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ABSTRACT
The introduction of hub-and-spoke operations in international container transportation
and improved logistics systems has led to the concentration of port traffic and the
potential emergence of super-hub container ports. On the other hand, the ambition to
become such a super-hub has greatly stimulated the expansion of the container port sector
and has created fierce inter-port competition; a trend that has actually led to the
deconcentration of container transportation. Using alternative approaches for measuring
concentration in the container port industry, this paper examines this trend empirically.
The results reveal that for the last decade low concentration has dominated the container
port industry in the Hamburg-Le Havre range and in the U. S. east and west coasts, while
the market structure of container ports in Southern China has evolved from being highly
concentrated to one that is very much deconcentrated.
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INDUSTRIAL CONCENTRATION IN CONTAINER PORTS

1. INTRODUCTION
Traditionally, port markets have been perceived as monopolistic or oligopolistic due to
the exclusive and immovable geographical location of the port and the unavoidable
concentration of port traffic. Before the era of containerization, competition between ports
was regarded as relatively minor. The introduction of hub-and-spoke systems and the
rapid development of intermodal transportation have, however, dramatically changed this
situation. Two tendencies, namely concentration and deconcentration of port traffic, are
observed in the container port industry. On the one hand, the phenomenon of fewer ports
of call on liner shipping services has led to the emergence of superlarge container ports
(such as Hong Kong, Singapore and Rotterdam) which serve as regional load centres. On
the other hand, the ambition to become a regional hub greatly stimulates the expansion of
container ports and, thereby, the leading role played by large hub ports is frequently
challenged. The knock-on effect of larger ships, fewer ports of call and improved logistics
systems and infrastructure have forced previously non-competing ports into head-to-head
competition as their hinterlands increasingly overlap.  Ports, therefore, are continuously
challenged, both physically and operationally.

To maintain its competitiveness as a hub, a port has to invest heavily in sophisticated
equipment or in dredging channels to accommodate the most advanced large container
ships.  Despite this, they are at the mercy of shipping lines and risk losing important
custom for a great variety of reasons.  For instance, the merger of two lines may lead to
an adjustment of routes, and some ports will be abandoned.  Under such circumstances,
the only rationale that a port has for investment is best described in Slack (1993): ‘This is
somewhat analogous to a lottery, where only those who purchase tickets have a chance of
winning […]. Even the largest ports have become pawns rather than the dominant
players in the world-wide transportation game.’

Under such circumstances, it is important to examine the tendencies towards
concentration or deconcentration of port traffic in the container transportation industry.
Existing studies in this respect can generally be categorised into two. Under the first
category, the interaction between container carriers and container ports is studied, as in
Hayuth (1981), Slack (1993), Hayuth and Fleming (1994), Cullinane and Khanna (1999)
and Slack, McCalla and Comtois (2001).

In the second category, the focus has been on the development of container ports,
especially in respect of container throughput. Hayuth (1988) applied the Gini coefficient
to the U.S. container port system. Marti (1988) examined the evolution of Pacific basin
load centres for international container transportation during the period 1974-1982 using a
shift-share procedure, and discovered the then dominance of Oakland and Seattle as the
major US hubs and Kaohsiung as the principal foreign centre. The latest comprehensive
study of the concentration of container ports can be found in Notteboom (1997), where
the concentration of port traffic and the evolution of load centres in the European
continental container port system were examined for the period 1980-1994.

Apart from these studies of concentration in the container port industry, De Lombaerde
and Verbeke (1989) applied shift-share analysis to assess the concentration of, and
competition between, all the ports in the North-West Europe range during the period
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1970-1985. Kuby and Reid (1992) studied technological change and the concentration of
the U.S. general cargo port system during the period 1970-88 using the Gini coefficient.
These two studies, however, focused on the port industry as a whole, rather than on
container ports in particular. As a result, although their approaches may be relevant to the
current task in hand, their findings are of little relevance to the study of concentration in
the container port industry.

In the ensuing sections of this paper, the alternative approaches to concentration
measurement are critically reviewed and, ultimately, the HHI, the Gini coefficient and
shift-share analysis are applied to the container port industry in order to measure the
concentration of port traffic in the world's leading container ports.

