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Abstract: Shipping and port industries are undergoing rapid environmental changes because of the
reorganization of carrier alliances, enlargement of ships, and an increase in global uncertainty. Thus,
the sustainable operation of container terminals requires a new assessment of port efficiency and
measures to enhance efficient operation. Hence, we classified 21 global terminal operators (GTOs) into
stevedore, carrier, and hybrid GTOs based on their operation characteristics and derived a sustainable
container terminal operation method using data envelopment analysis efficiency and Malmquist
productivity index analysis. The results showed that stevedore GTOs exhibited improved efficiency
when the terminal infrastructure was expanded. However, the returns to scale and technical change
factors in the productivity change trend decreased. Meanwhile, the objective of carrier GTOs is cost
reduction, unlike stevedore and hybrid GTOs, which focus on generating profits. Consequently,
carrier GTOs were the most inefficient with little intention to improve efficiency. A systematic
efficiency improvement strategy through the acquisition of a terminal share was effective for hybrid
GTOs. However, similar to stevedore GTOs, investment in technical change was insufficient for
hybrid GTOs. The efficiency analysis we conducted for each operation characteristic is expected to
provide useful basic data for establishing efficiency improvement strategies for every GTO.

Keywords: DEA; Malmquist analysis; efficiency; terminal sustainability; global terminal operator;
characteristics of operator

1. Introduction

Globalization of the world economy has seen a significant increase in container cargo
with the increasing international trade for the rationalization of transportation and efficient
improvement in logistics. To meet the rapidly increasing demand, logistics companies
have switched from bulk carriers to container ships, either rented or manufactured. The
acquisition of ships for freight transportation has led to the rapid growth of the container
ship market, and with the increasing supply of ships compared to container cargo, compe-
tition among the cargo companies has intensified [1]. Therefore, the size of ships has been
enlarged to reduce operating costs such as oil, labor, maintenance, repair, and operation
(MRO) costs, and the pursued economies of scale that increase unit efficiency through
the simultaneous transportation of large quantities of freight. Furthermore, they devel-
oped supply chain management (SCM) systems to manage the entire process of delivering
goods, from manufacturers to consumers [2]. Moreover, to lower the risk on SCM, they
conducted mergers and acquisitions or formed shipping alliances to increase activities, such
as securing freight volumes through joint transportation between alliances, for improving
transportation efficiency. Operators adopted the hub and spoke strategy in an effort to
improve user convenience and achieve transportation stability by securing the dedicated
terminals along the main routes in cities or countries while reducing ports of call. However,
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this gave rise to competition among ports wanting to operate as the hub. Therefore, to gain
a competitive advantage, ports expanded their infrastructures such as the terminal area,
quay length, water depth, and cranes, and generated profit by professionally operating the
entire port, or only a few terminals. Furthermore, as companies wanting to secure route
stability by securing terminals began to appear, global container terminal operators (GTOs)
with excellent networks, vast handling capacity, and capacity to secure freight volume
appeared [3-5].

Owing to the enlargement of ships to save carrier shipping costs, GTOs are constantly
growing to efficiently handle the increasing freight volume and container demand, which
was revealed in a review by the global GTO market. In 2014, the global container throughput
of 23 GTOs was 77.5%, and that of the top 21 GTOs in 2018 was 80.0%. Therefore, we can say
that global freights are practically moved through terminals operated by GTOs. Moreover,
the container throughput is expected to grow further as GTOs expand investments to
emerging markets in Southeast Asia, Africa, and Latin America [6].

While the emergence of GTOs has positively affected the unloading speed of terminals,
the stability of terminal development, and improvement in efficiency, they also have ad-
verse effects such as an increase in inefficiency due to excessive investment in port facilities,
and the oligopolization of global networks [7]. Furthermore, shipping and port industries
are undergoing rapid changes concerning the environment due to the reorganization of al-
liances, enlargement of ships, and increasing global uncertainty. As GTOs are operated on a
multi-national scale, the realization of the economies of scale through global expansion is of
utmost importance, which is diametrically opposite to local operators. Moreover, the large
scale of initial capital injection and the long payback period require a cautious approach for
investment evaluation [8]. Consequently, GTOs are demanding new evaluation methods to
maintain port efficiency for the sustainable operation of container terminals, and measures
to enhance competitiveness for efficient operation. Sustainable terminal operation is to
increase the economic efficiency of the terminal by optimizing the use of resources, cost,
and time based on efficient operation [9-11]. Sustainable development and operations have
become a central point of the strategic and operative management in port operations, play-
ing a pivotal role in achieving an improvement in container terminal efficient/cost-efficient
operation, throughput, and profitability [10]. Sustainability practices are classified into five
potential types of motives leading a port entity [11]. Further, operational issues are one of
the main potential types to gain competitive advantage from the sustainability practices in
port operations.

