accessibility Exogenous
Road network to be fully equippeq Exogenous
Sea transportation distance Exogenous
Transportation distance Exogenous
Source: Adapted from Yeo, GT, Song, D: | 7 Kigétarchical analysis of perceived

FRPSHWLWLYHQHVYV DQ DSSOLFDWIn& Qf thie Bastert Ada@GoeieyQWDLQH U
for Transportation Studie$, 866 +880.

Some scholars hawassessd the impact of work environment on port competitivenes
Technological development, deregulation, logistiaegnation and new orgamisonal
structures have significantly reshaped the port and maritime industries(Notteboom
2004)Song (2003)sserted that the horizontal integration (strategic alliances, mergers
and acquisitions) has led to more concentration of demand for port services which not
only decrease the number of players seeking services from ports but also drastically

increases copetition between ports
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In the Far East market, Huangadt (1999, 2001, 2002) utilised AHP and Gray Theory

to assess the competitiveness of East Asian container pha<Gray theory, initiated

by Julong (1982), is a tool used to explain and modedkketthat is under the status of

uncertain or imperfect information and transfer the uncertainty of information to clear
instruction (Tai & Hwang, 2005)Slack and Wang (2002) emphasised Hutert

competition, local and regional, encountered by thespairHong Kong, Singapore and

Shanghai from their competing ports of Shenzhen, Tanjung Pelapas and Ningbo
respectively. Cullinane et al. (2004) deduced that the port of Hong Kong will maintain

its competitive position as a regional hub in spite of ShenfhéenDSSDUHQW FRPSHW
advantage.

Some researchers devised approaches utilising routing strategy, efficiency of
transportation networks, concerns for shipper requirements and port produtdivity
assess port competitiveness (Ba002; Cullinange 2002; Haralambides et aR002;

Zeng and Yang2002; Luo and Grigalunas 2003; rfshez et al. 2003; Tiwari et al,
2003; and Veldman and Buckman2003), whilst De Langen (2002) used cluster
analysis and Flor and Defilippi (2003) took a gatimeoretic approach.

Kleywegt et al. (2002) indicated the strengthening of competition between Singapore
and Tanjung Pelepas, while Wu and Kleywegt (2003) providedvatuationof port
charges fola number ofports in Asia. They observed that cost of calling at Northport
wascheaper compared to Hong Kong, Dubai, Chittagong and Kaohsiobg and Jain
(2002) expressed, throughsurvey conducted amongprt users, that Tanjung Pelepas
charged relatively lower terminal handling charges and storage costs for its services
comparéd to Singapore although Singapore was seen to offer better connectivity,
frequency of sailing and employee knowledge.

In the context of portompetitivenessPaixao and Marlow (2003) illustrated that ports

should become more agile to compete and becorgeldgstics nodes in transport
chains. Such a transformation would enable ports to keep pace with the future trends of
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supply chains, such as tiAbrased strategies to reduce inventory costs along the logistics
chain, and to reduce both trarnsmnes in pots and lead times.

Cullinane et al. (2005a) evaluated the relative competitiveness between ports of
Shanghai and Ningbo terms of price and quality of service. Yap et al. (2006) analysed
the development in container port competition among the top fivis n East Asia.

They observed that although the mainland Chinese ports are increasingtyive as

direct ports of call, these ports are expected to handle an emerging share of

transhipment traffic.

Yeo and Song (2006) empirically identified con&iports] FRP SH W in\Wdiayo Q HV V
studyingfactors affecting the competitivenes§ each port using the Hierarchical Fuzzy

Process. This analysis distinctive LQ WKDW WoHHJ FHKXPB®@Y FRPSHWLWLY
Asian container ports is assessed under the quantifiable framewoniesTittsrevealed

that Singapore is the most competitive port amongtindyports.

Acosta et al. (2007) investigated the factorat taffect port competitiveness from the
VXSSO\ SHUVSHFWLYH 7KH\ HPSOR\HG 3RUWHUYV H[WHQ
competitive advantage of Algeciras port in Spain against its competitors in the
Mediterranean container marketWhile Vassilis et al. (@07) offered a new
methodology, based on the benchmarking tephe to measure the competitivene$s

13 ports in the Mediteanean at a port authority level. Similarlardali and
Michalopoulos 2008) proposed a model foport services positioning in the
Mediterranearport market. The model is applied on tR®rt of Piraeus The main
features of this model categoriséato three levels: first, thgort can assess its
competitiveness using thBort Competitiveness Degree (PCD). Second, the results
provided are indirect indicators foneasuringoort performance. Finally, this model can

be usedas a strategic method for thecognition of operational weaknesses to be

confronted in order to achieve best relagciency.
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Gaur et al. (2011) highlightedow the container ports in the developing countries
should consider and define capacity as an important factor affecting port
competitiveness. They established an Efficiency Index for Indian ports and
recommended institutioh@ollaborationamong ports to achieve potentaid absolute
capacity. Cheraghi et al. (2012) explored the main factors whadffect the
competitiveness of the container termgat Shahid Rajaee. They employed factor
analysis that enabled thempoopo® and apply the profound marketing strategy to get
the maximumdemand to this port. The results revealed that port strategy and policy,
port logistics, hinerland conditionshipping maritime seice, shipping agreement and
port connectivity are the maineterminants of port competitiveness the Shahid

Rajaee Port in Iran.

Musso et al. (2013) carried out an empirical analysis to examinexieenal and
internalfactorsthat can akéctthH FRPSHWLW LY po@diiVi&/stRdy pidposed &V
number of potential strategies that mayapgelied to increaste competitiveness of the
Italian ports. Such as cost reduction programneapacity increaseand stimulating

collaborationbetween portand focusing on system strategjie

6RPH VWXGLHY DGGUHVVHG WKH LVVXH RI SRUW FRPSHWI
Meersman & Voorde (2002) highlighted that it is very important for port managers to

know who the port users are, who takes the decision of choosing a particuland

how such decisions are made. However, the term port users constitute a wide range of
potential players including shipping lines, shippers, cargo consigners and cargo
KDQGOHUYVY /RPEDHUGH DQG 9HUEHNH uHhSt®O DLQHG W
objectives are often to increase port profitability, market share and to enhance the
degree of traffic structure diversification. In the context of fierce competition between
transhipment container ports, the port managers, in most cases, try to mihienczest

of transhipment as well as the port delay in order to be able to maintain their existing

customers and to attract nelients to the ports.

FURP WKH VKLSSH elanentsfelidd/ts Hea-iidontart in determining port
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selectionincluded port charges (Yang, 1999), cargo volume and level of connectivity
(Zeng and Yang, 2002; Lam, 2011), distano the market (Tiwari et &003), service
sensitivity to time (Lu, 2003), commodities involved (Luo and Grigalunas, 2003) level
of port efficiency (Clark et al. 2004), tuaround time on cargo (Lee et, &006),
adequacy of ifmastructure (Ugboma et ,aR006), inland transit time (Wong et al
2008), schedle reliability (Anderson et al2009) and presence of viable alternative
routings (Fan, 2009). Magala and Sammons (200@)lighted that shippers no
longer selecta port for itself but rather focus on thgackageof logisticsactivities

provided by the supply chain.

Nir et al. (2003, p. 165) argued that the most gigant elementsthat determine the
FRPSHWLWLYHQHVYV OHYHO RI D SRUW thé Bipme¥rKLSSHUV
information, loss and damage performance, low freight charges, equipment availability,
convenient pickup and delivery, claims handling abil$pecial cargoes handling

ability, large volume shipment, large and eddL | H G | UTIHd_shioient information,

WKH ORVVY DQG GDPDJH SHUIRUPDQFH DUH WKH IRUHPRYV

perspective.

Ng (2006a) explained that port reliabilitgfficiency, quality of service, shipping
frequency, port congestion, port infra and superstructure and port location are still
highly recognised factors for shippers. In the era of globalisation of production, the
value added service provided by portcansidered to be one of the most important
factors thatgive a port a competitive advantage over other ports in the same market.
Notteboom and Rodrigue (2008) also expressed that trade imbalances, port congestion,
increasingoil price, environmental constraints ancbmplicated security problems

would hinderthe supply chain and thereby afféoe containerport competition

Yap and Notteboon{2011) explainedhat the effect of shipperson port selection
criteriacould beweakeningascontainerfreight from the origin to final destination may
be determinedby one shipping linea supply chaircoordinatoror a thirdparty service

provider using different transportmeasuresand various routings planned to minimize
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logistics cost and maxiize value for both theupplier andcustomer.

In the European port markeltjeersman et al. (2008) expressed the relationship between
port competition and hinterland connections. The analysis was based on expected trends
in maritime transport and the &ky consequences for seaports. The research has shown
capacity to be the key to success, both in maritime throughput and in hinterland
transportation servicebanzano et al. (2009) evaluated the competitiveness level of the
Spanish ports by using decisitreory methodology with multiple objectives. The study
revealed that Spanish Port Authorities encounter a vadge of complexities in their
decisionmaking processes, as they have to satisfy several port management objectives
that maycontradictwith one anotherLow et al. (2009) assessed the hub status among
Asian ports and proposed a novel netwbdsed hub port assessment model through

clear formulations of connectivity and cooperatiogices.

Tovar et al. (2015) analysdtie impact of portconnecivity on the competitiveness
ofthe53mainCanarianportstuging thegraphtheory.The results revealed th@anarian
port authoritiesshoulddifferentiatethemselvesy specialisingin certainvaluedadded
services and increasingaffic in theseservices.This would reduce the risk o&
destructive competition between thento attract transhipment traffic. The port

authorities shoulthe proactivein enhancing the mai@anariarports'connectivity.

From the macreconomic perspectivesome scholars havéried to assessport
competition through generic elements such as variations in market ahdrebanging

in market dynamicsFung (2001) tried to examine to what extent the growth of South
China ports would influence the demand for Hong Kong contdereninals using a
vector error correction model. Yap and Laf@004) investigated the competition

between ports in East Asia by using indifference analysis.
Song and Yeo (2004) assessamihtainer port competitiomn China including Hong

Kong from the outslers' perspectives using AHP. Yanbing et al. (2005) developed an

index system to assess container port competition ability and provide theoretical
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framework foundation for regional ports' integration. AHP technique is also applied to
guantify the index syem and provide a comprehensive score of each Qariou
(2006) asserted that ports are a significant source of economic value to the local,
national and global economies and that port faciliaes crucial for achieving an

efficient trading network.

Lam and Yap (2006nighlighted that the high degree of interdependence among
terminaland portoperators creates a situation of oligopolistic competition where they
could either involve themselves everecompetition orcollaborateto maximize
revenues.Notteboom (2006) discussedcontainerinequality of traffic in the North
American and Europeartontainer pos by using inequality decomposition analysis.
The results showed that thacreasedconcentrationin cargo trafficin the North
American container ports is relatéal robust changes imter-rangemarketstructue

whereby some posdre increasinglgontrollingthe wholeport market

Frémont and Soppé (2007) argued that patketconcentration has taken a nehape
which is tha of shipping line concentrationfeaturedby the setting up of dedicated
terminals While there isa chancdor assessingorts asclustersof terminals with their
own discretelogics (Olivier and Slack, 2006; Slack, 2007), However, resgearchof
port marketconcentrations still valid G XH W R Wé&ohgraShcafeativr§s the study
of groupsof gateways in relation to thanterlandand theforeland and from theport
authorities] Y L H 2#hB mghegehe whole port

Lam and Yap (2008) analysecethbort competition in Southeast Asia for three selected
ports, Singapore, Port Klang and Tanjung Pelepas, by using the annual slot capacity
deployed by all shipping lines in the period between 1999 and 2004. The analysis
concluded that competition from RdKlang and Tanjung Pelepas had a neghtive

affectedSingapore's transhipment performance.

Anderson et al. (2008) established a game theoretic best response matiedlyorg

how competitorsin port market will respond to development of a certain port and
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whether this port will be able ainmarket share through building additional capacity.
The model is applied to the competition in the ports of BasahShanghai. In the same
context, Yeoet al. (2008) empirically establishedrameworkfor assessing container
ports in South Korea and China using factor analysisleatify factorswhich affect
competitiveness. Their analysis showed that hinterland tongdogistics cost, regional
cente and connectivity are thmain factorsfor port selection and competitiveness in

such region.

Rimmer and Comtois (2009) highlighted tltla¢ role of gateway portdeterminingthe
main elements justifying traffic volumes. Today, port competition gs/emore
importance to nautical accessibility and technologeféitiency within the port. The
featuresof liner shippingoperational patternscale increases gontainer shigsize and
areductionin the number of port calls havesgnificantimpacton pat competitiveness

and theflow of container traffiovithin the port market

Fan et al. (2009%orecastedrospectiveraffic flows through the logistics channels for
container traffic to US m&ets. They developed an optimi®on model that assesses
port congestion and demand uncertainty. The results showed thapantexrompetition

is intensifying. Prince Rupert could become a signifiempetitorto US ports and

the expansion of the Panama Canal could have similar impamislag et al. (2010)
devdoped a port forecasting approach that models port competition. The model
followed the logistic chain approach and aimed to measure the impacts of wide range of
policy measures. The model applicability is tested on the ports of Antwerp, Rotterdam,

Bremen ad Hamburg.

Notteboom (2010) updadethe container traffic analysigstablishedby Notteboom
(1997) byexpandingthe analysigo the period 198%008 and to 78 container ports.
The study aimed alefining key trends and issueplaining presentimprovementin
the European container porarketsuch as thereationof multi-port gateway regions,
changes in therientationof S R UhWiterfandand port regionaletion processesThe

resultsillustrated that models on pomarketdevelopmenunderestimatethe role of
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institutionaland political elementLurrent pormarketdynamics aréighly affectedoy
port reform governance modeland legal frameworks (Wang, 1998; Airriess, 2001;
Jacobs, 2007; Brooks and Cullinane, 2007).

Yap and Notteboom (2011) assessed container port competitiveness by suggesting a
practical and direct annual slot capacity approach based on revealed preferences of
shipping lines with respect to container shipping service dynamics. The study showed
that this approach provides a thorough understanding on the evolutioonggetition
between portsYeo et al. (2011) presented an approach to measuring container port
competitivenessThe studyapplied a trapezoidal fuzzy methodology aonalyse port
competiton based on the expert judgments of logisticiaitse studyacknowledgs a
OLQIJXLVWLF H[SUHVVLRQ RI WKH H[SHUW MXGJPHQWYV RI
ports in terms of container throughputs, including Hong Kong, Busan, Shanghai,
Kaohsiung and Shenzhen. The research findings revealed that Hong&iangel the
highestrankon port service but on hinterlamdnnectionsShanghai scored highest and
Busan the lowest. Hong Korarhieved the first placen the availabilityelementand

the convaience factor, but scored the lowest on logistics cost.

Luo et al. (2012) highlighted thatany research implement a tv8tage game to model
strategic port competition using both capacity investment and pricing for different

objectives, including transp@tion network congestion and taxing strategies, pricing in

congested transport corridors and strategic capacity exparmaoBc(rger et al2005,

2007. The competition is between ports which serve a common hinterland with

divisible transportation network®é Borger et al., 20Q&nd the effect of efficiency in

oligopolistic competitiorjAcemoglu et al., 2099

Along the same linedNotteboom (2012)applied shift-share analysis to analysee
dynamics of competition betwedfuropeancontainerports. The results revealed that
the success of the port is stronghfluenced by the ability of the pomnanagergo
developsynergies with other players within thegistics networks of which they are
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part. The study also highlightethe theoretical modelemphasison cargo traffic
concentratiorat the level of a container partarket

Such studies caassistdecision makers with different business and economic conditions

to estabish WKH PRVW DSSURSULDWH FRPSHWLWLRQ VWUDWHJ
global economy (Luo et al, 2012). However, the prevailing supposition that
containerisation wouléhcreaseport concentration is not @efinite fact. The container

port witness a gradual cargo deconcentration proasdhere are significant market

related elementseinforcing a relatively highlevel of traffic concentration in the

container markefNotteboom, 2010).

Luo et al. (2012) applied a duopoly game to explain the development of a new port in
the exmonopoly market in the Pearl River Delta region (PRD) in Chinaralysing

the pricing and capacity expansion plans between two ports wigretit competitive
conditions. The study is unique in considering a duopoly market where eadmaport
different internal conditions, operating and investment a@stance and external
conditions such as price sensitivity and locatitshii et al. (2013) applied a nen
cooperative game theoretapproach to examine the effect of inpart competition
between port of Kobe in Japan and Busan in South Korea. The results showed an
evidenced relationship between the timings of capacity imesgand port chargem

the context of dynamic settings.

Wu and Tu (2013) chose data of foreign direct investment (FDI) from year 1990 to
2011 in the (PRD) port group. They use the Granger test to examine the causal
relationship between the FDI and pararket concentration in the (PRD) port group in
China. Thestudy concluded that FDI in the (PRD) port group reduced market
concentration. Wilmsmeier and Monios (2013) analysed and identified the potential
deconcentration of container traffic within th& ort market The results revealed that
such deconcentration has poteng@idvantagdor regional UKcontainerports, many of
which areconductingsignificant portexpansionso get the benefitsf these trends. The
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study thus raises questions about pettategyand both public and private sector
responses tthe change oK port marketgeography.

The role ofcontainerports as strategignits has changed to reflect a converging value
chain position (Choi ahValikangas 2001), and mapprts nowcollaboraten order to
exploit their combined knowhow and share complementary resources (Song and
Panayides, 2008; Notteboom, 2@R9However, manysmaller regional ports have
VLPSO\ EHHQ OHIWKH JCsMHEY Ve @Dtéris of responding d
competitive dynamics. In this conteX@sgari et al. (2013y§leveloped a game theoretic
network design model to investigate tlwellaboration andcompetition strategies
amongst three parties: two major container hub ports which are Singapore and Hong
Kong and the shipping companies. The results revealed that cooperation rather than
competition with regional ports can be a good stsateigce port capacity can be

constrained by @ography such as Singapore

Mclaughlin and Fearon (20)3pplied a new conceaml collab@ation/competition
matrix to assesshe reactivestrategies of ports to intgrort competitionand changing
maritime competitive dynamics andstudysome of the kewlternatives in whiclports

have developed from a position of direct compatitio increasingooperatiorin order

to maintain its competitive positiom a fastchanging world. The results highlighted
that a sustainable strategeactionshould be able to balanpeivate andpublic sector
stakeholder interest8Bae et al. (2013)developed a twastage duopoly model of
container port competition for transhipment cargos. The linear container demand
function, among others, was derived to facilitate a-$teme game analysis. The results
showed that shipping lines have a tendency sigasmore port calls to the port that

offers a cheaper price and a larg&ragecapacity.

Similarly, Zhuang et al. (2014) used alternative duopoly games, namely a Stackelberg
game and a simultaneous game, to maakett-port competition, where ports provide
differentiated services in the sectors of containerized cargo anrbutkycargo. The

analysis revealed that intport competition can lead to port specialization in three ways
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which are type of cam port capacity r@d servicesYip et al. (2014)analysedthe
dynamic effects of competition for the port authorities and terminal operators by
modeling the profits for two terminal operators serving two adjacent ports. Theakese
results revealed thavhen a port authdres have considerablemarket powerthey
prefer to encourage interandor intra-port competition, rather than allowing one
operator to be in a monopolistic situation by controlling and operatingrminals.

Do et al. (2015) analysed the competitlmtween Hong Kong Port and Shenzhen Port
An uncertain payoff twgerson game model @nployedwhere an uncertaielementof

demand is involved. In applying Uncertainty the@ityu( 2013, the uncertain statistics

and the expected Nash Equilibrium strategg applied Theresearchresultsproduced
meaningful proposalfor future competition plan for the two portsder study.The
study concludedthat Shenzhen is the dominant port in this loegn strategy.
Compared to existingtudieson the same topichis researclis distinctivein studying
the latest competitivatsationin relationto the uncertain demand in the game model.

In the same context, Tian et al. (201&)ggestech new transformation method to
explainthe growth of containetransport demand, define the quantitative measures of
the competition relatighip and port competitiveness, amovide an analytical
framework with econometric tests and models to understand the true relationship
betweenport of Hong Kong an&henzherPort The results revealed thtte two ports
exhibit strong competition when the effect of demand growtexiduded. However,
when trashipmenttraffic is consideredhe results showed thtite impact ofShenzhen

Porton Hong Kong is negative in trahipment but complementary in diteshipment.

Oliveira and Cariou (2015)nvestigatedhow the degree of competition measured at
different levels (local, regional and global levafjectsthe efficiencyof container pos
under studyA truncated regression with a parametric bootstrappiodelis applied to
200 world container ports in 2007 and 2010he study results revealed thaort
efficiency decreases with competition intensity when measatredregional leveland
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theimpact ofcompetition is not significant when competitionnieasured at a local or
at a globalevel.

2.5 Chapter summary

As illustratedin this chapter, gpbalisation and containerisati@re major factors that
have significantly affected the competitiveness level of ports. The horizontal and
vertical integration between the different actors in the maritime industry as well as port
privatisation have drastically magnified the competitiogtween ports. Intgport
competition, for instance, is no longer limited to competition between ports in the same

range but also to other ports in different regions.

Competition between ports can be regarded dmtde to maintain or if possible,
increag market share and to gain more customers. The concept of port competition
varies from one port user to another. As such, researchers have evaluated port

competitiveness from different perspectives.

Scholars also highlightetthat many of endogenousnd eogenous elements determine

the competitive position of a port. These factors are either qualitative such as reliability,
quality and efficiency of port services or quantitative such as throughput, market share
DQG SRUWVTYT LQIUD DQG 8&less ithe inevddsing Wett tbwards Hhé H U W K
integration of supply chains has forced ports to compete not as individual firms but
within supply chains as port users are no longer choosing a port for itself but rather a
supply chain. That has in turn, intensifithe competition between ports and induced

port managers and researchers to continuously analyse the competitiveness level of
ports. Such assessment and analysis can be carried out by different tools and techniques
such as the Multi Criteria Analysis (MGAAnalytic Hierarchy Process (AHP), Data
Envelopment Analysis (DEA), Strategic Positioning Analysis (SPA), port performance
indicators and questionnaire as well as various models of port dtorpend market
concentration. The literature explainthat the methods used to assess port

competitiveness vary according to the objective of each study.
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The literature demonstrates that research on port competition has focused ba speci
objectives such as analyg the competitiveness level of ports in a patac market or
region, exploring the factors affecting port competitiveness and developing models for
port competition. It also reveals that most studies on port competition have focused on
specific markets such as the Far East and Chinese containerfuwdgean container
market and US container porfhe above illustrated literature reveals that there is a
lack of research that address the issue of port competition irM#dbterranean
container marketThis research analyse the competitiveness of major Mediterranean
container ports by considering the Mediterranean in its totality, including south Europe,
Middle East and North Africa. The study puts forward a way to assess container port
efficiency basedon simple, yet validated and meaningful competition measures.
Moreover, the significance of this researdn one hand, can be realised in its
contribution in not only assessing the competitiveness level of the top 22 container ports
in the Mediterranean ub also in analysingthe dynamics of this market through

measuring the market tendency towards concentration or deconcentration.

On the other hand, as far as the research methodology is concerned, the research uses a
new approach for evaluating ports catipveness and market dynamics which is the
structure, conduct and performance (S@PBproach that derived from thadustrial
organisations theory. That will pave the way, later in this research in chaptéo six,
examine the impact of port efficiency port competitiveness. In this context, the next
chapter reviews the literature on port efficiency concepts and methods and analyses the
development of research objectives and methodologies used to assess port efficiency

from various perspectives.
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CHAPTER THREE
LITERATURE REVIEW ON PORT EFFICIENCY

3.1 Introduction

The container port industiig characterisd byseverecompetitionthat hasnspiredan
explicit interest in theefficiency with which it utili®s its resourceghe study of the
efficiency of individual container portgs of greatimportancefor the enduranceand
competitiveness of the port industry and its players. Not only canresehrcloffer
a powerful management tool for partanagersbut it alsocomprisesan important
input for informing national andregional strategic port planning (Cullinane and
Warg, 20@).

In this context, the aim of this chapter is to review and analyse the literature in port
efficiency form variousperspectives. In doing so, this chapter is organised in five
sections. The first section discusses the concepts, definitions, agdetheories of

port efficiency and productivity. The second section reviews the literature on port
efficiency. The hird section explores and anadgsthe literature on port efficiency
measurement and evaluation techniques. The fourth seciicates tle variable
specifications of the existing literature and finally, the gap analysis and chapter

conclusion are provided in the fifth section.

3.2 Port productivity and efficiency

Productivity and efficiency are considered as the two most important concepts in
traditional economics in terms of performance measurements and are usually used
interchangeably. However, efficienéy a primary concept in the field of economics

and is baically focused onthe economic utiligtion of resources for production
(Cullinane & Wang, 2007). Leibenstein (1966, p.392) clearly mentionedah#te

core of economics is the concept of efficien&drsund and Sarafoglou (2002) also

argued thatefficiency and productivity are concept of economics"

Farrell (1957)classifiedthe notion of efficiency into twomain types allocative

efficiency and technical efficiengywhich in combinatiompresenta comprehensive
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evaluationfor economic efficiencyHe describél economic efficiency as the ability of

a companyto createa pre-plannedamountof output at minimunpossiblecost for a

given level of technology. w accuratestipulation of bothallocative and technical

efficiency isvital for income efficiencycost efficiencyand benefit efficiency to exist

(Infante & Gutiérrez, 2013)7KXV 3LQ]RQ SS edd®OOLQHG WK
efficiency is considered to be the achievement of maximum production at the lowest

price possiblé

Infante and Gutiérrez (2013) explained tte firstelementof economic efficiency is
productiveor technicalefficiency. Koopmans (1951) stated thatproduction unit is
technically efficient if output maximisation or an input minimisation requiresan
increase in at least one input ameductionin at least oneoutput Yarad (1990)
asserted that technical efficien@ntails achieving maximum physical production
from specific numbe of inputs. GonzalezParamo (1995) confirmed that technical
efficiency in a firm isattainedby its ability toconvertinputs such agfrastructure
capital, labou, and otherelementsinto outputs,products or services, which can be
summarigd with a production function setting maximum valueachievableoutput

within a certain group of inputs

In the vein of performance measurement, Lovell (1993) argued that a distinction
should be made between the two concepts, efficiency and productivity, as both are
used as indicators of the success of productiots.uiihey enable decision makers to

find out hypotheses related to the sources of discrepancy between measuring the
productivity and efficiency of a firm. Considering such sources are essential in the
process of introducing public and private polices tlmatld improve performance as

macreperformance depends on migoerformance.

Coelli et al. (1998) definegroductivity as the ratio of output to input or as total factor
productivity (TFP). These respectively areonsistent with the situation where taer

is a single input and output or where there are several inputs and outputs. However,
efficiency is a comparative concept that can be measured through a process of
comparisons or benchmarking. Efficiency can be classified into three main types
which aretechnical efficiency, scale efficiency and allocative efficiefiefante &
Gutiérrez, 2013)
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Lansink et al. (2001) indicated that technical efficiency can be expressed as the
relative productivity over time and/or space. It could be classified intoanttanter

firm measures of efficiency. Intfrm measures comprise assessing the potential
production of a firm by calculating its productivity level over time in relation to the
firm highest level of historic productivity. In contrast, infem measues of
productivity evaluate the performance of a specific firm in relation to its best

correspondents in the industry.

The notion of technical efficiency is also connected with two main concepts which are
the production frontier and the cost frontier. TThemer presents the recent status of
technology in an industry and is related to the set of maximum outputs given
various levels of input while the latter implies the set of minimum inputs given
different levels of output. Technical efficiency can hstidguished as output and
input-oriented efficiency. The firm could either increase outputs given the same level
of inputs or decrease the inputs given the same level of oyfpcit®yens Odeck,
2013)

De Borge et al. (2002) explainethat sale efficiency refers to a feasikddference
between actual and besutput Scale efficiency isapplicable when production
technologyoffers variable returnsof scale. This type of efficiencgxplainsif the
analy®d productivefirm hasachievedoptimal scalelevel. Scale efficiency results
from equally raising the quantity of all measureaffect the production function.
Varian (1998) expressed that there are three kinds of scale efficiency. First is the
Constant Return to Scale (CRS) that meiarike value of eachelementincreases,
productionrisesin the same proportion. Secoisdthe Decreasing Return Scale (DRS)
which means when the value of each element increases, prodistism a lesser
proportion.Third is thelncreasing Return to &te (IRS) that means if thealue of
eachelementrises production increases in a greater propor{iofante& Gutiérrez,
2013)

The best configuration corresponds to the lemgn competitive balance, when the

main feature of production is the constant return to scale. An enterprise is scale
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efficient if its selection obutputsand inputss placed in that part of a frontier, esth

production or cost, that generate constant return to.scale

Hernandez.aos (1981) explained that allocative efficierayncernghe distribution

of resources, which mearalocating a certain number of resources iohanging
situations in order to maximize the quantity of output whether the analysis
emphasies on the consumptior the production area. Yarad (1990) claimed that
allocative efficiencyrelatedto the fact that the totahvestment in inputs used to

produce aninimumamountof productsaccording to the price of such inputs.

Infante and Gutiérrez (2013) illustrated thkdcative effciency emphasissthe costs

of production provided that information on prices is available which is considered as a
behavioural hypothesis, such as amstimisation or profit maximization,that could

be appropriately established and accordingly suitable assumption can be formulated.
Allocative efficiency can be achieved under three basic conditiQ@sumer
Efficiency, which ariseswhen consumers fail tenhance after revaluating their
budgets. Marginal costquality such as cost of pradog an additional product
including marginal social benefiand external costE=conomic Efficiency, which
encompassedechnical efficiency and the use of production elements in such

proportions in which costre reducedinfante &Gutiérrez, 2013)

GonzalezParamo (1995) asrted that allocativesfficiency occurs when a firm
minimises costs ormaximises profits: when the decisiomakers of a firm have
succeededo not only reaches thproductionfrontier but also selects theet of
elements that enables them to miniencosts at a certain production level (Bosth

al, 1999).As such, it can be noticetidt allocative efficiencyliffers from technical

and scale efficiencies as the former focuses on issues like costs or profits, while the
latter certainly deals with physical quantities and technical relation§imfaste &
Gutiérrez, 2013)For instanceallocative efficiency in input choices arises when the
selection of inputs such dabour, materialsand capital provides certasmountof

output at a minimum cost, given the current prices of all inputs (Coelli et al., 1998).

De Monie (1987psserted that there is a neednasureandenhance port efficiency.

He also asserted that any effort to analyse port efficiency is formidabléo dbhe
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various numbers of parameters involved, as well as taeailability of reliable data.
Trujillo and Nombela (1999) explained that there are margthods formeasuring
port efficiency or productivity These methods can be classified into three main
categories which aneghysical indicators, factor productivity indicators, and economic
and financial indiceors. Physical indicatorsignify time measures thare mainly
related tothe ship such as ship turnaroumdé in port, ship waiting time and berth
occupancy ratio. @ordination with land modes of transportalsomeasured such as
cargaesdwel time, the duration between cargos being unloaded from a ship until it

leaves the poifinfante & Gutiérrez, 2013)

Factor produativity indicators also emphasion port operations For instance, to
analyseboth labour and capital required to handdegoedrom ships. Economic and
financial indicators are usualfgcus onthe sea access; for example, operating surplus
or total revenue andxpenseselated to gross registered tonnes (GRA hip's total
internal volume or net registered tonnes (NRTY, K L$p§dés that are not available
for carrying cargo such as engine rooms and fuel taorksharge per TEUfees for
handling one twenty feet containefhe economic impacts of Rort are sometimes
evaluatedo assess thsociceconomic influence of port m its respectivéoreland

or hinterland(Bichou & Gray, 2004)

Trillo (2002) assertedhat theassessmerdf technicalefficiency mainlyemphasies

on the use ohuman resources @apitalin the production of one or mamyroducts

and services. Thenotion of efficient production functionrevealsthat technical
efficiency in any firm isevaluatedin relation to thesetof firms from which such
function has been estimated. If any more firmsadedin the analysis, they could
causea decreasen the technial efficiency of a certain firnfinfante & Gutiérrez,
2013) Appendix 3.1provides a thorough understanding of efficiency measurement

concepts as well as the different aspects of efficiency evaluation and benchmarking.

Next section review and analyse theerature in port efficiency from different
perspectives. The analysis demonsgdite evolution of research in port efficiency
over time in terms of research scope, objective, methodology and factors being used

to assess and benchmarking port efficjenc
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3.3 Literature review on port efficiency

Recently, remarkable achievements have been made in research examining the
productivity and efficiency of the port market. That is, by far and large, due to the
technological development and innovation procesaking place in the maritime and

port industries. Gonzalez and Trujillo (2009) asserted that transformation in the
organisation of ports structures have changed and modified the nature of port
operations. That, in turn, have effectively affected the ywtdty and efficiency of

port operations and promoted a greater specialisation of the production inputs.

The objectives and scope of research in port efficiency have evolved over time.
Studies have explored the determinants of port efficiency, benkbdhports' relative
efficiencies and analysed teéfect of port ownership and administration structure on
port efficiency.Rankings of ports have emerged along with assessments of the effect
of port reform processes on efficiency. However, the methodkfos@ssessing port
efficiency are generally distributed between Stochastic Frontier Analysis (SFA) and
Data Envelopment Analysis (DEA). The methodology used depends on the objective

and hypotheses that each study considers.

In this context, Roll and Hayuth (1993) used the DEBR model; that is established

by Charnes, Cooper and Rhodes (1978) to assess the aggregate technical efficiency
(TE), under constant return to scale (CRS), to replicated data of contaisdopo
emerged economies in order to indicate to what extent this method is convenient for
measuring port efficiency. However, their work was considered as a theoretical
analysis of applying DEA to the port industry rather than as realistic applicatcn si

no data were gathered or investigated. Tongzon (1995b) applied multiple linear
regressions and DEA to introduce a model of port efficiency and predict the relative
efficiency of world's top 23 international container terminals. The results explored the

determinants of port performance and efficiency.

Some researchers have tried to study the relation between port size and port
efficiency(Liu, 1995;MartinezBudria et al, 1999; Notteboom et al, 2000; Cullinane
et al, 2002and Sohn & Jung, 2009). They stily indicated that the larger the port, the
greater its efficiency as a result of the learrafigct presented by the higher activity
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levels. Ports are forced to intensely invest in infra/superstructure to be able to keep
pace with the estimated growtl future demand thatould lead to ports having
excess capacity at the time of making such investment. That could create some
difficulties in achieving satisfactory levels of scale efficiency. In addition, while some
large ports reach to the maximwubstatial limit of their growth, and accordingly
cannot increase their efficiency, smaller ports could find opportunities for further
growth and reach optimum scales. All these factors make it difficult to find a rational

relation between efficiency and poizes(Gonzalez& Trujillo, 2009).

In this context, MartineBudria et al. (1999) classified Spanish port authorities into
three harmonized groups (large, medium, and small) applying criteria of
complexity thatake into account port size andnstitution of the output vector. They
examined the efficiency dhese ports by using DEBCC model, that is developed

by Banker, Charnes and Cooper (1984), to evaluate the pure technical efficiency
(PTE) under variable return to scale (VRB)e outcomes explained that larger
ports are the most efficiemtnd have the greatest efficiency enhancements. Smaller
ports are in the second category; with a remarkable decline in efficiency while
medium ports are in the last category with the lowesetbpment in efficiency.

In contrast, CotéMillan et al (2000) evaluated thefficiency of the port authorities
and tried to find out whether the type of organisation and port size can justify the
variancebserved in the economic efficiency measufésir analysis indicated that
small ports under study are more efficient than the larger dimsertheless, after
studying various elements that could affect the degree of economic efficiency, they

asserted that port size is not the major factor.

Notteloom et al. (2000) compared the technical efficiency of the main European
container terminals with the four largest container terminals in Asia. They examined
the impact of somelementsthat caninfluence the operationalefficiency of the
(large/small ternmals; hub/feeder ports; private/public; Northern Europe/Southern
Europe). The research findings explained that the existenceewére intra-
competition among small terminals within a port creates higher levels of efficiency.
They also provided another tocome related to sizevhich was inconsistent with the
findings of Cullinane et al. (2006), is that terminal efficiency in hub ports is higher
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than in feeder ports, even though with greater levels of diffusion within each group.
That might relate to the sere interport competition among hub ports.

Tongzon (2004 had the same results and asserted that port size is not the main
decisive factor of port efficiency. He used the BEER and DEAadditive models

to assesshe efficiency of four Australian and 12 other international container ports
for the year 1996. The study indicated that there are as many hub ports as feeder ports
considered as the most efficient ports. The massive port infrastructure presents the
exisence of economies of scale in ports. These results oppose the results of Bonilla et
al. (2002) and Gonzalez and Trujillo (2008) who indicated that the most efficient

ports embrace both large and small ones, and alike occurs with the least efficient.

Tongodn and Heng (2005) applied the SFA, Stochastic dadaglas model, and
competitiveness regressiaa benchmark the efficiency and competitiveness of the
world's top 25 container ports. The study introduced an explicit relationship between
technical efficimcy andport size. Cullinane and Song (2006) also employed the SFA
for benchmarking the technical efficiency of European container terminals. The
analysis expressed that the terminal size is highly correlated with its efficiency. Wang
and Cullinane (200§ applied the DEACCR/BCC models to 104 European
terminals, with throughput greater than 10,000 TEU in 2003. The study revealed that
most of the container ports that have massive production scale also have higher
efficiency scores. Cullinane et al. (2006ypkined that large ports have made
significant investments in infra/superstructure that enable thgrote, but once they
reachedh certain limit, they find that it is hard to keep growing; that expresstiey

majority of these ports operate at theissamed capacity.