2. METHODOLOGIES
Several indicators may be used to measure concentration. A very direct way to measure
concentration is simply to count the players in the market. Intuitively, a higher number of
competitors is more likely to be associated with a lower level of concentration. This
approach has the advantage of simplicity. It also suffers, however, from the serious
drawback that the market share of each company is not reflected in the approach.
Consider the extreme case where one firm has a market share of ninety per cent and a
thousand other firms share the remaining ten per cent. According to the number of firms,
the market exhibits a low level of concentration. In fact, there exists a de facto high level
of concentration in the large firm.

Defined as the sum of market shares of the four largest firms, the C4-index, along with
the similar C8, C20 and C50-indexes, can to some extent overcome the weaknesses
associated with counting the number of the firms in the market. This index has been used
for analysis and regulatory policy up to the 1980s. The main problem with this indicator
is the arbitrary character of its cut-off point. For instance, in some markets, the four
largest suppliers may indeed be the relevant level to measure concentration. In other
markets, the two or the five largest suppliers may be more relevant.

The HHI accounts for the number of firms in a market, as well as their concentration, by
incorporating the relative size (measured by market share) of all firms in a market. It is
calculated by squaring the market shares of all firms in a market and then summing the
squares, as shown in equation (1):

∑
=
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In equation (1), MSk represents the market share of firm k, and there are K firms in the
same market. In the case of the container port industry, the firms refer to competitive
container ports serving the same or an overlapping hinterland.

An in-depth investigation of equation (1) reveals that, as a result of squaring the market
shares, the HHI gives a much heavier weight to firms with a large market share than to
firms with a small share. This feature of the HHI corresponds to the theoretical notion in
economics that the greater the HHI then, ceteris paribus, the greater the likelihood that
concentration in a market will be high. By contrast, if concentration is low, reflecting a
large number of firms with small market shares, then the HHI also tends to be low. The
HHI reaches a maximum value of 1 when a monopoly exists in which one firm has 100
per cent of the market. By contrast, the HHI takes on a minimum value of 1/K when the
market is evenly distributed and low concentration exists.
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The HHI has been put to practical use. In 1984, The US department of Justice adopted the
HHI as a concentration measure for merger reviews. Since that time, this practice has
been followed by several other regulatory bodies in the US, such as the Federal Reserve
Board (banking), the Federal Energy Regulatory Commission (electricity) and the
Department of Transport (aviation).

Another method for assessing the level of port concentration is to apply the Gini
coefficient and the Lorenz concentration curve. As a widely used index, the Gini
coefficient is a measure of inequality in a population by measuring the percentage
departure from a perfectly uniform distribution. The level of concentration is shown
graphically using a Lorenz curve. Mathematically, the Gini coefficient is calculated by
equation (2)

∑
=

−=
K
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5.0   and  0 <G <1 (2)

…where G is the Gini coefficient for a given container port, Xk is the cumulative
percentage of the number of firms up to the kth firm, Yk is the cumulative percentage of
the market shares of all firms up to the kth firm and K is the number of firms in the
market. The closer to 1 the coefficient is, the more unequal the distribution.

Instead of studying the market as a whole as is the case with the HHI and the Gini
coefficient, the focus of shift-share analysis lies with the development of each individual
firm in the market. The fundamental principle of this approach is to divide the growth or
decline of products into two segments, namely the 'share' effect and the 'shift' effect. The
former refers to the expected growth of product in a firm if it were simply to maintain its
market share and, as a consequence, were simply to evolve in the same way as all the
firms as a whole. The latter reflects the total amount of product a firm loses or wins from
competing firms in the same market, with the expected level of product (share effect) as a
reference. Clearly, the 'shift' effect is a zero-sum game. In other words, the sum of the
shift-effects of all firms in the same market should equal zero. Mathematically the 'shift'
effect can be calculated by equation (3).
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…where kS is the shift of port k during the period t0-t1, P is the volume of product and K
is the number of firms in the same market.

As summarised in Section 1, the HHI, the Gini coefficient and shift-share approaches
have occasionally been applied to the container port industry in order to measure the
concentration of port traffic. Given the drawbacks associated with the other two
approaches, namely counting the number of the firms in a market or the C4 index
approach, these three approaches are finally chosen for application in this study.