Furthermore, in 2019, the top 21 GTOs were classified by Drewry based on operation
characteristics, while considering the definition and operating method of the GTO. More-
over, they have different characteristics depending on the main activity, financial aims,
efficiency aims, and purpose of the terminals network. From the perspective of terminal
operators and shipping companies, selecting efficient and highly productive operational
characteristics is a key factor to consider for future-oriented container terminal operation.

Therefore, the aim of this study was to perform data envelopment analysis (DEA) and
Malmgquist index analysis on 21 GTOs to determine the characteristic that exhibited the
highest efficiency and productivity. The study also aimed to identify the limitations of each
terminal operational characteristic and to derive a method of enhancing competitiveness
for sustainable container terminal operation. The methodology and related variables
were selected by reviewing the existing efficiency analyses and previous studies on the
efficiency of container terminals. The throughput, share, and capacity were determined
for the analysis from Drewry data, from 2015 to 2018. The berth length and terminal area
were determined from the websites and annual reports of the GTOs from 16 March to
1 May 2020. Based on the calculated indices, DEA was performed to identify the relative
efficiency, and the productivity change trend was examined by analyzing the Malmquist
productivity index.

The analysis results showed that stevedore GTOs showed improved efficiency by
securing their terminal infrastructure. However, some terminals exhibited decreased
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efficiency owing to excessive investments. Carrier GTOs showed a relatively low efficiency
considering their objective is to save transportation costs, unlike other terminals that create
profits. Lastly, hybrid GTOs improved efficiency by securing a share of ports.

2. Literature Review
2.1. Status of GTOs

During the 1990s, the economic growth of emerging industrial countries in Asia was
driven by the growth of global companies who attempted to change the SCM system based
on integrated logistics services. The changes brought about by the SCM system across the
shipping industry led to the enlargement of container ships. Consequently, many countries
developed large container terminals by integrating small- and medium-sized container
ships, resulting in growing competitiveness [12,13].

Sea freight volumes were also predicted to show a steady growth trend. In 2019, the
Organization for Economic Co-operation and Development forecasted sea freight volumes
three times the volumes predicted in 2015 with an expected, continual average annual
increase of 3.6% until 2050. Furthermore, it was predicted that the freight volume in the
North Pacific and the Indian Ocean would increase by approximately four times compared
with the volumes of 2015, and 25% of the total sea freight volume is expected to occur in
this region. Moreover, the demand for European sea freight volume is expected to decrease
because of the development of factories in the Chinese mainland to save production
costs [14]. The United Nations Conference on Trade and Development (UNCTAD) report
showed that in 2019, the traffic volume of container ports increased by approximately
2% compared with that of 2018. Therefore, the container market is expected to expand
further [15].

These cases indicate the enlargement of ships, which increases the investment and
operation costs for terminals, has resulted in the emergence and growth of GTOs to reduce
costs and cope with the increasing international trade around ports and other uncertain
factors, such as oil price rise and exchange rate fluctuations [16]. Consequently, the demand
for continuous investments and improved management efficiency has increased for the
efficient functioning of ports. As of 2014, 23 GTOs were operational, and the container
capacity of the GTO accounted for 57.2% of the global container capacity [17]. Furthermore,
in 2016, the throughput of the top 10 GTOs handled approximately 40% of the global
freight volume. Therefore, GTOs play a major role in the global port market. The container
capacity of GTOs is expected to increase in the future because of the expanding investments
for emerging markets in Africa, Latin America, and developed countries in Europe and
North America [5,14,15].

However, there are limits to all investments, and in order to make an investment for
the continuous growth of GTOs, a performance that gives confidence in the investment is
required. The outcome of the terminal is ultimately to process cargo faster and cheaper
than competitors, and GTOs are preparing short-term and mid-to-long-term efficiency
improvement methods to secure competitiveness [9].

2.2. Classification of GTO by Characteristics

According to the Drewry GTO Annual Report 2019, terminals worldwide can be
classified into three types: GTOs, private terminals, and state-run terminals. According to
the capacity shares of operators from 2018 to 2023, GTO showed the highest share of the
total capacity at 60-62%, followed by the private terminal operators at 17-18%, and the
state-run terminal operators at 18-19% [6].