Cullinaneand Song (2006) estimated the relative technical efficiency of a number of
European container ports usitttge crosssectional version of the stochastic frontier
model. Theresults revealedhat the size of a port igositively correlated with its
efficiency. Sohn and Jung (2009) observed that large Asian ports are more efficient
and have a greater market share in container transhipment than the small ports in the
market The SFA and panel data analysigre usedo study the rationship between

efficiency and container transhipment traffic.
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In contrast, AlEraqi et al. (2010) applied the DEA window analysis model that
provide information on seaports efficiency based on the analysis of outputs arsd input
of 22 ports of theMiddle East and East Africa. Thaalysis indicated that smalbrts

are moe efficient than larggorts and oted that the throughputs @brts in this
market are not stable due to the instability in the region. Gaur et al. (2011) studied the
effect of portsize on port efficiency throughout the study of port capacity. They
developed an Efficiency Index for Indian ports based on the data between 2004 and
2009 and recommended institutional collaboration among ports to attain potential

capacity and learn fronmé best international practices to achieve absolute capacity.

Some researchers focused on assessing the impabgnges in port regulation on

port efficiency. Valentine and Gray (200d3edthe DEACCR model to 31 container

SRUWV RXW RI WKH ZRUOGTYTV WRS FRQWDLQHU SRUW
relationship between port efficiency and specific types of ownership and
organisational structures. The study concluded that such reld@pergsad to higher

efficiency. Afterattainingan average annual growth rate of the efficiency of Mexican

ports of 5 to 6 per cent, Estache et al. (2002) concluded that the Mexican port reform

of the early 1990sreatedpositiveimpactsin all of the portauthorities As such they

suggested that reforms that promote autonomy in port managemerecarate

considerablémprovements in the sector.

There are alseomeother investigations on the Spanish port system. BBnus et al.
(1999) tried to figure out if there are any constraints in adjusting capital in the short
term. Martinez Budria et al. (1999) and Bonilla et al. (2002) analysed the relative
efficiency of Spanish port authorities. Martin (2002) showed thght after the port
developmentof the 1990s, Spanish port authorities madesiderableprogress in
productivity and improvements in technical efficiency which occurred in a relevant

manner after 1997.

In the same contex@ullinane et al. (2002) claimed that the level of deregulation has

a positiveimpacton port efficiency and the transfer of property ownership from the

public to the private sector in the main container terminals in Asia enhances the
economic efficiency of terminals. The study also indicated that there is a direct
UHODWLRQ EHWZHHQ WHUPLQDO HIILFLHQF\ DQG WHUP
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evaluated the effect of the organisational restructure of the stevedoring sector in Spain
between 1990 and 1998. The results showedéfiamiencygains led by technological
improvements and through the benefits of economies of scale. The study also showed

that allocative efficiency is higher than technical efficiency in this sector.

Barros (20Ba) applied the DEACCR/BCC and allocative efficiency models to
evaluatethe efficiency attained by some Portuguese ports to deduce the role of the
motivations established by the Portuguese regulation. The research concluded that the
improvementmade by tk Portuguese port authorities hgvesitionedthose ports
beyond the efficiency frontierHowever, theresearch recogresl that due to the
limited size of the sample and the heterogeneity of the study ports, the results should
be taken with caution. Throbhgthe use of crossection data model, Cullinane and
Song (2003) also indicated that the greater the level of private sector participation, the
higher the level of efficiency. They also noticed that terminal efficiency in South
Korea was enhanced with tippomotion of competition in the market. Nonetheless,
these outputs should cautiously be introduced since the sample only includes five

terminals and the category of terminals varies when a panel data model is employed.

Barros andAthanassiou (2004) alse®cognied the same problem in the®search

when they employed the DEBCR/BCC models to evaluate the efficiency of two
Greek and four Portuguese ports. The study produced a rankingsbadygorts and
identified the ports that have achieved remarkablgrovements in theiefficiency.

Scale efficiency was suggested as the main aim for the defined ports and privatisation

was promoted as the most effective approachttainingeconomic efficiency.

Similarly, Estache et al. (2004) concluded thait reformsmotivateport operator to
enhance efficiency and generate technological progress. Park and De (2004)
introduced a new alternativ@odel for evaluating the efficiency of ports that can
effectively be used by port authorities for evaluating the comparatii@ency of

their ports. In order to conquer the limitations of basic DEA models, they established
a fourstage DEA model that includeproductivity, marketability portability and

overall efficiency.
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In the last decade, research in port efficiency has extended to not only benchmarking

the relative efficiency but also ranking (in)efficient ports. Wang e(2403) and

Cullinane et al(2005) applied DEACCR/BCC models in order to measure and rank

the efficiency of major international container ports. Similarly, Wang and
Cullinane(2006a) applied the same models to rank the efficiency of 104 European
container terminals in relation to E(DWLRQ DQG WHUPLQDJ20g7 ) WKURXJIKS
analysed and ranked the efficiency ofrifincontainer ports in NE Asia by using the

DEA CCR/BCC super efficiency models. Wu et al. (2009) used a DEA cross
efficiency evaluation method @ssess&nd rankthe efficiency of 28 Asian container

ports.

Research on port efficiency has further evolved to analyse the relation between port
efficiency and port ownership. The majority of these studies have explored this
relationship in the container port markettbugh there is no consensus on whether
there is a correlation betweguort ownership and efficiency, results of previous
studies assert that port efficiency has, by far and large, enhanced with the increasing

trend towards privatisation in container pitminals(Gonzalez & Trujillo, 2009).

Within the applications of SFA in the port industry, Liu (1995) examined the
hypothesis that ports, managed and operated by public sector, are intrinsically less
efficient than ports in the private sector. A group of panel data of the outputs and
inputs of 28 UK ports over the period from 1983 to 1990 was gathered for
investigation. The analysisevealed that there is noorrelation betweenport

ownershipas a significant factor in producticandport.

In the samecontext, Cullinane et al. (2005&xaminedthe relationship between

privatisation and efficiency within the container psector The study applied DEA

&&5 %&& PRGHOV DQG SDQHO GDWD DQDO\WLYVY WR WKH ZF
period between 1992 and 1999. The stragjgctedthe hypothesis that greater private

sector participation in the container porindustry irrevocably leads tcenhanced

efficiency. Cullinane et al. (2005b) also employed an international sample that

includes theworld's top 57 ports to compare the results ioletd using various linear
programmingtechniques, DEACCR/BCC and Free Disposal Hull (FDH). Their

analysis did not also find any relation between privatisation and efficiency which is
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consistent with the results obtained by Cullinane and Song (2002).

In contrast, Tongzon and Heng (2005) illustrated that there is a positive relation
between technical efficiency and privatisation in container terminal. They asserted
that the best property ownership for container terminals is the public/private
partnership o purely private. The study revealed that a port authority should only
have control over port legal framework and promotes the involvement of private
investment in port operations. Cullinane et al. (2006) applied DEA and stochastic
production frontiers orthe top world container ports to analyse the impact of
privatisation on port efficiency. The study asserted that, apart from port of Singapore,
the most efficient ports are those with the high percentage of private participation.
Similarly, So et al. (20Q7had the same conclusion when treyployed the output
oriented DEACCR/BCC models to analyse the efficiency of 19 main container ports
in Northeast Asia including Chin&orea and Japan. The analysis also showed that

the facilities and scales of the potunder study were almost the same.

RodriguezAlvarez et al. (2007) assessed both the technical and the allocative
efficiency of the three main container terminals of the Port of Las Palmas in Spain.
Alonso and Bofarull (2007) applied DEA models to eviduae efficiency of ports of
Bilbao and Valencia in Spain to analyse the extent to which investmem¢dhas
improving efficiency and how far this improved efficiency has enhanced the port
attractiveness. The results of both studies revealed that nmetsis not the only

factor that could improve port technical efficiency.

The aboveoutcomes contradict Gonzalez and Truijillo (2008) who indicated that most
Spanish ports operate with increasing returns to scale. They also examined if the port
developmentprocess of the 1990s has enhanced the Spanish port efficiency. The
results confirmed that the Spanish ports developrosgdtedenhancements in the
efficiency of the port authorities via technical progress. This conclusion is consistent
with other studie®f both Spanish and foreign ports. Such asrésearclconducted

by Jara Diaz et al. (1997) who got the same result within the Spanish ports market
after predicting a mukoutput cost function. MartineBudriaet al. (1999) and Banes

Pino et al. (1999) also observed that the inefficiencies discovered in Spanish ports are

related to excess capacity which reduces with the increase in port activity.
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Cheon et al. (2010) evaluated how port institutiatelelopmets affectedefficiency

gains between 1991 and 2004. Theymposeda panel data for pordwnership,
corporate structurand port inputs and outputs for @&in world portsand applied

the Malmquist Productivity Index (MPI) model. The results illustratet daanership
restructuringstimulated optimisation of containerports operation, particularly for

large ports, as ienabledspecialized private entities focus on port operation and
cargo handling services. In contrast,ifkKland Yang (2010j)eviewed the experience

of ports in Myanmar inrelation to privatiation and enhancement of relative
efficiency among those ports. The study concluded that the type of port ownership

does not positively affect port efficiency.

6WXGLHY RQ SRUW HIILFLHQF\ KDYH DOVR IRFXVHG
Hung et al. (2010) analysed the opemaél efficiency andhe scale efficiency of 31

Asian container ports. The traditional DEA CCR/BCC models, most productive scale
size oncept, return to scale approach and bootstrap method are employed to evaluate
the operational efficiency and determine the efficiency ranking of the defined ports.
The results explained that the overall inefficiencies of Asian container ports are
mainly due to pure technical inefficiencies rather than to scale efficiencies. The
results also provided an insight to port managers iotb igsources allocation and

port competitive advantage.

The same outcomes are also observed by De Neufville and Tsunok@84d py
applying a Cobhbouglas production function. Through the use of the same
approach, Chang (1978) asserted that the Port of Mobile (Alabama) has increasing
returns to scale. Wang and Cullinane (2006b) observed economies of scale in a group
of Europan container terminals and indicated that the scale of production affects the
efficiencylevel. Turner et al. (2004) reached to the same conclusion when measuring

the efficiency of some of North American container terminal ports.

Gao et al. (2010) applieDEA-CCR model taassesshe scaleefficiency of Shenzhen
port in China in different years. DEA with cross evaluation was applied to benchmark
the efficiency of five ports. The conclusion of this analysis provided reasonable
theoretical support for port amagers to enhance management stratdfyyand Goh
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(2010) compared the efficiency of container port operations in emerging markets,
BRIC and the next 11 emerging nations with the more emerging markefs TG&y
applied DEACCR/BCC output oriented moded tissess the efficiency of such ports
based on the import/export cargaffic in 2005. The analysis argued that none of the

ports in the defined markets are role models for the field.

Choi (2011) presented an empiriaaalysison the efficiency of the 3 container
ports in Northeast Asia in the period between 200% 2007. The study analyd
empiical results on the efficienayf mainports byusingDEA-CCR/BCC, Malmquist
and Tobit models. Tdresults revealetthat most portgxhibited higher scores pure
efficiency, but low scores in scale efficiency. The study concluded that investment

infrastructure does nenhanceefficiency.

Apart from the assessmentantainer port efficiency, D@liveira and Cariou (2011)
used DEA-CCR/BCC, sale efficiery and return to scale models to
assestheefficiencyfl22coal andironoreportsin200he resultsrevealed that the
main reasonof inefficiency in bulk terminals iglue to the scale. They identified
relevant input and output variables when applying DEA to bulk terminals and
provided a methodology to quantify the relative efficiency of ports when aggregated
at the country level. Thigrovidesa means for estimating a peminance index of the

competitiveness of countries.

Wanke et al. (2011) reported on the use of various models for evaluating the
efficiency of main Brazilian ports. They performed two approaches, DEA and SFA,
on data gathered from 25 ports in 2008. Theltesndicated that most of Brazilian

ports have shortage in capacity due to the increased export that has taken place over
the last few years and the lack of investment in capacity expahsiogt. al. (2015)

applied the DEA models to benchmark the tecahefficiency of the top 20 world
leading container ports for the year of 2009. Empirical results revealed that substantial
waste exists in the production process of the container ports under study. Analytical

The Next Eleven (known also by thfnumeronym(N-11) are the eleven countries'BangIadesr
|Egypt||lndonesiﬂlran Mexicol|[Nigerig PakistavHPhiIippines Turkey||South KoreFanc Vietnam +

identified by)Goldman Sacl1'mvestment bar1land economiglim O'Neilllas having a high potential of

becoming, along with tlluBRICs BRICS the world's largest economies in the 21st century.
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results also revealed that the study porteevieund to exhibit a mix of increasing and

constant returns to scale at current levels of output.

In order to overcome the limitations of DEA analysis that are based orsacssnal

data, when time is ignored, Cullinane et al. (2004) applied the-OER/BCC output
oriented model of panel data and window analysis to assess the technical efficiency of
the world's top 25 container ports in theriod between 1992 and 1999. The results
indicated that the majority of ports have persistent returns to sehieh explains

that the scale of production is not the main reason for inefficieflog study also

explained that the terminals’ efficiency is not affected by the size.

Cullinaneet al.(2005)applieda variety of DEA panel data approachedémchmark

the efficiency of the world's major container ports. Thus, the development of the
efficiency of every container port in the sample could be traced over time and, then,
the efficiency outcomes are presumably more realisticErAbi et al. (2007)
evaluatedthe operational efficiency of 22 containports in the East Africa and the
Middle East regions. Theylso compared the location gdorts situated on the
maritime EasWest trade route. The study employed the DEA on data for 6 years
from 2000 to 2005. Thenalysis concluded that berth length and ships call, as
indicators for port efficiency, play significantrole for waiting time and congestion

in the ports. Liu (2008) applied CCR/BCC an&tdge DEA models tassesghe
variationin efficiency that hae taken place between 1998 and 2001 in 10 ports in
the Asia Pacific market using crepsriod data. The results showed that different

models will lead to different result.

Al-Eraqi et al. (2008) extended their study in 200Bénchmarkhe efficiency © 22

ports in the Middle East and East Africa by using the DEA standard and window
analysis methods. The study highlighted the pros and comsiraf the two methods

in analysng the ports efficiency. Yan et al. (2009) develodchastic frontier
model b evaluate production efficiency, efficiency changes and the time persistence
of efficiency after considering the individual heterogeneity in technology and

technical changes of container port operators.

Al-Eraqi et al. (2010) have further developed their analysis of 2007 and 2008 to
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assess the efficiency and swedficiency scores of 22 cargo ports in Middle East and
East Africa by using DEA panel data and window analysis. The research concluded
that thenumber of efficient ports under supefficiency is greater than the number of
ports under normal efficiency. Cullinane and Wang (2010) benchmarked the
efficiency of 25 world leading container ports by using DEA panel data analysis to
assess their effioey and their competitiveness for benchmarking best practice and
indicating particular reasons of inefficiency. The empirical results revealed that the
time factor is significant in port efficiency and competitiveness evaluation. The panel
data analysis Ews tracing the development of port efficiency and considers the
market contestability due to fierce competition between container ports.

Bichou (2011)empirically analyse the impacts of port security regulations on the
operational efficiency of conta@n terminals. A stepwise Malmquist DEfodel is
used to track productivity changes of 420 worldwide contdereminals from
2002 to 2008, both on a mujtear basis and on a regulatomn basis. The
analysis showed that the efficienaggstimates differs significantly by type of

regulation and terminal.

However, Maidamisa, et al. (2012) developed a methodology for the selection of
window width in DEA by employing the Analytic Hierarchy Process (AHP). The
selected width is examined by usinghphdata and the results showed robustness in
the efficiency evaluation. AHP is also used by Ugboma et al. (2006) to rank shippers'
port selection criteria. The results indicated that shippecsis greatlyon port

efficiency, frequency of ship calls andegjuate port infrastructure.

Research on port efficiency has further developed to assess the impact of the external
environment, exogenous factors, on port efficiency. In tustext, Barros and
Managi (2008) analysed efficiency drivers of a reprgatve sample of Japanese
ports byusingthe twostage procedurdevelopedyy Simar and Wilson (2007). In the

first stagethe technical efficiency of the stughprts isassessedsingvariousmodels

of data envelopment analysis (DEA). In the second stageinaated bootstrapped
regression iappliedto bootstrap the DEA scores to identify efficiency drivéiise

results showed that thgorts which have adopted strategic procedures, aadmub

strategy, arenore efficient than those which do not adopt this strategy.
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Niavis and Tsekeris (2012) benchmarked and identified major determinants of the
techncal efficiency of containeports in the Souttitastern Europe region, including

the Italian ports which dictly affect competition in the East Mediterranean Sea. The
study employed both negmarametric (standard and sw@dficiency DEA) models

and bootstrapped parametntodelsto provide a more holistic approach and useful
insight into theanalysis The result indicatel that the relatively low average total
technical efficiency of thesamplecontainer portsan berelatedto both the lack of

managerial skills and scale effects.

Yuen et al. (2013¥tudiedthe effectof intra- and interport competition on cdainer
terminal efficiency in China and its neighbouring countries. The operational
efficiency of sample container terminals was measured by DEA panel data for the
period between 2003 and 2007. Regression analysis was also used to examine
elementsaffecting container terminal efficiency. The study concluded that Chinese
portownership may enhance container terminal efficiency. It is also found that intra
and interport competition may improve container terminal efficiency. Wanke (2013)
also analysed thefediency of 27 Brazilian ports for the year of 2011 by using & two
stage analysis. The first stage was the physical infrastructure efficiency followed by
the shipment consolidation efficiency. Results indicated pbats that are managed

by private sectohave highephysical infrastructure efficiency levels.

Bichou (2013) applied a series of DEA modeletaluatethe operational efficiency

of 420 international container terminals from 2004 till 2010. The study formulated
some operational hypotheses &sttthe sensitivity of benchmarking results to port
market such as production scale, transhipment ratio, cargo mix, operating
configurations, and working procedures. The results showed that variations in

operating conditionsignificantlyaffectterminal dficiency.

Tovar and Wall (2015) applied a directional technology distance function to analyse
the technical efficiency and production technology2@bort authorities in Spain for

the period19932012.The results showedtat the ports under study areheaically
inefficient. An implication of suclresultis that there is potentialfor specialization

on the part osampleports wittouta need for new investment in infrastructure
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Ju and Liu (2015gmployed a twestage procedure, DEA and regressamalysis,to
investigatethe efficiency of 14 potlisted companies in Chirfar the period between
2001 and 2011The esultsdemonstratedhat the ratio of statewned shares, debt
asset ratio and operating costs ratio are negatively related to effici®ncthe
contrary port size, ratio of outside directors and human capital are positively
correlated withefficiency. Results of the paneatamodelillustratedthat a longterm

equilibrium relationship exists between efficiency and its influenelagents

Within the application of SFA in the port sect@Qullinane et al. (2002) appli€sFA

models to benchmark the efficiency of 15 container ports in Asia between 1989 and
1999 by using three distributions (halbrmal, exponential, and truncated normal).
Cullinane and Song (2003) also used the same hypothesis in their analysis to
benchmark th efficiency of two Korean container ports and three UK container ports
between 1978 and 1996 based on the study of stochastic production frontier.
Cullinane et al. (2006) applied SFA and DEA to assess the efficithcy ZRUOGTV
most important commercigdorts. Their analysis indicated that the SFA model was
adequate when evaluating port operations as the assumption of constant returns to

scale in the production frontier could not be eliminated.

Yan et al. (2009) developed an empirical model under tbehastic frontier
framework to evaluateoperational efficiency, efficiency changes and the time
persistence of efficiency after considering the individual heterogeneity in technology
and technical changes of container operators from the world's topnenpairts in

the period between 1997 and 2004. The analysis concluded that the mean efficiency

of container operators slightly changed with time.

Medda and Liu (2013) examined how the typology and operation of terminals and the
level of scale efficiencyhat a terminal can achieve represent significant factors in the
development and growth of the container terminal industry. The analysis is based on
the assessment of 165 container terminals worldwide. They developed the estimation
through the applicatioaof SFA. The resultsevealedhat container terminals are more
efficient than multipurpose terminalsThe study provided empirical suggestion that

could enable resourgmnstrained container terminals in the Mediterranean Basin to
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improve their scale effiency and identify general strategies related to container

terminal investments.

Chang and Tovar (2014) benchmarked the efficiency and performance of Peruvian
and Chilean ports terminals (SFA). A distance function was used on a sample of 14
ports terminks observed over the period 2024010. The study revealed that the
terminals improved their technical efficiency during the period of analysis, with
Chilean terminals being more efficietiian the Peruviss. Tovar and Rodriguez
Déniz (2015)categorised and classified the Spanish pathoritiesby establising a

model that combineSFA, clustering and selfrganized maps (SOM)he analysis of

the structure and efficiency of Spanish port authorities concluded that there is a
number of weldefined sets of ports with similar characteristics that depend on scale
of production Next section explores and analyse the evolution of literatugsort
efficiency in terms of the assessment methods and techniques being used to assess and

benchmark poréfficiency.

3.4 Literature review on port efficiency assessment techniques

Studies and research on port efficiency can be dedsiito three main groups. The

first is research that use partial productivity indicators of the port system (Suykens,
1983; Talley, 1994; Tongzon, 1995a) and total factor productivity (TFP) that is
employed by Km and Sachish, (1986) for thedi time as an applied methodology to

the port sector. The second group is studies that use simulations and queuing theory
(De Nedville and Tsunokawa, 1981; Sachish, 1996). The third group is the most
recent research that uses technological frontier estimates from which efficiency
indicators of port firms are deride Notwithstanding, Chang (19¥®as taken the
initiative in measumg the production functions in the port area. Irrespective of the
approach used, the main interest was in developing instruments that could help in
decisionmaking process, both from @anagementand an economic policy

perspectivéGonzalez& Truijillo, 2009).

Different approachesand techniques have been used to measure and evaluate the
various types of port efficiency, the performance of ports has been diversely assessed
by measuring cargbandling productivity at berth (Bendall and Stent 1987,
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Tabernacle 1995, Ashar 1997), by evaluating single factor productivity (De Monie,
1987) or by benchmarking actual with optimum throughput within a certain period of
time (Talley, 1998). Recently, remarkable development has been made in relation to
efficiency measurement of the productive activities. Two complex holmtdels

have beenwidely used to measure porfficiency. Thesemodels are data
envelopment analysis (DEA) and stochastic frontier analysis (SFA).

The concept of DEA was first applied by Falr (1957) but it waprimarily limited to

the performance evaluation fofims with multiple inputs and a single output. Charnes,

Cooper and Rhodes (1978) developed a modelinicatporatedmultiple inputs and

multiple outputs. This model validated thse of DEA in performance measurement.
DEAisanonrSDUDPHWULF WHFKQLTXH WKDW DSSOLHV WKH F
for efficiency measuraent Forsund et al1980). It enables the identification of a

firm (DMU) as an efficient or an inefficientuW’ DQG FDQ H[SODLQ KRZ D JLY
efficiency might be enhanced (Lin & Tseng, 2007).

Basically, there are two DEA models used to assess port efficiency. The first is the
CCR model that is established by Charnes, Cooper and Rhodes (1978) to assess
the aggregate technical efficiency (TE) under constant return to scale (CRS). The
second is the BCC model that is developed by Banker, Charnes and Cooper (1984)
to evaluate the pure technical efficiency (PTE) under variable return t® scal
(VRS) (Fare et al1994).

In this contextas showed in appendix 3.Rpll and Hayuth (1993) applied a DEA
CCR model to simulated data with than of explainingthe ultimate fitness of this
approachfor evaluatingport efficiency, and the use of efiégnicy indicators While
Poitras et al. (1996) applied the DEXCR input oriented model to assess the
aggregate technical efficiency, Valentine and Gray (2001) used the@ERoutput
oriented model to benchmark the operational efficiency.

The DEACCR model is also used byongzon (2004) and Barros (2008, who
compared the results with thosdtained after the usageof the additive model
(Charne et aJ 1985). Bonilla et al. (2002) used the DEAR model and criticized
the result obtainedy the model application which ighat the DEAscoresare
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deterministic as it lacks a statistical base. From this perspectivstuitiyof Bonilla

et al. (2002) is a novel contribution, since tnee of bootstrap techniquesnables
statistical inferenceotbe made in the ngparametric estimateattainingconfidence
intervals of the efficiency results. Sharma and Yu (2009, 2010) and Gao et al. (2010)
applied the DEACCR output oriented model to compare the operational efficiency of
container ports. The wdies allowed an objective assessment of the overall efficiency

and identified the sources of inefficiencies.

Yip et al. (2010) used the DEACR model and Ordinary Least Square (OLS) model.
The significance of that research can be showed in the use DEthand regression
applications. 8ch approach, asxplainedin Arnold et al. (1996) takes a twstage
procedureas follows: Stage one uses DEA determineefficient and inefficient
DMUs. Stage twointegratesthese results in the form of dummy variablasthe

equivalentregression.

MartinezBudria et al. (1999) used the DERCC modelto compare the efficiencygf

port authoritiesunder study They divided the sample into four categories according
to complexity. Rios and Macada (2006) used the sapmoachto analyse the
relative pure technical efficiency of 23 container terminals in Latin America. The use
of DEA-BCC model in both studies allowed for analysing the efficiency of ports of
study under variable return to scale (VRS). The resditaina from the application

of bothmodels DEA-CCR and BCC, are compared Bark and De (2004), Barros
and Athannasioy2004), Cullinane et al. (2004, 2005a, and 200&hd Wang and
Cullinane 00&). Similarly, Liu (2008), Koster et a(2009), Wu and Goh (20},
Jiang et al. (2012and Ju and Liu (201%lso used the DEA CCR and DEBCC
models to compare the aggregate technical efficiency under (CRS) versus pure

technical efficiency under (VRS).

Some studies introduced extensions to DEA. Martin (208®)lied the model
developedby Banker and Morey (1986), sinceniatcheshe assumptiorestablished,
Malmquist indexis usedfor determining if there have beesnhancementsn
efficiency, and conducteda decomposition isolating the technical progress of the
efficiency enhancement Cullinane et al. (2004) carried out a dynamic analysis
applying the DEA windows atysis. Park and De (2004) appliadourstage DEA:

98



alternating themportanceof the varidles as inputs and outputs.t&she et al. (2004)
used theMalmquist index built from distance functiomsd calculated by DEAo
identify the souces of the productivity gains adgcomposing the change in TFP into

its main components

Researchers haveurther developed port efficiency benchmarking methods by
comparing between the results obtained by the DEA and other assessment technique.
Wang et al. (2003) and Cullinane et al. (2005a, 2005b) compared the adsuited

by the DEACCRBCC models witlthose obtained by theree Disposal Hull (FDH),
whosemeasuremens moretraditionalthan DEA. The FDH model presumes robust
input and output disposability. That means giwen output(s) remaingable if any

of the inputs is increased, similarly, wigiven inputs it is always viable to reduce
output(s). Both argses asserted that FDH modeds an inadequatgpproactdue to

the nature of itfundamentalogic and step function solution algorithm. Certainly, the
FDH model indicated that DMU was efficiewhen it was truly not.

Agreemenwith the debate oanalogouslata that can only babtainedat the level of
container terminals rather than ports, (Gd€89(x; Heaver 1995; Alderton, 1999;
Heaver et al2000, 2001), Cllinane and Wang (2006) emphasilson evaluating the
efficiency of container terminals ifturope using the DEACR, BCC, sale
efficiency and return to scalmodels by arisingefficiency estimatesfor a ample
includes 6ontainer terminalé Europewith throughput of over 10,000 TEUs. The

scale properties of container termipabductivityare also deliberated.

Rios and Macada (2006) introduced a model to assess the relative efficiency of the
MERCOSUR, applying the DEABCC model. They asserted tHaEA is beneficial

for both port authoritiesand portoperatorsn measuringechnicalefficiency. As an

extension to their studies in 2005, Cullinane et al. (2006) used both the DEA and the

)+ PRGHO WR RI WKH ZRUOGYTV W ReadFaRt@oasmhd HU SR U\
disadvantagesf employing alternative neparametriomodelsincluding DEA to the

container portmarket Their results figured out that the presented mathematical

MERCOSUR is a Spanish acronyor Mercado Comundel Sur includifggenting Brazil, Paraguay
and Uruguayrading blo.
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programming methodologies reflected discrete results and that the detenmfat
input and output measures was a critical factor in conducting expressive applications
of DEA and FDH.

In the same context, in order &old thestochastic naturé the linear programming
approach antb equipthe stochastic approach with more flakty in the parametric
structure, Lin and Tseng (2005) and Cullinane et al. (2006) compared between the
results obtained by the DEBCR and BCC models and the efficiency scattgined

by the SFA. Khin and Yang, (2010) and Wanke et al. (2011) usedatltermodels

to assess thefficiency of container portdn doing so, they compared between the
efficiency scoresobtained by the DEACCR, BCC, sale efficiency and return to
scale models and the efficiency scores attained by the application of SFA. Choi
(2011) compared the results obtained by the application of-DER, BCC models

and Malmquist and Tobit models

In addition to the use of DEECR and BCC models to analyse the TE and PTE of
the seaports, Barros (2006) used the scale efficiency and stipeney model, first
developed by Andersen and Petersen, A&P (1993). The former allows the
determinationof an inefficient DMU as being technically inefficient (TIE) or scale
inefficient (SIE), while the later iappliedto provide further distinctions amng the
efficient DMUs. The A&P model eliminates efficient DMUs, and then evaluates the

production frontier again. The new efficiency score can thus be greater than one.

So et al. (2007) alsesedthe DEACCR/BCC output oriented model, sugadficiency
amalysis to rank the efficient ports. In order to provide a variety of complementary
efficiency analyses for ports, Lin and Tseng (2007) also compared between the
efficiency scoresattained by the DEA CCR, BCC, A&P, SCE, D&G models.
Cullinane and Wang (200@nd AlEragi et al. (R07) applied the DEACCR, BCC,

scale efficiency and return to seamodels to benchmark tledficiency of container
ports. Wu etal. (2009) extended the DEA model of Doyle and Green (1994) by

considering sets of DMUs that can enhatieecross efficiencgssessmemhethod.

In the same context, Sharma and Yu (2009, 2010) have attempted to prioritize the
variables of DMUs in DEACCR output oriented model. They provided a decision
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tree based DEA model to improve tHexibility and capability of classical DEA.
Their approach assists decision makers in container ports to determine the
opportunities and threatdfectingtheir businessDe Oliveira and Cariou, (2011) have
used the same approaches to assess the operational efficieri®/ wbrldwidecoal

andiron ore ports (54 loading and @&loading ports

Niavis and Tsekeris (2012) applied a tatage procedure to benchmark and identify
main determinants of the technicafficiency of 30 containeports in the South
Eastern Europencluding the Italian ports which directly affect competition in the
East Mediterranean Sea. Thesearchemployed nosparametric standard, DEA
CCR/BCC, DEAsuperefficiency and scale efficiency models to benchmark the ports
technical efficiency. In the esond stage, a parametric bootstrapped truncated
regression methodology is adopted to determine the impact which various factors,
beyond the control of port authorities, have on the efficiency and, subsequently, the
competitive position of ports. In thisay, the proposed approach uniquely addresses
potential problems of sma#lample bias typically met in standard parametric
estimates and consistently supports management decisions of port operators regarding
the internal and external operational environnae their competitive strategy.

Wanke (2013) pplied the networDEA centrali®d efficiencymodel establishedy

Liang et al. (2008) and Zhu (2011) to 27 Brazilian ports for the year of 2011, in order
to optimize physical infrastructure and shipment consolidation efficiency levels by
focusing onshipment frequency per year as tkey intermediate output. The
significance of thisstudyis that it took intoconsideratiorthe number of movements

as thevital intermediate output thatreateghe link betweershorter andonger term
perspectives on two relevaaspectshat affectport production processes: physical
infrastructure (Alderton, 2008) and shipment consolidation (Wanke et al., 2011),

respectively.

The above mentioned studies have limited only to the analysis ofsgossnal data.
DEA implies the benchmarkingof one DMU with all other DMUs which prade
during the same timandthusthe role of time is ignored. However, this can be rather

misleading since dynamic settings may highlight timmecessaryise of resources
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which areproposedto createbeneficial outcomesin future periods(Cullinane &
Wang 2010)

In order to overcome the limitation of DEA cressctional data analysis, Itoh (2002)
used DEACCR/BCC models to compare between the efficiency scores obtained by
crosssection and panel data of eight major container ports in Japan in the period
between 1990 and 1999. Cullinane et al. (2004, 2005Eradi et al. (2008) and
Cullinane and Wang (2010) alssedthe DEACCR/BCC output oriented model to
panel data and window analysis to assess and benchmark the relative technical
efficiency of contairer ports. In the same context, Alonso and Bofarull (2007) and
Cullinane and Wang (2007) applied the DEER/BCC and additive models to panel

data to analyse the scale efficiency of container ports.

Most of the above research reveale important characteristic. That is the DMUs,
hereby corresponded to ports, are identically treated. This is thealled
homogeneity, which is a prime criterion for DEA baséfttiencyassessmemhodels
Nevertheless, in port efficiency measuremémterogeneity of DMUs often presents
due to uncontrollable elements like geographioedtion Container ports in Far East,

for instance, could be completely different from those in Europe, although they all run
the same business with the sasetsof inputs and outputéNu et al, 2009) Their
efficiency should not be symmetrically evaluated as the two regions represent
completely different economimarkets Thus, it is essential to further analyse the
impact of the specific group of factors on the m@dficiency.

Barros and Managi (2008) analysed efficiency drivers of a sample represents 39
Japanese seaports in the years 2003 to 200&pplying the twostage procedure
developedby Simar and Wilson (2007). In the first staffee technical efficiencyfo

ports ismeasuredising DEACCR, BCC and scale efficiency models. In the second
stage, the Simar and Wilson (2007) procedureapsglied to bootstrap the DEA
estimateswith a truncated bootstrapped regressiordétermineefficiency drivers.

The adoptiorof this approachimproved both efficiency of estimation and inference.

Thus benchmarkgan beattainedfor enhancing the performance of inefficient ports
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As an extension to their studies in (2007 and 2008)EAhqi et al. (2010) used the
DEA-CCR/BCC input oriented model and window analysis to measure the- super
efficiency scores of 22 seaports in the Middle East and East Africa in the period
between 2000 ah 2005. Bichou (2013) examined the relationship between port
efficiency and the operatingonditiors of container portsDEA-CCR/BCC models
areappliedto benchmark the efficiency of 420 container terminal for the panel data
from 2004 to 2010. The study explained that a langeberof terminalsshow RS
properties.The results also revealed that the largertsand those investing in new

infra/supersucture showDRS

Yuen et al (2013) usedthe DEACCR/BCC efficiency models to calculate the
efficiency estimates of 2tontainer terminals in China and thdevelopmenturing
the periodbetween 2003 and 2007. Regression models wereajhygredto analyse
the elementsaffecting container terminal efficienagstimatesand itsenhancement.
Both the bootstrapping proceduresith Tobit model and a regression model as
explainedby Simar and Wilson (2007) weegpplied The results showed that there is
a consicerable difference between thefficiency estimatesttainedfrom the two
models, whichdemonstrateshat bootstrapping procedures assentialin order to

attainconsistenefficiency scores regression models.

Tovar and Wall (2015) applieddirectional technology distance function to analyse
the technical efficiency and production technology @p2rt authorities in Spain for

the period 1993012.The analysis revealed that the directional distance is a flexible
and powerful technique for thmurpose of this research, offering more flexibility than
the traditional Shephard outpatiented and inpubriented distance functions when

measuringechnical inefficiency and port production technology

Ju and Liu (2015employed a twestage procedurdDEA and regression analysts,
analysethe efficiency of 14 potlisted companies in China for the period between
2001 and 2011. DEA was first employednieasurehe efficiencyestimatesf listed
companies. Second, the influencing factors of effigjamere establishedy usinga
regression modePanel datads then usedo examinehow these factors influence the
efficiency of the sample companies.The fsults illustrated that a lortgrm

equilibrium relationship exists between efficiency and its influencing elements.
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On the other hand, some studies used stochastic frontiers estimate a stochastic
production frontier to calculate tlogerationakfficiency (Liu, 1995; Notteboom et al,

2000; Estache et ,aP002; Cullinane and Song, 2003, BpCullinane et al., 2002,

2006 Tongzon and Heng, 2005). The functional fappliedin most of the studies is
Cobbabouglas; despite that the Translog function has béencalculatedLiu, 1995;
Estache et al.,, 2002)Merely the work of Liu (1995)encompassetechnological
change in the model specification. Baitigo et al. (1999) combinethe input
oriented distance function witthe cost frontier tassesshe captal stock capacity
However, byusing onlyone output, they did noutilise the potential of the distance
function(Gonzalez& Truijillo, 2009).