3. DATA
A prerequisite for concentration measurement is that the output produced by different
firms is homogeneous. In other words, consumers cannot distinguish between products
produced by different firms. According to this rigid rule, concentration in the port
industry (including the container port industry) cannot be analysed because different ports
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must provide different service (output) for various reasons. For instance, different
locations, infrastructure and many other factors associated with different ports decide that
the port service must be different.

Nevertheless, it is still possible to carefully choose the ports so that the service provided
by the selected ports is similar. To this end, this study sets two criteria for selecting
sample container ports for analysis. The first criterion is that sample ports serve a
hinterland which overlaps with that of another port and, therefore, that each sample port
selected must be engaged in inter-port competition. The second criterion is that the
chosen ports have the same, or similar, status within the port hierarchy in the same region.
For instance, the two selected ports cannot serve as hub and feeder ports respectively in
the same region.

To meet these two criteria, this study focuses on the world's leading container ports in
four regions, namely the Hamburg-Le Havre range, the U.S. east and west coasts and
Southern China. At the same time, it is important to study the world's leading container
ports in its own right. These container ports serve the three most important trading routes
for container transportation; namely, Trans-Pacific, Trans-Atlantic and Asia-Europe
(Lirn, Thanopoulou, Beynon and Beresford, 2004; Lim, 1996).

Given the large number of container ports with different production scales and
hierarchical status within these regions, it is not appropriate to choose all ports for study.
Instead, only the ports which meet the above two criteria should be selected. Port
selection in this study is mainly based on the works of Kenyon (1970), Verhoeff (1981),
Fleming and Baird (1999), Heaver, Meersman, Moglia and van de Voorde (2000), Talley
(2000), Heaver, Meersman and van de Voorde (2001) and Kent and Ashar (2001).

Apart from these studies, Veldman and Buckmann (2003) defined the hub ports in the
Hamburg-Le Havre range. Fleming (1989) studied the important container ports and port
competition on the U.S. west coast. Shashikumar (2004) analysed port competition on the
U.S. east coast. Similarly, Wang (1998), Wang and Slack (2000), Cullinane, Wang and
Cullinane (2004) analysed container port development in Southern China, including in
Hong Kong and Shenzhen. All these studies provide important insights into inter-port
competition and therefore provide a useful framework for port selection.  However, the
container port industry is dynamic, rather than static and it proved important to refine the
sample with reference to recent changes in the container port industry. The final selection
of container ports in each region and their container throughputs are shown in Figure 1.
All the data are secondary and mainly taken from various issues of the Containerisation
International Yearbook.
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Container throughput in the Hamburg-Le Havre range
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Container throughput in the U. S. east coast
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Container throughput in Southern China
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 Figure 1: The Leading Container Ports and Container Throughputs
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4. EMPIRICAL RESULTS AND ANALYSIS
Table 1 reports the results for estimating the concentration of the container ports under
study using the HHI and Gini coefficients. Figure 2 is drawn according to the data
reported in Table 1 and therefore, the trend over time in the HHI and the Gini coefficient
can be easily observed.

Table 1: HHI and Gini Coefficient Analysis

1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002

HHI 1/K*
Hamburg-Le Havre 0.2 0.26 0.26 0.26 0.26 0.25 0.25 0.25 0.25 0.24 0.23 0.23
U. S. west coast 0.2 0.26 0.22 0.22 0.23 0.23 0.24 0.25 0.25 0.26 0.27 0.28
U. S. east coast 0.17 0.25 0.25 0.23 0.21 0.25 0.29 0.21 0.22 0.22 0.23 0.24
Southern China 0.5 1 1 1 1 1 0.92 0.88 0.84 0.81 0.77 0.71