GTOs can be further classified into stevedore, carrier, and hybrid GTOs based on the
operation characteristics. The stevedore type, such as the Hutchison Ports, PSA Interna-
tional, DP World, Terminal Investment Limited, APM Terminals, and China Merchants
ports, use the same system among different terminal networks to improve efficiency and
generate profits. Carrier GTOs such as Evergreen, MOL, K Line, and Hyundai improve
efficiency by integrating terminals with wide-ranging service networks to reduce sea trans-
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portation costs. Hybrid GTO types such as China Cosco Shipping, CMA CGM, and NYK
improve efficiency by using the same system for the terminal networks to generate con-
tainer profits through sea transportation [6]. In this study, DEA and a Malmquist index
analysis were conducted on 21 GTOs to investigate the characteristic showing the highest
efficiency and productivity. Table 1 lists the characteristics of GTOs based on the operation
characteristics.

Table 1. GTOs categorized based on operational characteristics.

Stevedores Carriers Hybrids

Main activity

Liner shipping

Terminal operation Liner shipping (Separate terminal operation)

Financial aim Generate profit Reduce cost Generate profit
Efficiency aim Improved terminal efficiency by Improved shipping network Improved terminal efficiency by
y implementing common practices efficiency over terminals implementing common practices

Network aim

Spread of investment risk

Support for shipping activities ~ Support for shipping activities and
and strategy additional business opportunities

2.3. Container Terminal Efficiency Related Works

Kim et al. [17] examined the business strategies of major GTOs around the world,
classified the domestic container terminal operators based on the operation characteristics
(stevedores, carriers, and domestic stevedores), and analyzed the efficiency and produc-
tivity of the terminals. DEA and a Malmquist index analysis were conducted using berth
length, CY area, G/C, and the T/C index as input variables and throughput as the output
variable. The results revealed that the stevedore GTOs had higher efficiency and produc-
tivity compared to other operator types, indicating that the domestic terminals should be
integrated, and excessive competition should be reduced by actively introducing advanced
operation methods in other countries.

Tongzon [18] emphasized the increasing need for ports for international competition
owing to the globalization of the industry and attempted to derive reliable factors that
influenced the performance and efficiency of ports through multiple regression analysis. He
selected 23 container ports based on the port size, geographic location, and data availability,
considering the characteristics of ports differ by freight type. The most important achieve-
ment in container ports is the container cargo throughput, which is influenced by the port
location, number of operations, port cost, port service, and terminal efficiency. Furthermore,
factors affecting the terminal efficiency, container mix, work practices, crane efficiency,
and economies of scale were also analyzed. The results showed that crane productivity
positively correlated with the port performance and efficiency improvement, whereas the
unloading delay and crane utilization rate had a negative correlation.

Antonio et al. [19] investigated 11 major ports in Mexico using DEA and the Malmquist
index to determine whether the reformation of the Mexican port system in 1993 led to an
increase in efficiency. The number of workers and berth length were used as input variables
and throughput as an output variable. The analysis results showed, on average, the port
productivity increased by 4.1% per year from 1996 to 1999, thereby indicating successful
reformation of the port system.

Cullinane and Wang [20] conducted DEA to examine the relative efficiency of 69 major
container terminals in Europe in the midst of intensifying competition among container
terminals. Furthermore, they analyzed the effects of the asset size on efficiency using the
terminal length, terminal area, equipment, and container throughput as input variables,
and container throughput as an output variable. The analysis results showed that while
most terminals had an increasing return to scale (IRS) model, some had a decreasing return
to scale (DRS) model, indicating that the characteristics and situation of each terminal
should be considered when creating policies or making decisions on container terminals.
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Mennis et al. [21] used Markov analysis and the homogeneous continuous time model
to estimate the risks and economic effects of work delays due to gantry crane failure from
the positions of terminal operators and shippers. The analysis data included the berth
frequency, completion rate, and failure rate due to the failure of gantry cranes in a port
container terminal in the Mediterranean basin. The results showed that equipment failures
should be minimized through systematic terminal management systems, otherwise the
productivity would be aggravated, and the transportation cost of the final consumers
would increase due to substitute terminals in the same region. However, other factors
such as types of equipment and expansion strategies were insufficiently considered for
improving terminal efficiency.

Ahmed et al. [22] measured the efficiency changes of 22 container terminals located
in East Africa and the Middle East from 2000 to 2005 by conducting DEA and Malmquist
analysis using the berth length, quay crane, handling equipment, and terminal area as
input variables, and ship calls and throughput as output variables. The results showed
that while the efficiency of some terminals increased through system management and
technical improvement, there were two types of inefficient terminals. The first type is
medium seaports, which correspond to IRS and can improve efficiency by increasing the
scale, whereas the second type is large container terminals, which can improve efficiency
by increasing production size.

Cheon et al. [23] evaluated 98 major global ports to determine the effects of port system
reformation on efficiency improvement from 1991 to 2004. The DEA and Malmquist index
analysis were performed using berth length, terminal area, the capacity of the container,
quay side, and mobile cranes as input variables and throughput as the output variable. The
analysis results showed that share restructuring through the reformation of port systems
improved the total factor productivity and optimal container operation system, particularly
in large ports.