The studyof Notteboom et al. (2000) is worthy of mention as the oesearch that
appliedBayesian techniques to stochastic frontiers in the mparket BanosPino et
al. (1999) CotoMillan et al. (2000),'OD] ), Barros (2005) andongzonand
Heng (2005)quantified economic efficiency using a stochastic cost frontier in which
technologtal change isidentified as a trend or asequentialeffects. The fist
introduced a quadratic functioralug which enableszeros to appear in theutput
vector. The otheresearchhave alsoselectedfor the measuremenbdf a flexible
functional form, which is the TransloGonzalez (2004yvas hefirst to applya multr
output distace function in the port markéthen RodriguezAlvarez et al. (2007) and
Trujillo and Tovar (2007)proposeda model of compositeequations fo a distance
function and the input spending equations. Bo#isearchspecified a Translog
function and model the timeariancethrough temporal effectg§Gonzalez& Truijillo,
2009) Next section discusses the main features of the input and output vainiatble

have been used to assess and benchmark the technical efficiency of seaports.

Tovar and RodrigueBéniz (2015) classified the Spanish poruthorities by
establishing a model thatontains SFA, clustering and setirganized maps
(SOM).Resultsrevealedthat use of a combination of cost frontier and cluster
approachto define robust port typology and SOMsgetheror separatelyprovides

useful information to theort policy makers
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3.5 Variables specifications of the existing literature

All port resourcesand activities should be taken int@onsiderationwhen port
efficiency is assessed and analysed. However, in the emtiadies the decision
upon which variables tbe incorporatedh the efficiencyanalysislargely depends on
the quality and availability of the data. Foexample the definition of port outputs
depends on the activitiemarried outby the port, anés sucht cancomprisethe port
throughput, the number of vehiclesthe volume ofranshipment traffi¢Cullinane &
Wang, 2007Lu et al, 2015.

On the other hand, the input measures that have been used & guatyefficiency

can be classified into two broad categories. The first presents the inputs used to assess
ports' technical and scale efficiency and the second repsasgnuits that are used to
assess ports' allocative efficiency. The former constitutes inputs related to ports' infra
and superstructure that represent the ports operational elements such as land, capital
and labor. The later presents the ports financidlesonomic measures such as price

of capital, labor cost and investmd@onzalez & Truijillo, 2009)

As far as the assessment of allocative efficiency is concerned, MaBlrtka et al.

(1999) used some variables like labor cost, depreciation chanugsother
expenditures to examine ports' relative efficiency and allocative efficiency
development. Barros (2003a, 2003b) used the number of employees and Book value
of assets to analyse ports' allocative efficiency. Similarly, Barros (2006) utilised labor,
capital invested and operational costs as an input variables for measuring port
allocative efficiency. Liu (2008) used labor, funding and infra/superstructure to assess

the operational and allocative efficiencyméinports in the AsigPacificmarket

Tovar and RodrigueBéniz (2015)used laborand materials for assessing and
clustering the efficiency of 20 port authorities in Spdiavar and Wall (2015) used

labor and intermediate consumption expenditure. Labor is measured using the average
number ofport authority employees. Intermediate consumption includes costs of all
productive factors apart from labor and capital, including office supplies, water and

electricity. Ju and Liu (2015) used total assets, number of employees and prime
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operating costssainput variable for benchmarking the efficiency of 14 fisted
companies in China by using the DEA.

In the recent literaturen port efficiency it has been argued thdte use ofsingle
output will cause aort of bias in the analysi(JaraDiaz et & 2005). For a mukHi
activity port, it is not appropriate to use single output measuremesuch as the
number of containers (TEUJor two reasons. Firstdespite TEU, traditional
conventionalcargo is an output usually measured in Tonnage. Secondn wiitai
container handlingperationghere are two kinds of container: Ro/Ro, Roll On/Roll
Off, container and Lo/Lo, Lift On/Lift Off, container, whiaieeddifferent handling
equipment As such,they needto be counted as different outputGonzalez &
Trujillo, 2009).

Some of theecentresearchhaveincludedmultiple outputs. Barros (2005) used the
total cargo and number of shialls as outputs; Rodrigugdvarez (2007)examined
containers and generabrgo as outputs; Trujillo and Tovar (2007) considered the
container traffic,passengers anthe rest of freight traffic as outpyut&onzalezand
Trujillo (2008) examined containerpassengers, liquid bulk armther carges as
outputs Chang and Tovar (2@) used container throughput, general and rolling cargo
and dry bulk cargo as outputs to measure the operational efficiency by using the TFP
and SFAmodels Tovar and RodrigueRéniz (2015) useébur outputs which are dry
bulk cargo, liquid bulk cargo, geral cargo and passengers to measure port efficiency
by using the SFATovar and Vdll (2015) used containedd cargo, dry bulk cargo,
liquids cargoes, general cargo and passengsr®utput variableso assess the
operational efficiency ofselected sample o$panish portsby using directional
technology distance functiodu and Liu (2015) useeéarnings per share and prime
operating revenues as output variabitasbenchmarking the technical and allocative

efficiency.

Although most of thestudies in the literatur@ise multiple outputs, TEU is still the
main measure of output in the container podrketbecaus TEU is the mostuitable
measure for container transpogerationsincluding container handling and shipping.

In any relatedesearchf the opportunityof including other outputs is available, they
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should becomprised although these variables arensiderablylessdescriptivethan
TEU measurement&onzalez& Truijillo, 2009).

The arrangement of inputs in the literature tregduthe SFA is not as unified as that

of outputs. There are twoategoriesof input specification that are not mutually
exclusive.The first categoryf studiesuseas input variables: labour and capital (Liu,
1995; CoteMillan et al 2000; Estachet al 2002; Cullinane and Song, 2003; Truijillo

and Tovar, 2007).The second categomyf researchidentifies inputs based on the
infra/superstructure, that is, berth length, terminal aseaage capacity angumber

of cargo handlingequipment Tongzon and Heypy 2005; Cullinane and Song, 2006;
Sun et al 2006; Yan et al.,, 2009; Soland Jung 2009). In addition to the above
mentioned inputs, Medda and Liu (2013) used maximum berth depth, crane spacing,
terminal type and operation type as inputs to measure pexisical efficiency
through the use of SFA. Similarly, Chang and Tovar (2014) used number of workers,
net fixed assets, number of berths and number of machinery to benchmark the

operational efficiency and performance of main ports in Chile and Peru.

Studiesthat are usethbour and capital as inputs, tbempositionof container ports
and terminals is slighted, because all ¢hementsare aggregated into a single capital
variable. In the secondategorythe studies do noinclude labour datg but the
specificationrevealsa morepreciseconfiguraton of the port, and there ispimary
assumption that thaeeedfor labour in theport operationis relative to thetype of
equipment according to a certain ratio. In this context ivasy essendl to be
cautious; because thig/pothesiss not alwayscorrect different equipment requires

different numbers diboursand different skillevels(Gonzalez & Trujillo, 2009)

In addition to inputs and outputs, other factors knowing as exogenous
(uncantrolled)variables affect thefficiency of container ports. Exogenous factors are
not under the control gdort operators, such as legislation conditions, population and
country GDP or they are under tte R UW P Dc@rirdlHUtMHey are not direct
inputs such as thieaturesof the transport network.hus theobjectivesof researchn

these caseareto analysehow specific exogenouslements such as country GDP,

port location and number of rivalaffect port efficiency Other factorshat have been
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usedin the previous studiesnclude port ownership, size, location and regulations
(Gonzalez & Trujillo, 2009)

The above review on port efficiency implies that compared with traditional port
efficiency evaluation the inherent DEAnodelsallow to assesshe overallefficiency

of aportandbenchmarkhe efficiency of differenports DEA estimatesan provide

a benchmark tgort managersand operators, so that inefficiepbrts can exactly
determine their weaknesses and hbey mightenhanceheir productionSong et al,
2001; Cullinane& Wang 2007).

Wang and Cullinane (2@@ assertedhat when DEA isused the DMU should be
selected with cautionAll chosen DMUs should be homogenous in terms of their
production functions. In other wordg, would be illogic to compare a container
terminal with a tanker terminal. Also, mosif the literatureseemsto emphasizeon
production at theéerminallevel. Thiscorrespondso the argument of Alderton (1999)
W Ktbhené i8 little that can be measured a whole port basis. Most comparable data

must concentrate on a terminal basis

Only theoperational(in)efficiency of portscanusually be evaluatedoy DEA, rather
than any allocative (in)efficiency. This thie to the variance iport pricing systems
andstrategiesThis argumenéxplains whymost previousesearchHocus on technical,
rather than allocative efficienci{fhe only exception ishe study ofMartinezBudria

et al. (1999). Since theanalysisuseddata from the same country (Spain), it is then
likely to calculateprofits and costs in a common currency and within the same
economicenvironment No trial has been made tmeasurehe allocative efficiency
when ports aréocatedacrossvariouscountries Almost no identical input and output
variables have beeselectedby differentresearchert build into their DEAanalysis
The selectionof input and output variablas very criticalfor the application of DEA
as it is difficult todefine the input ard output variablegn the assessment of DMUs
(Thanassoulis, 2001; Cullinane and Wang, 2007).

Wang et al.(2002) explainedhat uinder the framework of microeconomics and the
featuresof port production,given the condition that the data are always availabl

which is not true in reality, the variabl#sat includenformation on human resources
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such aghe number obtevedores and managemeriffstinfra/superstructureuch as
terminal area, numbef cranes, number dferths, number of tugs should bgedas
input variablesn DEA models. The output variables showdmprisecargotraffic
variables such as container taghput, the quality afervice such as thdle time of a
ship at port in contrast to the study Bgngzon (2004 whereidle time is treated as
an input variable. bwever,in practice, it could bassumed thahe choice of input

and output variables alsoaffectedby data availability

Panel data are the magipropriatdo begathered and analysed usiD§A modes. It
would be beneficialto monitorwhether a port caanhancets efficiency overvarious
time periods, and to find theausesof such a change. The above literature
demonstrates that, despitee extensive research in port efficiency, theretib 80
consistentmethodology taasses®fficiency (Ashar, 1997). Also, without factual and
standard data from the different ports studied, the port (in)efficiemegsured by
DEA could probablhybebiased.

3.6 Chapter summary

Analysing container port efficiency is becoming more important because of the
increasinglyglobalisedworld economy and the significant contribution that container
transportation makes to this process. Contempostugliesin port efficiency can
simply be divided nto productivity and efficiency measurement. The former is more
widely applied in practice, and maintpmprisegartial productivity measures, while
the latteris still in a stage of continued theoretical development. Howeseengtrials

have been made tapply DEA to the ponnarket container ports in particular. the
contextof the significanceand complexity of port efficiency, it igery essentialto
examinethe suitability ofDEA as amethodologythat can be usefibr attaining the

objectives of sch studies

The general conclusions are that port infra/superstructure and location areihpor
factors in determiningport efficiency, while capital intensity armbrt privatisation
has no significant advantage (Liu, 199%)addition largeports ardessefficient than
smallerones and autonomy does not makg difference (Coto Millan et al2000;

Tongzon, 2004). Scale economiedecreased operatingpsts, while pure technical
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change contributed to increasmosts. Portsdenote one of the mainsectorsin
economics where frontier models have been applied, with methadsiedas DEA

to econometrics.

The above reviewed literature has shown that the analysis of efficiency in the port
industry has enjoyed significant contributions in recent gediris also characterised

by a number of dominating features. On the methodological side, a few important
points emerge. First, while prazally most of studiegecognie the multioutput
nature of port activity, not all reflect it in their assessmérthe performance of the

port operators. Most often this is due to a lack of data which forces analysts to rely on
aggregate measures which in turn influence the possible interpretation of the results.
Second,due todata limitations, the DEA approach has beentdwhniqueusually
appliedto reflect the multproduction nature of the porhdustry Third, in the
stochastic approacldjfficulties in obtairing reliable datato estimate a mukbutput

cost function, hakdto the lack of this type of studzonzalez & Trujillo, 2009)

Recent developments in models atethniques such as distance functions and
bootstrapping regression analysis have significantly increased the scope for reliance
on parametric estimates accounting for the mautput nature of the sector. This
should contribute to the enhanced use of #pproach when its advantages dominate
the alternatives. Finallyregardingthe data required, the dynamic analysis made
possible by data pels should be preferred static photographef crosssection
samples. Moreover, the information on all factors affecting port activity, such as

geographical location, is also necessary in order to reach robust conclusions.

The above review on port efficiency also illustrates that researchersatidrvessed
different aspects that affect port efficiency through the use of different methods. The
researchers focused their studies on ports located in different markets such as North
Europe, Far East, USA and Latin America. However, the studies that doctlse
Mediterranean container ports tend to be limited in scope; they use data from one
single country, compare between ports of two countries, or use only the
Mediterranean European ports. This is mainly due to limitations in data availability
for sucha wide and diverse group of ports belonging to various countries and
different continents.
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In the contextof the above observations, the present research is a methodological
improvement inthe port industry since itmeasureghe efficiency estimateswith
different DEA models and then tests statistically several hypotheses. Next chapter
provides a comprehensive overview about research design and methodologies that are
applied to assess pocbmpetitivenessaanalyse market dynamics, benchmark ports
technicalefficiency and examine different hypothesthat study the impact of port

efficiency on port competitiveness in the defined market.
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CHAPTER FOUR
RESEARCH METHODOLOGY AND DESIGN

4.1 Introduction

Methodology is an approach thatows researchers tdlustrate and examinemethods
demonstratingtheir resources andimitations, categorisingtheir assumptionsand
consequences, ardkscribingtheir potentialities to research advances (MillE983
Saunders et al, 2@ It underlinesthe types of questions that can $tadiedand the
nature of the evidence that is generated (Clark,et284 Nachmias and Nachmias,
2008. As such, esearch methodology essentiato anytype ofstudyor researchThe
choice of reseach paradigm, type of data and itollection methodsand the
measurement toolgas significant implications upon the reseaanhlysis andesults

This chapterillustrates the methodology and techniques that are used within this
research to assess ports competitiveness and efficiency. The chapter consists of six
sections. The first section explains the research design, apprahskrategy as well as

the theory of IO and the Structure, Conduct and Performance approach that are used to
assess ports competitiveness and market dynamics. The second section illustrates the
main methods that are used to assess market structure. fichedbtiion explains the
method for evaluating the market conduct. The fourth section illustrates the various data
envelopment analysis (DEA) models that are used to assess the market performance
through the evaluation of ports efficiency as well as theahosed to assess the impact

of port efficiency on port competitiveness. The fifth section demonstrates the
VSHFLILFDWLRQV RI YDULDEOHV WKDW DUH XVHG WR DVV
and provide a brief explanation on data collection antiveoé used to measure port

efficiency. The conclusion of this chapter is provided in section six.
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4.2 Research design, approach and strategy

Research desigimparts completeguidance for thedatacollection and analysisf a
study (Churchill 1979). The significance of research design derived frdomitBon as

an essentialink between the theoryargumentanalysisthat informed the research and
the empirical data collected (Nachmias and Nachmias, 2088)selectiorof research
designindicatesdecisions about the priority being given to a rangamagnitude®f the
research process (Bryman and Bell, 2007), and thisawdbrdinglyhave significant
impact on lowerlevel methodological procedures such pgpulation smple and
statisticaltools Thus, t is a blueprint that enables researchers to find answersito the
researclguestions. Along with a clear research plan, it considers constiamitations

and ethical issues thatesearchwill certainlyencounte(Saunders et a2007).

The aim of this research is to assess the impact of port efficiency on port
competitiveness in the Mediterranean container market. In order to achieve this aim, the
research philosophy is based on the positivist approach. Thecoraiapt of positivism

is that the reality is stable and can rbenitoredand demonstratedrom an objective
viewpoint (Levin, 1988 Cohen et al, 20Q7without interfering with the phenomenon
under study Positivists assertedthat phenomena should be idelh and that
observationsts®uld be repeatable. Thentailsmanipulation of reality witrchangesn

only a single independent variable so as to identify regulatiigerm relationships
betweersome of théasicelements of the social wor(@aunders etl. 2007)

Comte (197) was the first to introduce this view, stated thall ‘§ood intellects have
repeated, since Bacon's time, that there can be no real knowledge but that which is
based on observed factsThis statementcomprisestwo assumptionsfirst, an
ontological assumption which reveals that reaktgxternal and objective.eSond, an
epistemological assumption that explains that knowledgapsrtant,if it is related to
observations of this external real{fgasterbySmithet al, 2002)
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The main reason for choosing the positivist philosophy is that it has a number of
implications. Firstly, a methodological one, as all research should be quantitative,
only quantitativeresearch can be the basis for valid generalisations and lawsdfgcon
valuefreedom which means that thselectionof what to study and how to study it
should beidentified by objective criteria rather than by human beliefs and interests.
Thirdly, causality which reveals that theain objectiveshould be tcascertaincausal
relations and primary laws that explain a particular behaviour. Fourth is
operationalisation, in the sense that concepts should enable facts to sagetiaad
analysed quantitatively. Fifthly, independence, as the role of the researcher is
indepenént of thephenomenon under studgnd finally, reductionism, which means
that problems arevell recognizedif they aresimplified to their basi@lements (Bond,
1993; Hughes, 198 EasterbySmith et al, 1997).

Positivistsassertthat the datacollection process shouldbe carried outin the social
environment andeflectspeoplef ktactionsto it (May, 1997) Basicpositivist methods
entail observations, experiments and survey techniques, and ajtaprisecomplex
statistical analysithatgenerate theridingsand resultandempirically test hypotheses
(Schiffman and Kanuk 1997).

The aim of the positivistic researcher is to generalise the results to reflect the larger
population. As such, the positivistic deductive approach is used in this reseatrch as
entails that the theory must be firgleterminedand thenexaminedby empirical
observations. If the theory is falsified, it has to be rejected, and a neshonkl be
formulated to replace it. The choice of ttheductive explanatory approach basedt®n
important characteristics thatateh the basic features of thesgtivist approach in terms

of the existence of causal relationships between variables, developing and testing of

hypothesis, operationalisation and generalisgi@sterbySmith et al, 02).

Following the positivistic deductive approacthe researchstrategy involves an

empirical investigation of a particular contemporary phenomenon within its real life
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context using multiple sources of evidence. In this context, the Mediterranean container
port market is used amn area of studjo analyge the impact of port efficiency on port
competitiveness. In order to be able to answer the research questions gnthetud
dynamics of the Mediterranean container port martket,research model is applied to

the top 22 container ports in the Mediterranean bdgie selectegborts represent the

large and medium size container ports in the defined mtrkehavehroudhputs equal

to or greater thaB00,000TEUs in the year of 2012Moreover, the selectioof these

ports is based oport location as these ports shaeither the same or overlapped
hinterlandandbr foreland.The smallercontainer ports are intentionally ignored from

the study as those ports do not have the facilities that enable them to compete in such a

dynamic market

The research uséise data related to the infeafperstructuras well as the throughpat
the seleted portsfor the period of 15 years between 1998 and 2@t8sssectional
data for the year of 2012 as well as a panel data fgpehed between 1998 and 2012
are usedasatime horizon for the researcilhe main strength dhe panel datas the
capaity that it has to studgevelopment andhange. Moreoveit enablesesearcher

to exercise a measure of control owtudiedvariables, provided that they are not
influencedby the research process itself.tihe panel data analydise basic question is
"Has there been any change over the st8dy U L(8a&aitiders et al, 20Q7)

As a result of choosing the above explained paradigm, this research will test the theory
of industrial organisation and SCP approach in order to assessffédot of port
efficiency on port competitiveness in the Mediterranean container market. In order to
achieve such aim, as shown in figure 4.1, as far as the research methodology is
concerned, the researphocedures are as followthe area of study, the éditerranean
container market, and the container ports were first seleCtedsecondarydata was

then collected through the use wérious issues afhe Containerisation International
yearbooksfor the study periodSecondary data is useatlie to theunavailability and

unreliability of direct datdor the sample port$ort authorities do not allothe release
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of detaledGDWD UHODWHG WR WKHLU SRUWVY IDFLOLWLHV D
that could affect their competitive position withtlne port market. They treat such data

as confidentialnformation 7KH IDFWRUV WKDW DUH DIIHFWLQJ WKH ¢
ZHOO DV WKH SRUWVY HIILFLHQFLHY DUH GHWHUPLQHG D

selected. The dependent and indepandariables are defined accordingly.

The research follows a threstage procedure. In the first stage, following the industrial
organisationconcept, the SCP approach is applied to assess market structure through
the assessment ®fort competitivenestm the Mediterranean container port market by
using five assessment techniques. These methodshar&-Firm concentration ratio,

the HirschmarHerfindahl Index (HHI), the GinCoefficient, the Entropy Index and the
Boston Consultant Group Matrix. Thesassment of market conduct is carried out
through the use of the Shithare analysis that measures the container ports' share

effect and shift effect.

In the second stagenarket performance isnalysedthrough the benchmarking of
FRQWDLQHUe®&R Bive\nfirmpataietfic DEA models are used to assess po

efficiency. Thesemodels are: the CCR model that measudsKH SRUWVY DJJUHJ
technical efficiency (AE), the BCCmodel that angsis the ports' pure technical

efficiency (PTE), the supesfficiency (A&P) model thatanks the efficient ports, the

sensitivity analysis model that checks the sensitivity of pofigiencies through

verifying whether the efficiency scores of ports undadgtare affected appreciably if

only one input or outm is eliminated from the DEAnNalysis and the slack variable

analysis model that explains the wlion rate of input and output variables by
determining how many inputs to decrease, and/or how many outputs to increase, so

as to transform thaefficient port to becoming efficient.

116



Selecting of 22 container ports

'

Secondary Data collection

v

Hypotheses formulation

v

Variablesspecification and
determination of dependent &
independent variables

v

$VVHVVPHQW RI SRUW
IO (SCP) approach
Structure- Conduct- Performance

\ 4

Stagel

Market structure

HHI
Gini Coefficient
Entropy Index
BCG matrix

A 4

Market conduct

(SSA)
Shift-effect
Shareeffect

A 4

Stage 2

Stage 3

Market performance

Efficiency measuremen
(DEA models)

A 4

CCR *AE

Analysing the impact of
port efficiency on port
competitiveness
(Hypotheses testing)

Correlation analysis

BCC- PTE

A&P tSuper efficiency
Sensitivity analysis
Slack variable analysis

A 4

Model Reliability and
Validity test

A 4

Operational
environment testing
Bootstrapping
Truncated Regression
Analysis

Figure 4. 1- Research methodology procedures and assessment techniques
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In this way, the proposed approach uniquely addresses potential problems ef small
sample bias typically met in standard parametric estimates and consistently supports
management decisions of port operators regarding the internal and external operational

environment and their competitive strategy.

Moreover, correlation and regression analysis is also used in this stage to analyse the
impact of port efficiency on port capetitiveness. TheSSHD UP D Q oxderUD Q N
correlation coefficients used to test a number of hypotheses that have formulated on
the basis of a corpus of traditional economic theory of port efficiency. The correlation
analysis has permitted the comparatagsessment of the consistency of the results
obtained from the different approaches and models that used to assess port
competitiveness and efficiency. Thus, to a large extent, has provided an empirical

validation of the approaches and techniques thenselve

Finally the research reliability and validity will be tested. Thus, different types of
reliability such as equivalency, stability amdernal reliability will be tested. Four types

of validity that are related to the research conceptual frameworkpagp design and
model will be examing and verified. These types amternal, external, construct and
statistical validity. Next section illustrates different methods and techniques used here in

this research to analyse the competitiveness of the &tegliean main container ports.

4.3 Assessment of port competitiveness
4.3.1Industrial organisation and SCP approach

Industrial economics (IE) is anique section of economics which deals with the
economic problems of firms and industries, and their relationship with society.
Industrial economics concepts stute strategiesof firms towardstheir competitors

and customers and alsteterminefirms that are competite or less competitivén a
particular marketBasically, there is nodisparity between industrial economics and
microeconomics However there is a distinction between microeconomics and

industrial economics. Micro economiasuallyemphasisesn simplemarket structures
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competition and monopolyyhile IE focuseson oligopoly market. IE is morfocused

onpolicy issueghan micro(Smit, 2010)

In the USA, two schoslof thought longarguedthe analysis of industrial economics.
First is theHarvard,strudure conduct performancsechoolin which market structure
affects the firms flbehaviourin the market, and theehaviourof firms verifies the
various aspestof market performance. The connotatiof this argument is that
government shouldpply a relatively high level competition policygsimedto limit
strategicbehaviour(Smit, 2010).

Second is the Chicago schodhis schoolargueghat anythings done byone firm can
be done by any other equally efficient firm, unless some higher potvezferes As

such the main source of monopoly power is governmatdgrventionin the market
place. Government, bytentionor ineptnesscan prevent some firms from coetmng,

to thebenefitof other firms.Apart fromthe preventionof nakedcollusion,there is litte

that government can dtom enhancemarket performance;a laissez fairestrategyis

preferred Edwads et al, 2006)

The SCP paradigns appliedas an analyticahpproachto illustrate relations amongst
market structure, market conductdamarket performance. The SCP paradighat
developed by Bain (1959)yas the brain child of the Harvasthool of thought and
wide spreadduring 194060 with its empirical workconcerningthe determinationof
correlations between industry structure aedigrmanceThe SCP hypothesis has lead

to theestablishmenof most antitrustregulations

Traditional industrial economics defines market structure as the number of competing
firms and their market share. Market structure is a fundamental determinaatiet
conduct, the magnitude of price and fmice competition. Market conduct accordingly
illustrateseconomic performance, particularfy | L U Prgffis areincreasedhroughthe

practice of monopoly powenr oligopolistic collusion
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Economists inndustrial orgnisations have, however, deviated from assertisty@ng
causal relationship between concentration and competition. It is claimed that, in
equilibrium, concentration and performance are collectively influenced by primary cost
and demandactors Thus, the unfavourablenpactsof rising concentration are less
definite. The contemporaryindustrial organization economics has brought strategic
aspects to the fore, emphasizing #ignificanceof barriers to entry and strategic
interactiongPaha 2013)

The modernindustrial organiation categorises markets into six broad types. Three
market categories ardeatured by high market power and mainly affective
competition which aremonopoly, when one firm has 100 per cent, dominant firm,
when one firm has from 40 to 99 per cent and tight oligopoly, when four firms have
over 60 per cent. The other three market categories disfilegtive competition which

are: loose oligopoly, whenfour firms have less than 40 per cent, monopolistic
competition, when many competitors each with a slight degree of market power; and
pure competition, when the market encompasses many competitors and none of whom

has market power (Beattie et al, 2003).

4.3.2 Assessment of market Structure

In theindustrial organiation theory market structure is featured by having considerable
stability. This is due to two inteelated but mutually reinforcement factors, one
empirical and the other theoretical. Measurement of market structure that is most widely
used in United Kingdom, UniteStates and Canada is an assessment of concentration.
The most commonly used concentration tool is the percentage of output, or any other
indicator of industry size, such as employment, assets or throughput comprised by a
small number of the largest firm§leasures of concentration express characteristics of
the firm size distribution at a point in the time. The size distribution varies slowly over
time and so do the companion factors of concentration (Lam et al, 2007). Market
structure will be analysedehe in this research, by using concentration indices. These

allow the number and size distribution of competing ports texipéainedn the form of
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a singleparameter index. These indices can also be defined as a direct measure of
the degree abligopoly (Scitovsky1955 Lam et al, 200/

One of the most debatable issues in industrial economics is related to the proper method
of measuring the size distribution of firms in an industry. The literature is full of indices
that are peated by the originators,Hall and Tideman (1967) and Hannah and Kay
(1977). Such an imperative search for the optimal measures highlights a number of
elements; there is no generally accepted model that associates structure, behaviour and
performance from whichy index can be derived. Due to the absence of such a model,
some researchers give different weights to the various dimensions of market structure
(Notteboom, 2002)

Apart from the lack of consensus as to which market structure index is outstanding,
there & a large agreement that the index should consider at least two aspects of the size
distribution of firms; the number of firms and the firms' sizes variance. Thus, many
indices are featured by that they increase if either the number of firms' falls or the
degree of dissimilarity in firm size increases. Market structure indices can be classified
into two broad categories which are discrete and summary indices. Both are
distinguished in the set of points from the firms' size distribution that are usedve deri
theindex (Notteboom, 2006c¢)The discrete measures use data on the market share of a
small number of the largest firms. this context, concentration ratio (CR) is the most
commonly used method that uses the leading four (CR4) or eight (CR8) firms. In
contrary,the summary measuresise all the data points in the size distribution. These
measures mainly vary in how they evaluate the individual firms' market shares. The
Herfindahl index measures each market share by itself, while the entropy indetxeuses t

log of share as the weight (Baldwin, 1995).
Analysing the firm size distribution tonake assumptianabout the degree of

competition in an industry is commonly practiced throughout examining the dynamics

of concentration and market trend to assessgd®min the intensity of competition. In
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this approach it must implicitly be viewed that the more dynamic the competitive
process, the greater the expected change in concentration. Mergers, entry, exit, and the
rise and fall of incumbents should all leadctzanges in the size distribution of firms

and, hence, changesdancentratior{fNotteboom, 1997)

Entry of smaller firms may cause a decrease in concentration.-8hekeay also lead

to an increase in concentration. These changes may occur not cals®&dt increases

in international competition due to falling transportation costs and tariff barriers,
technological changes and shift in demand, but also due to oligopolistic interaction and
the dynamics of market competitigNotteboom, 1997)The features, limitations and
relevance of the different forms of concentration indices are demonstrated in the next

section.

4.3.2.1 The kFirm Concentration Ratio (CRK)

A concentration ratio is the percentage of the total industry output that the topfirms
the industry have. The higher the ratio, the cldber marketto an oligopolistic or
monopolistic type of market structure. The most commonly used concentration ratio is

the fourfirm concentration ratio (Maunder et,dl991).

Concentration ratiosvary betweenO per centand 100 per cent A 0 per cent

concentration ratiddemonstratesan extremely competitive markefA 100 per cent

concentration ratioevealsan extremely concentrated oligopoly or gweonopolyif the

ONE-firm concentration ratio is 10Qper cent Between these two extremes,
concentration ratios can fall into low, mendiy and high concentration. Low
concentration means a meentration ratio of 0 to 5per centis usuallyexplainedasa
marketwith low concentration. Monopolistic competitities atthe bottom of this with
oligopoly emergng near the upper end. Mediurancentration reveals a concentration
ratio of 50 to 8Qper centis considerech marketwith medium concentratio{Chen &
Liao, 2011)
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Thesemarketsare very much oligopoly. Highonicentration presents marketwith a
concentration ratio of 80 to 1Qfer centis shownas highly concentrated. Government
and policy makerare usuallyfocused omarketsfalling into this category. This index
indicates the share of any selected vaeialwhich might be asset valueumber of
employeescapital employedport throughput, etc., accounted for by the k larfjesits
in the industry (Maunder et,al99% Chen & Liao, 201 For the purpose of this
research, it can be explained as:

b

%, L 1 5y

-
where 5js the share of port throughpuibn the Mediterranean market arkl
represents the number pértsover which the index will be calculated (from largest
down). Themain advantage of the-krm concentration ratio lies in its simplicity. In
addition, the data required can usuale found in published sources. Therefore,
previously, there haveelen omnipresent empirical applications of tihidexto a wide
range of differentmarkets However, this index does have some disadvantages. In
principle, the choice ok is illogical. Slight support can be given on why CR4 is
applied instead of CR3or CRS8, forinstance, due to the recogrdsconfidential
nature of the required data that is relatively difficult to be obtained. Thus, the CR4 is

more commonly used than CR@aunder et al, 1991)

In reality, the kfirm concentration ratio considers only tké&argest ports in the defined
market and that the role played by the other ports is ignored. The index also focuses
only on the inequality between the leads®jof ports and the others outsi that group

and, thusjgnoresthe relative sizalifferenceswithin the leading group (Phillips, 1976
Notteboom, 1997 2010. In general the index reveals limited data on market
concentration and may omit significasitasuch as the percentagémarlket share for

each firm of the top four firms in the market. In order to avoid the above mentioned

disadvantages of the fefirm concentration ratio and to provide a comprehensive
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analysis for port market structure, Hirschitd@rfindahl index (HHI) is usetb identify

how competitive the Mediterranean port market is.

4.3.2.2 HirschmanHerfindahl Index (HHI)

HirschmanHerfindahl Index (HHI) is a tool used to measure the size of firms in
relation to the industry and an indicator of the amount of competition among them. HHI
is an economitool widely usedin competition law, antitrust law and also technology
maragement. The HHI waastablishedy Hirschman (194). For the purpose of this
study, itis defined as the sum of the squared values of each port's mar&ehahis
attained by comparing the throughput committed b&sch port against the total

throughput of the defined ports in tharket(Zhang et al, 2001)It is explained as:

a

. GSI‘I'I'I‘
Ll 8=

_.

Q**+Qsrrrr

Where 5is the throughput of porit on the Mediterranean market ands the total
number of the defined ports in thearket. HHIconsiderghe entire size distribution of
ports on the market bgssigninga weight to both the number of ports in the market and

the inequality of market shares.

According to the US Department of Justice (1982), the Federal Trade Commission, state
attorneys and horizontal merger guidelines (1992), the agency considers that a market in
which the HHI is below1000 is ueoncentrated. If the HHI is between 1000 and(180

the market is moderately concentrated. When HHI is more than1800, the market is

highly concentrated. An increase in th¢Hl generally indicates a decrease in

competition and an increase|mfrketpowel whereas decreases indicate the opposite
(Cariou, 2007a)

The HHIemphasises the importance of larger ports in the market and takes its minimum
for Q=1/N, and its maximum foiQ=1. The results obtained with this method cannot

be compared since the lower limit of the HHI changes with the number of lports
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Thus, it is better to normalise the HHI so that it takes values within the randg [0

regardless of the numbBI In that cas, the index will be written as:

Two advantages for using Herfindahl index are that it considers all firms in an industry,
and it gives extra weight to a single firm that has a particularly wide market share
(Colander, 2001)However, HHI fais to measure the distribution of the firms output. In
order to avoid such a limitation Gini coefficientused to explain the degree of equality

of the ports output (throughput).

4.3.2.3The Gini Coefficient (GC)

The Gini index or Gini coefficient is one of the main inequality measuresanomics

This index can be applied to measure the distribution of income, weattBumption

or any other kind (Xu, 2004). Hence, from the statistical point of vieis,atfunction

of the mean difference. It is attractive to many economists as it has an instinctive
geometric interpretation, that is, it can be described as twice a ratio of two regions
explained by the line of perfect equality,-dégree line, and the Lorenz wearin the

unit box. It is also an importamiementof the Sen Index of poverty intensity (Xu and
Osberg, 2002).

There are two maimethods foranalysingtheoretical results of the Gini index. One is

based on discrete distributions, while the other idamn continuous distributions.

Both approaches can be unified (Dorfmaf79 Notteboom, 199/ Neverthelessthe

major drawback of Gini index is that two very different distributions can have the same

value of this index and, thus, it is not possibl@léermine which distribution is more

equitable. This problem has been encountered in the literature by means of stochastic
dominance (Fishburn, 1980) and inverse stochastic dominance (Muliere and Scarsini,

1989). It is worth noting that a more general sStulV FDUULHG RXW LQ 1XeQXx

where several approaches are presented.

125



To avoid this problem, it is proved that the square of the coefficient of variation can be
thought of as the ratio of the area that lies between the curve of equality and tie Lore
curve in the same way as can the Gini index and, thus, it can be used as an effective
measure to discriminate between two distributions when their Gini indices are the same.
The Gini index can be defined for any random variable with azeon expectatin and

not only for nornegativeexpectationgNotteboom, 2006c¢)

As shown in figure 4.2, &orenz curve (1905) can be used to explain the cumulative
distribution by rank order of the market sharegofts and to determine the market
concentratiorevel. The GC wasntroducedby Gini (1921) as a statistical method to
measure inequality in a population that is based on the Lorenz curve and is expressed as
a ratio. If the area between the line of perfect equality, the 45 line, and the Lorenz curve
is A, ard the area under the Lorenz curve is B, then the GC is theoretialdlylated

as A/(A + B). The GC variebetweenzero, when all observations are equaid a
maximum value of one in an infinite population in which every observation except one

has amarket shareof zero(Lam et al, 200).

Gini Coefficient = —~
m>n

Cumulative % of studied variables

Cumulative % of population

Figure 4. 2- Lorenz concentration curve.

Source: Adapted romlRWWHERRP 7 ( F p7UDIILF LQHTXD@ouivdl LQ VHDSRL
of Transport Geographyi4 (2), 95408.
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When utilising unrankedharket share data, the GCsisnply calculated as the relative
mean difference between observations, the mafathe difference between every
possible pair of individual observations, divided by the mean market share p (Dixon et
al, 1987; Damgaard and Weiner, 2000):

Algs Algs *bF Ut
tJ6&

Where GC is the Gini coefficient}yepresents the throughput of each goan the

) %L

Mediterranean markej, is the mean throughput ands the total number of ports in the

Mediterranean market.