Gini Coefficient
Hamburg-Le Havre 0.22 0.22 0.21 0.21 0.21 0.20 0.20 0.19 0.18 0.17 0.18
U. S. west coast 0.22 0.16 0.16 0.17 0.18 0.21 0.24 0.25 0.27 0.29 0.30
U. S. east coast 0.26 0.25 0.21 0.18 0.26 0.31 0.20 0.21 0.23 0.23 0.24
Southern China 0.5 0.50 0.50 0.50 0.50 0.46 0.43 0.41 0.39 0.37 0.32
* Lowest possible value (all ports of equal size)
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Figure 2: Concentration Measured by HHI and Gini Coefficient

It is clear from Table 1 and Figure 2 that, during the last decade or so, the level of traffic
concentration in the Hamburg-Le Havre range and on the U. S. west and east coasts has
remained rather stable, although some fluctuations can be observed. The HHI has kept
reasonably close to the lowest possible value as measured by 1/K (where K is the number
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of container ports in the region), indicating a rather low level of traffic concentration. On
the other hand, the container ports in Southern China have exhibited a rather different
trend in concentration over time; i.e. a trend away from a high level of concentration to a
situation of decentralisation. This is not surprising and is consistent with the findings by
Wang (1998), Wang and Slack (2000) and Cullinane, Wang and Cullinane (2004). In
essence, Hong Kong container port dominated the container flow to and from China,
especially Southern China, for the last several decades. However, its leading role has been
challenged by the phenomenal growth of container ports in Southern China over the last
decade.

Figure 3 shows the Lorenz concentration curves for the selected container ports for the
year 2002 and is a straightforward reflection of the difference in the production scale of
the container ports under study. The rest of the study period, 1992-2001, can be similarly
analysed. It can also be observed from Table 1 and Figures 2 and 3 that the HHI and the
Gini coefficient yield similar patterns of movement over time.
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Figure 3: Lorenz Concentration Curves

Table 2 shows the results of a shift-share analysis of the sample container ports. The
whole study period is divided into three stages. Table 2 clearly indicates the 'winners' and
'losers' and the potential market 'gains' and 'losses' during the study period. For instance,
by observation of the 'shift' of container throughput during the time period 1999-2002, it
is clear that Rotterdam has lost potential additional volume of around 1.36 million TEUs.
This is in contrast with Los Angeles, which gained market volume of about 1.49 million
TEUs during the same period.
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Table 2: Shift-Share Analysis for the Sample Container Ports

1992-1995 1995-1999 1999-2002

Hamburg-Le Havre
Hamburg + 132,301 - 250,352 + 733,619
Bremen/Bremerhaven - 64,324 + 74,383 + 324,356
Rotterdam - 228,522 - 263,023 - 1,358,450
Antwerp + 97,531 + 399,871 + 291,005
Le Havre + 63,013 + 39,121 + 9,470

U. S. west coast
Long Beach + 209,236 + 626,361 - 783,023
Los Angeles - 740,820 + 430,196 + 1,494,554
Oakland - 303,832 - 397,735 - 295,931
Seattle + 1,261,649 - 477,257 - 355,682
Tacoma - 426,233 - 181,564 - 59,918

U. S. east coast
New York/New Jersey - 448,582 + 85,095 + 376,310
Charleston - 69,339 + 241,096 - 153,971
Port Everglades + 346,149 - 46,896 - 288,840
Savannah - 80,596 + 38,534 + 393,038
Jacksonville + 331,798 - 325,614 - 225,357
Hampton Roads - 79,431 + 7,784 - 101,179

Southern China
Hong Kong 0 - 1,588,099 - 2,100,628
Yantian 0 + 1,588,099 + 2,100,628

5. CONCLUSIONS
This study contributes to the existing literature in that the evolution of market shares in
the container port industry over the last decade has been examined using alternative
approaches for measuring concentration. Given the dynamic nature of the industry, this
study is both necessary and important for any further study of the relationship between
market structure, in particular concentration vis-à-vis deconcentration, and its impact on
the container port industry.

Empirical results reveal that, for the last decade, low concentration has dominated the
container port industry in the Hamburg-Le Havre range and in the U. S. east and west
coasts. The market structure of container ports in Southern China has evolved from being
highly concentrated towards deconcentration. The general low level of concentration for
the container ports in Europe and the tendency towards deconcentration in Southern
China might imply that these leading container ports are neck-and-neck in the race to
either maintain their role as regional hub ports or to become one of them.
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