Qianwen [24] measured the efficiency of 32 container ports in the North Mediterranean
Sea using a stochastic frontier approach (SFA) analysis using a panel dataset of 32 container
ports and a cross-sectional dataset of 165 container terminals around the world for nine
years. Results showed that the container ports and terminals in the North Mediterranean
Sea were technically inefficient, and the freight volume significantly affected the efficiency
of container ports. However, this study has a limitation considering the infrastructure,
equipment, and labor of the terminals were not considered.

Wilmsmeier et al. [25] measured the changes in efficiency and productivity of 20 termi-
nals in Latin America and the Caribbean due to the economic crisis, from 2005 to 2011. DEA
and a Malmquist index analysis were conducted using the terminal area, ship-to-shore
crane, capacity equivalent, and the number of workers as input variables, and throughput
as output variables. The results showed that changes in the economic environment around
the terminals aggravated the productivity and efficiency of container terminals.

Bichou [26] examined the correlation of the changes in the operation environment and
port terminal efficiency by conducting DEA for 60 container terminals in the world between
2004 and 2010, using the terminal area, maximum draft, length overall, quay crane index,
yard-stacking index, trucks and vehicles, and gates as input variables and throughput as the
output variable. The results showed that the size of the container terminal, transshipment,
cargo mix, handling type in the yard, policies, and operation procedure positively affected
the efficiency of container terminals.

Yuen et al. [27] analyzed 21 major container terminals in and around China to ex-
amine the variations in efficiency due to foreign or local ownership. Upon analyzing the
compatibility between the factors and container terminal efficiency through regression
analysis, DEA was performed using the setting berth, total length, port land area, and quay
crane as output variables, and throughput as the output variable. The results showed that
the share structure of the terminal, size of the background complex, and competitiveness
of connected ports were positively correlated with the improvement in the efficiency of
container ports in China.
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Chang and Tovar [28] conducted SFA and Malmquist index analysis for 14 port
terminals in Chile and Peru from 2004 to 2010 to increase economic potential by developing
port infrastructure in Latin America. Based on previous research, the containerized cargo,
general and rolling freight, and bulk cargo were set as output variables, and the number
of workers, net stock of fixed assets, number of berths, and machinery were the input
variables. The analysis results showed that the performance of labor variables increased
for the terminals in Peru, although investments in infrastructure and equipment were
insufficient, and greater technical investment and government-led process innovation
would be required to address this issue. In Chile, labor variables had to be managed.
However, this study was limited considering it did not cover various variables for terminal
efficiency analysis.

Samuel [29] evaluated the factors that influenced the efficiency of container terminals
in the Mombasa Entry port in Kenya by conducting a Likert-scale survey with 30 port
workers. The results showed that the quay crane equipment, reducing berth times, container
cargo dwell time, vessels and truck turnaround time, both physical and soft infrastructure,
customer clearance procedure, and lack of integrated IT system influenced the overall
efficiency of the port. The dwell time of containers in the Mombasa Entry port was 4-6 days,
which was longer than the international standard dwell time of 3 days. Furthermore, the
lack of integrated IT systems resulted in delays in customs clearance, which affected the
container efficiency.

Lin et al. [30] measured the efficiency and resource consumption of 16 container ports
in China among the top 20 ports using the IDEA model based on the cargo throughput
in 2017 for the sustainable development of container ports to reduce environmental pol-
lution caused by the rapidly growing port and terminal industries. The berth length,
equipment assets, number of employees, and expenses were used as input variables and
the throughput and profit as output variables. CO, and NOx were used as undesirable
variables. Results showed the air pollution from the ports in the Bohai Sea region had to
be managed and suggested additional investments for port infrastructure in the Ningbo,
Dalian, Lianyungang, and Fuzhou regions. Furthermore, a Chinese container system of
the Yangtze River should be introduced for the development of the Shanghai, Ningbo, and
Nanjing ports, and cost reduction was necessary for the Fujian port as a core region of the
future. However, this study had limitations considering the identification power of the
CCR model’s efficiency analysis was low and the emission data were inaccurate. Table 2
summarizes the studies that used DEA.

The studies mentioned above utilized various efficiency measurement methods such
as DEA [17,19,20,22,23,25-27,30], SFA [24], questionnaire survey [29], and Markov analy-
sis [21] to measure the efficiency of container terminals. In this study, we used DEA and
Malmquist productivity analysis to present implications for sustainable operation methods
by comparing the relative efficiency of GTOs and their annual productivity trend based on
operational characteristics. This conclusion was chosen based on the deduction that it is
preferable to measure efficiency using DEA in the case of terminals with clear inputs and
outputs [31].