If the data are ordered by increasing masdketre however, th&C can be calculated as
follows (Dixon et al, 1988 Nottelmom, 1997 2010.
A tEF JF s;

) %L 34

However, in this empirical application, the GC is calculated using the more practical

and commonly used formula, referred to Brown (1994):
a
Y%L -sF 1 :TyF Tops;:WE Ups;-
Ve
where Tydenotes the cumulated proportion of the population of ports on the

Mediterranean market (withl,y= 0 and Tyz= 1) and Upresents the cumulated
proportion of the market share variable (withb= 0 and U= 1). Per se, th&C
measues the cumulative percentage of output that is comprised by different
percentages of the number of ports in the defmadket(Lam et al, 2007)

The small sample discrepancy propertiesG&f are not known and large sample
approximations to the inconsistency @C are poor. Therefore, it has been illustrated
that the sampl&Csexplained above need to be multipliedrid{n-1) in order toattain
unbiased estimators of the population coeffigerfGastwirth, 1972; Mills and
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Zandvakili, 1997 Lam et al, 200Y. However, the main disadvantage of (A€ as an
index of concentration is that, although it reveals the degree of inequality in the market
shares of portsinder studyit does not take to consideration the absoluteimber of

ports in the market (Rosenbluth, 199%otteboom, 2010 An integrated method for

Gini coefficient is the entropy index that is explained in the next section

4.3.2.4 The Entropy index(El)

Entropyindex is anmportanttechnique that demonstratedferencein distributions at
specific moments in time (market shares) asdalysestechnical chang®ver time
Entropy statistics ar@appropriateto decomposition analysis, whighakesthe index
preferable to altertaves like the Herfindahl index in cases of decomposition analysis
(Lam et al, 2007)There area lot ofapplications of entropy in th&omainsof industrial
organisation. Tools of entropydex are utilised in empirical research in industrial
organisation, L Q Q R Y Devvhdm@d] Vegional scien@d economics of inequality.
The entropy conceptestablished byBoltzmann (1877) and has beemrovided a
probabilisticanalysisin information theory by Shannod448). Theil (1967, 1972)nd
Notteboom (1997 2010) developed several applications of information theory and

Statistical Decomposition Analysis.

A commonapplication of the entropgonceptin industrial organisation is in empirical
researchof industrial concentration (Hildenbrand and Paschen 1964; Finkelstein and
Friedberg 1967; Theil967 Notteboom, 19972010 2012. As far asa distribution of
market sharess concerned entropy is an inverséndex of concentrationvarying
between0O (monopoly) to infinity (perfect competition). Thiedex complies withthe
seven axioms that are commonly listed raquired properties of any concentration
index (Curry andseorge, 1983). These axioms aeisein the cumulative share of the
ith. firm, foralli UDQNLQJ ILURVNin descending order of L U Ri¥e,
entailsan increase in concentration, thetion of transfers should hold which means
concentration should increase or decrease, ifntketshare of any firm is incread at
the expense of darger or smaller firm, the entry of new firms should reduce
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concentration, mergers should increase concentration, random brand switching by
customershoulddecreaseoncentration, ifQis themarketshare of a new firm, then as
@becomeggradually smaller so should iéffect the concentration index and random

factors in the growth of firms should increase concentrgiimiteboom, 2010)

Horowitz and Horowitz (19683uggestecn index of relative entropy by dividing the
entropy by its maximum value lod8). As such oneattainsa concentration index,
which lies between 0 and The maindisadvantage of the relative entrapgexis that
axiom (k) no longer holds. Mergersot only decreaséhe value of H, but also reduce
the value of logZn). Since there may beralatively greater fall in logZn) than in H,

concentration mape reduceafter a merger.

The generalisd entropyindex is zfgeneralequatiovrfor calculatingredundancy in data.

The redundancy can behowed as inequalityponrandomnessjack of variety or

segregation in the data. Theinuse is fojfincome inequalityUllah and Giles, 1998).

It is the same ashe conceptof|redundancy in information theqmhat isrelated to

Shannon entropyin|information theory entropy isan indexof the uncertainty in a

random variabIF(Ihara, 1993). Thendex normally denotesto the Shannormntropy,

which measureshgestimatedrsalugof thgdatgincludedin a message (Brillouin, 2004).

Shannon entropy, first introduced [Bhannon(1948), is the averagandomnessn a

random variable, which is equivalent to|datacontent The entropyindex calculates

the datathat isindicatedin the form of a frequency, distribution or probability. In its

simplest first order form, it is given by:

El=-AlgQ @ r Q'+Q J
Where Qjs the port throughputandn is the total number of ports in the Mediterranean
market. The advantage of thisdex is that it can be decomposed into witiset and
betweensetentropies if there are distinctive sabtsof ports on the market (Jacquemin
and Kumps, 1971; Curry and George, 1988tteboom, 2010, 20)2The value of the

subsets contributing to thewhole level of market concentrain can also be
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demonstratedHart (1975 and Jafari et al. (20)3ndicatedthat the firstorder entropy

depend®n the numbeof ports (n) in the market.

Thus, it ranges between 0, when the market is concentrated into a single port
(monopoly), and I(N), when container traffic is distruted equally among all ports.
Thus, the results obtained with this equation cannot be compared since the upper limit
of the El changes with the number of sectdrsAs such, the Entropy Index must be
also normalised according to the following formula;

YA
MIR;

"4=5sF

It is also important to realise that, entropy can domsideredas the opposite of
concentration; thgreater thaneasured levedf entropy, thenigher theindex valueand

then the lower the level omarketconcentration(Jafari et al, 2013 However,port
competitivenessan alsde measured through the visuatisn of market dynamics that

can be measured by using market share and average growth rate. In this context, Boston
consultant Group matrix is applied in this study aoalyse the dynamicef the

Mediterranean container market.

4.3.2.5 Boston Consultant Group (BCG) matrix

7KH %9RVWRQ &RQVXOWLQJ *URXS %&* ZDV GHYHORSHG 1
managing a portfolio of different strategic business units (SBUshis research, the
BCG matrix is usedio visuali® the dynamics between the container ports in the
Mediterranean market. The BCG Growdhare Matrix is a foucell (2 by 2)model
used topresentbusiness portfolio analysis asstagein the strategic lanning process.
The Matrixlocatesthe different SBUs based on Market Growth Rate and Market Share
relative to the mossignificantrival (Notteboom, 1997)Based orthis model business
could be classified as high or low according to tmearketgrowth rate and relative
market share.
Relative Market Share= SBU throughput this year / leading competitors throughput
this year.
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Market Growth Rate = Market's total throughput this yeaMarket's total throughput

last year.
The analysiscompelthat bah measures be calculated for each SBU. fEaure of
market strength, relative market share, will measure comparative advantage
demonstratethy market dominance. THeasictheoryexplainingthis is existence of an
experience curve and that market shaattaineddue to overall cost leadership
(Armstrong& Kotler, 2005)

BCG matrixconsists of four cellshe horizontal axisndicating relative market share

and the vertical axisepresentingnarket growth rate. The nyooint of relative market

share isplaced D W , ] DOO WKH 6Marg&d}vhelauerhge Qrowtb Fate of
themarketLV XVHG :KLOH LI DOO W#ibustriarBsfisuhdnthel MRiIRFDWHG |
point isaligned at theeconomygrowth rate Resources ardistributedto the business

units according to their situation on the grid. The four cells of this matrix have been

called as stars, cash cows, question marks and dogs. Each of these cells represents a
specifictype ofbusinesgNotteboom, 1997)

The BCG matrixoffers a model to compare many SBUs #ie same timeand for
allocating resources between tharious SBUs. The BCG matrix distinguishes four
distinct market positions. SBUs with a relative high market saadhigh growthrate
are definedas Stars. SBUs with a relagivhigh market sharandlow growthrate are
definedas Cash Cows. SBUs with a relative low market shatthigh growthrateare
classifiedas Question Marks. SBUs withrelative low market share in alwiv rateare

nominatedas Dogs Armstrong& Kotler, 2005).

The BCG Matrixestablishesa modelfor allocating resources amongriousbusiness
units andcomparesmany business units at the same tildewever,BCG Matrix has
some limitations. First, BCG matrixcategorisesbusinesses akigh and low, but
generally businesses can be medium asosuch the true nature of business may not

beindicated Second, market is natell defined in thismatrix. Third, high maket share
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does not always lead high profits. There are high costs alangledwith high market
share. Fourth, gwth rate and relative market share are not the datyors of
profitability. Fifth, thismatrix ignores otheelementof profitability. Sixth,somdimes,

dogs may help other businessesitainingcompetitive advantag They cargaineven

more than cash cows. Sevenfbr, the purpose of analysi#h)is fourcelled matrix has
simple structure Next section explains the method used to assess market conduct
through the measurement of ports market share and shift effectSé&hU W V
competitivenesgNotteboom, 2012)

4.3.3 Assssment of market onduct
4.3.3.1 Shift Share analysis

Market conduct is theeal behavioursof firms in a market. It explains how the firms
react to the conditions imposed by the market structure and interactsowifetitors
Conductentails WK H 1L U PV fto ¢dMnpelWith Eadth \bther.dbmprisesesearch
and development investmeatj\ertising,pricing, merger and acquisition. Conduct also
can containcollusion either explicit or tacit. Conduct &fectedby market structure
since firm strategiesvary with competition.In contrary conduct carmaffect market
structure because firms camake entry cost endogenous sstectingdifferent levels of
advertising quality and so on, thusnfluence the potential competitor number
(Notteboom, 2010)Conduct is also related to performance. For example, advertising
costis usually higher in highprofit industries, because firms withigh profits can
afford higher advertisingxpensesand in order tonaintaintheir profits anchindernew
competitoranto the profitable market, these firms would use advertising imesgts as

endogenous sunk cogtsam et al, 2007)

Shift-share analysis is one way #malysemarket conduct and to account for the
competitiveness of a region's industries and to aaalye local economic base. This
techniques basicallyused to decompose employment changes withiecanomy over
a specific period of time into mutually exclusieeements It illustrateshow well the

region's current industries aeeting by analysingthe national, local, and industrial
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components of employment change. A shifare analysisffersa dynamic account of
total regional employment growth thatredatedto growth of the national econonayd

the competitive nature of the local industriédél son et &, 2005)

The shiftshare regionally developed in the framework of regional econoimit#, is

also appliedo the maritime sector tget more insight into thdynamics ofport traffic

(Marti, 1988;De Lombaerdeand Verbeke, 1989; Notteboom, 1997). Although shift

share analysis cannogxpress changing conditions in thecurrent competitive

environment, ienableslividing the growth or decline of a variableVKLIW Y HIITHFW DQG
MVKDUHTYT HITHFW Tegrdsqnighe Bstimbfedddreageofcontainer traffic in

aport as if it would simplyetainits market share and, asesult woulddevelopin the

same way as thetal port market(Notteboom, 1997)

The total shifrepresentsheaggregatenunber of containersiEUs) a port has actually
lost to or won from competing ports in the same market, with é@séimatedcontainer
traffic (share effect) as a reference. The shift efédiciws fora betterevaluationof a
SRUWTV FRP SHtektlviadkidHgoiti uf the overall container sector, only the
net volume of TEkhift between ports remains (Notteboom, 1,9201Q. The total
sum of the shifeffects of all studied portsequals zero. Mathematically these

constituentgan becalculated as:
ABSR = 6'7y - 6" 7y4s SHARE] + SHFT]
A%s 6" Ty, }
S5*#A'L Frg—=75 - FsG& ' Ty,
i , A &
5*(6L6'7y Fre——5—
@
WhereABSGRis the absolute growth of container traffic in pofor the periodR F
Rexplainedn TEU. SHARE is the shareffect of porti for theperiod B F Rexplained

in TEU. TEU is the container traffic of portexpressed in TEU, ard is the number of

ports in the Mediterranean container port market.

133



However,Shift-share is a simple analytidalol that does not considerany factorsFor
instance it reducesthe effect of issues such as business cyclesognitionof actual
comparative advantagesid differences caused by levels of industrial detail. Program
outputs should bexplainedwith caution, given limitations of the methodology, and
appliedin conjunctionwith other regional analysismethodsto get a more complete
representationof market dynamics Moreover, the shifshare technique does not
analysechanges in earnings)come,or valueadded, which are alternativeputsof an
industry's size and stremgt(Notteboom, 1997). Next section illustrates the various
models that are usetb assessnarket performance by benchmarking the technical

efficiency of the Mediterranean container ports.

4.3.4 Assessment of markgierformance and ports efficiency

The SCP approadndicatesthat performance should be determined by the conduct of
firms. This conduct is themmeasuredby the featuresof market structures. The
relationships between structure, conduct and performance wiltélrealthe models of

monopdy, oligopoly andperfectcompetition(Jones & Sufrin, 2010).

In order tokeep pace witltrade oriented economic development, port authorities have
been under pressureg¢ahanceport efficiency by ensurinthat pors are provided on an
internationally competitive basisThe methodsfor measuringproductive efficiency
appear once the empirical watkistratesthat firms do not always succeedachieving
their objectives of economic optimisation, even when theyAsysuch theimportance

of comparingoetween what firms produce and what they could have produced arises, in
other words, quantifying its inefficiency. This task is handled&sessinghe distance
that splits the production of each firm from the productiatiainedby the besfirms
observed if theyutilised the sameype of inputs as the firm analysed. Thoption is
faced byestablishinga new analyticamodelthat, starting from theealisationof the
optimising performanceof the producers, recognises that these are notyalwa

successfu{(Gonzalez & Trujillo, 2009)
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The newevaluationtechniquesnust capture the possibility of different levels of success
or failure amongirms, or even ofconsideringthe reasons for this failure. Theseof
frontier approachefasincreasedsignificantlyin recent years through its applicatian t
various production sectorsBauer (1990) and Wang et al. (2005highlighted that
several reasons justify the use of such motleéy explained that the frontienodelis
consistent with the economticeory of thel L U Bptifhisingbehaviour; deviations from

the frontier canbe explainedas an evaluatiorof the efficiency through which firms
attain their objectives; and the information they provide in terms of the relative
efficiency of firms hasmportantpolicy implicationsand is of great value tdecision
makers As such, in this study, the DEA technique is used to assess the technical

efficiency of container ports in the Mediterranean mafi&emnzalez & Trujillo, 2009)

4.3.4.1 Fundamental cncept of Data Envelopment Analysis (DEA)

Data envelopment analysis can be defined as a linear programming technique based on
mathematical programming theory. DEA calculations are nonparametric tools of
evaluating the efficiency of a firm, decision makiagit (DMU), with various inputs

and/or outputsKoitraset al 1996). This can be done byeatinga single virtual output

to a single virtual input withoupre-defining a product function. DEA does no¢ed
knowledgeor measuremerdf a priori weights for the inputs or outpufss such these
characteristicsnake DEA a more flexibléechniqueas compared to othéraditional
efficiency methodgderived from stochastic production frontier or economic value added
(EVA), which are basedn production function estimatiaoncerningmany inputs but

only one output (Cullinane & Wang, 2007).

DEA as a benchmarking and efficiency measuring technique is widely used in various
fields such aseducation, health care, banks and maritime transpéartData
(QYHORSPHQW $QD O\ Vdtiieshaveincluédrl €ffitiency evaluation of

firms with featuressimilar to pots, such as courts (Lewin et 41982), wst offices
(Deprins et al,1984), air force raintenance units (Charnes et al, 1985), hakpit

(Banker et al,1986) and schools (Ray 1991). Moreover, DEA permits unconventional
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measures such as the number of graduates, number of patients served, even journal
ranking (Burton and Phimister, 1995) to dndised for efficiencyestimation DEA has

also beenusedin the transportation sector to airlines (Banker and Johnk®&4,
Charnes et all997 andrailways (Oum and’u, 1994).

DEA provides a substituteto classical statistics in extractingata from sample
observationson the contraryo parametricechniquesuch as regression analysis which
matchthe data through a single regression pldDEA optimies each individual
observation with the objective of calculating a discrete pr@ise frontier determined
by the set of Pate efficient DMUs. Thecentral point of DEA is on individual
observans as opposed to single optiatisn statisticaimodelswhich emphasizeon
averages oelements In this study, DEA refers to each port as a DMU, in the sense
that each is responsibfer converting inputs into outputd EA model can include

multiple inputsandmultiple outputs in its efficiencgssessmeriKambleetal, 2010.

The DEA has two basic models. Following Farrell (1957), the first model is known as
CCR (Charnes, Cooper and Rhodes, 1978) model that had an input orientation and
presumed constant returttsscale (CRS). The second model is the BCC that is first
establisked by (Banker, Charnes, Cooper, 1984hich had an assumption of variable
returnto-scale (VRS) (Wang & Cullinane, 2006 There are another four DEA models
which are: the additive model, the multiplicative model, the c®ato DEA model

and the AssuraneBegion DEA model. The latter two models comprise priori
LQIRUPDWLRQ VXFK DV H[SHUWVY R SsulggtitiRighYin REBISRUW X QL
to limit the results to the best DMU as in the AssuraRegion DEA model or to
connect DEA with the mukHcriteria analysis as in CorlRatio DEA model(Barros&
Athanassiou2004)

As an extension of the DEA model there are also other models such as the DEA

Malmquist model which untangles total productivity change into technical efficiency

change and the DEAllocative model,which unravet technical and allocative
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efficiency. Moreoer, there have been a number of extensent developmenb the
DEA model. Forinstance Charnes et al. (198®stablishedvindow analysis to handle

panel data setbat includesross section and time series observat{@asros, 2006)

The DEA approab is based on thalea that the efficiency of a DMU measuredy its
ability to transform inputs inteequiredoutputs. Thisapproachwas adopted from
engineering which efines the efficiency of machine/process as Output/Input. In
this appoach, efficiencyestimateis always less than or equal to unity as some energy
loss will always occur during the trdnsmation process. DEA generass this single
output/input technical efficiencyestimateto multiple outputs/inputs bycreating a
relative efficiency estimatebased on a single "virtual" output and a single "virtual"
input. The efficient frontier is themeasuredby selecting DMUs which are most
efficient in producing the virtual output from the virtual input. Because DMUs on the
efficient frontier have efficiency score equal to one, inefficient DMUsd&trmined
relative to the efficient DMUs. The efficiency ranking is relative to other DMUS. It is
difficult to determine if DMUs jdged to be efficient are optinmg the use of inputs to

produce outputs (Ramanathan, 2003).

The term relative efficiency is used in DEA becauke efficiency of each DMU is
measuredn relationto all the other DMUsn the selected samplEor multiple inputs
and/or outputs, the envelopmentfage will be mitidimensional All those DMUs that
are locatedn the frontier have an efficien@stimateof one and are considered DEA
efficient, while thosdoelow will be categorisecas DEA inefficient and have efficiency

estimates of less than ofileongzon, 2001b)

Infante andGutiérrez (2013)explained thathte use of the DEAapproachhas been
emphasisean thearenaof production for theefficiency evaluation.In this research
DEA models are used to assess the techeitialency of container ports. Although this
is not thetraditional applicationof this type of analysis the meaningof efficiency

appliedin the model iglevelopedy (Mercado et gl1997):
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Efficiency = Total outputs / Total inputs
Overall, efficiency can bdescribeds:
Ak €4 o
Ag edo

WhereE represents efficiencyJiand Uare inputs and outputs respectively, wherégs

1 E‘ aé 1
L="52°&F formally; ' L
Aasece

and Rsignify factorsthatexplainthe relativesignificanceof everyone of thefactors If

the relativesignificanceof each one of the inputs and outputs were known a priori, the
focal problem of efficiency evaluation would nded however, thisdatais usually
unknown.Assessment oEfficiency usuallyincludesmultiple inputs and outputs\s
such they must bechosenin relation to the nature of the problem under study.
Methodologically, the researdlayout of DEA models, in which these aspects and
factorsare observed, leads not omtyefficiencyanalysis based on the DEAodelsbut

also to aifferentproposal teenhanceefficiency (Infante & Gutiérrez2013)

The above mentioneekplanatiornto the DEA techniquerovides aroverview about its
main features. Appendix 4.1 illustrates the pros and cons of thertls and how

canthe DEA features affect the efficiency analysis of a set of firms under study.

4.4 Efficiency analysis procedures and DEA models

Based on the literature, it is clear why research whagiocused orthe port efficiency
of emerging, advanced, and international markeisrelied mainly on the DEACCR
and DEABCC modelsregardlesghe fact that information technologies @merging
markets are not as advanced as those of deselopuntries (Emrouznejad et 2008).
Hence this researclappliesthese models as its base. Wang et al. (268@kinedthat,
in the contextof model orientation, inpubriented models aremore related to
operational and manageriaspectswhile outputoriented models areloselyrelatedto
planning and strategy formulation. With tHast expansion of globadation and
international trade, many container ports aégedto evaluateregularlytheir capacity
to ensure that they can providelequateservice to port users and maintain their
competitiveposition (Wu & Goh, 2010)From that perspective, thisesearchapplied
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the outputoriented CCR and BCC models to evaluate the technical efficiehcy

container ports in the Mediterranean region

There are two main reasons that justify this selection. First, since thecamaiarnof

this research lies with informing poligjecisions at local, national or regional levels, an
outputoriented model isnore convenient. Second, all available alternative models cater
for the case where there is a single output. Hence, the choice of an-aigpted
modelgreatly simplifies the direct comparison of all alternative models on -dceniee

basis. Anothertiractive reason lies with the greater analytical tractability and easier
data collection that is inherent in using just a single output variable as the basis upon
which the analysis isindertaken(Wu & Goh, 2010) The research proceduref the
presentstudy is summared in figure4.3. The DMUs for the study were first selected.
The selection of the DMUs, 22 container ports in the Mediterranean, is based on their

location and the container traffic served.

The availability of data for input and outpwiariables was significantconsideréion in
selecting ports. Then, by applying correlation analgéiheinput and outpuvariables

it waspossible tadetermineappropriatecombinations of input and outpvariables. To
provide a comprehensive overvievabout the Mediterranean container poré
examination of the efficiency of the present ad potential hubports in the
Mediterranean container market are included insth@ond phase dhe present study

This wasattainedby revising the combination afiput and output variables to allow for

the data that were available frothe studied ports. The third phase constitutes an
overview about the fundamental concepts of efficiency measurement and DEA models
that are used in this research. The fourth phaseiges a comprehensive explanation

about the DEA models. Five DEA models are used in the context of this research.

The DEACCR and BCC models are used to conduct an efficiency value analysis. As
explainedin Charnes et al. (1978) the CCR mopgedsumeshat the production process
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produces constant returns to scale. When the returns to scale vary, production

combinations will be scaled accordingly.

Selection of ports (DMUSs) in
the Mediterranean containe
market
v
Data collection DEA Models DEA analysis Model Implementation
solutions &
¢ 1.Efficiency value analysis. —> Analysis of results
- CCR model 2.Panel data & window
Selection of inputs and - BBC model analysis. '
outputs variables - A&P model 3. Super efficiency analygls.
- SCE model 4.Return to scale analysis. 4
¢ - DEA Panel 5.Sensitivity analysis Conclusions
Data & window 6.Slack variable analysis.
DEA Models definition & L analysis
theory

Figure 4. 3- Benchmarking and efficiency measurement procedure using DEA

models

Thus inefficiencies can beelatedto operations with different returns to scale. Banker
et al. (1984) therdevelopedon the constant returns to scale modeleltablishinga

variable returns to scale BCC model.

When the CCR and BCC modeajsre a valueof one to the efficiency of DMUs, it is
difficult to rank the efficiency andistinguishthe relative strengths and weaknesses of
already efficient container porgswywhere. Tasolve this problemthe super efficiency
model, A&P (Anderson and Peterserl993 mode| is used to underline the
discriminatory power of the CCR and BBC models in ranking the relative efficiency of
container ports ira particular market (Wu et al, 2010As shownin figure 44, with
respect to the efficiency value analysis, witechnical efficiency score of some of the
selected DMUs is less than 1, that means that those DMUs are technically inefficient,
this means that the efficiency of the inputs and outputs being used is not appropriate,
and that it isessentialto reduceinput or increase output. However, when the scale
efficiency of the selected DMUs is less than 1, that is scalidient, it means that

theoperational scale is nadttaining an optimal value, and that the operational scale
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shaild beexpandedor decreasedMoreover it is viable to compare the technical
efficiency scorewith the scale efficiencgcore with the lesser of the twdemonstrating

themaincause ofnefficiency(Lin & Tseng, 2007)

When the DMU efficiencycoreis less than 1, theausedor the inefficiency havéo be
determinedby applyingthe pure technical efficiency and scale efficiency model. After
identifying the cause%f inefficiency, the slack variable analysis model camusedfor
theenhancemerdf inefficient DMUs. Tha by using return to scale analysis, ilikely

to examinethe Qvalue from the BCC model, and thassignthe return to scale for

each DMU agonstantincreasing, odecreasingLin & Tseng, 2007).

Efficiency value Slack variable Return to Sensitivity
analysis analysis scale analysis analysis
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Figure 4. 4- Flow process of DEA efficiency evaluation and analysis

Source: /LQ [/ & T7VHQJ @p&ational performance evaluation of major container ports in
the AsiaPasific regiorfilMaritime Policy and Managemer&4 (6), pp. 538.

The sensitivity analysis is then used to remove the input and output variables one by
one, and then realculatethe aggregate efficiency. Thenablesdeterminationof

which input and output variables are more responsible fowvdination LQ D '08fV
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operationakfficiency. This providesa comprehensivainderstanding of which input

or output variables are momggnificantfor efficiency enhancement

Finally, the slack variable analysis model is applied to addresspheitation rate of
input and output variable3his is doneby evaluatinghow to enhancethe operational
efficiency of DMUs by demonstratinghow many inputs toreduce and/or how
many outputs to increase, so asrake the inefficient DMUs efficient. The analysis
of variable weights, thgreaterthe weights of input and output variables, the more the
YDULDEOHV FRQWULE XWsEbr#\AR sich' i) @&négétdddk Fdruwhel i\
enhancehe operationagfficiency rapidly, they should firsemphasisen the input or

output variables witlgreatemweights.

If limited only to the analysis of crosectional data, DEAompriseghe benchmarkof

one DMU with all other DMUs which operate during the same pesfagne and the

role of time isneglectedHowever, this can be rather misleading since dynamic settings
may underlinethe excessive use of resources whichpaogectedto produce beneficial
results inthe future (Wang et al, 2005). In this study, the DEA patah and window
analysis applications are used not only to benchmark the efficiency of DMUs but also to
identify the changes of the DMUSs' efficiency over a specific time period between the
year of 1998 and 2012. Finally, DEA models implementation and &alpresults

analysis are conducted in phase 5.

Appendix 42 illustrates the basic formwdaof the DEA models that are used in the
context of this research. These models are: the CCR, the BBC, the scale efficiency, the
A&P, the sensitivity analysis and ehslack variable analysis models. Appendig 4.
explains the different typeof panel data that are appligdthis study which are; the

contemporaneous, the Inttemporal and window analysis
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4.5 Bootstrapping truncated regression model

Nonparametric efficiencynodels such as DEApormally rely on linear programming
techniques for thealculationsof scoresand are ofterconsideredas deterministic (as
opposed toeconometric or statistical), as if foroposethat the modelslack any
statistical underpinninggSimar & Wilson, 2004) Although the [EA techniquehas
many advantagesthe results are sensitive to samptmstitution If there is sampling
differencearound the observed frontier, a regulatory rule relying on DE#stiinguish

efficient comparators could be weakened by this uncertéagos & Managi, 2008)

The bootstrap can be a veejfective toolin statistics and it is easilgpplied using
computerbased software. Bootstrap is a nonparameteichnique which allows
calculatng confidence intervalsestimated standard erroasid hypothesis testingn
general the bootstrap follows the next ages First, resample a given data set a
specificnumber of times. Second, calculateeatainstatistic from each sample. Third,
calculatethe standard deviation of the distribution of tisétistic (Hawdon 2003)
6LPDU DQG :LOVRQ The byddtitaids GBeaV Kdvabatéd as a way of

analysing the sensitivity of measured efficienoyes to the sampling variation

Bootstrappinggestablishedy Efron (1982) and Efron and Tibshirani (1993desived

from the idea thatvhen there is no enough informatiaboutdata generating process

for a sample of observations, the d.f. canchkulatedby using the given sample to
createa set of bootstrap samples from whieletorsof interest can bestimated The
processusesthe values oforiginal sample tacreatean empirical distribution of the
variable of interest by repeated the sampling of the original data series, application of
the estimation process to the sampled data anddbmputingrelevant statistics, e.g.
means and standard deviations from theseltsesii has beerapplied effectively to
decrease¢he sample bias in a widangeof econometriadesearchi{Hall, 1992 Hawdon,

2003 Al-Eraqi et al, 2008
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Following the DEAbased performance measurement of each container port (second
stage), the present study aims at assessing the effect of several determinants
(explanatory variables) of technical efficiency (third stage). The use of the-Super
Efficiency DEA estimatedacilitates the identification of the role of its determinants
(environmental factors) at the latter stage. This is because it allows disentangling their
influence on the most efficient ports which may take values beyond unity, as in the case
of Mediterranean container ports, and it circumvents the problem of imposing upper
bound (unity) constraints, compared to the case of adopting the standard DEA results
(Bichou, 2013)Furthermore, the DEACCR SupeiEfficiency scores 9°" “8re used as
the deendent variable at this stage of analysis, since they express the total technical
efficiency (both the pure technical efficiency and scale effects) of container ports | =
« Q %\ XVLQJ VRPH UHJUHVVLRQ PRGHO WKH HIIHFW R
4sNc8coeis identified. In a generakisl form (omitting the constant term), this model

can be formulated as follows:

RoTR A BnE Qg (1)

Where . denotes the coefficient corresponding to Kike determinant anddis an

independent ane@qually distributed random error term. Since the efficiency scores
45"CHre constrained to the minimum value of zero, the Tobit regression technique

(Tabernacle, 1995) is typically implemented to solve Eq. (Lprder to address the

censorship bias which may result from the use of Ordinary 1Sgstres (OLS)

method. The Tobit modalignifiesthe potential value of the dependent varialé" P

as a latent variabléf ° " “Which can only be partially observed hiit the feasible range

RI HIILFLHQF\ VFRUHV - DV IROORZYV

qsncp x; 5
3 = A g ; ShEQ
cgsncp

qsncg]rél (Ae} Qr

h é}qsncg (Aé}qsncpbr (2)
The Tobit Regresein was adapted in the study ®trner et al.(2004) in order to
estimate the effect of several factors on the efficiency of the North American ports.
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However, model (2) relies on (censoring) assumptions which are not consistent with the
true data generation process, yielding inaccurate estimates adtahdard error of
parameters. This idecause efficiency scores constitute point estimates without
statistical distribution, as it is required by Tobit (or other parametric regression)

techniques and they may be correlated with explanatory variables

In order to improve the accuracy of results, Simar and Wilson (2007) suggested the use
of truncated regression with parametric bootstrapping, which can produce more
consistent and efficient model coefficients. Specifically, the distribution of the error

term Q1 N :ré&8;is assumed to be uniformly truncated with zero mean (before

truncation) and unknown variancg so that ensure the negativalue constraint of the
dependent variable. Both the Tobit and truncated regression models are solved here by
using the maximum likelihood method and iterative parametric bootstrap simulation

techniques (Niavis & Tsekeris, 2012

4.6 Definition of variables and data
4.6.1 Ports output and inputs measures

Severalresearchhave benchmarkedoorts using selectedfficiency andperformance
measuresin DEA analysis, being efficienheanscombining available inputs to
accomplisha higher level of outputs than comparable DMUs. However, the main
objective of using the DEA is to find the most efficient DMUs which accordingly
belong to the production frontiers and the least efficient which need proper adjustments
to the inputsand outputs in order to enhance the efficiency. In addition, the DEA
permits a quantitative measurement for the relative efficiency of DMUs and planning of
targets indifferent aspects in order to enhance efficiency in every DMU (Rios &
Macada, 2006).

Cullinane et al. (206) explained that the input and output variables shpuétisely

representactual objectives and the process of containergetation In the context of
the former the observed efficiency of a port might be closely related to iectbgs.
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For example a portcould use stateof-the-art, expensive equipment &nhanceits
efficiency if it simply aimsto maximise cargo throughput. Similarly, a port may be
aimedto use cheaper equipment if its objective is to maximise profits. The objectives of
a port aramportantto theselectionof variables for efficiencynalysis Forexample if

the objective of a port is to maximise its profits, then any information autaghould

be consideredas an input variable. Number of labour and the labour salaries
significantly affect port economic efficiency. The form@presents one of the port
physical resources while thetiat iscounted apart of the port operating cosiad thus
DITHFWV SRUWYV D QHovirFD, \IY breé HbbjEctivie Fd pb@ B\to increase
national or regional employment thenegardless othe fact that it may appear to be

somewhat countentuitive, labour should beonsidereds an output vaable.

A significantpart of the judgment of variabt#efinition in port benchmarkingesearch
lies in the recognition of the relationship between controllable and uncontrollable
factors. Only variables based oncontrollable factors should be included in the
comparisonanalysis.However the extent to which uncontrollable fact@8ect port
efficiency should also be considered. It is importaretdisethis aspect in the context
of benchmarking port efficiencypecause as one goes down the decisiaking
hierarchy, theport operator isallocateda certaininput and outpupackageunder his
control(Bichou, 2013.

The aimsof a port are closely related to whatsis calledthe economidunction of a

port. As such ports mainly aim to increase throughput, maximise profit, nsaimi
operating costs and generate added value (Suykens & VaWodede, 1998;
Notteboom, et al2000; Cullinane & Wang, 2010for the purpose of this analysike

man objective of a portis set to be the minimisation of the use of inputs and
maximisation of the outputPorts are the relevant DMUs. The selection of the DEA
inputs or outputs is closely related to the DMUs market condition. For instance, in
competitive markets, DMUs are quit criteria, presuming that inputs are under DMU

control, which aim to increase its output.
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In contrast, in monopolistic markets, the DMUs are input criteria, exogenous, while the
outputs are considered as endogenous. As shown in figdraadt46, for the purpose

of analysing the competitiveness of main container ports in the Mediterranean market,
the research uses two main variables which are the ports, throughput and market share.
As far as port efficiency evaluation and benchmarking is concetimedstudy uses six
endogenous/controlled variables. The research uses one output measure which is the
container port annual throughput, the total number of containers loaded and unloaded,
which is unquestionably the most important and widely accepted iadioafport or
terminal output. As shown in chapter rBpst of previousresearchregardedit as an

output variable, because directly relates to the need for cargelated facilities and
services and is thmainbasis upon which container ports &enchmarkedparticularly

in evaluating their relative size,amount of investment orservice levels. Another
concernis that container throughput is the modevantand analytically tractabledex

of a portoperational efficiencyWang et al, 2005).

Variables specifications

A 4 A 4 A 4

Competition analysis Efficiency analysis Truncated regression
| analysis
Throughput v |
Marketshare Endogenous/Controlled Exogenous/Uncontrolled
variables variables
A
v v
A v Independent Dependent
Inputs Output I I
| | Efficiency trend DEA-CCR
Terminal area Container ports Eg':;'ﬁ;gigfnd square . ﬁr:::?::syrs)igre
Storage capacity throughput )
Quay length gnp Country GDP pecapita

Number of competitors
Scale (throughput)
Hub/gateway status

Terminal depth
Handling equipment

Figure 4.5- Efficiency measures and variables specifications.
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However, as inmost of researclexaminingthe eficiency of container ports, cargo
throughput has beathosenas themostsuitableoutput variable for the DEA. The issue
of transhipmenttraffic then arises as possibleproblem in the calculation of total
container trdic. However, according to (Wang and Cullame, 2006, Demirel et al,
2012),in mostof cases thigssueis largely diminishedbecause the amount of work
related tothe handling of dranshipmentontainer withinthatequate to a large extent,
to that associated with an import or export contaiM@reover the truncated regression
analysis which isused within this study on the outputs from the DEA explicitly
highlights the impactf transhipment on container port efficiency estimémirel et
al, 2012)

Chang (1978)Wang et al. (2005and Infante and Gutiérrez2013) argued that the
inputs of a port shouldontainthe actualvalue ofthe portf V. Q H WthB NuvhHamfv
employeesand the averageumber of employegser montheach yearand considering
technological developmentnder the chodox microeconomic framewqrcapital and
labour costs should necessarily be incorporated in the model. Capital includes the

investmenimade in various port servicéSullinane et al, 2005)

Dowd and Leschine (199@xplainedthat container port production depends crucially

on the efficient use of labour, land and capital. Therefore, this research incorporates five
measures of port efficiency into the model as input variablesthdtSUHVHQW WKH SR
infra/superstructure fahe period betweef©998 and 2012. These inputs atentainer

terminal area, storage capacity, terminal length, maximum depth and container handling

equipment.

The first and second inputs are the terminal area (land) and the storage capacity which
act tayether as a buffer between sea and inland transportation or transhipment. The
capacity of a ship is often thousands of times the capacity of the land vehicles that carry
the cargo to and from the port leading to a storage requirement. The third varthble is

total quay length. This variable represents the major capital inputs in port operations

148



and directly reflects the number of ships that can be berthed at &irag.length has
been used in veus research that applied DE#® measure port efficiencyf-or
instance, Notteboom et al. (2000), Tongzon (20@hd Cullinane et al. (2002) used the

number of berths as an input variable

Storage capacity Terminal equipment

Quay gantry crane

Terminal equipment

Terminal area Terminal depth

Output variable:Annual container port throughput Terminal length

Figure 4. 6- Inputs and output variables for efficiency measurement.