This study is different from previous studies in the following ways. First, unlike
previous studies, 21 GTOs were selected for analysis. Second, terminal efficiency and
productivity were analyzed according to operational characteristics. Third, this study
identifies the limitations of each terminal operational characteristic, and we derive a
method to enhance the competitiveness for future-oriented container terminal operation.
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Table 2. Summary of previous studies that used DEA.

Author Method Target Output Variable Input Variable
Kim et al. DEA, 23 container operators Berth length,
[17] Malmquist index worldwide Throughput CYarea,
G/Cand T/C index
Antonio et al. DEA, Malmquist . . Number of workers,
[19] index 11 Mexican main ports Throughput berth length
Cullinane and Wang 69 container terminals in Terrmr}al length,
DEA Throughput terminal area,
[20] Europe .
equipment
22 container terminals in Berth length,
Ahmed et al. DEA, Malmquist the Middle Ship calls, quay crane,
[22] index East and East Africa throughput handllng equipment,
terminal area
Berth length,
. terminal area,
Che[ozr;]e tal. DEA, iI:I/[;ir;qut 98 ports worldwide Throughput container quayside
: capacity,
mobile cranes
. . DEA, 20 container terminals in .Termmal area,
Wilmsmeier et al. . . . ship-to-shore crane
Malmquist Latin America, the Throughput . .
[25] . . . capacity equivalent,
index Caribbean, and Spain
number of workers
Terminal area,
max draft,
Bichou 60 container terminals overall ler}gth,
DEA . Throughput quay crane index,
[26] worldwide L
yard-stacking index,
trucks & vehicles,
gates
Number of berths,
. . 21 major container total length,
Yuen et al. Regression analysis, . .
terminals in and around Throughput port land area,
[27] DEA .
China quay crane, and
yard gantries
Lin et al Berth length,
[30] ’ IDEA 16 main ports in China Throughput equipment asset,

Number of employees

3. Materials and Methods

3.1. Methodology

The DEA used in previous studies is widely used for efficiency analysis, and par-
ticularly, for measuring relative efficiency. In this study, we derive the relative efficiency
for each operation characteristic using DEA and examine the sustainability of container
terminals by operation characteristics based on the DEA results. The DEA-CCR model is a
linear fractional programming method that maximizes the ratio of the output-weighted
sum to the input-weighted sum of the decision-making units (DMUs) provided this ratio
of the target DMUSs does not exceed 1, and the weights of each input and output are greater
than zero. The output-oriented CCR model is expressed as a linear programming equation

with a double transformation, given as [32]:

Maxhy = 6

M
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n S
ST. =Y Ajyyj+ ) 0yo+s =0, r=12,--,s )
j=1 r=1
n
/\jxl-]-—i-slf =xj, i=12,---,m 3)
j=1
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However, the CCR model is limited because it assumes that the return to scale is
constant and cannot distinguish the scale and pure technical efficiencies. The estimation by
the CCR model can appear inefficient if the production technology is a variable return to
scale, while it actually is an efficient DMU. Therefore, to improve this, Banker et al. [33]
proposed the BCC model that uses the assumption of variable returns to scale by relaxing
the limitation on the constant returns to scale and adding the convexity requirement. The
output-oriented BCC model is expressed as a linear programming equation with a double
transformation, given as [33]:

m S
Maxhy =0+ €[} s; + ) sf] (5)
i=1 r=1
n S
ST.Y Ajyri+ Y Oyo+s, =0, r=12,---,s (6)
j=1 r=1
n
)iji]-—i—s;:xio,i:l,z,---,m (7)
j=1
n
Y A=1 (8)
j=1
s;,sf,Aj >0, Vi,r,j )

The efficiency of scale refers to the increase in efficiency with the harvest of the variable
scale. For determining the efficiency of scale, technical efficiency (TE) and pure technical
efficiency must be considered. Technical efficiency refers to the ability of a company or
public service provider to produce the maximum output from a given input. Because
the CCR model assumes that the output variable according to scale is constant during
efficiency measurement, it can measure technical efficiency. The BCC model refers to it
as pure technical efficiency. Using this, it is possible to suggest the direction for efficiency
improvement by identifying whether the cause of the DMU inefficiency is technical or scale.
The efficiency of scale can be given as [33]:

_ CCR

SE=Bcc

(10)

The Malmquist productivity index analysis measures the changes in productivity and
describes the overall factor productivity for efficiency and technical changes separately.
Additionally, it introduces the concept of a distance function to the principle that efficiency
can be compared only for specific time points of the DEA-CCR model. The technical levels
at a specific time point t and future time point ¢ +1 can be given as [34]:

" DL (xH1,yt )

11
DIt ) )

Dé-‘rl (xt-‘rl’ yt-‘rl)

D (!, yt)

Mt+l: (12)
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3.2. Analysis Target

The analysis of this study was conducted using the top 21 GTOs in throughput from
the Drewry GTO Annual Report 2019. The GTOs were classified into stevedore, carrier, and
hybrid types based on their operation characteristics. Because it is difficult to distinguish the
roles of terminals, the operators were divided as per the characteristics of GTOs provided
by Drewry in 2016-2019, as shown in Table 3. Although APMT GTOs were indicated as
hybrids in Drewry considering they established a subsidiary in 2017, they were classified
as stevedore GTOs in this study as they were considered functionally close to stevedores.

Table 3. Classification of GTOs based on operating characteristics.

Operator Abbreviation
Hutchison Ports HP
PSA International PSA
APM Terminals APMT
DP World DP World
Terminal Investment Limited TIL
China Merchants Ports CMP
Stevedores Eurogate Eurogate
SSA Marine SSA Marine
ICTSI ICTSI
HHLA HHLA
Yildirim Yildirim
Bollore Bollore
SAAM SAAM
Evergreen Evergreen
Hyundai Hyundai
Carriers MOL MOL
Yang Ming Yang Ming
K Line K Line
China Cosco Shipping CCs
Hybrids CMA CGM CMA CGM
NYK NYK

Note 1: Considering the length of the table, the GTO names have been abbreviated.

3.3. Analysis Data

The input and output variables are characterized by influencing the overall DEA
because the adequacy of the variables directly influences the analysis result and accuracy
for determining the value of the implications. Therefore, to secure the adequacy of variables,
we selected variables based on the following principles:

First, we selected an appropriate number of variables considering the DMU. According
to Banker et al. [33], analysis using DEA is reliable only if the sum of the inputs and outputs
is at least three times the DMU [32]. Second, we selected variables that can be improved.
Because the objective of DEA is to maximize the output by selecting and analyzing variables
for the DMU and identifying relatively inefficient factors, the selected variables must be
improved. Lastly, we selected variables based on objectivity, considering the variables must
be directly related to the DMU, and subjective judgment should be avoided. Therefore,
based on the above three principles and previous studies, we selected the share, berth length,
terminal area, and capacity as input variables, and throughput as the output variable.

For the analysis data, the DMU, throughput, share, and capacity were determined
using the Global Container Terminal Operators Annual Review and Forecast (2016-2019)
by Drewry [6]. In addition, the berth length and terminal area were determined from
the websites of each port, terminal, and operator, and by conducting interviews with the
operators and terminal officials, from March 16 to May 1, 2020. Any unobtained variable
data were excluded from the abilities of all operators to ensure reliability and accuracy.
Because China Cosco Shipping existed in 2015, before the merging of China Shipping and
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the Cosco Group, the sum of inputs and outputs of China Shipping and the Cosco Group
are shown in the table. The results of the basic statistics of the DMUs are shown in Table 4,
and the DMU Basic datasets from 2015-2018 are shown in Tables A1 and A2 (Appendix A).

Table 4. Basic statistics of the DMUs from 2015-2018 analysis target.

Output Input
T’put (M teu) Share (%) Quay (m) Area (m?) Capa (M teu)
Sum 466.6 72.1 465,350 237,665 619.5
Avg 22219 34333 22,159 11,317 295
Max 93.7 118 66,981 37,809 1043
2015 Min 15 0.4 1500 745 21
Mid 7.8 14 12,133 5419 135
St Dev 5.8896 0.8491 4710 2724 7.1107
Sum 4875 76.6 486,654 245,141 657.2
Avg 232143 3.6476 23,174 11,673 31.2952
Max 9.6 122 65,391 38,358 106.8
2016 Min 15 0.4 1500 748 21
Mid 9.1 14 14,488 5765 14
St Dev 5.936 0.8986 4735 2730 7.2785
Sum 5296 79.3 506,185 251,175 690
Avg 25219 3.7762 24,104 11,961 32.8571
Max 91.7 122 63,141 38,836 101
2017 Min 1.7 0.4 1500 748 21
Mid 1.1 15 15,044 6095 15.4
St Dev 6.0428 0.8964 4780 2714 7.4389
Sum 570 79.9 514,345 254,463 7437
Avg 27.1429 3.8048 24,492 12,117 35.4143
Max 95.4 135 64,665 39,599 121
2018 Min 1.7 0.4 1,500 748 25
Mid 113 14 16,069 6695 17.1
St Dev 30.616 42093 22,345 12,545 38.4083

3.4. Analysis Method

In this study, the efficiency of each operation characteristic was measured using the
DEA-CCR and DEA-BCC models based on the DEAP 2.1 program. Further, the annual
productivity index was measured by conducting the Malmquist productivity index analysis
based on the data for 2015-2018, and the sustainability of each operation characteristic
was examined based on the results. While the input and output were directly proportional
in the CCR model because the constant returns to scale were assumed, they were not
directly proportional in the BCC model because the variable returns to scale were assumed.
However, neither model faced problems in econometric estimations. DEA models can be
classified as input- and output-oriented. The output-oriented model, which is often used
for ports or terminals where the input variables are half-fixed, was also used in this study.
Figure 1 shows the flowchart of this research.
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Figure 1. Research steps.