However, equitable comparability is significant criterion for performance and
efficiency measurement (Vancil, 19A8ang et al, 2005 From this perspective, it may

not be appropriate to count the number of berths rather than to count the total length of
all berths. This is because the numbg&berths can be varied easily according to port
requirements by reconfiguring the quays within a port or terminal and, therefore, is
quite an artificial metric. Another drawback in counting the number of berths is that this
bears no underlying relatiomg to capacity. For example, the length of one berth in

GioiaTauro is 3011 m compared with 1325 m for two berths in Izmir.

As such, dcusing solely on the number of berths will naturally lead to the conclusion
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that the single container terminal in Gio&lro is nore efficient than its counterparts in
Izmir. The fourth is the terminal depth which represents the ability of ports to
accommodate different ship sizes and capacities. The fifth is the handling equipment
that includes the quaside gantry cranesyhich is a vital piece of equipment in the
production process that decides the efficiency of a port and the number of terminal
equipment units that represent the quality and quantity of support infra/superstructure

provided that is directly affecting tmmber of containers handled in the port.

Inequitable treatment that has introduced bias into the estimates of production
efficiency in previous research also exists in the way that terminal equipment has been
incorporated into models. The number of gantry cranes in terminals is normally
considerd as aninput variable (Notteboom et,a2000). This may béricky because
guayside gantry cranes and yard cranes shouddlalssifiedaccording to their different

functional usage.

On the other hand, the gantry crane is not the only equipment thatelpgg in
container terminal operations. For instance, straddle carriers, mobile cranegnfiont
loaders, reach stackers, top lifters and forklifts are also utilised in certain container
terminals. One direct solution is to count the aggregate numbell dfypes of
equipment present within a container terminal or port. However, problems immediately
arise concerning comparability and equitable treatment. For example, the capacity of
just one yard crane is much more than straddle carriers. Thus, a cotgaimaal with

more yard cranes will have a higher level of estimated efficiency, even though this high

efficiency does not reflect its real input lev@lgang et al, 2005)

The solution applied in this study has been focused solely on the most important
container handlingquipment Yard gantry cranes, including rubkgred gantry cranes
(RTGs) and raiimounted gantry cranes (RMGs), as well as straddle carriers handle
mostof contairers in a container yar@€ullinane et al. (2005kgxplained thait is logic

to treat the absolute number of these separate equipment that are operated within a

150



container yard as input variables anchéglectthe other items of equipment that may
be deployed within a container yard. An exception is made in the casmefrsobile
cranes. During thdata collectiorprocesssome mobile cranes were found to have quite
largecapacities (over 80 tonnes). As such, these mobile cranes haveobseteredis
equivalent to yard gantry cranes because they are able to handidaa golume of
containers The study uses the number of handling equipment instead of the total
handling capacity for two main reasons. First, the number of equipment implicitly
implies the number of labour in a container port. Sectimel,total handlingcapacity
does not reflect the actual ability of a port to handle a certain amount of contsner
annum. A container port could havesmall amountof handling equipment with high
capacity that cannot handle the targeted number of containers per yeseada large
number of handling equipment with lower capacity but has the ability to achieve the
targeted throughput.

Quite apart from terminal facilities (capital), according to the orthodox production

theory espoused in mainstream elementary econolabms,r should also heacludedin

DQ\ PRGHO RI DQ LQGXVWU\TV SURGXFWsRt@o MQFWLRQ 3
approaches to attain this. Tkasiest approads to directlydeterminethe number of
employeesand stevedores that work in the termimgTongzon, 200; Cullinaneand

Song, 2003). Thelrawbackof this methodis that it is difficultto attaindata and the

potential for measurement error. Valentine and Gray (2001) explained the inaccuracy of

labour data and clearly stated that information was particularly difficult to obtain from

ports that were joint ventures between public and private semgpanies.

An alternative solution is tmcludelabourdatainto the modelmplicitly. Forexample
Notteboom et al. (2000) highlighted that expert analysis has revealedheat & a
close relationship between the numberl@ndling equipmenand the number of
labourin a container terminatommercialand administrativestaff excluded. Thus,
labour data can bedescribedas a mathematical function of the facilities of a port.

Although the ideal situation would be to incorporate infororatin port labour directly
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into the model, this data isoth difficult to obtain and often unreliable, either from

secondary or even primary sour¢€sillinane et al, 200%.

In the third stagethe researchusesthe regression model to examine the relationship
between container ports competitiveness and tlogierational efficiency. The
dependent variable is the CAMEA mean super efficiency scoattainedfrom DEA in

the second stage. Seven independent, explanatariables are used as follows. The
first variable refers to the efficiency trend of the defined ports over the period of study.
The second variable is the efficiency trend square. The third variable refers to the
economic status of the territory in igh the port is located, as expressed by the

measure of pecapita Gross Domestic Product (GDP).

The fourth variable refers to port location represented by the distance of each port from
the main liner trade route in the Mediterranean basin, which detin¢eselative
importance of geographical position in the regidbhe geographic location of a port in
relation to the main trade routes is a venportant consideration that may favour one
port over another (Lu & Marlow, 199Bichou, 2013 7 KH F Dnald lobjadtive's

are to provide the most comprehensive door to door coverage with minimum transit
time and cost. Therefore, the closer the port is to the main trade route, the higher its
competitive advantage is in the market (GuyJgli, 2006). As such, @rt location is

used as an exogenotmctor that could affect porefficiency. The port location is

represented by the deviation distance from the main\last tradeoute.

The distance is measured through the use of transit time/distance calculator

www.searates.com/referenge/2012).The fifth variable is the number of competitors

of each port with the defined market. The sixth variable is the hub status of container

ports, adummy variabladentifyingaport DV 3KXE~ RU 3JDWHZD\ " GHSHQGLC
subjectivethreshold value of 5@er centfor the calculatedranshipmentatio. The last

variable is the container ports scale of production represented by the ports mean

throughput over the period of stuf@emirel et al, 2012)
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The Banxia Frontier Analyst software is used to solve the two DEA models that explain
the returnto scale of the ports production function, the CCR model (CRS) and BCC
model (VRS).The software provides detaikmhlysison how DMUs, container ports,

are performing and how thegfficiency can beenhanced Moreover, because the
measurement is based peergroup comparisons, the improvement targets are realistic.
One of thebestfeatures of Frontier Analyst is thiversity of outputs it produces. It
supports all standard output information provided by DiEAddition tosome excellent

graphicdemonstraion of the relationships among DMUs.

The software has the following kegharacteristic which make it effective data
envelopment analysis programme. The software includes weighting facility to ensure
that importanelementsare alwaysncluded It is abk to benchmark the efficiency of 75

to unlimited DMUs. It has flexible imporfunctionsfrom both file and spreadheet

using adistinctive 3ZL]DUG"~ , Q S X War haiDudl lugitwelugibrideXclusion
functionsoffer flexible input data managemerkiltering supportslate fields text and

numbers. The Indguand output variable VHOHFWLRQ LV VR SREZHUIXO
assessmentre easy to perform. Theftwarealso allows for tabular scores report with

adifferentsorting methods and graphical summary.

4.7 Chapter summary

This chapter provided a comprehensive illustration of the research design, approach,
strategy and time horizon. The research design reveals the significance of the
methodology that is used, ihi$ study, to assesportcompetitiveness and efficiency.

The research applies the theory of industrial organisation and constructed a model that
uses the SCP approach to examine the impact of port efficiency on port competitiveness
in the Mediterranean otainer market. From the literature reviewed in the previous
chapter, it can be concluded that none of the previous researchers have examined the

relation between port competition and port efficiency by using such an approach.
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As illustrated above, the rdel constitutes four phases. The first phase includes the
determination of the area of study, data collection and variables specifications. The
second phase constitutes the application of SCP approach that includes assessment of
marketstructure and dynams, measuring the market conduct and evaluation of market
performance. The third phasssesses and benchmarks the relative efficiency of the
main container ports in the Mediterranean. The fourth pbaaeines the impact of

port efficiency on port compéitveness. Next chapter applies the SqpProachn order

to analyse theompetitiveness level of thmain container ports in the Mediterranean
market through the assessment of the Mediterranean container market structure and

conduct.

154



CHAPTER FIVE

ASSESSING THE COMPETITIVENESS OF THE
MEDITERRANEAN MAIN CONTAINER PORTS



CHAPTER FIVE
ASSESSING THE COMPETITIVENESS OF THE
MEDITERRANEAN MAIN CONTAINER PORTS

5.1 Introduction

Container portdiave not only encountered competition from the large load centers in
the same port range but also from the medium and small load centers having the same
hinterland and, to some extentorh load centers in other port ranges. The-aont

spoke system that has emerged in liner shipping operation patterns has increased
pressure on the supply chain network around load centers. Thus, the concept of
containerisation has enlarged the geograplucserage of seaports to the extent that

the concept of a captive market is no longer valid (Ng, @006

In this context, e currentdevelopments ithe Mediterraneaportshavegiven rise to
someinferencesthat may beproducing anorthern expansion of the hinterlands of
Mediterranean portsThe increasingcompetitiveness of these ports along with new
services thatonnectthem with world marketgnable tooffer possibilities for them to
compete insomemarkets of central EU, porsich as Le HavreRotterdam, Antwerp

and HamburgGouvernal et al2005.

As mentioned in chapter fourfollowing the deductive method of Industrial
Organization (I0) and the Structuralists (Harvard school) methodology (Cariou,
2007), the main objective of this chapter is to assess the competitiveness level of the
main container ports in the Mediterranean. SCP approach is applied to analyse the
comptitiveness o2 container ports in the Mediterranean béagirthe period between

1998 and 2012. In doing so, this chapter constitutes five sections and is organised as
follows; section one provides an overview about the main features of the study area and
the dynamic characteristias the Mediterranean container port market. Section two
encompasses a thorough analysis of structural changes and development of the
Mediterranean container port market demand. Section three analyses the Mediterranean
container port market structure through the use of five methods. These methods are; the
K-Firm concentration ratio, the Hirschmélerfindahl index, Gini coefficient, Entropy

index and BCG matrix. Section four constitutes a comprehensive analysis for the
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Mediterranean container port market conddcthrough the use of the shshare

analysis. Finlly, section five draws a conclusion for this chapter.

5.2 Mediterranean container port market characteristics
5.2.1 Structural changes and development of market demand

The developingcontainer shipping nmeorks and changing status thie Mediterranean
portshavedrawnthe scholar§ D W WYh{(eW & Ra@ de Voorde, 1992; Sutcliffe &
Ratcliffe, 1995;Twerdy et al, 1998; Zal & Prijon, 1999; Ridolfi, 1999; Fageda000;
Genco & Pitto, 2002Gouliemos & Pardali2g002) and practitioners (Drewry Shipping
Consultants, 2000) Over the last decade thisnarket has experienced major
development and restructuring (Gouvernakt al, 2005). For much of the
conainerisation erathe Mediterranean basimemained aminor marke in the global
transportation system (Genco & Pitto, 2008)spite ofthe fact that its northercoasts
includedsome of the most advanced economies in the world,espjtethe fact that
one of the mosvital trade routes, Asig&urope, passed through the basin, container
traffic presumeda local and regiondeature Most main trade routeservices passed
through the Mediterranean without stopping (Gouliemos & Pardali, 2002) and all the
markets of central EUnal a significantmarket share of south EU passed through the
ports of northwest Europe (Valleri & Van de Voorde, 1992).

Geographicallythe Mediterranean region is considered to be not only a link between
East and Wesnharketsbut alsoan intersectiomointwith Asia, Europe and Africa. This
enables such regions to become transhipment and logistics bases between markets in
Europe, the Far East and India. Moreover, these regions are now growing markets that
can offer and absorb containers azatgoesdue to the economic growth in North

Africa and the Middle EasF¢ancesett& Danila, 2001).

The Mediterranean conitaer market has been characteddy strong long term growth
rates.The pace of growth in this market has been truly dynamic. In 2000, thetotal
container throughput of the top 20 container ports in the Mediterranean was about 16.3
million TEUSs. It increased to 26.2 million TEUs in 2005 andmrillion TEUs in 2012

with an average annual growth rate of about 1@égeriund, 2018). The driving

forces of such growth are, for example, the increased penetration of containerized

cargo, the increasing focus on port efficiency and effectiveness in port management, th
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growing trendtowards privatiation, thenew investment in high quality egunent and
container terminal facilities, the increasing trend in consolidation (merger and
acquisition activities), the change in the operational strategies of shipping lines and the
use of transhipment to achieve savings in time (Francesetti, 2004).

Meanwhile, the increase in cargo volume on routes from China and Southeast Asia to

WKH UHJLRQVY DQG WKH ERRPLQJ RI FRQVXPHUVY EX\LQJ
market growth (Woodbridg006). The Mediterranean port market cannoteemed

as aharmonsedset of ports. lincludeslarge ports as well as rmumber ofmedium

VLIHG WR VPDOOHU SRfganiésin ermk oAdcitidh clieBadtEristich,
cargoesandledandhinterland markets served,. Thistinctivecombinationof various

port sizes and typesombined with amassiveeconomic hinterlandorms port market

structure and competition featur@sotteboom, 2010).

As far as port competition is concerned tkediterranean container ports can be
segmented into two main types with diffete commercial and operational
requirements: the origin/destination (hinterland) and transhipment market. For the
former, such as Valencia, Barcelona in Spain, Genoa and La Spezia in Italy, Mersin and
Izmir in Turkey and Alexandria in Egypt, containers &esmsported directly onto/from

a deep sea container vessel to the hinterland via barges, trucks or rails. This type of
ports should be located at the centre of population and industry and offers deep water
and equipment to handle large container vessdis. [@itter, such as GioiaTauro in
Italy, Piraeus in Greece, Port Said in Egypt, Algeciras in Spain, Marsaxlokk in Malta
and Tangier in Morocco are transhipment ports (hubs) that should be close to the main
shipping routes and should also offer deep watet facilities to accommodate and

handle large vesselBrancesetti, 2004).

Hub-ports can further be divided into two types, feeder traffic (hub and spoke) such as
Damietta in Egypt, Marseilles in France, Livorno, Taranto, Cagliari and Naples in
Italy, where containers move from deep sea vessels to short sea vessels (feeder) and
relay traffic where containers move from deep sea vessels to deep sea vessels.
Differentiation between transhipment traffrom hinterland traffic is a key element to
consider wiken assessing the level obmpetition between portdDfewry Shipping

Consultant 2000).Mediterranean container poitsvolved in everchanging economic
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and logisticsactivitiesand werethreatenedvith changing portnanagemenstructure

Hence, thepresentMediterranearcontainer S R Udieft looks completelydifferent

when compared to the port market structure in the 1990s. Such changes have taken
place due to a multitude of reasons.

First of all, the economic centres in the Mediterranean katenced theipositionin
relationto the traditional economicentersin Europe. The increasedvolvementof
this region on the European econonajiowed the creation ofiew ports and inland
transportnetworks Second,during the second half of the 199@se EuropeFar East
trade route became one of timaininternational trade route. The significant growth of
China economy had its fuihfluenceon liner shipping and redirected tagentionof
many container ports towards the East. Engaileda shiftfrom the Atlanticrouteto
the Suez routehuspaving the wayor the Mediterranean tattractinternationalraffic
(Notteboom, 202).

Third, theuseof large postPanamax containeshipsonly started in1996 with the
deploymentof the Regina Maersk (official capacity 6600 TEUs, butanticipatedat

8000 TEUSs) followed by the super pg&namax cdainer vessel with 13,500 TEUS,
Emma Maersk, that entered into service in 2006 @reratedon the Europd-ar East
route. Recently,lte 18,000 TEUs container ship is also deployed and took place in the
EastWest trade route. Such an increase in vessels sizes have indoeadedson
nautical accedsility and port turnaround times. Thahould theoretically give a
competitiveadvantageo segortsand reduce the number of port calls per liner service
(Parola et al, 2013).

Fourth, shipping lines,terminal operator@and logistics service providetsgave gone
through anexceptionaltrend towardsconsolidations. This has led &ffective global
terminal networks, carriealliancesandlogistics servicgroviders(Notteboom, 2010)

This developmentvas further improved by vertical integratipoliciesof many market
players contributing to théevelopmenbf mega carriers. Asuch, Mediterraneaports

have to deal with large port clients who possess a strong bargaining povaerivis
terminal operations and inland transport operations (Notteboom and Winkelmans,
2001a; Olivier and Slack, 2006). The loyalty of a port customenatabe taken for

granted. The bargaining power of the large market players, reinforced by strategic
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alliances between them, is used to play off one port or group of ports against another
(Notteboom, 2010)

Fifth, since themid-1990s global terminal operatorsuch asAPM Terminals from
Denmark (AP Moller group)DP World from Dubai, PSA from Singaporand
Hutchison Port Holdings from Hong Kong have entered the Mediterranean container
port market Presently thesecompanieseach operatebetwee 5 and 10 container
terminals spread out over the Mediterranean as well as the main European regions
(Notteboom,2006a Drewry Shipping Consultant2007).The Mediterranean entryf

large terminalclustershas beenencouragedoy lower entry barriers following the
effective proceduresmplementedoy port authoritiesn relation tothe donation of port

sitesto private ¢rminals operators (Pallis et 2008 Notteboom, 2010

The above changes in the Mediterranean port market haviarnge&xtentaffectedthe
competitivenessof container ports, buneanwhilethey have alsallowednew comers
to enter the pomnarket potentiallyinfluencingthe Mediterraneaport hierarchyThus,
it is interesting andelevant to anale, in thenext section, how thateractionof the
above changes in the Mediterranean port marketfiastedthe recent functional and

the competitive position of container ports in the Mediterranean contaaré&et.

5.3 AssessmenRlI SRUWVY FRPSHWLWLYHQHVYV
5.3.1Mediterranean container port market structure

As shown in figure 5.1, this research is limited to 22 container ports in the
Mediterranean market. These ports are classified into two main categories. The first
category presents the existing hub ports such as GioiaTauro, Algeciras, Marsaxlokk,
Piraeus,TangierMed and Port Said. The second category is the gateway and potential
ports that represent the potential hubs such as, Valencia, Barcelona, Ambarli, Genoa,
Haifa, La Spezia, Mersin, Izmir, Taranto, Constantza, Livorno, Naples, Alexandria,
Cagliari, aad Marseilles. The selection of the ports under study is based on their
location and the container traffic served, since these ports share the same foreland.
Moreover, these ports represent the large and medium size container ports in the
defined market wih container throughput greater than 500,000 TEUs within the period
of study.
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Figure 5. 1- Mediterranean main container ports
Source Adapted from $GDPR . DQG *DURQQ D-Me8iterranean ipteyratiBn and
cooperation: prospectd challenges. UNECE Annual Report Economic Essays.

Drewry Shipping Consultarf2000) explainedhat the annual growth rate of ports was
12.9% between 1990 and 199&is growthwasmainly in the western Mediterranean
basin,derived in particular by the performance of Spanish and Italian portsrddent
data of themain ports in the Mediterranean confirm that the growth has continued to
the present day, with a tripling of business between 1992@12(UNCTAD, 2013a).

The Mediterranean container ports recorded an average growth rate of 11.2 % between
1998 and Q12. The majority of thagrowth has beerelated totranshipment traffic.
Since 1990 transhipmentgew at an annual rate of 19.6%, thus outperforming the
whole regional average growth rate by smbstantialmargin. It has led to the
establishment of a number of hub ports in the southern basin wieadunction is

that of transhipment, and two of these po#ftgjeciras andGioiaTauro, are today the

largest contimer ports in the MediterranegRodrigue et al, 2013)

Figure 5.2 illustrates that the total average growth rate of ports of GioiaTauro in the last
fifteen years, the study period, between 1998 and 2012 is 1.8% while the total average
growth rate of Algeciras is 6.0% in the same period. Appendix 5.3 shows that
GioiaTauro annual average growth rate of container throughput was about 6.0% in
1999 and reached to 18.1% in 2012 while Algeciras had an average growth rate of 0.4%
in 1999 and achieved a growth rate of 14.2% in 2012.
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In the same context, port of Marsaikkoin Malta recorded a total average growth rate

RI DW WKH VDPH SHULRG 7KH SREMWNIDrdisktd®IJH JURZ\

7.6% in 2012. Meanwhile, Port Said in Egypt has achieved an average growth rate of

20.6% within the period of study. Timeain reason of that growth is the inauguration of

Suez Canal Container Terminal (SCCT) in 2004. The port recorded an average growth

rate of 19.3% in the year of 2000 raised to 48.3% in 2004, 86.3% in 2005 and 66.3 in
+RZHYHU WKH SR thwafevhab drahaticdlly dédifed to 13.0% in

2008 due the effect of the world economic and financial crisis.

Port Said had encountered a further reduction in its average growth rate to almost
10.0% in 2012 due to the political issues that took placeyyp&n such period. In the
meantime, since its inauguration in 2003, port of Tangier in Morocco has attained a
remarkable total average growth rate of 65.3% in the study period. Tangier achieved an
average growth rate of 13.1% in 2004. In 2009, the podrded a four digits increase,
1804.1%, in its average growth rate due to its unique position on the strait of Gibraltar
at the west entrance of the Mediterranean basin that attracts APM terminal to invest in
the port with a long term concession (30 ygatarted in 2007.

On the other hand, many of the established gateway ports, such as Valencia and
Barcelona in Spain have also developed transhipment activity. As such, as shown in
figure 5.2, Valencia and Barcelona recorded a total average grawtbfral.6% and

3.4% respectively. Moreover, Genoa, La Spezia and Naples in Italy attained almost the
same total average growth rate of 3.6%, 3.9% and 3.9% respectively. Similarly,
Livorno and Taranto attained almost the same total average growth ra@eofaid

7.2% respectively. In the same context, Gateway ports in Turkey such as Mersin and
Izmir achieved a total average growth rate of 12.5% and 4.1% respectively. Constantza
in Romania, Damietta and Alexandria in Egypt achieved a total average grosvtf ra
22.1%, 6.6% and 8.2% respectively in the same time period.
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Mediterranean container ports

Figure 5. 2- Mediterranean container ports average growth rates (19982012)

That might lead one to conclude that this exceptional rate of traffic growth in the
Mediterranean ports shouldeveal changes in hinterland penetratiohlowever,
Transhipment activity entails double counting. Thisignificantly magnifiesport totals
and growth rates. Cazzga and Foschi (2002) indicated that it is footloose and not
directly tied market capacity. In order &btaina morepracticalpicture of traffic, the
transhipmentraffic must be excluded from traffic totals. Themplexityis deriving a
reliable approxmation of transhipment totals. Ridolfi (1999), famstance indicated
that 80% ofGioiaTaurocontainertraffic in 1998 was transhipmer®n the other hand,
Cazzaniga and Foschi (2008)dicated that in 1999 it was 97%Joreover the
proportions of transhipment trafficiffer noticeably over time. er instance,
Mediterranean Shipping Company (MSC) hsslected Valencia as its western
Mediterranean hub in 200Rycreasingts transhipment proportion from 13.7% in 1999
to 36% in 203 (Gouvernal et al, 2005).

Many factorshave beemelpedfor the growth incontainertraffic in the Mediterranean.
A significant elemenhas been thenhancedefficiency of someof the ports. A the
major ports in the Mediterraneawith the exceptiorof Marseilles and Naplesave
experienced growingtrend towardgprivatisationandlabour reform(Gouvernal et al,
2005) This iswell clearin the transhipment ports, but the succes&@mnoa and other

gateway ports isttributedto the involvement of givate terminal operators (Valleri
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&Van De Voorde, 1992; Notteboom, 2010). Téxehancedefficiency probablymakes

these ports more competitive in inland markets.

Another explanation for thgrowth of Mediterranean ports is theevelopmenof the

local economies (Musso & Ferrari, 2001). Most of the countries bordering the basin
have experiencegignificant economicdevelopmentover the last decade. This has
donatedo an expansion of trade. Gouliemos and Pardali (2002) and Notteboom (2010)
asserted thatpreviously many shipping services passed through the Mediterranean
without making a calleven if some of the container traffiereeventuallydestined for
marketsadjacent to or within the basin. Unfortunately, there has beenréttksach of

this aspectclearly because of #&ack of data. Documentation of some poidentifies

the countries of origin or destination of containers but doesxmainthe routing and
services employe@Gouvernal et al, 2005)

Since the midl990s the major container shipping lines have bé&relopedtheir
fleets, with the purchase of ever larger r#wps The addition of significant additional
capacity made up of peBtanamax vessels and the Ultra large Container Ships (ULCS)
that are beingusedon the most trafficconcentratedoutes (Asiatvest coast North
America, and Asianorthhwest Europe), has madedassentiato redeploy the smaller
vesselsone used on these eastest trade routesThesevesselsare now being
deployedn the Mediterranean, and an-gpaling istaking placein almostall trades. In

the intraMediterranean routeshipsof less thanl00 TEUs were typical in 1994 and
the median size was 464 TEUs. In 2004 the median size grew to 693 TEUardese
proportionate increase has been in the direct Asia services, where the median size of
shipshas grown from 2334 TEUs in 1994 to 4833 TEW2004. The general increase

in median size is matched by the growth in the capacity of the latgjpsused ineach
trade, with the exception of Mediterranegadorth America, while posPanamax and
Ultra Large Container ships areeployed in many trade routes passing the

MediterranearfGouvernal et al, 2005).

Moreover, thancrease in ships capacitas given rise to tally enlarged trade for the
gateway ports. In 1994 theaonnectionswith Asia were limited, with a few direct
services, an@ninadequateaaumber of calls by ships on easestroutes The gateway

ports have seen their capacities increase by a factor of four, although in the case of
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Valencia some of this growth is due to its selection as a hub port by Mediterranean
Shipping CompanyMSC). Increasing container ships capacities giveropportunity

to an increase in the number of direct Adilediterranean services at the gateway ports
with the exception of La Spezia. Fmistance the number of direatallsto Asia from
Barcelona hasloubled. At all the gateway ports the direct Asia service capacities how
exceed those of the pendulum services. The reverse is true for the transhipment ports
that are massively involved in the pendulum services. t@kimonstrategshat the
shipping linesare redeployingshipsto make direct calls ahanygateway ports as such
service loops have becoraeonomicallyfeasible(Gouvernal et al, 2005).

Theincreased service frequencies dadjer V K L&pattityimply that the ports offer
shippers more choiseThe direct services between the gateway ports and Asia, as well
as services with North America, have opened up new markets. More direct access to
thesemarketsimprovesthe SRUW V| D W WheDgktéwiay pb@sHNaY algmin

from thedevelopmenof the transhipment hubs, since trade that once passed through
the Mediterranean is being affilded at a Mediterranean hub and is being distributed to
the main gateway ports and others by feeder serviéss.such today, the
Mediterranean gateway portseamore integrated with global markets than before. At
the same time thaise of larger ships generateseconomies of scale thatreatea
reduction in unit costs (Cullinane & Khanna, 2000pgetherwith the efficiencies
gained in mosports because of privaation it may beasumed that these ports have

become morattractive(Gouvernal et al, 2005).

As such, the Mediterranean container ports under study have witnessed a remarkable
increase in their annual throughpuhéerltotal Mediterranean container port throughput
amounted to 13.8 million TEUs in 1998, 27.4 million TEUs in 2005 and 42.4 million
TEUs in 2012 (Appendix 5.1). The analysistbe dynamicsof container throughput is

based on container throughput figuresTiaU for the period 1992012. With a total
maritime container throughput about95.2 million TEUs in 2012, the Mediterranean
container port market ranks among the busiest container port markets in the world.
Developmenthas beerspecifically strong in he period before the start of the world
economic crisis with an average annual growth rate of 10.0% in the period2Q000
compared to 7.5% in 1999. THieancial crisis that hadits full influencein late 2008

has affected the growttcurve. The markethare of the Mediterranean ports grew
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considerablypbetween the late 1990s and the late 2000s at the expense of the ports in the
Le HavreHamburg range. Thesubstantialincrease of the market share of the
Mediterranean iessentiallydue to the insertion dfranshipment hubs in the region
since themid-1990s(Notteboom2010,2013).

YLIXUH VKRZV WKH VHOHFWHG OHGLWHUUDQHDQ FRQW|
and 2012. Port Said is the market leader in 2012 with a throughput of 4.8 million TEUs

followed by Valencia that achieved a throughput of 4.5 million TEUs. Meanwhile,
GioiaTauro is one of the main hub ports in the region with a throughput of almost 2.1

million TEUs in 1998 and 2.7 million TEUs in 2012 which has declined from a peak of

3.5 million TEUs in 2008. In the period between 2009 and 2012, the port has
experiencedsignificant decline in traffic due to the growing competitiveness of other
Mediterranean ports such as Algeciras, Tangier, Port Said, &/faland Marsaxlokk

(Musso et g12013).

However, the main reason for such a drop is the emergence of new compeidition f
Port Said, particularly, the Suez Canal Container Terminal (SCCT), which is operated
by APM Maersk who as a key customer to GioiaTauro, has switched a large amount of
its transhipment services to the Eastern Mediterranean and Black Sea with eight main
lines calling weekly at Port Said, SCCNW/godbridge,2006). Another hub with a
massive feeder connection to the Mediterransaialta free port (Marsaxlokk)'he
terminal achieved an annual throughput of 1.1 million TEUs in 1998. In 2012 the
terminal hadled around 2.8nillion TEUs whilst the privatisation of the terminal has

enhanced its productivity by almost 65%.

Although the number of container handled in the main Italian ports grew between 2000

and 2007, in the following three years there wasigmificant decline in container

movements by sea. This trend was due in part to the economic crisis affecting European

and international trade during the 202809 period. By contrast, the period of 2@09

2010 marked an average 11.9% increase in oveaffiictexcluding Taranto, which saw

significant declinegMusso et al, 2013). The port attained a througlgbu@d.3 million

7(8V LQ UHDFKHG WR PLOOLRQ 7(8V LQ 7KH SR

0.56 million TEUs in 2012.However, hese decline were compensatedoy the
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significantincreases of the total tonnage handled over that same period at the Italian

ports, mainly due to a decline in traffic at the port of GioiaTauro.

Naples
Constantza
Cagliari
Taranto
Livorno
Izmir
2012
Alexandria
2011
g Piraeus
o 2010
= Marseilles
g vars 2009
C .
§ Mersin = 2008
§ Damietta = 2007
§ Haifa = 2006
E La Spezia = 2005
S Genoa 2004
@ %2003
s Barcelona
. = 2002
Tangier
m 2001
Marsaxlokk
m 2000
Ambarli = 1999
A|98Ciras _— = 1998
Gioia Tauro
Port Said |
Valencia |
0 2,000,000 4,000,000 6,000,000
Ports throughput (OO0 TEUS)

Figure 5. 3- Mediterranean container portsthroughput (1998 +2012)

The port of Genoa is also one of the magal multi-traffic and transitlink for
international sedraffic. Its catchment area alsovolves someessentialmarkets of
Central Europe (Basel, Munich) and countries bordering the Mediterranean Sea, up to
the Black Sea and the Faast(Musso et al, 2013)The portachieves a throughput of
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1.3 million TEUs in 1998 peaked to 2.1 million TEUs in 2012. Mearayltiieport of
Naples is also aentraltransit node for Mediterranean Seaffic (with North Africa).
Recently and with particular reference to the Motorways of the Sea, the port has
experienced growth in cabotage traffar; area where the shipping lines ficily,

mainly links with the ports of Palermo and CatafiNausso et al, 2013)However, the

port recorded the lowest throughput within the ports of study. Naples had a throughput
of 0.32 million TEUs in 1998 and 0.55 million TEUs in 2012. The main reBm@uch

a low productivity is the inefficiency of port technical operations.

The port of Taranto, located in Southern lItaly, is the second Italian transhipment port
after GioiaTauro. The port attained a throughput of 0.25 million TEUs in 2000 peaked
to 0.9 million TEUs in 2006. Besides issgnificantrole in intraMediterranean ah
transoceanic traffics, the port manages feeder routes gravitating in the Aegean sea
(Gemlik, Izmir, Limassol) up to the Black Sea and to the African Mediterranean ports
(Tunis, Misurata, AlexandriaBhipping linegpassing througithe Suez Canal can save
aboutseven sailing days by calling at Taranto instead of the ports of Rotterdam or
Hamburg(Musso et al, 2013However, the port throughput is declined to 0.56 million
TEUs in 2012 due to the fiera®mpetition from its rivals such as GioiaTauro, Pisaeu

and Izmit

Among the rivals, Algeciras is also a strong competitor in the Mediterranean due to its
strategic location at the tip of straits of Gibraltar. The port attained a throughput of 1.8
million TEUs in 1998, 3.4 million TEUs in 2007. The port thgbput decreased to 2.8
million TEUs in 2010 owing to fierce competition from the Ports of Barcelona and
Tangier. Algeciras has returned to its competitive position when it achieved a
throughput of 3.6 million TEUs and 4.1 million TEUs in 2011 and 201Redsvely.
Meanwhile, Barcelona has the potential to be a major hub in the Mediterranean due to
its significant infra/superstructure and its strategic location close to distribution centres
in Spain and southern Europe. The port achieved a throughput ahd.2.6 million
TEUs in 1998 and 2007 respectively. The port throughput declined to 2.7 million TEUs
in 2012 due to the fierce competition from ports of Valencia and Algeciras.

In the WestMed, port of Marseilles in France has missed opportunitiegrimth with

regards to container traffic. Although Marseilles has seen a certain growth with respect
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to container volumes handled, they are clearly below those of competitor and
neighbouring ports. The port handled ab6u million TEUsin 1998 reaching 1

million TEUs in 2012. The ports of Valencia and Algeciras have now four times more
container throughput than Marseilles, as compared to less than 2 times more in 1998.
Other ports in the Western Mediterranean which have now double the volumes of
Marseiles are Genoa and Barceloidese competitors have more deep sea and short
sea connections, could in some cases be considered global hubs and are more efficient.
Although Marseilles has for a long time been shielded from competition due to its
guastmonopolistic position, it is now subject to fierce competition from Le Havre and
Antwerp for what it once considered its natural hinterland as well as Barcelona and
Valencia from the fore landside (Merk & Comtois, 2012).

In the EastMed, Piraeus haswitnessed pronounced variations in it container

throughput during the last decade. In 1998 the port handled about 0.93 million TEUs

and 1.6 million TEUs in 2006. However, such amount has dropped to 1.4 million TEUs

in 2007. In 2008 another decline to O.48llion TEUs was incurred due to the

problems of continuous strikes and berth congestion as well as the international
economic crisis that took place in 2008 affecting the port industry worldwide.
Nevertheless, the terminal returned to grow at the er@0d2 and attained an annual

throughput of 2.8 million TEUs following improvements in terminal productivity and

WKH QRWLFHDEOH UHGXFWLRQ LQ VKLSVY ZDLWLQJ WLPH
throughput of 0.3 million TEUs in 1998 and reached t@#&ak of productivity in 2004

with an annual throughput of 1.3 million TEUs. However, the port encountered a
noticeable decline in its throughput, 0.76 million TEUs, in 2012 due to the strong
competition of Alexandria and Port Said (SCCT). Alexandria pad hchieved a

significant increase in its throughput within the study period. The port handled about

0.5 million TEUs in 1998 peaked to 1.5 million TEUs in 2012. The main reasons of

such growth are related to the strong igicat competition between comar terminal
RSHUDWRUV DQG WKH FRQVLVWHQW LQYHVWPHQW LQ SRU

,Q 7XUNH\ GXH Wggowmhl Ecordgnysiratedit Jo¢atiorand an increased
number of larger containeships calling Turkish ports, the ports have witnessed
considerable growtlduring the last decade. Among theg®wths are large foreign

investments in portlevelopmentthe privatisation of stat®@wned portsand more joint
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ventures between private Turkish ports and foreign port operators from Europe and
Asia. As such, port of Ambarli, the largest container port in Turkey, had a throughput
of 0.6 million TEUs in 2002 increased to 3.1 million TEUs in 2012.

Moreover, Mersin is the second largest container port in Turkey. The port achieved a
consistent increasef @ontainer throughput. In 1998, the port throughput was about

0.24 million TEUs raised to 1.3 million TEUs in 2012. Izmir is also considered as a

strong competitor for ports of Ambarli, Mersin and Haifa. The port had handled about

0.4 million TERUs in 198 reached to 0.9 million TEUs in 2008. Nevertheless, the
SRUWYV WKURXJKSXW KDV GHFOLQHG WR PLOOLRQ 7(8

rivals in East Mediterranean.

The volume of containers handled at the port of Constantza has increased Iblyamore
12 fold from 1998 to 2006. The port handled about 0.05 million TEUs in 1998 raised to
its peak with a throughput of 1.4 million TEUs in 200Zonstantza container
throughput declined to 0.62 million TEUs in Z0IThe reasons of such drop atfee
conpetition from Adria ports fortraffic from and to Central Europe. Ports such as
Triest (Italy), Koper (Slovenia) and Rijeka (Croatia) have close ties to Austria and
Hungary for geographic and historic reasons,gituavthin container transport at these
portsreducedcontainer volumes at Constantza (Notteboom, 20h2addition ocean
freight rates to and from Constantza were higher at the beginning of 2006 for market
reasons versus Hamburg and Rotterdaegardless othe shorter distance by sea, this
would preventthe development in Constaat Inefficiencies in the area of customs: a

slower and deficient implementation of EU standards could haegativeimpact

The above analysis for the growth of the Mediterranearainer port market reveals
that there is a potential for some padsenhanceheir competitive position and thus
changes the market structure. Next section analyses the iofpsuth growth on the
degree of market concentration and the features ofntieeport competition in the

defined market.
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5.3.2 Mediterranean container port market concentration
5.3.2.1K-Firm concentration ratio (K -CR) analysis

The strategic location of the Mediterranean Sea in the route between the Far East and
Europe has not been capitalized upon in the past by ports located in this area. North
European port, such as Rotterdam, Antwerp and Hamburg, are at the extremes of a
comgex transport and communications infrastructure network which crosses different
regions and countries along the great human and industrial concentration axis of the
Ruhr and Rhine, which gives these ports a strategic advantage. Mediterranean ports
have sifered from labour conflicts, low productivity, the poor condition of railways
and customs and control services, and consequently high costs and poor reliability.
Excessive state involvement in these ports has also limited their commercial viability
and nanagement capability (Notteboom, 2010). Shipping lines have therefore preferred
not to use most of the Mediterranean ports and seek better services in the northern

European ports.