4. Results

4.1. GTO Basic Data by Operating Characteristics

GTOs are classified into stevedore, carrier, and hybrid types based on the operation
characteristics. Because it is difficult to distinguish the activities of terminals, they were
classified based on the operational characteristics of the GTOs by Drewry. Although APMT
was established as a subsidiary and classified as a hybrid GTO, it was classified as a
stevedore GTO in this study considering it is functionally close to stevedore GTO.

Table 5 summarizes the index for each operation characteristic of GTOs from 2015-2018.
The increase rate was analyzed, and results showed that every operator exhibited a growing
trend of freight volume and infrastructure. In particular, stevedore and carrier GTOs
showed a growing trend in every index every year. Compared to 2017, hybrid GTOs
showed a decrease in quay length and terminal area by 3143 m? and 2802 m?, respectively,
and an increase in share and throughput by 6.5 M TEU and 1.2%, respectively.

Table 5. Summary and growth rate of GTOs based on operation characteristics from 2015-2018.

e T’'put Share Qua Area Capa
Characteristic Year (MI: eu) (%) (m)y (m?2) M tIZu)

2015 340.2 56.5 367,427 185,653 464.3
2016 346.1 57.0 371,234 186,854 502.5
Stevedores 2017 384.4 57.8 389,738 190,657 515.2
2018 416.9 57.5 400,901 196,665 558.8

CAGR (%) 7 1 3 2 6
2015 16.7 3.7 22,189 12,242 26.5
2016 18.1 3.6 22,189 12,242 27.9
Carriers 2017 221 4.2 25,113 14,137 31.5
2018 23.6 4.2 25,253 14,219 33.7

CAGR (%) 12 4 4 5 8
2015 109.7 15.7 75,734 39,770 128.7
2016 123.3 16.0 93,231 46,045 145.5
Hybrids 2017 123.0 17.0 91,334 46,381 143.3
2018 129.5 18.2 88,191 43,579 152.3

CAGR (%) 6 5 5 3 6

Notes: The decrease and increase in 2018 compared to 2017 are highlighted in bold and bold italics, respectively.
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4.2. Operator Efficiency Based on Characteristics

Tables 6 and 7 show the operator efficiency from 2015-2018 based on these character-
istics. During 2015-2016, the efficiency of stevedore GTOs decreased from 0.924 to 0.844
and 0.942 to 0.877 in CCR and BCC, respectively, owing to insufficient port infrastructure
with respect to the increased throughput. However, from 2016, the foundation for efficient
operation of throughput and infrastructure was established by significantly increasing the
terminal infrastructure. In particular, the representative stevedore GTOs, such as HP, ICTS],
PSA, and CMP, improved efficiency through agreements with ports and other terminal
operators or acquiring terminals.

During 2015-2018, the efficiency of carrier GTOs increased from 0.763 to 0.843 in CCR.
However, carrier GTOs exhibited low efficiency with an average CCR efficiency of 0.806
and a relatively high efficiency with an average BCC efficiency of 0.944 from 2015-2018.
However, it was found that all carrier GTOs have an IRS status and require additional
investment in the terminal infrastructure.

Among the three operating characteristics, hybrid GTOs exhibited the highest average
CCR and BCC efficiencies of 0.913 and 0.930, respectively, from 2015-2018 as a result of
the improved efficiency in CCS, which was launched when the Cosco Group and China
Shipping Terminal Development merged in 2016. Furthermore, the efficiency improved as
CMA CGM continuously acquired the shares of other ports and terminals. In particular,
while the total berth length and terminal area of the hybrid GTOs in 2018 decreased
compared to that in 2017, the share increased.

Table 6. 2015-2016 Operator efficiency based on characteristics.