In the past two decades, Mediterranean ports have secured independenseatieom
organizations, which has allowed for more efficient management and a more aggressive
commercial policy. For instance, SCCT in Port Said in cooperation with Maersk line

has invested in a dedicated terminal that is managed and operated by Maersk in BO
EDVHVY ORUHRYHU WHUPLQDO RSHUDWRUV KDYH LQYHVW
to keep pace with the shipping lines requirements and enhance their competitive
positions. That in turn has reformed the market structure and intensified competitio

between container ports in the Mediterranean.

In this context, in order to test the first hypothesis, as mentioned in chapter one, a
number of concentration ratios and indexes, explained in chapter four, are used to
measure the Mediterranean contaipert market concentration within the period of

study. Four indexes are used to test the first hypotljedis WKDW SUHWPHY WKDYV
Mediterranean container port market moves towards deconcentration and pure and

perfect competitioh 7KHVH L Q G HKICR, BH), HGOMKMHEIL. The numbers

derived from that ratios and indices assist in measuring the competitive or monopolistic

environment in a given port market
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One of the mostwell-known concentrabn ratios is the foufirm and enfirm
concentration rabis. This ratios measure the percentage of market share of the top four
or ten largest firms in the market divided by the total market output. The larger the
ratio, the less competition there is in the market; the smaller the ratio, the more
competitive themarket is. More specifically, a ratio of less than 40% is considered
competitive; a ratio of more than 40% is considered an oligopoly (Baye, 2010). The
four-firm concentration ratio is commonly used to indicate the degree to which the

market control is Hd by the four largest firms in the industry.

Using the KFirm concentration ratio ((CR), Table 5.1 explains the degree of the
Mediterranean container port market concentration between 1998 and 2012. The market
share of the top four ports decreased f#Br61% in 1998 to 41.40 in 2003, 39.47 in
2008 and 39.21% in 2012 which reveals a tendency towards deconcentration and
increased competition between ports in the market. The market share of the top ten
ports also decreased from 83.1% in 1998 to 73.9% @3,203.3% in 2008 and 72.0%

in 2012. However, there have been significant shifts in the ranking of ports within the
period of study. Port of GioiaTauro, Algeciras, Genoa and Barcelona have ranked as
the top four ports in 1998. Ports of Marsaxlokk, ValenBisaeus, Haifa, La Spezia and
Marseilles have secured the next six positions in the study ports hierarchy, from the

fifth to the tenth position respectively.

In 2003, ports of GioiaTauro, Algeciras and Barcelona have secured their competitive
positionsin the first, second and fourth places in the market, while Valencia has
succeeded to enhance its competitive position from being in the sixth place in 1998 to
be in the third place in 2003. Port of Genoa lost its competitive position from being in
third pace in 1998 to be in the fifth place in 2003 followed by the ports of Piraeus,
Marsaxlokk, La Spezia, Damietta and Marseilles that took the ranks from the sixth to

the tenth position respectively.

In 2008, Valencia has taken the lead and enhanced itpeatibive position from the
third place in 2003 to the first place in 2008 followed by ports of GioiaTauro and
Algeciras which lost one rank in the hierarchy to be in the second and third place

respectively.
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Table 5.1- Measurement of Mediterranean container port market structure using kfirm concentration ratio (K -CR)

Throughput | Market Throughput | Market Throughput | Market Throughput | Market

Port (19%85) share port (20%35) share Port (20%85) share Port (ZO%ZF)) share
GioiaTauro 2,125,640 15.4% | GioiaTauro 3,148,662 14.0% | Valencia 3,602,112 10.5% | Port Said 4,831,165 11.4%
Algeciras 1,825,614 13.2% | Algeciras 2,515,908 11.2% | GioiaTauro 3,467,772 10.1% | Valencia 4,469,754 10.5%
Genoa 1,265,593 9.1% | Valencia 1,992,903 8.9% | Algeciras 3,324,310 9.7% | Algeciras 4,114,231 9.7%
Barcelona 1,092,920 7.9% | Barcelona 1,652,366 7.3% | Port Said 3,128,776 9.1% | Ambarli 3,097,464 7.3%
CR4 45.61% CR4 41.40% CR4 39.47% CR4 38.92%
Marsaxlokk 1,071,669 7.7% | Genoa 1,605,946 7.1% | Barcelona 2,569,550 7.5% | Piraeus 2,745,012 6.5%
Valencia 970,758 7.0% | Piraeus 1,605,135 7.1% | Marsaxlokk 2,334,182 6.8% | GioiaTauro 2,721,104 6.4%
Piraeus 933,096 6.7% | Marsaxlokk 1,300,000 5.8% | Ambarli 2,262,086 6.6% | Marsaxlokk 2,540,000 6.0%
Haifa 832,377 6.0% | La Spezia 1,006,641 45% | Genoa 1,766,605 5.2% | Tangier 2,220,000 5.2%
La Spezia 731,882 5.3% | Damietta 955,045 4.2% | Constantza 1,380,935 4.0% | Genoa 2,064,806 4.9%
Marseilles 644,000 4.7% Marseilles 831,000 3.7% | Alexandria 1,264,455 3.7% Barcelona 1,756,429 4.1%
CR10 83.08% CR10 73.88% CR10 73.26% CR10 72.04%
Livorno 576,680 4.2% | Ambarli 754,873 3.4% | Haifa 1,262,000 3.7% | Livorno 1,600,000 3.8%
Alexandria 495,777 3.6% | Izmir 700,795 3.1% | La Spezia 1,246,139 3.6% | Alexandria 1,500,000 3.5%
Izmir 396,619 2.9% | Haifa 694,000 3.1% | Damietta 1,195,630 3.5% | Haifa 1,372,209 3.2%
Naples 319,577 2.3% | Taranto 658,426 2.9% | lzmir 895,000 2.6% | Mersin 1,263,495 3.0%
Damietta 309,671 2.2% | Port Said 583,930 2.6% | Mersin 854,500 2.5% | La Spezia 1,247,218 2.9%
Mersin 241,865 1.7% Livorno 554,405 2.5% Marseilles 847,651 2.5% Marseilles 1,061,000 2.5%
Port Said 0 0.0% | Alexandria 495,186 2.2% | Taranto 786,655 2.3% Damietta 760,000 1.8%
Ambarli 0 0.0% Mersin 467,111 2.1% Livorno 778,864 2.3% Izmir 700,000 1.7%
Tangier 0 0.0% | Naples 430,000 1.9% | Naples 481,521 1.4% | Cagliari 627,609 1.5%
Taranto 0 0.0% | Cagliari 303,537 1.3% | Piraeus 433,582 1.3% | Constantza 620,000 1.5%
Cagliari 0 0.0% | Constantza 206,449 0.9% | Cagliari 317,325 0.9% | Taranto 563,461 1.3%
Constantza 0 0.0% | Tangier 24,113 0.1% | Tangier 64,178 0.2% | Naples 546,818 1.3%
Total 13,833,738 100% Total 22,486,431 100% Total 34,263,828 100% Total 42,421,775 100%
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Port Said has significantly enhanced its competitive position from being ranked as the
fifteenth in 2003 to be the fourth in 2008 due to the inauguration of the SCCT.
Meanwhile, ports of Alexandria, Constantza and Alexandave achieved a significant
growth and enhanced their competitive position in the study ports hierarchy to be in the
seventh, ninth and tenth places instead of being in the eleventh, {iventgnd

seventeenth places respectively in 2003.

The situéion has also changed in 2012; while Port Said continued its success to
become in the first place, Valencia lost one position to be in the second place and
Algeciras secured its competitive position in the third place. However, port of Ambarli
achieved a emarkable enhancement in its competitive position from being in the
seventh place in 2008 to be in the fourth place in 2012. While port of GioiaTauro,
Barcelona and Constantza lost their competitive positions from being in the second,
fifth and ninth place in 2003 to be in the sixth, tenth and twentieth places in 2012,
ports of Piraeus and Tangier succeeded to enhance their competitive position from
being in the twentieth and twersgcond places in 2008 to be in the fifth and eighth
positions in 2012.

The above analysis reveals the intense competition among study ports in the
Mediterranean container markét the next section, the Hirshm&ferfindahl Index
++, LV XVHG WR SURYLGH IXUWKHU HODERUDWLRQ RI Wl

in relafon to the total market throughput.

5.3.2.2Hirschman-Herfindahl index (HHI) analysis

HirshmanHerfindahl Index (HHI) is a measure of the size of firms in relation to the

industry as a whole. It is also an indicator of the degree of competition betwagmf

the market.7KH ++, LV XVHG WR SURYLGH IXUWKHU HODERUDW
market shares in relation to the total market throughput. The assumption behind the

HHI is that a low level of concentration is expected to be accompaniedhigh éevel

of competition and vice versa. This assumption is particularly true for-poter

competition in the container port markdtigure 5.4 andable 5.2 show that the overall

level of competition in the Mediterranean container port market as negabyrHHI

reveals increasing trend overtime, decreasing value of the HHI over time indicates that
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the level of competition is intensifying. Figure 5.4 arable 5.2 shows that in 1998 the

HHI was about (848.83) which indicated that the market wasclmveeantrated. By

2012 the HHI had decreased to (649.81) indicating an increase in competition between
the market players which reveals that the hpirt competition between ports under

study is intensified.

Figure 5.4- Mediterranean container port market concentration (1998 +2012).

This result accords with the widely accepted view of the general trend in the container
port market over recent years, as reviewed inithgortant literature of inteport
competition thathave included among others, Notteboom and Winkelmans 62001
Heaver et al. (2001); Cullinane et al. (2004) and Notteboom (2010, 2012).
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Table 5. 2- Hirshman-Herfindahl Index for Medite rranean container ports (1998

&2012)
Throughput Market Throughput Market Av.
Port (1998) share | HHI 2012) | Share | HHI o ot
(1998) | (1998) (2012) (2012) rate
(1000) TEU % (1000) TEU %

Valencia 970,758 7.0% 49.24 4,469,754 10.5% | 111.02| 11.5%
Port Said 0 0.0% 0.00 4,831,165 11.4% | 129.70 | 20.6%
GioiaTauro 2,125,640 15.4% | 236.10| 2,721,104 6.4% 41.14 1.8%
Algeciras 1,825,614 13.2% | 174.16| 4,114,231 9.7% 94.06 6.0%
Ambarli 0.00 0.0% 0.00 3,097,464 7.3% 53.31 18.4%
Marsaxlokk 1,071,669 7.7% 60.01 2,540,000 6.0% 35.85 6.4%
Tangier 0 0.0% 0.00 2,220,000 5.2% 27.39 65.3%
Barcelona 1,092,920 7.9% 62.42 1,756,429 4.1% 17.14 3.4%
Genoa 1,265,593 9.1% 83.70 2,064,806 4.9% 23.69 3.6%
La Spezia 731,882 5.3% 27.99 1,247,218 2.9% 8.64 3.9%
Haifa 832,377 6.0% 36.20 1,372,209 3.2% 10.46 3.6%
Damietta 309,671 2.2% 5.01 760,000 1.8% 3.21 6.6%
Mercin 241,865 1.7% 3.06 1,263,495 3.0% 8.87 12.5%
Marseilles 644,000 4.7% 21.67 1,061,000 2.5% 6.26 3.6%
Piraeus 933,096 6.7% 45,50 2,745,012 6.5% 41.87 8.0%
Alexandria 495,777 3.6% 12.84 1,500,000 3.5% 12.50 8.2%
Izmir 396,619 2.9% 8.22 700,000 1.7% 2.72 4.1%
Livorno 576,680 4.2% 17.38 1,600,000 3.8% 14.23 7.6%
Taranto 0 0.0% 0.00 563,461 1.3% 1.76 0.6%
Cagliari 0 0.0% 0.00 627,609 1.5% 2.19 17.0%
Constantza 0 0.0% 0.00 620,000 1.5% 2.14 22.1%
Naples 319,577 2.3% 5.34 546,818 1.3% 1.66 3.9%

Total 13,833,738 | 100.0% | 848.83 | 42,121,775| 100.0% | 649.81 8.3%

5.3.2.3Gini Coefficient and Entropy index analysis

Many studiessee Notteboom (1997), McCalla (1999) and Lago et al (200&ye
applied the Gini coefficient (GC) asn indexto evaluatespatial concentrationor
inequality inport markets. As explained in chapter four, the GC hamdiantages, but
it considered asa descriptivetechnique not an illustrative one. Thus the GC
demonstratesonly little information on the dynamics lying behind thstudied
deconcentratioror concentratiorirends In most of thecases such aflustration can
only be comprehensivelyexplainedby a thorough analysis of qualitatifactorsand

conditions in theport marketunder studyNotteboom, 20086.

The previous studies on port competition and port selectionprovide more
understandingmto theelementsf cargo shiftdbetween ports (Huybrechts et 2002).

The literature oriner shipping networks andhip operating considerations, including
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increases irship capacity providesunderstandingf additionalelementsaffectingport
market concentration levels (Cullinane et al., 1999; Notteboom,; ZIm2 2013).
However, the questiopersistswhether the GC itself can lappliedas atool for a
analysing the port market dynamicén this section, the overall GC for the

Mediterranean port market beingillustratedin more detas.

A new trendof steadily decreasing Gini ratidseganin the early 1990s, following a
first deconcentration period in the late 1970s which \waited in relation toa
concentration tendency in the early 198(Qdotteboom, 2006). Due to the
unavailability ofdatg this researclstared the Mediterranean obsetion period only
in 1998. In contrast to the dependency of the Hirschihherfindahl Index (HHI) on the
number of ports, the G€nablescomparison of the concentratitevel for a different
number of ports on an equal ENeverthelessScherer (1980¢xplained thathe GC
cancreatemisleading results whespplied toa marketwith a small number of evenly
matched firms (Fageda, 2000).

Table 5.3 shows the Gini coefficient for the Mediterranean container port market. The
value of GC (.32389 indicates a deconcentration trend in 1998 followed by a period
of increasingequality in 2012 as the coefficient value decrease.81746) Between

2004 and 2007, new ports were built such as SCCT in Port Said and Tahgreas
meanwhilemediumsized ports strengthentheir positionversusthe larger ones. The

hub battle in theMediterranean basialteredactivities fromdistantports, in terms of
deviationdistance to the maitraderoute; toclose byports andchangedthe current

hierarchy in the Mditerranean ports.

While new port plansare still beingestablishedlong the mairrade routeat Cagliari,

for example, many other hubs along the same lane such as Tangier and SCCT are in the
process otlevelopingtheir facilities tocatchmore traffic. Figures 5.5 and 5.6 show the
Mediterranean container port market trend towards deconcentration as the curves of
inequality are moving towards the diagonal line which represents the total equality of
the population. The Gini ratios in figuré&s5 and 5.6 point to aontinuedbut rather

weak deconcentration trend between 1998 and 2012. The Lorenzdamamnstrates

the cumulative percentage of output accounted fordiffgrent percentages of the

number of ports, anthus explains the inequalityather than the concentration of the
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SRUWVYT P D Figuie/s.5explBinstHe/size inequality of the main container ports

in the Mediterranean market in 1998, and shows that almost 50% of the ports account
for roughly 27% of the total throughput. Hogwer, in 2012, as shown in figure 5.6, the
Lorenz curve shows that about 60% of the ports account for aBoésof the total
throughput.

Inequality in the Mediterranean container port market slightly increased in the last
decade. This has recentigcome a interestto someresearchers who ameterested in
political and economidgssues.Traffic concentration at the level of a certain container
port market isevidently different than cargo traffic concentration at the levedf
individual shipping Inesof the liner networks (Cullinane & Khanna, 199%tteboom,
200&c) )URP D VKL S®InQal view, Géstaleeconomiesn all ports would
favour afew number of load centres inspecific market

The advantages afargoconcentrdabn in a small number ofports of call would be
more effectiveat theshipping linelevel than at the port levebasicallybecause not all
shipping linesselectthe same ports in their liner servigperation pattern@Notteboom,
2002 2009.

Cumulative percentaa® | SRUWV T WK

Cumulative percentage of population (Mediterranean main container pc

Figure 5.5- Lorenz Concentration curve for Mediterranean container port market

(1998)
Source: Wessa, P. (2012free Statistics Software, Office for Research Development and Edudation
version 1.1.237, URL|http://www.wessa.neft/
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&XPXODWLYH SHUFHQWDJH

Cumulative percentage of population (Meditegan main container ports)

Figure 5. 6- Lorenz Concentration curve for Mediterranean container port market

(2012)
Source: Wessa, P. (2012free Statistics Software, Office for REODUFK '"HYHORSPHQW DQG (GXF
version 1.1.237, URLhttp://www.wessa.ngt/

Another simply constructed concentration measure is the Entropy Index (El). As
PHQWLRQHG LQ FKDSWHU IRXU LW ZDV IUHTXHQWO\ DS
strategy The construction principle is the same as for the HHI; the weights attached to

market shares are only different. HHI assigns higher weights to higher shares whereas

the El assigns to higher shares lower weights. Thus, both indexes are subject to weight

bias. Nevertheless, they are not exempt from some weaknesses. Rhoades (1995)
highlighted that two of them are very sensitive about the number of firms, which

increase rapidly with the increment in number of firms.

7TKH FXPXODWLYH FXUY HatSéOnfrakkieV shelrk alyathBt thew Vathks iK e

market. The height of the curve above any point on the horizontalllastsatesthe
SHUFHQWDJH RI WKH PDUNHWTV WRWDO VL]H DFFRXQWHC
The curve is continuously risingdm left to right, but rising at a continuously

diminishing rate. It reaches its maximum height of 100% at appoint on the horizontal

axis corresponding to the total number of ports in the market. Figure 5.7 shows the
concentration curve for the study poits the Mediterranean container market. It

explainsthe fact that the largest ten container ports, in terms of market share hold about

70% of the total market throughput in 1998.
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Figure 5. 7- Cumulative Entropy index for the Mediterranean container ports
(1998).
Source:WesV D 3  Free $tatisticSoftware, Office for RessBUFK '"HYHORSPHQW DQG (GXFDW
version 1.1.237, URL|http://www.wessa.neft/

In 2012, as shown in figure 5.8, the cumulative Entropy curve for the study ports in the
Mediterranean container market shows that the largest ten container ports, in terms of
market share hold about 60% of the total market throughput. That in turn réweals
market tendency towards deconcentration as the market share of the top ten ports

decreased and distributed among the whole ports in the defined market.

X YRelative values of portsarket share

0 Britrodyovaldes of ports' market share

Cumulative values oS RUWV | PDUN

Number of ports

Figure 5. 8- Cumulative Entropy index for the Mediterranean container ports
(2012).
Source: :HVVD 3 Free StatisticSoftware, Office forResBUFK '"HYHORSPHQW DQG (GXFDW
version 1.1.237, URL|http://www.wessa.neft/

The cumulative concentration curve ahdrenz curve differ in twaspectsFirst, the
cumulative concentration cunaalculateghe cumulative number of ports along the x

axis, whereas the Lorenz curve expldine cumulative percentages of ports. Second,
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the cumulative concentration curve ranks the ports starting with thestaom the
contrary the Lorenz curve ranks the ports starting with the smallest port in the market.

Both curves will benfluencedby a change in ports market shares.

Nevertheless, a concentration measure must not be affected by the number of entities
existing in the market, only the share they own should determine the market
concentration. This could easily be corrected by the normalization of the HHI and El,
as they take values between zero and one regardless of the number of firms on the
market. Howeer, the weight bias that characterises these concentration measures will
always be present.

The normalid Entropy index (El) confirms the same market trend towards
deconcentration, as shown in Figure 5.9, 5.10 and Table 5.3 respectively. In 1998 the
El was @.604007 and it increased t@2.888778). In this context, it should be
highlighted that the Entropy index is a negative indicator of concentration, the higher

its value, the lower the level of concentration.

XaY RéIXive valuesf ports' market share

oM5\Gfués & dpdrtsdmarket share

Cumulative values oS RU W V § herB U|

Number of ports

Figure 5. 9- Relative Entropy index for the Mediterranean container port market
(1998).
Source: :HVVD 3 Free Statistics Software, Office for Re D UFK '"HYHORSPHQW DQG (GXF
version 1.1.237, URL|http://www.wessa.neft/
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Figure 5. 10- Relative Entropy index for the Mediterranean container port market
(2012).

Source: :HVVD 3 Free StatisticSoftware, Office for ReslDUFK '"HYHORSPHQW DQG (GXF
version 1.1.237, URL|http://www.wessa.neft/

The above analysis reveals that the Mediterranean container market moves towards
deconcentration in the period eten 1998 and 2012. Table 5.3 summarises the value
of different indexes that are used to measure the market concentration and accordingly
the level of inter port competition in the Mediterranean container port market. -The K
CR decreased from 45.61 in 19@839.21 in 2012. The HHI decreased from 848.83 to
649.81 in the same period. While the Gini coefficient decreased from 0.323 to 0.317,
the El increased from 2.604 to 2.888. In this context, it should also ioechthat the
number offirms (container pais) havealso increased within this period from 16 ports

in 1998 to 22 ports in 2012. The increase in the number of ports is related to the
inauguration of some container port within this period such as Taranto, Cagliari and
Constantza which are operated2000, SCCT in Port Said that is operated in 2005,
Ambarli which is operated in 2002 and Tangier in 2003.

However, as explained by Lapteacru (2012), a concentration measure must not be
influenced by the number of entities existing in the market, onlysiiaee they own
should determine the market concentration. This could easily be corrected by the
normalisation of the HHI and El, as they take values between zero and one regardless
of the number of firms on the market. Table 5.3 also demonstrates taiukeof the
normalised HHI is almost 0.02 and the values of the normalised EI vary between 0.94

in 1998 and 0.93 in 201Zhat reveals the deconcentration and competieatures of
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Table 5.3- Summary of the Mediterranean container market concentration indexes

Index 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012
K-CR (CR4) | 45.61% | 43.82%| 43.87%)| 44.31%| 42.53%)| 41.40%| 40.01%| 39.54%| 37.98%| 37.99%| 39.47%| 39.74%)| 38.43%| 39.73%)| 39.21%
K-CR (CR10) | 83.08% | 80.529| 78.78%| 79.52%| 75.46%)| 73.88%| 71.25%| 69.76% | 69.44%)| 71.24%| 73.26%| 70.37%| 72.56%| 70.54%| 72.56%

848.83 | 801.85| 780.81| 786.99 | 734.60| 708.32| 668.30 | 646.41 | 625.84 | 636.98 | 666.18 | 639.64 | 651.05| 661.25 | 649.81

[Normalised HHI] | 0.024 | 0.023 | 0.030 | 0.030 | 0.027 | 0.027 | 0.022 | 0.020 | 0.018 | 0.019 | 0.022 | 0.019 | 0.021 | 0.022 | 0.020

[Gini Coefficient] | 0.32 | 032 | 040 | 041 | 039 | 040 | 037 | 034 | 033 | 035 | 038 | 034 | 036 | 035 | 0.36
260 | 267 | 273 | 272 | 280 | 283 | 287 | 289 | 290 | 289 | 2.8 | 291 | 2.89 | 289 | 2.89
Em‘r)gma':iggx 094 | 094 | 091 | 091 | 092 | 092 | 093 | 093 | 094 | 093 | 092 | 094 | 093 | 093 | 0093
Number of ports [ 16 17 20 20 21 22 22 22 22 22 22 22 22 22 22
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the Mediterranean container port market which in turn reveals the intensified
competition between container ports in the Mediterranean basin and restructured the
market in terms othe competitive position of the ports under study. As such the first
hypothesis is confirmed as the market moves towards deconcentration and pure and

perfect competition.

Next section analysis the Mediterranean container port market structure and the
charges in the competitive position of the ports under study. Bdston Consulting

Group(BCG) matrix is used to provide an overview about such changes in term of the
FKDQJH RI SRUWVY PDUNHW VKDUHV DQG DYHUDJH JURZW

5.3.2.4Mediterranean container ports BCG matrix 19982012

Most ports conside their ratesof growth and proportion & marke sharesasthe main
determinantdor assessingompetitiveposition (De Lombaerde and Verbeke, 1980).

this context, the BCG Matrix issed to analyse the dynamics of the Mediterranean

container port market and test the second hypothesis mentioned in chapteftmne

second hypothesis(H2) DV V XPHYV the/ kKkbmpetiive positions of the
Mediterranean container ports under study are chaGgeRYHU WKH SHULRG RI1 V

The BCG matrix identifies four market positions first is the questionmark which
reveals that the futapotentia of the ports isuncertain, ports have high ratsgrowth

but their market share is not significant. Second are the Stars that present ports with
high future potentia) high growth rates and marke share Third iscash cows which are

ports in declie with a high marketsharebut low increaserates.Fourth aredogs that
present ports with a littler zerodevelopmeniperspective: growtlatesand market

share areeduced.

As illustrated in figure 5.11, differémorts are placeal in the matrix accordirg to totd
throughpt in 1998.The vertical axi®f the matrix presents the annaaleragerate of
growthwhile the averagenarke shae is presented by thieorizontd axis. As such an
analogouslecision matrix is mack in which evely port position is describé in termsof
annu#& avera@ rate and averag@ marke share Figure 5.11 shows thaGioiaTauro,

Valencia,and Barcelona are stars. Those are ports with an annual rate of growth higher
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than the average growth rate of the Mediterranean container port market and a
significant market share. These ports neagatecash but because of the fast growing
market, starseedhuge investments tetaintheir lead. Portpositionedn this cell were
attractive as they amgtuatedin a robust market. These ports aegy competitive in the

market If successful, a star will become a cash cow whemgmetmatures.

However, Damietta, Alexandria, La Spezia and Izmir are question marks, thattss, por
with a significant annual growth rate but with low market share. These ports require a
huge amount of investment to maintain or gain market share. Question mark ports try to
enhance their quality of service to attract more customers. If these poxs idoest in

their infra/superstructure as well as their quality of service, they may become dogs,
while if huge investment is made, then they have potential of becoming stars. Five of the
study ports are considered as cash cows with low average groevidmnchhigh market
share. These ports are; Algeciras, Marsaxlokk, Piraeus, Genoa and Haifa. Cash cow
ports require little investment and generate cash that can be utilized for investment and
service improvement. These ports have potential to become stasgvet, if these

ports lost their market share due to the fierce competition, they might fall into dogs.

Ports of Naples, Mercin, Marseilles and Livorno display the worst results and appear as
dogs, since they have low annual growth rates and no samtifiroarket share. They
neithercreaterevenue noneed a hugeavestmentBecause ofow market share, these

ports encountercost disadvantagedJsually economisingpolicies are implemented
because these ports camcreasemarket share only at the expertderival ports. They

had weak market share because of high operating costs, poor service quality and
ineffective marketing. These ports would be turned to question marks, if they succeed in
adopting strategies that increase their average growth ratecdtlelyalso be cash cows

if they increased their market share by attracting more traffic and being more customers

oriented in their services provision.

However, as shown in figure 5.12, in 2012, the competitive positions of the ports under
study are dramatically changed. Tihain reasons of suahange are: thiglediterranean
container port market tendency towards deconcentration, the increased number of
market players; container ports, new investment that took place in ports

infra/superstructure, restructuring of ports management and ownership and the

184



involvement of the private sector in port operation and management, the improvement of

port efficiency andhe success of ports to attract more vessels and shipping lines.

Stars 50.00 | Question mark
— Damietta
Q\i 40.00 +
e
g 30.00
E
o Valenciag 20.00
o
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% 20.0% 15.00{2I X 10.0% %6 P
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Livorno
Cash cow Dogs
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Average market share (%)
#Valencia XGioia TauroXAlgeciras =Marsaxlokk ® Barcelona B Genoa
La Spezia MHaifa +Damietta Mercin Marseilles @ Piraeus
Alexandria =lzmir Livorno Naples

Figure 5.11- Mediterranean container ports BCG matrix 1998

As shows in figure 5.12, Ports of Piraeus, GioiaTatmparli and Algeciras have

become stars in the BCG matrix. These ports succeeded to enhance the average annual

growth rate and increase their har shares. @ne ports like Constantza, Mercin,

Genoa, Haifa and Marseilles have succeeded to become questiks imthe matrix.

$OWKRXJIJK SRUW RI *HQRDYV PDUNHW VKDUH KDV GHFUHL
WKH SRUWYV LPSURYHG LWV DQQXDO JURZWK UDWH $'

have enhanced from being cash cow to be a question mark iiCtherfatrix.

Similarly, the average growth rate of the ports of Mercin and Marseilles has also
increased in the same period and accordingly the competitive positions of the ports are
enhanced from being dogs to be question marks. Ports of Valencia, Milks@dogier

and Port Said became cash cows in 2012. The competitive position of Valencia has

185



dropped from being stars in 1998 to cash cow in 2012 due to the reduction in its average
growth rate. The unique location of Port Said and Tangier has its méat af
attracting shipping lines and accordingly enhancing the competitive position of these
ports. Those ports have an opportunity to improve their competitiveness to be stars if,
they succeeded to increase their annual growth rate through the indréase annual

throughput.

Meanwhile, ports of Damietta, Barcelona, La Spezia, Taranto, Cagliari, Naples and

Alexandria and Livorno are dogs in the BCG matrix. The ports have small market shares

and low annual average growth rate. The ports have an apjgrto be either Cash

Cow, if they succeeded to increase their market share or question marks, if they

increased their annual average growth rate. Figure 5.12 also illustrates that the star ports
such as Piraeus, GioiaTauro and Algeciras are the existulg ports in the

Mediterranean container market.

However, there is a potential for some Cash Cow ports such as Tangier, Valencia and

Port Said to be future hubs, if they succeeded to increase their average growth rate.
Similarly, there is an opportunitior some portsn the questiommark block such as

Genoa, Haifa, Mercin and Constantza to be future hubs, if they increased their market
VKDUH 1HYHUWKHOHVYV WKH LQFUHDVH RI RQH SRUWYV P
FRPSHWLQJ SRUW RHdareSThatVinvtlirn P\ilU ¢hahge and affect the

competitive position of some ports in the market.

The above analysis of BCG matrix for the years of 1998 and 2012 reveals that the
competitive positions of the Mediterranean container ports under study havged
over the period of study due to the significant change of their market share and average

growth rates. As such, the second hypothesis is confirmed.
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Figure 5.12- Mediterranean container ports BCG matrix 2012.
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In order to transpose some of the former conclusions into the Mediterranean container
market, it isbeneficialto analysethe amountof container shifts among ports and port
categories (mediursizedandlarge ports). Therefore, a customuasform of the shift

share analysis will be used in the next section to aadle Mediterranean container

market conduct.

5.3.3 Mediterraneancontainer port market conduct
5.3.3.1 ShiftShare analysis

As illustrated in chapter four, ithe context of this research,arket conduct is the
actual behaviours of ports in the defined market. It explains how the Mediterranean
container portsespondo the conditions imposed by the market structure and interacts
with competitors The shiftshare anlgsis isappliedin order to analys the behaviour

of study ports in the defined market. The skhiare analysis was originakstablished

in the framewdk of regional economicst is appropriateto get more insight into the
issue of the growth of ports throughput (Notteboom, 1997).

Although shiftshare analysis @ble to describe the market dynamics in the immediate
competitive environment, &nables wviding the gowth or decline of portsto related
sectionsWKH pVKDUHY HIIHFW DQG WKH upuVKLIWY HIIHFW 7
estimated growth of container traffic in a port as if it would singgservets market

share. The total shifeveals the totsnumber of containers (TEUg)prts haveactually

won from orlost to competing ports in the same market, withasgmatedcontainer

WUDIILF VKDUH HIIHFW DV D ebaHleshbeétt€révaluatioddl ap VKLIW T F
S RUW 1 VtireReBsadHitvéliminates the growth of the overall container sector. This

means that only the namountof TEU-shifts between ports remains. The sum of the

shift-effects of allstudyports equals zer@Notteboom, 1997)

It is beneficialto analysethe amountof container shifts among study portsn order to
get a thorough understanding ofiroughpu dynamics. The net shift analysis offers a
good methodfor assessingontainer shifts. It is a modified form of the shft-share
anaysis, which wasfirst usedin Notteboam (1997). As explained in chapter fous,net
shift of zerowould meanthat the port would have the same growth rate as thetotal port
market The average annual net shift figures for the study ports demonstratea gan

(positive sign) or aloss (ngative sgn) of potential container traffic i.e. comparedto the
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situation under which the study ports would havegrown at the same average growth

rate asthe total Mediterranean container market.

Figure 5.13 and appendix SHowsthe results of a markétased total shift analysis
applied to the Mediterranean container port market. For purposes of comparability, the
study periogfrom 1998 to 201%vere used as years of reference in the simplified-shift
share analysis. Notwithstamgj the fact that the total net volume of shift effects within

the Mediterranean container port market increased from 776,441 TEUs in 1999 to
2,220,669 TEU in 2012. The percentages of TEUs shift within the Mediterranean
market amounts to around 6% of totiafoughput in 1999 and about 5% in 2012. The
decrease in percentages mighkplainthat dynamics, in terms of TEkhifts. The total
volume of containers shifted between the respective ports reached an exceptionally high
level in the study period.

In thattime span, among the major winners and losers in terms of total shifts are a large
number of Mediterranean ports. In 1999, Port Said, Valencia and Damietta were the
main winners and showed the best performances. The total TEUs gained by these ports
as a prcentage of the total shift was 54%, 16% and 13% respectively. While the ports
of Livorno, Algeciras, Genoa and Marsaxlokk showed the worst performance. The

percentages of losses of these ports were 19%, 18%, 17% and 15% respectively.

In 2005, the portef Port Said and Constantza represent the major winners. The former,
due to the inauguration of SCCT with its strategic location with zero deviation from the
main container trade Ea¥fest trade route, gained about 47% of the total TEU shift,
while the laer gained around 25% of the total shift. However, compared to the total
TEU shifts, the ports of GioiaTauro, Piraeus, Marsaxlokk and Damietta lost about 22%,
17%, 16% and 15% respectively. Similarly, in 2009, due to the increased transhipment
traffic in the Mediterranean basin, the ports of Tangier, Port Said and Cagliari gained
around 38%, 18% and 15% of the total shift. The remarkable gain of Tangier port is
UHODWHG WR WKH QHZ LQYHVWPHQW LQ WKH SRUWVT
period am the unique location of that port at the west entrance of the Mediterranean
basin , while ports of Constantza, Barcelona and GioiaTauro were the main losers. The

losses of these ports were 25%, 22% and 16% respectively.
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In 2012, port of Piraeus was the imavinner. The port gained about 44% of the total
TEUs shifts followed by the ports of Algeciras, GioiaTauro and Ambarli that
respectively gained 14%, 13% and 12% of the total TEUs traffic shift in the
Mediterranean market. Meanwhile, ports of Port Saani2tta and Barcelona were the
main losers at that period of time. The ports losses from the total TEUs traffic were
about 37% 23% and 17% respectivelyihus, although the Mediterranean ports
involvedthemselves in largscale container traffic, shifts tveeen ports are remarkably
increased andlemonstratingconsiderable dynamics within the container ports under
study. Two elements are the main reasons for the dynamics of container traffic in the

Mediterranean basin.
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Figure 5.13 6 KLIW LQ OHGLWHUUDQHDQ FRQWEIRHU SRUWTV W

First of all, locationaklementsnearnesso main Rounethe-World (RTW) traderoute,

seem to be theainreason for the emergence of new ports, not congestion or the lack
of space in the existing ports. Indeed new ports, such as SCCT in Port Said and
Tangier,are located alonghe RTW track route, maritime trackconnectingthe Suez
Canal to theStrait of Gilraltar. Secondly, the fact that the recent emergence of new
ports did not coincide with a deconcentration trend in the Mediterranean range, but

resulted merely in a stagnation of the Gini coefficient.
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According to the total shift analysis, this stagnatitemivedfrom the strengtheningf

the position of the small and meditsized ports at the expense of the larger ones
(Marseilles, in particular). The hub battilevedactivities from remote ports, in terms
of deviationdistancefrom main RTW route, to neby ports. Among the latter ports,
Algeciras, Tangier and Port Said adistinctive in that it gives the possibility of a

north-south and eastiest interline.

The total shift analysis also showed that the current hub ports in the Mediterranean are
alreadylosing ground to the benefits of some potential hubs such as Tangier and
Ambarli and some gateways such as Piraeus. In the future, the land side and in
particular corridor development will undoubtedly prove todssentialto maintain a
competitive edgdor the Mediterranean ports. In this context, the load centres in the
Mediterranean container market can be considered as the dominant players.

As far as the share analysis is concertieel market share of each port is calculated as

a percentage of the total throughput of the 22 selected ports. Figure 5.14 and
appendices 5.2 and 5.4 illustrate that, in 1998, ports of GioiaTauro and Algeciras were
the market leaders with market shares 5f4% % and 13.2% respectively. Ports of
Genoa, Barcelona, Marsaxlokk and Valencia had approximately equal market shares of
9.1%, 7.9%, 7.7% and 7.0% respectively while ports of Damietta and Mercin had the
lowest market shares of 2.2% and 1.7% respectively.

In 2005, the ports of Algeciras and GioiaTauro succeeded to maintain their competitive
position as market leaders in the Western Mediterranean market that includes ports of
Barcelona, Valencia, Cagliari, Marseilles, Marsaxlokk and Genoa. The portsexthie
market shares of 11.6% and 11.5% respectively. The remarkable drop in the port of
GioiaTauro market share is related to the emergence of new competition from Port Said
after the inauguration of SCCT. During such a period, Port Said attained a market
share of 5.9%. Moreover, the operation of SCCT by APM affected Piraeus market
share, which declined from an average market share of 7.0% in the period between
1998 and 2004 to about 5.1% in 2005.

Figure 5.14 and appendix 5.2 and 5.4 also show that anmengajor winners just

before theworld financial crisis in 2008 and 2008ere the Spanish Mediterranean
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ports. In 2007, the ports of Valencia and Algeciras achieved market shares of 9.1% and
10.3% respectively. However, Barcelona was hit hard by the essits market share
dropped from 7.9% in 2007 to 5.5% in 2009. Container transhipment activities, sea to
sea in particular, did not recover after 2009 and the Catalan port closed 2012 at market
share of 4.4%. At the other extreme, Valencia recorded aaspiar and consistent
growth between 2007 and 2010. The port had a market share of 9.1% in 2007 raised to
LQ 06&V FKRLFH WR XVH WKH SRUW DV D KX
WUDQVKLSPHQW YROXPHV DQG HQKDQFHG WKH SRUW:

Mediterranean port rank.

Among the major winners after the crisis were Port Said and Valencia. The ports
achieved market shares of 11.4% and 10.5% respectively in 2012. However, the market
share of the ports of Algeciras and GioiaTauro dropped to 9.16.486 respectively

in the same year. The reduction in Algeciras market share is directly related to the
increase of Tangier market share that increased to 5.2%, while the reduction in
GioiaTauro market share is due to the increase of Port Said marketsstthPiraeus
market share that increased to 6.5%. The main losers in this period are the ports of
Taranto and Naples with market of 1.3% and ports of Cagliari and Constantza with a

market share of 1.5%.

As such, e net resut of the @ove growthshas been aslight deciine in the market
share of the West Mediterranearuls, except Tangiein the last fifteenyearsafter a
significantemergencein the second half of the 1990s Thus Weg-Medterrareanports
far away from the main shipping routes (such as Marseilles, Genoand Livorno)
suweceeded for the first time ever in attainingmarket share in the past threeyears, from
2010 to 2012yis-a-vis other Mediterranearports closer tothe shipping route The
transhpment traffic remains a highly pootlooV HUsiness. This has led sme
transhipment hubs such as GiaTauro andAlgecirasto develop rail sewices to capture
and save the economic certresin the distant hinterlands directly, while at the same

time trying to attract logistics sites to the ports (Notteboom, 2012).

The significant improvement of the Mediterranean container ports under study was

mainly due tothe inclusion of transhipment hubs in th@arketsince the miel990s

(GioiaTauro|Marsaxlokk Cagliari, Algeciras, Port Said and Taranto). Tharket
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share of transhipment hubs in total Mediterranearcontainer throughpu pealed since
2005. The main reasonsif such increase are that sorhgping linesrely on thehub-
and-spke operationpatternin the Mediterraneanpthers preferredto add new line-
bunding sewices calling at main land ports directly (Notteboom, 2010)In responsg
mainly Italian transhipment hubs arechangingtheir focus,now seving central and East
Mediterraneammarket Algeciras, sbong hold of APM Teminals, reliesa lot on ead-

westandnorth-south interlining and is facing competition from the port ofTangier.

Years
m Valencia m Port Said m Gioia Tauro m Algeciras = Ambarli
Marsaxlokk ®m Tangier m Barcelona Genoa m La Spezia
= Haifa Damietta = Mercin Marseilles Piraeus
Alexandria [zmir Livorno Taranto Cagliari

m Constantza ®Naples

Figure5.14 6 KDUH LQ OHGLWHUUDQHDQ FRQWEDIRZHU SRUWTYV \

5.4 Discussion and @nclusion

Over the last two decades the ports of the Mediterrangaket have experienced
significant growth in container traffic as well as a remarkable expanarah
restructuring othe portmarket Theevolving container shipping network and changing
status of container ports in the Mediterranean have attracted thetiofeselolars and
practitioners to explore the dynamics of changes in market concentration and the
impact of such changes on the competitive positioning of ports.

The aim of this chapter was to examine and analyse the port competitive level and the

recert dynamics in the Mediterranean container port market for the period from 1998 to
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2012 in terms of market concentration afetoncentration tendencies, and the impact

RI VXFK WHQGHQFLHV RQ WKH FRQWDLQHU SRUWVYT FRP
four, the research followed the concept oé tmdustrial Organetion (I0) and the

Structuralists (Harvard school) methodology to assess the market structure and to
measure market concentration that demonstrates the market dynamics and port
competitiveness. lmoing so, the Structw€onductPerformance (SCP) approach is

used. For the purpose of this chapter, the research foarsethalysng market

structure and conduct, while market perfamoe will be measured and anagsnthe

next chapter.

Market struatire is analysedthrough the measurement of market concentration and
inequality. A number of measurement techniques are used. Market concentration is
measured and analysed by using thR€R and HHI. The market inequality is measured
through the use of Girdoefficient and Entropy index. The ports competitive positions

at the beginning and the end of the study period, in which the market dynamics is
explained, are presented by using the BCG matrix. Market conduct is explained through
the use of shifshare aalysis technique.

The research providea thorough analysisf the concentration, deconcentration and
inequality levels of the Mediterranean container port market. The scope of the research
mainly concerns theassessmentriteria and techniques perceiveabt an indepth
analysis of the reasomsiusingthe observed results. The research findings demonstrate
that the recent deconcentration tendency of the Mediterranean container port market is
due to the increased number of market players andigibution of container traffic
among the ports under studihis can clearly be noticed from the analysis of thEK

and HHI. The KCR analysis revealed that the market shares of the top four and top ten
container ports in the defined market have desed within the study period. Similarly,

the value of the HHI is also decreased in the same period. Thus the first hypodhesis

be acceptedas the market moves toward deconcentration and pure and perfect

competition.

As far as the inequality analysis éencerned, the chapter assessed inequality at the
level of the Mediterranean container ports under study. At first sight, the reduction in

the value of Gini coefficients as well as the increase in Entropy indices for the
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Mediterranean container port markkemonstrate@ remarkable deconcentration trend
within the period of study. The recent hub battle undoubtedlyencesthe present
hierarchy in the Mediterranean ponarket Hence, new ports atwriilt to accommodate
(RTW) services with the best techogy and location such as Algeciras in Spain,
Marsaxlokk in Malta, Port Said (SCCT) in Egypt and GioiaTauro in southern ltaly,
while mediumsized ports are reinforcing their position-awis larger ones. Using the
Gini coefficient and Entropy indices asalytical techniques enables observations that
could be madén relation tothe net contribution of the inequality betweedividual
ports to overall traffic concentration in the defined port market. By doing so, the
research is able tget an overviewon spatial dynamics in the Mediterranean container
port market than provided solely by the Gini coefficient. Tausprisesa valuableand

distinctcontribution to the literature of port geography.

The research also concluded that the dynamic characterddt the Mediterranean
container market have a significant impact on determining not only the degree of
market concentration but also the competitiveness level of container ports in such a
market. In this context, the BCG matrix is used to test the debgpothesis that
presumes that the competitiveness level of the ports under study is changed over the
period of study. The results indicated by the BCG matrix confirm such hypothesis as
ports of GioiaTauro, Valencia and Barcelona were the market leadé@9B, while

ports of Algeciras, GioiaTauro, Piraeus and Ambarli took the lead in 2012. Meanwhile,
there is a potential for some ports such as Port Said and Tangier to enhance their
competitive position and become market leaders as hub ports in the réeaiten

basin. The former has a potential to increase its average growth rate, while the later has
a good opportunity to increase its market share through the transhipment traffic.

In the context of the analysis of market conduct, the-shdire analyseexplainthat

the level of portmarket concentration in the Mediterranean container poarket
stagnated in the period of study. The stagnation in the concenti@tawas a result

of container shifts to mediwsized (new) ports such as Tangier and SCCT which
providea more favourable location to receive RTW services. The recent hub battle in
the Mediterraneagertainly increases inteport competition within the Mediteanean
market which will most probably lead to a further traffic distribution betweenwast

and northsouth. Thevolume of this traffic will highly depend upon the productivity
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gains in the Mediterranegortsand themprovementsn land container sgices, roads
and railsoperating on multimodatransport networks, anteeder services between
container ports in the Mediterranean basin and thiairerlands(Notteboom, 1997)
Port authorities in the Mediterranean neirkould use these results asoemponentto
analysewhether thestudiedspatialgrowth of the respective container partarketis
corresponding taheir policy objetives. The results also provide goodbasis for
evaluating the impacts of recent developmentsin liner serviceitinerary, market
structure and hinterland services on the spatidistribution of container handling

activities.

According to the above mentioned analysis of the Mediterranean container port market
structure and conatt, in terms of port hierarcithe market can be segmented into two
main categories, the present huirts and the potential hubs. The former such as
GioiaTauro, Marsaxlokk, Algeciras and Port Said (SCCT) have a competitive
advantage in their strategic location near to the main Inaeetroutes, while the later
such as Valencia, Barcelona, Genoa and Ambarli are trying to utilize their resources in
terms of terminals infra/superstructure in order to enhance their competitive position

and increase their market share.

Nevertheless, the ability of port to compete in such a dynamic market not only depends
on the availability of ports infra/superstructure, location #mughput butis also
affected by the optimum utigion of such facilities in terms of port efficiencyhe
severe competition characterises the container port industry in the Mediterranean
market has inspired a blatant concern in the efficiency with which it exptsits
resources. The study of the container ports efficiency is very important for the
enduance and competitiveag of the market playerés such, next chapter assesses
the technical efficiency of the study ports in the Mediterranean container market. In
doing so, a number of DEA models are used not only to measure the relative technical
efficiency of the defined ports and offer an effective management tool for port
operatorsput also represent a significant input for enlightening regional and national

port developmernto planningand operations.
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CHAPTER SIX
BENCHMARKING THE TECHNICALEFFICIENCY OF THE
MAIN CONTAINER PORTS IN THEMEDITERRANEAN

6.1 Introduction

Port efficiencyis a significant factor that stimulates pat competition and enhances
regional developmert. With growing international maritime traffic and changing
techndogy in the maritime trarsport industry (containerisation, integrated logistic
services,etc.), pats are cqing with mourting pressuresto promoteandoffer cutting-
edge tecmology (Merk & Dang, 2012)As such Mediterranean container ports are
being forced teenhanceport efficiency to provide comparative advantages that will

attract moreseatraffic.

In this context, the aim of this chapter is to explore the use of efficiency measures as a
proxy to assess market performance through benchmarking the relativenegfioie

the main container ports in the Mediterranean, as a second stage on using the SCP
paradigm. The research analysest#ehnicalefficiency of 22 container ports in the
Mediterranean market using a cragsctional, panel data and window analysis
applcation of the output oriented models of data envelopment analysis (DEA) for the
period between 1998 and 2012. In doing so, this chaptalyseghe results of the
efficiency analysis of Mediterranean main container ports. As a first stage, in order to
aqquire a variety of complementary efficiency analyses for major ports in the defined
market, the results of five DEA models are analysed to benchmark the efficiency of

container ports under study.

This chapter is orgarmed as follows; section two encompassample description and
data statisticalanalysis. In section three, DEBCR/BCC models are applied to
benchmark the relative aggregate technical efficiency under (CRSuaadeghnical
efficiency under VR®f ports under study. In section four, return to scale analysis is
utilised to find out the status of return to scaleath port and supeifficiency A&P
analysis is conducted to rank the efficient ports. A sensitivity analysis is used in
section five ¢ distinguish between variables that have larger migign terms of
efficiency and kck variable analysis is used wetermine potential areas of

enhancemerfor inefficient ports. Finally the conclusion is presented in section six.
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6.2 Sample description and data statistical analysis

In this chapter, sets of both cressctional and panel data are analysed to allow the
evaluationof container port efficiency under a numberwvairious assumptions and
model specificationsTable 6.1 demonstrates the dgstive statistics of cross
sectional data inputs and output variables for the year of 2012 and comprises the data
of the main container ports in the Mediterranean bdsia.selection of the DMUs, 22
container ports in the Mediterranean, is based on theation and the container
traffic served, since these ports share the same foreland represented by the
Mediterranean. Moreover, these ports represent the large and medium size container
ports in the defined market with container throughput greater than080 TEUS in

2012. These ports ar€alencia, Barcelona and Algeciras in Spain; GioiaTauro,
Genoa, La Spezia, Livorno, Taranto, Cagliari and Naples in Italy; Ambarli, 1zmir,
Mersin in Turkey; Marsaxlokk in Malta; Tangier in Morocco; Haifa in Israel;
Marselles in France; Piraeus in Greece, Constantza in Romania and Port Said,

Damietta and Alexandria in Egypt.

To avoid having too many DMUs with efficienegtimate$eing equal to one, which
would lower the discriminatory power of DEA, Norman and Stoker 1) #®oposed
that the number aftudiedDMUs should be at least twice the sum of input and output
variables. Thereforahis researcluses twenttwo ports, and hence the sum of

input and outputneasurescould not be greater than eleven.

The required secondary data ameostly taken from different issues of the
Containerisation International Yearbooks the publishers of this source contact the
ports under study every year, and the datacaliectedbased on their surveys, the
data analysd within this study igonsideredas the most reliable and comprehensive
available.To assesghe efficiency of the ports undetusly, data for the years from
1998 to 2012 are usedhe primary data is not used here in this research \masit
difficult to be collectedirom the study ports. Port operators and authorities do not
release such type of data as they consider it as confidential ands dffent

competitive position in the market.
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Based on the argument that container terminals are more suitebteeto-one
comparison than whole containgorts Cullinaneet al, 208b), this researchnitially
intended to benchmark the efficiencyaf individual container terminals. However,

data sources often report the required data, container throughppsrticular
collectively for the whole port, rather than on the basis of the individual container
terminals at each of those ports within the sample. Therefore, the input and output of a
port were defined as the aggregation of the input and ootitindividual terminals

within the port.

Table 6.1 shows that, in terms of the output variable represented by ports annual
throughput, there is a wide range across the. ddta data set also shows a high
dispersion at which the standard deviation is 1,3M),4'he kurtosis parameter for

this variable is 0.02, close to zero, which means that the date& setrmally
distributed.In the context of the input variables, Table 6.1 also shows that there is a
wide range across the terminals areas and storage tyagata setsThe kurtosis
parameters of the ports throughput and terminals areas are 0.02 and 0.43 respectively,
near to zero, which means that the data is almost normally distrilhutiedms of the

quay length, maximum depth and handling equipmté kurtosis parameters are
0.94,-0.31 and 0.48 respectively, near to zero, which means that the data is almost

normally distributed.

Table 6. 1- Descriptive statistics of crosssectional data inputs and output

variables for the year (2012).

Inputs Output
Variables i i
Terminal Storage Quay Maximum Handlmg Throughput
area Capacity length depth (m) equipment (TEUS)
(Ha) (ha) (m) P (unit)
Min. 13.50 2,500.00 | 550.00 12.00 8.00 263,461.00
Max. 181.49 | 112,471.00| 4,793.00 18.00 290.00 4,831,165.00
Range 167.99 | 109,971.00| 4,243.00 6.00 282.00 4,567,704.00
Mean 85.24 35,756.23 | 2,392.05 15.07 106.73 1,914,316.23
Std. Dev. 40.94 28,593.16 | 1,211.13 1.46 72.00 1,310,474.48
Skewness 0.60 1.08 0.67 -0.37 0.89 0.91
Kurtosis 0.02 0.43 0.94 -0.31 0.48 0.02
Number of
DMUs 22 22 22 22 22 22
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Table 6.2 illustrates the descriptive statistics of the panel data inputs, outputs and
explanatory variables. This sample serves as the basis for the panel data analysis and
also encompassethe main container ports in the Mediterranean. The sample of
window analysis comprises a total of 314 observations. Table 6.2 reveals that there is

a wide range across the throughput and terminal ataasdts.

There is also a high dispersion of the data from the mean, in which the standard
deviation is very highThe Skewnesscoefficients of port throughput and terminal
area are (1.34) and (0.94) which means that the distribution of data is skewed to the
right and the data is not normally distributéithe kurtosis parameters of the ports
throughput and terminakreas are 1.70 and 1.21 respectiwvetych indicates that the

data is not normally distributed

Similarly, there is a wide range across the data sets of the storage cagpaayty
length and maximum deptithe Skewness coefficients of the storage capacity, quay
length and maximum ddpiare 1.34, 1.25 and 0.9deans that the distribution of data

is skewed to the right and the data is not normally distributed. The kurtosis parameters
for the same variableseaR.53, 1.29 and 13.86 respectively.

Table 6.2- Descriptive statistics of the panel data inputs and outputs variables

Inputs Output

Variables Terminal C:S;B;ac?t?/ lg#;% Maximum el-(;i?;;jlilwne?] t Throughput

area (Ha) (ha) (m) depth (m) (unit) (TEUS)
Min. 6.00 700.00 481.00 9.00 20.00 24,113.00
Max. 213.49 | 112,471.00] 7,268.00 30.00 305.00 5,366,968.00
Range 207.49 | 111,771.00] 6,787.00 21.00 285.00 5,342,855.00
Mean 73.52 24,876.39 | 2,191.71 14.46 82.71 1,298,551.09
Std. Dev. 40.95 19,384.16 | 1,396.04 1.91 54.62 965,442.60
Skewness 0.94 1.34 1.25 0.94 1.37 1.34
Kurtosis 1.21 2.53 1.29 13.86 2.52 1.70
’;'f“rgi’ﬂeds 314 314 314 314 314 314

There is also a wide range acrtiss yard equipmerdata setThere is a high data far
from the mearand theSkewnesgoefficient is 1.37,whicimeans that the distribution

of data is skewed to the right.
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In order to confirm that theelectedinput andoutputvariables couldevaluatethe
efficiency of the prts properly, correlation analysis was carrieat to verify that
they demonstrated isotonicityTable 63 shows the correlation coefficient the
crosssectional data of the inputs and output measures for the year of 2012. Table 6.3

shows that all variable are positively correlated.

The correlation coefficients of five input variables against ongputvariable are all

greater than 0.20. The lowest correlation coefficient 0.20 is between the quay length

and the maximum depth, while the highest correlation coefficient of 0.84 is between

the quay length and handling equipment. Table 6.3 also shows ¢hatisha strong
SRVLWLYH FRUUHODWLRQ EHWZHHQ WKH WHUPLQDOVY DL
and handling equipment with correlation coefficients of 0.688, 0.673 and 0.693
respectively. Thus, it demonstrates that they were all positively cedekatd that all

six variables complied with the isotonicity.

Table 6. 3- Correlation coefficients of the crosssectional data input and output

measures for the year 2012

Output Inputs
i Terminals | Storage ua Max. Handlin
Variables Thr((.)rlégl?)pm Area capac?ty ISngt)Ig depth equipme%lt
(ha) (TEU) (m) (m) (unit)
Throughput (TEU) 1.000
Terminals Area (ha) 0.491 1.000
Storage capacity (TEU) 0.510 0.688 1.000
Quay length (m) 0.591 0.673 0.516 1.000
Maximum depth (m) 0.444 0.319 0.248 0.201 | 1.000
a?]?t‘;"”g equipment 0.515 0.693 0.505 | 0.838 | 0.223|  1.000

Note: Correlation is significant at the 0.01 leveltédled).

Similarly, Table 6.4 shows the correlation coefficients of the panel data input and
output measures. Tab&4 illustratesthat all variables are positively correlated with
each others. The lowest correlation coefficient of 0.386 is between the handling
equipment andhe maximum depth, while the strongest correlation coefficient of
0.762 is between the quay length and the handling equipment. There is also a good

positive correlation between the output variable and the five input variables which
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varies between 0.480 @n0.602. As such, all variables of the panel data prove

isotonicity.

Table 6. 4- Correlation coefficients of the panel data input and output measures

Output Inputs
Variables Throughput | Terminals Storage IQua);] (lj\/laxh Handling
(TEU) Area (ha) capacity | lengt epth | equipment
(TEV) (m) (m) (unit)
Throughput (TEU) 1.000
Terminals Area (ha) 0.550 1.000
Storage capacity
(TEU) 0.561 0.566 1.000
Quay length (m) 0.502 0.679 0.491 1.000
Maximum depth (m) 0.480 0.382 0.303 0.437 | 1.000
'(*u":‘]ri‘t‘)’“”g equipment 0.602 0.738 0.472 | 0.762 | 0.386 | 1.000

Note: Correlation is significant at the 0.01 leveltgled).

The next section assesses the Mediterranean container market performance
through benchmarkingndanalysingthe aggregatand pure technical efficiency

of the Mediterranean main container ports. The BEZR model is used to

assess the aggregate technical efficiency under constant return to scale (CRS), the
DEA-BCC model is applied to assess the pucaneal efficiency under variable

return to scale (VRS) and the scale efficiency model is used to analyse the study
SRUWVY UHWXUQ WR VFDOH LQ WHUPV RI LQFUHDVLQJ

6.3 Assessment of market performane®EA modelsanalysis

Sufficientinfrastructure, along witffiactorslike know how, expertise organisational
reformand the #icient useof port infrastructure (Chlomoudis & Pallis, 1998&sist to
attract cargo traffievhen competition isntensified The cargo gesrating capability of
a port remains a powerfiidctor but otherelementdike electronic data interchange
linking port authorities, stevedores shippers and ship owners should also be
considered. In their absence, portsira@ meet the demand for cargaffic to be
delivered or transhipped quickly and reliably (Kallstrom &Warnecke, 1998).

Whether a port will manage tenhancetheseelementsis largely dependent on the

ports ability to ehance its efficiency and optimie the available resources.
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Infrastructue might not be the main influential elementof port competitiveness
especiallywhenports are well equippel in that respect (MST et al, 1996). Over the
period of the 1990s problems have arisen ayvito infrastructure congestion.
Moreover,regardless otapacity requirements, even the most succksgfarts

need further infrastructure modernisation though farious reasons: large
ports to inégrate into logistics chainssmall and medium ports teurmount

less efficiemt and less specialised facilities ambalcounteractheir weaknesses

regarding economies of scale (ECMT, 1998; Notteboom, 2012).

The efficiency structure hypothesexplainsthat performance of firms in eertain
market is positively related to their efficiency. This is because market concentration
emerges from competition where firms with low cost structure increase profits by
reducing prices and expanding market share. A positive relationship between firm
profits and market structure iglatedto the benefitsmade in market share by more
efficient firms.As such thesebenefitslead to increased market concentration. That is,
increased profits angresumedo accrue to more efficient firms because they are more
efficient and not because of collusive activities as the traditional SCP paradigm would
suggest (Molyneux and Forbes, 1995).

Traditionally, these hypotheses have bdested using profit/profit margin as
indicators ofefficiency. As indicated in chaptehree, in the efficiency literature there

is increasedocuson the use of efficiency astaol to analysethe economies of scale

and economies of scope accounting for risk, and potigylications. This section
analyes the resultof the first step of tb two stage efficiency analysis of
Mediterranean main container ports that illustrates the results of the output oriented

DEA models used for the efficiency measurement of the container ports under study.

6.3.1 Benchmarking the operational efficiency

Port efficiency is usually associated with performance and prodictivity; however,
their focusis narow, measuing total traffic volumesor opeaating techrology of ports,
which are not the only indicators. There are otherelementghat are related tahe more
organisationa side of production, sich ashow efficiently ports use inputs to produce

current output levels and whether the techndogies adoped by ports are the most
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efficient, thatare essentiato determining port efficiency (Wang et al, 2005)

As indicated in chapter four, the Banxia Frontier analyst softwarseidto solve the

DEA models. Withoutaccuratedataon the returns to scale of the port production
function, two types of DEA models, namely the CCR and BCC models of-cross
sectional angbanel data (window, contemporaneous and tasrporal) analysis, are
usedto analyse the efficiency of the main container ports in the Mediterranean as
well as return to scale efficiency. Tleemparisonbetweencrosssectonal dataand

paneldataarepresented in Table 6.5.

In the context of crossectional data for the year of 2012, Table 6.5 and appendix 6.1
indicate the efficiency estimates of The DEAR and DEABCC output oriented
models. It is clear from Table 6.5 that, as one would expecDEA&CCR model
yields lower average efficiencgcoresthan the DEABCC model, with respective
meanvaluesof 0.71 and 0.82 and where an index value of 1.00 equateaxionum
efficiency. Four out of the twenttyvo ports included in the analysis aszogniedas
efficient when the DEACCR and the DEACC models are applied. These ports are
Valencia, Port Said, GioiaTauro and Algeciras, while the rest of the study ports are
inefficient. The rest of the ports under study recorded as inefficient with relative
efficiency scores of less than unity in 2012. The ports of Constantza and Naples
showed the lowest efficiency scores of 0.233 and 0.126 under theQQEAModel

and 0.421 and 0.397 under DEBBICC model respectively.

This result is not surprising since a MCR model with arsuppositionof constant

returns to scaleoffers information on pure technical and scale efficiency taken

together, while a DEABCC model with thesuppositionof variable returns to scale

identifies technical efficiency alone. A Spearnfed UDQN RUGHU FRUUHODWLR
between the efficiencestimatesderived from DEACCR and DEABCC analyses

ZDV 7KH SRVLWLYH DQG VWURQJ 6SHDUPDQYV UDQ
indicated that the rank of eaplort derived fromusingthe two different models was

similar.

Empirical resultexplainthat there existsonsiderablavaste in the production of the
container ports in the sample. Fetample the average efficiency of container ports
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derived fromusingthe DEACCR model amauts to 0.71IThis demonstratethat, in
theory, the sample ports can, on average, increase the level of their outputs
(throughput) to 1.4 (50.71) times as much as their current level while using the
same inputs. However, this relies on theper approacks to production being

adopted and thappropriatescale of production implemented.

As with the analysis of crossectional data using DEA models, in the absence of
categorical empirical priori evidence that the efficiency of container pastows
eithe constant or variable returns to scale, the DEER and DEABCC models
were selectedfrom among various DEA models toassessport efficiency. As
mentioned in chapter four, various versions of DEA panel data analysesppdiex

as part of this stage. Tée included DEACCR/BCC models that are integral to the
Window, Contemporaneous and Intemporal analysis to theevaluation of
efficiency using panel data for the period between 1998 and 2012.

While it is comparatively uncomplicated to calculate efficiency scores using
Contemporaneous and Irtemporal analyses, caution should be exercised in
determiningthe window width for conducting a Window analysRreferably it
should bedeterminedto match the standard cycleime between technological
innovations so that the efficiensgoresderived from Window analysisevealsolely
the difference between the actual level of production pbrdand the best level of
contemporaneous production (Wang et al, 200)erthelesseven if such acase
should exist, in practicet is difficult to observe the technological innovation eycl
time within the port industry. Thus, as imany previous studies of this kind, it is
difficult to find a justification for theselectionof window size (Cullinane & Wang,
2010).

As such, the length of the window used herein is defined as five time periods that

present the average cycle time of the shipping and port market (Stopford, 2009).

Eleven separate windows atenotecas separate rows Appendices 6.2 and 6.3he

average of the 22 DEA efficien@stimatesand their associated standard deviations

DUH SUHVHQWHG LQ WKH FROXPQV GHQRWHG pOHDQY DQC

205



Table 6.5- DEA Cross-section and panel data mean technical efficiency scores for main Mediterranean container ports (19981 2).

Crosssection andPanel data mean and standard deviation of technical efficiency scores
Port Country Cross-section (2012) Window Contemporaneous Inter -temporal
DEA-CCR DEA-BCC DEA-CCR DEA-BCC DEA-CCR DEA-BCC
DEA-CCR | DEA-BCC
Mean | St. Dev. | Mean | St. Dev.| Mean | St. Dev.| Mean | St. Dev.| Mean | St. Dev. | Mean | St. Dev.

Valencia Spain 1.000 1.000 0.827| 0.052 | 0.870| 0.071 | 0.913 | 0.073 | 0.949| 0.051 | 0.803 | 0.126 | 0.881| 0.111
Port Said Egypt 1.000 1.000 0.787| 0.085 | 0.828| 0.151 | 0.897 | 0.048 | 0.917| 0.039 | 0.730 | 0.172 | 0.762| 0.154
GioiaTauro Italy 1.000 1.000 0.898| 0.104 | 0.899| 0.103 | 1.000 | 0.000 | 1.000| 0.000 | 21.000 | 0.000 | 1.000| 0.000
Algeciras Spain 1.000 1.000 0.903| 0.094 | 0.916| 0.087 | 1.000 | 0.000 | 1.000| 0.000 | 1.000 | 0.000 | 1.000| 0.000
Ambarli Turkey 0.953 0.972 0.649 | 0.107 | 0.724| 0.103 | 0.753 | 0.142 | 0.885| 0.064 | 0.506 | 0.159 | 0.587 | 0.194
Marsaxlokk Malta 0.961 0.984 0.855| 0.130 | 0.876| 0.132 | 0914 | 0.051 | 1.000| 0.000 | 0.982 | 0.019 | 1.000| 0.000
Tangier Morocco 0.835 0.876 0.655| 0.129 | 0.751| 0.100 | 0.767 | 0.094 | 0.899| 0.055 | 0.527 | 0.171 | 0.625| 0.178
Barcelona Spain 0.783 0.847 0.676 | 0.114 | 0.763| 0.094 | 0.838 | 0.071 | 0.905| 0.052 | 0.574 | 0.137 | 0.651| 0.152
Genoa Italy 0.836 0.881 0.741| 0.086 | 0.807| 0.069 | 0.882 | 0.057 | 0.913| 0.041 | 0.630 | 0.157 | 0.674| 0.137
La Spezia Italy 0.729 0.835 0.506| 0.083 | 0.669| 0.128 | 0.631 | 0.108 | 0.757| 0.051 | 0.440 | 0.149 | 0.529 | 0.165
Haifa Israel 0.708 0.819 0.463| 0.113 | 0.549| 0.109 | 0.577 | 0.094 | 0.653| 0.116 | 0.391 | 0.159 | 0.478| 0.198
Damietta Egypt 0.643 0.816 0.399 | 0.098 | 0.512| 0.121 | 0.504 | 0.224 | 0.598| 0.180 | 0.362 | 0.180 | 0.422| 0.238
Mersin Turkey 0.653 0.785 0.450| 0.070 | 0.535| 0.093 | 0.543 | 0.196 | 0.634| 0.153 | 0.388 | 0.168 | 0.441| 0.189
Marseilles France 0.687 0.784 0.373| 0.093 | 0.478| 0.070 | 0.422 | 0.148 | 0.562| 0.155 | 0.329 | 0.129 | 0.399| 0.152
Piraeus Greece 0.886 0.973 0.639| 0.165 | 0.696| 0.154 | 0.717 | 0.154 | 0.773| 0.122 | 0.486 | 0.200 | 0.570| 0.205
Alexandria Egypt 0.730 0.853 0.500| 0.072 | 0.650| 0.099 | 0.586 | 0.145 | 0.667| 0.109 | 0.411 | 0.172 | 0.521| 0.204
Izmir Turkey 0.759 0.895 0.425| 0.089 | 0.525| 0.121 | 0.516 | 0.126 | 0.632| 0.131 | 0.367 | 0.186 | 0.430| 0.205
Livorno Italy 0.438 0.747 0.355| 0.087 | 0.459| 0.080 | 0.411 | 0.177 | 0.544| 0.187 | 0.304 | 0.114 | 0.390| 0.164
Taranto Italy 0.373 0.603 0.318| 0.104 | 0.406| 0.118 | 0.314 | 0.181 | 0.485| 0.159 | 0.254 | 0.087 | 0.344| 0.161
Cagliari Italy 0.276 0.468 0.258 | 0.103 | 0.325| 0.126 | 0.287 | 0.107 | 0.317| 0.146 | 0.221 | 0.099 | 0.238| 0.100
Constantza Romania 0.233 0.421 0.293| 0.120 | 0.397| 0.156 | 0.308 | 0.098 | 0.459| 0.158 | 0.233 | 0.096 | 0.328 | 0.118
Naples Italy 0.126 0.397 0.208| 0.090 | 0.261| 0.145 | 0.266 | 0.098 | 0.269| 0.097 | 0.214 | 0.091 | 0.230| 0.092

Mean 0.710 0.816 0.554| 0.099 | 0.632| 0.110 | 0.638 | 0.109 | 0.719| 0.094 | 0.507 | 0.126 | 0.568 | 0.142
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The panel data efficiency estimates are reported in Appendice$.B.2The

approaches used in formulating Appendices 6.2 and 6.3 lend themsebueasl\tse
MWUHQGVY RI HIILFLHQF\ RYHU WLPH 7KLV DFKLHYHG WK
For example a cursory glance at Appendix 6.2 may prompt the inference that the

efficiency of a container port differs significantly over timekifg Valencia as an

example,its DEA-CCR and DEABCC window efficiency scores vary from 0.711 in

1998 to 0.950n 2012 an from 0.732 in 1998 to 1.000 in 2012 respectively.

As shown in Table 6.5, the identification of efficiency is explained by the mean value,
while the stability is assigned by the standard deviation. Table 6.5 shows that the
calculated mean TE (CCR) and’ P (BCC) values are less than 1.00 for all the
container ports under panel data analysis. The {8ER and DEABCC window
analysis mean efficiencegstimatesare 0.554 and 0.632 respectively. The mean
efficiency scores of DEACCR and BCC models for the comtporaneous analysis

are 0.638 and 0.719 respectively, while the respective values of theeimigoral
efficiency estimates are 0.507 and 0.568.

Table 6.5 also shows that ports of GioiaTauro and Algeciras had the highest mean
efficiencyestimate®f 0.9 and 0.898 for the DEACR and 0.916 and 0.899 for DEA

BCC window analysis. The ports also achieved mean efficiency scores of 1.000 for DEA
CCR and DEABCC models for the contemporaneous and iaemporal analysis over

the study period. In contrast, porf Cagliari and Naples had the lowest mean DEA
CCR/BCC efficiency scores for all panel data analysis. Port of Cagliari window analysis
DEA-CCR and DEABCC mean efficiency scores were 0.258 and 0.325 respectively.
7KH SRUWYYV FRQWHPSRYd2gdd Retd/0.2&H BoOQthél DHAER. &h@ F
0.317 for the DEA% & & ZKLOH W ktem®Rlhwdh\effidigihgyHsdores for the
same models were 0.221 and 0.238 respectively.

Port of Naples window analysis mean DELR and DEABCC efficiency scores were

02 DQG UHVSHFWLYHO\ 7KH SRUWYfV FRQWHPSRUDQF
0.266 for the DEACCR and 0.269 for the DEA0& & ZKLOH W kKtdmpRUWIIV ,QWI
mean efficiency scores for the DEZCR and BCC models were 0.214 and 0.230

respectively.
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Distinct from the other two approaches, Window analysis affays the assessment

RI WKH pVWDELOLW\Y RI HIILFLHQF\ ZLWKLQ ZLQGRZV E\ \
usingthis perceptionit is possible to observe that the efficiency of a DMithin the

different windows can also vamponsiderably Thestudy RI pVWDELOLW\ DQG WU
window analysisrevealsboth the relativeefficiency of a port in comparison to the

others in the sample and the absoleticiency of a port over timgCullinane &

Wang, 2007)

Table 6.5 also shows that some container ports such as Valencia, Algeciras,
Barcelona, Marseilles, Genoa, Mersin and Livorno are stable in terms of their
technical and pure technical efficiency as their standard deviation indicates lower
values in relation to other ports in the sample. This is related to the involvement of the
private sector in terminal operations in the ports of Valencia, Algeciras and Barcelona
and the continuous investment in port infra/superstructure in the porterda

Marseilles, Mersin and Livorno. In contrast the standard deviation of some ports such
as Cagliari, Constantza and Naples showed higher values, indicating unstable

performance, in comparison to other ports in the sample.

It is clear that substantiadefficiency exists in some container ports. The overall average
efficiency of the container ports undgudyover time is 0.64 and 0.51 respeely for
contemporaneous anctértemporal analyses. The forn@@monstratethat, on average,

the sampleports could have theoretically reduced their input level by about 36%, while
maintaining output levels, if industry best practice had been applied to their production
process during the period of study. While maintaining the same level of output, the latter
explainsthat during the periodf study the ports in the sample could theoretically have
reduced their inputs by around 49% on average, if they had not only followed industry

best practice, but had also kept abreast of technological innovation.

The comparison between the large, medium and small size container ports shows a
decline in the efficiency level of the large ports over time (Cullinane & Wang, 2010).
Some small container ports are efficient despite their limited throughput compared to
large ontainer ports. In order to examine the efficiency trend and to analyse to what
extent the efficiency of the comte@r portsfluctuates over timethe relationship
between the mean efficiency scores and their standard deviations is examined. In this
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context hypothesis thredH3) DV PHQWLRQHG LQ FKDSWwWhdU RQH S
WHFKQLFDO HIILFLHQF\ RI FRQWDLQHU SRUWYV LV QRW UH

Panel data provide the basis upon whigipothesisthreeis tested To examine the
degree to which port efficiency fluctuates with scale of production (throughput), the
standard deviation of efficiency estimates of each port over time and the mean
container throughput at each port over time are correlated ti&peaman’s rank

correlation coefficient.

Spearman’s rank correlation coefficient or Spearman's rho, First introduced by,

Spearmah 1904) is a noiparametric technique fomeasuringthe degreeof

correlation between two independent variablesvéluatesiow well the relationship

between two variables can la@alysedusing gmonotoni¢function. If there ee no
UHSHDWHG GDWD YDOXHV D SHUIHFW 6SHDUPDQ FRUUHC

the variables is a perfect monotone function of the other. Spearman's coefficient, like

any correlation calculation, isuitable for both{continuougand|discrete variablas

includingordinalvariablegLehman, 2005)

It is similar to Pearson's product moment correlation except that it operates on the
rank of the data rather than the raw data. There are some advantaggsyiog
Spearman's rank correlation over the more common Pearson’'s product moment
correlation coefficient. It is a ngparametric technique so it is unaffected by the
distribution of the populationt operates on the rank of the datathatit is relatively
insensitive to outliers and there is no requirement that the data be collected over
regularly spaced intervals. It can &pliedwith very small sample sizes and it is easy

to use However, the Spearman correlation coefficient also hae shisadvantages as
there is a loss of information when the data are converted to ranks. If the data are
normally distributed, it is less powerful than the Pearson correlation coefficient
(Gauthier, 2001).

The results of this analysis areported in Thle 66 wherethe calculation of the
standard deviation of efficiency estimates derived from applying Window analysis is
based on all of the efficiency estimates for an individual container port in different

windows. Table 6.6 shows the relationship betwdlee Mediterranean container
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ports' throughput and the fluctuation of their efficiency, represented by the standard
GHYLDWLRQ RI HIILFLHQF\ VFRUHYVY DV PHDVXUHG E\ WKH
coefficient (ranging from0.06 to-0.74). Since thee correlations are statistically

insignificant, hypothesis three cannot be rejected.

Table 6. 6- Relation between scale of ports' troughput and fluctuation of
efficiency.

Correlation between
Data Type DEA model Throughput &
Efficiency fluctuation

Spearman's rank order

correlation
DEA-CCRWindow -0.0633
DEA-BCC-Window -0.2571
Panel DEA- CCR-Contemporaneous -0.5880
DEA- BCC-Contemporaneous -0.7410
DEA- CCR-Inter-temporal -0.0876
DEA- BCC-Inter-temporal -0.2370

For the purpose of comparing the efficiency estimates of the study ports using
window, contemporaneous and Intemporal analyses, hypothesis four, as
mentioned in chapter one, can be tested. Hypothesis(fttk LPSOLHVYheVNKDW 3
technical efficiency of the Mediterranean main container ports has improved over
WLPH’

This hypothesis can be appropriately tested by tracking theoyegar average
efficiency of all of the container portander study using the Window,
Contemporaneous and Intemporal analyses indicated in Figure 6.1 and
summarised inappendices5.2 6.7. Figure 6.1 and appendices 6.Z depict the
development of yedbny-year average efficiency of all the container ports in the
sampé usng window, contemporaneous andertemporalanalysespresumingin

each case both the CCR and BCC model forms. It is clear from Figure 6.1 that the
general trend of average efficiency for the results from applying window,
contemporaneous and irdemporal analysis during the study period is upward from

1998 to 2007, compared with the downward trends, with some fluctuations, in the

210



period between 2007 and 2009. The former can be explained by the fact that long
term technological advancement and ommbus investment in ports
infra/superstructure provide an important impetus for improving efficiency of
container ports under study, while the latter can be attributed to the economic and
financial crisis that took place in 2008 and 2009 and had its megatpact on the

world trade and shipping market accordingly.

Consequently, the decision as to whether to accept or reject hypothesis four hinges on
the definition of efficiency that is applied. Hypothesis four cannot be rejected if the
efficiency under study refers to an overall efficiency that is affected by tledical
innovation and management. Howeugypothesid-our canbe rejected if it is held to

refer solely to whether a firm follows best practice at any particular time.

Through the use of a time period presented by a window width of five yedtss
research, the different container ports, DMUSs, (it is important to highlight herein that
the same port observed at different time periods is treated as being differenangorts)
assumed t@pply the same or similamanagement antkchnology. In such a cashe
efficiency results are not greathffectedby the managemenand technology utilised.

Thus, advances in technology do not necesganrtigiloverall efficiencyenhancement

Figure 61 alsoexplainsthat the average efficiencyprf window, contemporaneous and
intertemporal analyses exhibit an upward trend. This is not surprising as each port in this
study 5 comparedavith 21 other count@arts and the frontier defined by all the ports in

the same set for contemporaneous analysis. Howegddr pert idbenchmarkeavith 110

and 330 other counterparts and the frontier defined by all the ports in each of these sets

for window and intetemporal analyses respectively.

A large sample iglearly more likely to make gort appear inefficient. An ARVA

of the meanefficiency of each port over timeoif Window, Contemporaneous and
intertemporal analysed; =11.19 and 9.96 corresponding, respectively, to DEA

CCR and DEABCC analyses,demonstrateshat the means of the efficiency

measures calculated ogithese three different approaches are significantly different

DW WKH OHYHO 2Q WKH RWKHU KDQG 6SHDUPDQYV L

between the efficiency derived from the three approaches ranges from 0.95 to 1.0. The
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strong value of this cdicient explainsthat the three approaches vyield similar

rankings of efficiency for container port production.

Mean efficiency scores

199819992000200120022003200420052006200720082009201020112012

Year
=#—\Winodw CCR ==\Winodw BCC
=>&=Contemporaneous CCR === Contemporaneous BCC
=0-Intertemporal CCR Intertemporal BCC

Figure 6. 1- Year by year mean efficiency scores for Mediterranean main
container ports (19982012)

Table 6.7showsWKH 6SHDUPDQYYV UDQN RUG MddolsRVEII6f ODWLRQ F
efficiency calculated byifferentmodels indicated above. The correlation coefficient

between the efficiency rankings derived from DESER and DEABCC analyses

varies between 0.85 and 1.0. The high coefficient valdesnonstratethat these

alternative appraches have similaefficiency scoresin terms of the rankings of the

portsunder study andupporttheresultsof Bauer et al. (1998).

The resultsattainedin this study revealthat ports with greater transhipment traffic
tendto be more technically and scale efficient than those with greater local thedfic.
such when the results are analysed with respect to the presence within the sample
ports that are dedicatdd transhipment containers such as SCCT in Port 8y,
seems to be no evidence of any difference in technical efficiency between ports that
adopt astrategyof establishingledicated terminadperationor otherwise

However,as explained by Wang ek £2005)this maybe more realistic andxplain

the comparative lack of managerial competence in container ports operations amongst
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shipping lines and the inevitable slack periods of inactivity associated with the

dedicated terminal exclusively serviciagsingle shipping line.

Table6.7- 6SHDUPDQYY UDQN RUGHU FRUUHODWLRQ FRHIILFL

Cross-section Window Contemporaneous Inter -
DEA model temporal

DEA- | DEA- | DEA- | DEA- | DEA- DEA- | DEA- | DEA-
CCR | BCC | CCR | BCC CCR BCC | CCR | BCC

Cross-section

DEA-CCR 1.000

Cross-section

DEA-BCC 0.984 | 1.000

Window DEA-

CCR 0.895 | 0.849] 1.000

Window DEA-

BCC 0.895 | 0.849] 1.000| 1.000

Contemporaneous

DEA-CCR 0.895 | 0.849] 1.000| 1.000] 1.000

Contemporaneous

DEA-BCC 0.894 | 0.850| 0.978 | 0.955] 0.980 1.000

Inter -temporal

DEA-CCR 0.895 | 0.849] 1.000| 1.000] 1.000 0.990 | 1.000

Inter -temporal

DEA-BCC 0.894 | 0.850| 0.960| 0.970] 0.990 1.000 | 0.990| 1.000

Note: Correlation is significant at the 0.01 leveltgled).

Anotherinferenceof the resultsattainedin this analysiss that gateway ports such as
Genoa, Marseilles, I1zmir and Naples appear to exhibit lower levels of technical
efficiency than ports that specialise in transhipment such as Algeciras, GioiaTauro,
Port Said and Marsaxlokk. This result is partially explaibgdthe quascaptive
nature of gateway traffic that éestined for osourced from welitlefined hinterlands,

in preference tohe footloose nature of transhipment traffdbviously, in the case of

the latter, there exists more of an incenfioeincreamg efficiency so as tanprove

portcompetitiveness in a competitimearket(Cullinaneet al, 20®).

However,In the case of the former, tii@stexpansion and overlapping of hinterlands
is fast eroding the extent to which traffic can duearanteedCullinane & Khanna,
2000. This result alscentailsa relationship between hub or feeder port status and
technical efficiency. In the same context, it is agnificant to know that the
efficiency scores may also be a function of the incentives thstt gxdon management

in order to be efficient. Where resources kmated, there is a likelihood of lower

levels of efficiency. This goes some wayexpresswhy ports such as Valencia and
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Barcelona, where land is at a premium andhegituallymore efficent than where
this is less of a constraint, have emerged as technically efficient even though it is

known that theyencounteproblems of port congestion.

In other wordsjn spite ofan excessof demand for the use of these ports, it would

seem that evegreffort is being made to service their customer base to the maximum of

their ability. In this context, the next part of this section analyses the relation between
SRUWVY SURGXFWLRQ WKURXJKSXW DQG WKHLU VFDOH
efficiency provides a tool for decision makers in ports to set their future investment

plans according to the current efficiency status of a port as well as the estimated

future demand, in terms of container traffic, on port services.

6.3.2 Scale efficiency malysis

The issue of scale of operation is problematic. Given the homogeneity of the container
throughput thatepresentshe output variable within all the modelppliedherein, the
analysis doesnablethe determinationof the relationship between efficien@and

scale Obviously, the economies of scale do exist in container port operations
(Cullinane et al, 2006). As such, porvith the largest throughptgnd toshowthe
highestlevels of technical efficiency. Howevehe largesports are not necessarily
scale efficient, with some container ports such as Piraeus and Alexandhawihg
average scale efficiencyseemingly this might seem tgroposethat appropriate
management decision making on the utilisation of existing resources seem$aot to
inconsistentwith sound decisions on theature andtiming of infrastructure

investment (Wang et al, 2005).

As explained in chapter four, CRS and VRS thre efficiencyscoresderived from
respectively assuming constant aratiablereturns to scale. When 3g& less thanl,

ports encounterscale inefficiency, driving higher overall inefficiency compared to
pure technical inefficiencyin contrast when SE quals to 1, ports are operating at
efficient scales, producing at the optimal level for which they were designed
(Cullinane and Wang, 2010). However, the appropriate direction in scale adjustments
can be identified only with the nature of returns to sdhiat is, increasing (IRS) or
decreasing (DRS).
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Merk and Dang (2012) illustrated that for ports operating at IRS (outptgases
proportionally more than the increase in inputs), production level should be expanded.
This isnormally the case for ports operating below optimal levels as long as current
business traffic, while building up gradually, remains below the optimal capacity of
port infrastructure. On the contrary, when ports operate at DRS (outpeases
proportionally lesghan the increase in inputs) they shotgducetheir production
toward lower optimal levels to limit inefficiencies, fimstancein case of congestion.
However,in the longterm, the choiceof increasingthe optimal level of production
through investing in higér port infrastructurehould also be considered.

The status of returns to scag&plainsessentiainformation; thevariousstatusesre

due to the different utilisation of variable inputs anxedl inputs (Lin and Tseng,
2007). Table 6.8 andppendice$.8-6.10 showshree different statuses of returns to
scale. When a podncountergonstant returns to scaledgmonstratethat its current

size is optimal (scale optimal). When the curreng $iZ the port is smaller than the
optimal size, the poencountersncreasing returns to scale. In contrast, when the size
of the port is larger than the optimal size, the port exhibits decreasing return to scale
(Cullinane et al, 2004).

Compared withhe traditional setappraisal of the DEACCR and BCC models, the

SCE model waappliedto calculate a simple crosectional efficiency value for peer
appraisal. Table 6.8 shows that the scale efficiency values of four out of 22 ports of
the study, Valena, Port Said, Algeciras and GioiaTauro, are 1.00 with constant
return to scale in 2012. The next four ports which are Ambarli, Marsaxlokk, Tangier
and Genoa have scale efficiency close to unity which is 0.980, 0.977, 0.953 and 0.949
respectively. All thesgorts experience decreasing return to scale except Ambarli
which has increasing return to scale. Under such agyeduation regime, Constantza

and Naples showed poor performances over the study period. They had scale

efficiency scores of 0.553 and 0.3E&pectively with an increasing return to scale.

In order toanalysethese results on economies of scale, a caution must be exercised.
This is because of the inconsistent investie port infrastructure (Wanet al, 2005;
Cullinane et al, 2006). Ingtments ofsubstantiakcapital sums are made vergrely

and, with anobjectiveto cater for future growth in port demand, often have the
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impact of expanding capacity to levels well above what may be currezgbjedIt is
a clearredundancy tondicatethat this is more likely to be the case for lapgets,
rather than for smaller port$hus this is apossiblelimitation of any crosssectional
analysis anaffers support for an approach based on panel data that may capture the
dynamicsrelated tahe characteristicef the portindustry(Cullinane & Wang, 2006)

Port panel data allows a comprehendeachmarlof the returns to scale status to be
made. The panel data window analysis contains 5 observations which form a panel
data set of 22 containeogs in the Mediterranean basin for 15 years, 199812.

Table 6.8 andppendices 6:8.11 detail the scale properties of each container port at
varioustimes and over different windowsin our panel, Table 6.8 and appendices
6.8-6.10 show that 28.7% dhe ports under study exhibit constant returns to scale
compared with 43.9% of the ports exhibiting decreasing returns to scale and 27.4%

exhibiting increasing returns to scale.

With respect to panel data contemporaneous analysis, appendix 6.12 shoius that
1998, 4 out of 16 portsit is an unbalanced panel dataset where the information of
ports of Port Said, Ambarli, Tangier, Taranto, Cagliari and Constantza are not
available for the year of 199&howed constant returns to scale, while 6 ports showed

increasing returns to scale and 6 ports exhibited decreasing returns to scale.

In 2012, 9 ports exhibited constant returns to scale, 7 ports exhibited decreasing
returns to scale and 6 ports exhibited increasing returns to Apglendix 6.13 shows
the ntertemporal panel data set of 330 observations of 22 ports for 15 years from
1998 to 2012. Appendix 6.13 demonstrates that 67 out of B%.3%) ports
(observations) show constant returns to scale, while 142 (45.2%) ports exhibit

decreasing returns teae and 105 (33.4%howincreasing returns to scale.

In general, decreasing return to saadeninates irthe cross sectional and panel data
sets of he window, contemporaneous anatértemporalanalysis. Table 6.8 also
shows that the mean scale effiecy for the studyortsis relatively above average,
between 0.844 and 0.872 for the panel data analysis and the stdedattn for the

%It is an unbalanced panel dataset where the information of ports of PdrtABabarli, Tangier,

Taranto, Cagliari and Constantza are not availableddain years. There are 16 missing observations.
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scale efficiency scores is between 0.07 and 0.12 that means that the scale of
production for most of the study ports is almost stable during the period of study.
Table 6.8 andappendices 6.16.13 are evidence that thmajority of the container

ports withthroughput of one million TEUs and higher in a year tend to operate at
decreasing returns to scale (DRS).

This is because theport capital investments are often made in large amounts
intermittentlywith the expectation of a long working life. As such, ports often design
their capacity to be higher than its current market demand, even if port traffic only
increasegradually over time (Cullinane and Wang, 2006xontrast smaller sized
container pds with output below one million TEUs a yeahoweither CRS or IRS.

This outcome corresponds to the findings in Wang and Cullinane (2006b) in their
investigation of the efficiency of 104 container terminals in European ports.

In the context otomparimg the relative efficiency of container ports in this research,

variable inputs represent the inputs tban be changed during the period of stadg

the fixed inputs remain constant during the study period. In this study the variable
inputs are the confaQHU SRUWVY LQIUDVWUXFWXUH VXFK DV WHU
PD[LPXP GHSWK DQG SRUWVY VXSHUVWUXFWXUH VXFK DV

Variable inputs are the inputadicatedin the model, whereas fixed inputs are not
captured by the model because theain the same throughout the study. Therefore,
the elementsthat restrict the adjustment of variable inputs (infrastructure and

equipment) are considered as the fixed inputs such as available land for port use.

For all the ports thatncounteincreasimg return to scale in their operations, increases
in inputs will result in more than a proportional increase in outputs. Hence, the ports
that operate with IRS coulttainsignificant efficiency gains bincreasing their scale

of operations.
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Table 6.8- DEA Cross-sectional and panel data mean scale efficiency scores for main Mediterranean container ports (1293 2).

Cross-section (2012) Window Contemporaneous Inter -temporal

Fort eff?c?izlr?cy 5) esfggl]e Mean | St. Dev. t% estg;rl]e Mean | St. Dev. 2 estg;Te Mean | St. Dev. 5) estg;rlle
Valencia 1.000 CRS 0.953| 0.035 DRS 0.961 0.032 DRS 0.908 | 0.045 DRS
Port Said 1.000 CRS 0.953| 0.037 DRS 0.978 0.017 DRS 0.953 | 0.046 DRS
GioiaTauro 1.000 CRS 0.999| 0.004 CRS 1.000 0.000 CRS 1.000| 0.000 CRS
Algeciras 1.000 CRS 0.985| 0.035 CRS 1.000 0.000 CRS 1.000 | 0.000 CRS
Ambarli 0.980 IRS 0.735| 0.356 DRS 0.846 0.120 DRS 0.869 | 0.044 DRS
Marsaxlokk 0.977 DRS 0.977| 0.037 DRS 0.914 0.051 DRS 0.982 | 0.019 DRS
Tangier 0.953 DRS 0.642| 0.389 DRS 0.852 0.071 DRS 0.839 | 0.081 DRS
Barcelona 0.924 DRS 0.883| 0.072 DRS 0.925 0.031 DRS 0.886 | 0.065 DRT
Genoa 0.949 DRS 0.916| 0.048 DRS 0.965 0.028 DRS 0.928 | 0.060 DRS
La Spezia 0.873 DRS 0.772| 0.135 DRS 0.840 0.164 DRS 0.829 | 0.060 DRS
Haifa 0.864 IRS 0.838| 0.084 IRS 0.888 0.066 IRS 0.820| 0.104 IRS
Damietta 0.788 IRS 0.788| 0.115 IRS 0.818 0.165 IRS 0.884 | 0.087 IRT
Mersin 0.832 DRS 0.847| 0.092 DRS 0.839 0.126 DRS 0.881| 0.052 DRS
Marseilles 0.876 DRS 0.783| 0.165 DRS 0.737 0.077 DRS 0.823| 0.069 DRS
Piraeus 0.911 DRS 0.919| 0.063 DRS 0.922 0.076 DRS 0.843| 0.094 DRS
Alexandria 0.856 DRS 0.774| 0.072 DRS 0.874 0.112 DRS 0.789 | 0.087 DRT
Izmir 0.848 IRS 0.812| 0.104 IRS 0.825 0.149 IRS 0.847 | 0.063 IRS
Livorno 0.586 IRS 0.773| 0.141 IRS 0.744 0.107 IRS 0.804 | 0.095 IRS
Taranto 0.619 DRS 0.784| 0.135 DRS 0.609 0.210 DRS 0.773| 0.144 DRS
Cagliari 0.590 IRS 0.823| 0.138 IRS 0.889 0.072 IRS 0.906 | 0.101 IRS
Constantza 0.553 IRS 0.754| 0.250 IRS 0.696 0.139 IRS 0.712 | 0.107 IRS
Naples 0.317 IRS 0.848| 0.126 IRS 0.985 0.022 IRS 0.915| 0.049 IRS
Mean 0.831 0.844| 0.120 0.869 0.083 0.872| 0.067
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The scale could behangedhroughinternal growth or consolidation in the sector. For

the ports that are operating at decreasing returns to scale, a furtleasear inputs
would only results in a smaller proportiomalseof outputs. The ports thancounter

DRS shouldreducetheir scale inefficiency by decreasing their scale of operations by
giving up some of the terminal assets and operational functions to other specialised
entitiesthroughconcessions and leaseholds.

In practice the main difference between increasing ateicreasing returns to scale is

about the investment decision. For an increasing return to scale port, more investment
ZLOO LQFUHDVH WKH SRUWYV SURGXFWLYLW\ )RU D G&F
LQYHVWPHQW ZLOO GHFUHDYVHy.WKorleStRibktWdssthdR YHUD OO S
capacity, ports thashow increasing returns to scale can therefore invest in the

variable inputs. Ports thaixhibit constant and decreasing returns to scaenot

increaseheir capacity quickly by merely investing in thariable inputs because the

fixed inputs are limiting their capacity expansion, as such, fixed inputs must also be

addressed in order to increase the capacity.

As explainedin chapter 1, the world container port traffic is growing at an average
rate of 122% per yearln this contextreturns to scale status would be more desirable
for container ports and terminals because they can adapt quickly to tHgeofasig
demand for ports. As illustrated in Table 6.8, some container ports in the
Mediterranean basi appear to be readg meet future growth in demand, since they
exhibit increasing returns to scale, whereas most ptsbit decreasing returns to

scale.

Even though the container handliogerationcan be managed by port authorities and
different private terminal operators, container ports as a whole are commonly
managed and operated through the Pubtigate Partnership concept. On the other
hand, when containgrortsare operated by privasector the portsareconsidered to

be private organaions. Nowadays increasing numbers of container terminals are
managedandoperated by private companies suchHaschison Port HoldingsAPM
Terminals and DP world. Therefore, the result of the analysis conducted here
proposedhat, in the containdnandling industry, the private sector is better able than
the public sector to adapt to market demand.
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In this context, the fifth hypothesi{$15), as mentioned in chapter one reveals that
3The technical efficiency increases as the scale of a containerlpQtUHMMVHV’
other words, a largscale container port is more likely to be associated with high
efficiency than a small one. To test this hypothesis, efficiency estimates based on both
crosssectional and panel data are utilised. This is because icatieeof the former

every single firm is observed only once and, hence, the efficiency estimates that result
may be influenced by random effects and, therefore, may be misleading. This
potential drawback is largely overcome through the use of panel datather
advantage of using panel data in this study is that the sample size increases from 22
DMUs, in crosssectional analysis to 1210 DMUs in the window analysis. Thus, the
statistical validity of the results and inferences drawn from the analysis f thi
enlarged sample are able to provide more reliable results than would otherwise be the

case.

Table 6.9 shows the relationship between production sizes' ghroughput, and

efficiency,as measured ihpe 6SHDUPDQYTYVY UDQN RUGHU g UHODWLR
from 0.88 to 7KH IDFW WKDW WKH VLJQV IRU 6SHDUPDQ
coefficient are positive does entail that the production volumes of container ports are
positively associated with efficiency scores. On the rotiend, the high absdki

value, RI WKH 6SHDUPDQYY UDQN RUGHU FRUUHODWLF
denote that the efficiency of ports under study is significantly related to scale of

production.

The inefficient seaports in the region are of two types; first, the mmedized
container ports are inefficient as they have an increase in return to scale, such as
Haifa, Damietta and Izmir which need to boost more and more their scale size of
production to be more efficient; second, the s#gports such as Barcelona and d@zen

are inefficient as they have a decrease in retustale andneedto boosttheir scale

sizeof productonto bemore efficient.

The comparison betweenthe large container portand medium sized container ports
in the Mediterranean i® ensurethat the indicatorsof production scaleare not the
main factas of efficiencyand inefficiency, as some container ports with lower scale

of production are efficient and others with higher scale are inefficient. In this
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research, the large container ports unstedy are more efficient than the medium
sized container ports because of economies of scale. In other words, the size of
operations and technical efficiency of ports are systematically positively related to
each other. This finding is consistent withttbfother studies in the literati(Turner

et al, 2004;Tongzon and Hen@005; Niavis and Tsekeris, 2012) which have shown a
clear positive relationship between the size and efficiency of ports.

Table 6. 9- Relation betweenports throughput and ports' efficiency

Correlation between
Data Type DEA model Throughput &
Efficiency
Spearman's rank order

correlation
Cross DEA-CCRO 0.9240
sectional | pEA-BCC-O 0.8880
DEA-CCR-Window 0.8950
DEA-BCC-Window 0.8950
Panel DEA- CCR-Contemporaneous| 0.8960
DEA- BCC-Contemporaneous 0.8910
DEA- CCR-Inter-temporal 0.8960
DEA- BCC-Inter-temporal 0.8910

This differs from the usual informal assumption that prompted the formulation of
hypothesis five in thefirst place and also contradicts some prior empirical
evidence (Kim and Sachish, 1986; Tongzon, 1993; -Daaet al., 1997; Drewry
Shipping Consultant200Q JaraDiaz et a) 2001; Robinson, 2002).

One possible justification for this is that tapparent relative inefficiency of large
container ports in the Mediterranean such as Piraeugaarli is due, noonly to
managerial deficiencies, but more so to the overcapacity that results from the more
intensive efforts of larger ports to maintain or enhance productivity levels. These
efforts display themselves through the introduction of more significant ineastm
than their smaller counterparts and, therefore, the wider availability of large numbers
and sophisticated equipment. As such, the competitiveness of larger container ports or
terminals is thereby increased, relative to the rest of the market. Thusygdlt

empirical support for hypothesis five using this methodology is hardly categorical,
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neither can it be rejected with alacrity. Instead, it is most appropriate to presume that

it should be accepted but cautiously.

This is notunexpectectonsidering tk fact that large container ports are more likely
to utilise more statef-the-art equipment than their smaller counterparts. This finding
is consistent with that of the distinctive work established by De Neufville and
Tsunokawa (1981) whetudieda sampleof a mere five container ports in the USA
over the time period 194978 and found that the production of smaller container

ports had a tendency to follow the law of increasing returns to scale.

Havinganalysecandbenchmarkedhe returns to scakatus for container ports in the
Mediterranean Sea, Although CCR and BCC modasfer a method to classify
container ports into efficient and inefficient DMUSs, it is impossible to determine the
relative rankings among the efficient DMUs. When there averae efficient ports

with an efficiency index equal to unity, like in this study, it is difficult to tell which
port is more efficient than other pori& overcome this limitatin, in orderto decide

the rank of each container port in the viewoskrall technical efficiency, the axt
section ranks the efficiency scores of Mediterranean container ports under study by
using the DEA supeefficiency (A&P) 1993 model applied to the outpriented

CCR model.

6.3.3 Super efficiency (A&P) analysis

Although DEACCR and BCC models can classify container ports into efficient and
inefficient DMUSs, it is impossible twerify the relative rankings among the efficient
DMUs. When there ara number ofefficient ports, with efficiency scores equal to
one, asin this researchit is difficult to determinethe most efficient ports and to
categorize these ports in relation to each other. In order to overcome this limitation,
reinforce the discriminatory power of the DEZACR model and to determine the rank

of ead container port in terms of technical efficiency, the research uses the DEA
CCR (CRS), A&P, SupekEfficiency scores in an outpatriented model.

Table 6.10 and Appendices 6.1, 6446 illustratethe DEACCR cgosssectional

super efficiency scores fol022 as well as the mean suedficiency scores of the
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panel data for the period between 1998 and 2012 for the main Mediterranean
container ports. In the context of the crssstional data, Table 6.10 shows that four
ports out of the 22 ports of the stukgve efficiency scores more than one. These top
four ports are Algeciras, Port Said, Valencia and GioaTauro and haveesfigiency
scores of 1.858, 1.591, 1.093 and 1.006 respectively. In contrast, as the super
efficiency estimatesof inefficient conténer ports areequivalent tothe efficient
indices in the CCR model, Naples is the most inefficient. While the inefficiency on
inputs and outputs in efficient container ports are all zero (So et al, 2007), there are
severalinputs or insufficient output innefficient container ports. In this context,
Cagliari, Constantza and Naples show the lowest seffierency scores of 0.276,
0.233 and 0.126 respectively.

As far as the panel data analysis is concerned the-OER super efficiency
window, contemporagous and intetemporal analysis are applied to rank the relative
efficiency of the 22 container ports in the Mediterranean for the period of 15 years
from 1998 to 2012. For the window analysis, Table 6.10 and appendix 6.14 indicate
that the port of Algecas is the only port that exhibits a mean value of greater than 1
under the supeefficiency modelwhile the analysis showed that all container ports
under study have a mean value of less than one. In terms of theCORA
contemporaneous agais, Table 610 andAppendix6.15 illustrate that the top two
ports that have supeifficiency scores of more than one are the ports of Algeciras and

GioiaTauro that have supefficiency scores of 1.527 and 1.314 respectively.

The rest of the study ports have reamtdsupesefficiency scores of less than en
during the study period. Theatertemporal analysis has also indicated the same
results over the study period. Table 6.10 and appendix €hd@ that ports of
Algeciras and GioiaTauro are the top ports with sigfficiency scores of 1.238 and
1.120 respectively. The rest of the sample ports have recordedeffigiency scores

of less than one during the study period. In particular, ports of Cagliari, Constantza
and Naples show the lowest suadiiciency scors under all panel data analyses.
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Table 6. 10- DEA-CCR Crosssection and mean panel data supegfficiency

scores for main Mediterranean container ports (1992012).

DEACCRnean superefficiency (A&P) scores
Port Cro(szsoslezc)tmn Window Contemporaneous| Inter-temporal
(A&P) (A&P) | St. Dev.| (A&P) | St.Dev. | (A&P) | St. Dev.

Valencia 1.093 (3) 0.827 | 0.052 | 0.913 0.074 0.803 | 0.126
Port Said 1.591 (2) 0.787 | 0.085 | 0.898 0.050 0.730 | 0.172
GioiaTauro 1.006(4) 0.940 0.192 1.314 0.277 1.120 0.090
Algeciras 1.858 (1) 1.020 | 0.314 | 1.527 0.274 1.238 | 0.094
Ambarli 0.953 (6) 0.649 | 0.107 | 0.753 0.142 0.506 | 0.159
Marsaxlokk 0.961 (5) 0.915 | 0.260 | 0.992 0.015 0.913 | 0.053
Tangier 0.835 (9) 0.655 | 0.129 | 0.767 0.094 0.527 | 0.171
Barcelona 0.783(10) 0.676 0.114 0.838 0.071 0.574 0.137
Genoa 0.836(8) 0.741 | 0.086 | 0.882 0.057 0.630 | 0.157
La Spezia 0.729(13) 0.506 | 0.083 | 0.631 0.108 0.440 | 0.149
Haifa 0.708(14) 0.463 | 0.113 | 0.577 0.094 0.391 | 0.159
Damietta 0.643(17) 0.399 | 0.098 | 0.504 0.224 0.362 | 0.180
Mersin 0.653(16) 0.450 0.070 0.543 0.196 0.388 0.168
Marseilles 0.687(15) 0.373 | 0.093 | 0.422 0.148 0.329 | 0.129
Piraeus 0.886(7) 0.639 0.165 0.718 0.154 0.486 0.200
Alexandria 0.730(12) 0.500 | 0.072 | 0.586 0.145 0.411 | 0.172
Izmir 0.759(11) 0.425 | 0.089 | 0.516 0.126 0.367 | 0.186
Livorno 0.438(18) 0.355 | 0.087 | 0.411 0.177 0.304 | 0.114
Taranto 0.373(19) 0.318 | 0.104 | 0.323 0.181 0.254 | 0.087
Cagliari 0.276(20) 0.258 0.103 0.287 0.107 0.221 0.099
Constantza 0.233(21) 0.293 | 0.120 | 0.308 0.098 0.233 | 0.096
Naples 0.126(22) 0.208 | 0.090 | 0.266 0.098 0.205 0.083

Mean 0.779 0.564 | 0.119 | 0681 | 0.132 | 0.520 | 0.136

It is noted that théhroughputs of container ports in this region are not stable, due to
the instability in the shipping market. The establishment of container hubs in the
Mediterranean region will increase the ships entrance into the container ports and this
will contribute effectively to development of the economy and at the same time to
enrich maritime traffic in the region. The ports authorities should modify their
policies to stimulate shipping lines to call their ppasch as to ensumdrt security,
decreasing thportduesand toenhanceservice performance.

The relation between the DEBCR (CRS) mean super efficiency scores and their

standard deviation is examined by using the correlation coefficient. The CRS Super
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Efficiency scores are chosen ftretanalysis because they capture the total technical
efficiency and adequately discriminate between the efficient DMUs. The correlation
between mean supefficiency scores with their standard deviation for the window,
contemporaneous and inteemporal aalysis are 0.6011, 0.2140 and 0.4247
respectivelyThe correlation coefficients are statistically positive for stgfgciency
scores. The comparison of the container ports efficiency over the time window set and

across different reference sets, showstélation in the efficiency score.

This fluctuation is the result of the comparison between the large container ports,
which have high production, and medium container ports, which have medium/low

production. It may also have resulted for reasons sudteasdrld and financial crisis

that took place in the years of 2008 and 2009 and had significant impacts on the world

liner trade and accordingly the container ports traffic.

The above outcomes demonstrate that both the lack of managerial skills and scale
diseconomies are important sources of inefficiency for most of the container ports in
the defined market. A detailed knowledge of the results of this analysis would help
the prt management tdeterminewhere they stand in the efficiency hierarchy and
which ports they need to benchmark themselves against in orelehanceheir own
efficiency. The next section illustrates the sensitivity analysis that is used to
investigate theimpact when outputs or inputs are added or withdrawn from
consideation (Cooper et al1999 when benchmarking the operational efficiency of

the pats under study.

6.3.4Sensitivity analysis

Sensitivity analysisis usedto estimatethe degreeR1 YDULDEOHVY FRQWULEXW
value of DEACCR efficiency scores. This can be conducteelbyinatinginput or

RXWSXW YDULDEOHYVY RQH E\ RQH IURP WKH YDULDEOHV
input variable is removed due to the use of a single output variable represented by the

ports' throughput. Table 6.11 explains the sensitivity analysis ofduterranean

main container ports in 2012. Takkell shows that theemoval of erminal area

decreased the efficiency values of Port Said from being efficient, with efficiency

score equal to unity, to 0.879. It also reduced the efficiency scores of Genoa
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0.836 to 0.816 and Haifa from 0.708 to 0.543 and Marseilles from 0.687 to 0.508 and
Cagliari from 0.276 to 0.226.

The removal of storage capacity from the input variable combination has shifted the
port of Algeciras from being efficient, with anfiefency score equal to unity, to an
inefficient port with an inefficiency score of 0.903. The removal of the same variable
has significantly reduced the efficiency estimates of ports of Marsaxlokk, Barcelona
and La Spezia from 0.961, 0.783 and 0.729 #®D, 0.544 and 0.537 respectively.
Similarly, the efficiency scores of ports of Mersin, Alexandria, Izmir and Livorno
were reduced form 0.653, 0.730, 0.759 and 0.438 to 0.211, 0.246, 0.528 and 0.332.

The omission of the quay length as an input variablbe efficiency benchmarking
model has shifted the ports of Port Said and GioiaTauro from being efficient to
inefficient port with an efficiency score of 0.953 and 0.937 respectively. The
elimination of the same variable reduced the relative efficieiqyorts of Ambarli

and Tangier form 0.953 and 0.835 to 0.338 and 0.568. It also reduced the efficiency
estimates of ports of Genoa, Haifa, Damietta, Mersin, Taranto and Constantza from
0.836, 0.708, 0.643, 0.653, 0.373 and 0.233 to 0.625, 0.530, 0.828, 0.324 and
0.215 respectively.

The removal of the port's maximum depth has shifted the ports of Valencia, Port
Said, GioiaTauro and Algeciras from being efficient to inefficient ports with
inefficiency scores of 0.919, 0.785, 0.577 and 0.469 respéctiv also reduced the
efficiency scores of ports of Marsaxlokk Barcelona, La Spezia, Haifa, Alexandria
and Livorno from 0.961, 0.783, 0.729, 0.708, 0.730 and 0.438 to 0.809, 0.711, 0.527,
0.594, 0.529 and 0.312 respectively.

The omission of the handlinequipment variable has also shifted the ports of

Valencia, Port Said, GioiaTauro and Algeciras from being efficient to inefficient

SRUWV LQ 7KH SRUWVY UHODWLYH HIILFLHQF\ VFRU
0.806, 0.620 and 0.714 respectively. Télenination of the same variable has

reduced the relative efficiency scores of ports of Tangier, Barcelona and Damietta

from 0.835, 0.783 and 0.643 to 0.616, 0.725 and 0.610 respectively. Similarly, it

reduced the relative efficiency estimates of portPwheus, Cagliari and Naples
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