L. 2015 2016
Characteristic Operator

CCR BCC SE RTS CCR BCC SE RTS
HP 0.825 0.826 0.999 IRS 0.824 0.825 1 CRS
PSA 0.843 0.844 1 CRS 0.777 0.780 0.996 DRS
APMT 0.903 0.904 0.999 IRS 0.866 0.867 0.999 IRS
DP WORLD 0.885 0.889 0.996 IRS 0.807 0.808 0.998 IRS
TIL 0.930 0.931 0.999 CRS 0.829 0.865 0.959 DRS
CMP 0.980 1 0.980 DRS 1 1 1 CRS
Stevedores Eurogate 1 1 1 CRS 0.845 0.901 0.939 DRS
SSA Marine 0.973 0.983 0.989 IRS 0.848 0.864 0.981 DRS
ICTSI 0.971 0.987 0.985 IRS 0.806 0.878 0.917 DRS
HHLA 0.924 1 0.924 IRS 0.836 0.847 0.987 IRS
Yildirim 1 1 1 CRS 1 1 1 CRS
Bollore 0.849 0.887 0.957 IRS 0.730 0.770 0.948 IRS
SAAM 0.930 1 0.930 IRS 0.801 1 0.801 IRS

AVG 0.924 0.942 0.981 0.844 0.877 0.965
Evergreen 0.647 0.675 0.959 IRS 0.585 0.598 0.979 IRS
Hyundai 0.817 1 0.817 IRS 1 1 1 CRS
Carriers MOL 0.906 0.966 0.938 IRS 0.839 0.874 0.960 DRS
Yang Ming 0.651 1 0.651 IRS 0.759 1 0.759 IRS
K Line 0.795 1 0.795 IRS 0.790 1 0.790 IRS

AVG 0.763 0.928 0.832 0.795 0.894 0.898
CCS 1 1 1 CRS 1 1 1 CRS
Hybrids CMA CGM 0.831 0.846 0.981 IRS 0.891 0.909 0.980 DRS
NYK 0.806 0.854 0.944 IRS 0.803 0.831 0.967 IRS

AVG 0.879 0.900 0.975 0.898 0.913 0.982
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Table 7. 2017-2018 Operator efficiency based on characteristics.

. 2017 2018
Characteristic Operator
CCR BCC SE RTS CCR BCC SE RTS
HP 0.825 0.831 0.993 DRS 0.983 0.991 0.993 DRS
PSA 0.838 0.888 0.943 DRS 1 1 1 CRS
APMT 0.875 0.875 1 CRS 0.974 1 0.974 DRS
DP WORLD 0.877 0.877 0.999 IRS 0.916 0.918 0.998 IRS
TIL 0.869 0.949 0.916 DRS 0.981 1 0.981 DRS
CMP 1 1 1 CRS 1 1 1 CRS
Stevedores Eurogate 0.781 0.782 0.998 DRS 1 1 1 CRS
SSA Marine 0.827 0.857 0.965 IRS 0.933 0.938 0.995 DRS
ICTSI 1 1 1 CRS 0.964 0.971 0.992 DRS
HHLA 0.865 1 0.865 IRS 0.916 0.966 0.948 IRS
Yildirim 1 1 1 CRS 1 1 1 CRS
Bollore 0.758 0.835 0.907 IRS 0.807 0.812 0.994 DRS
SAAM 0.867 1 0.867 IRS 1 1 1 CRS
AVG 0.876 0.918 0.954 0.958 0.966 0.992
Evergreen 0.680 0.708 0.960 IRS 0.697 0.737 0.945 IRS
Hyundai 0.843 1 0.843 IRS 0.942 1 0.942 IRS
Carriers MOL 0.861 0.997 0.863 IRS 0.993 1 0.993 IRS
Yang Ming 0.781 1 0.781 IRS 0.703 1 0.703 IRS
K Line 0.944 1 0.944 IRS 0.878 1 0.878 IRS
AVG 0.822 0.941 0.878 0.843 0.947 0.892
CCs 1 1 1 CRS 1 1 1 CRS
Hybrids CMACGM 0.840 0.863 0.973 IRS 0.952 0.955 0.997 IRS
NYK 0.859 0.927 0.926 IRS 1 1 1 CRS
AVG 0.894 0.916 0.975 0.982 0.989 0.993

Note: The average efficiency by operation characteristic is highlighted in bold.

4.3. Malmquist Productivity Index Analysis

The Malmquist productivity index analysis demonstrates the total efficiency change
(TEC) and technical change (TC) separately while assuming constant returns to scale (CRS).
Total efficiency of less than 1 indicates improved productivity, and greater than 1 indicates
decreased productivity. When the Malmquist productivity index analysis is performed in
DEAP 2.1, the index and decomposition index are collectively decomposed into five indices.
Effch (TECI) indicates a change in technical efficiency, techch (TCI) indicates a change
in technology, pech (PECI) indicates a change in pure technology, sech (SECI) indicates
a change in the efficiency of scale, and tfpch (MPI) indicates the change in total factor
productivity, that is, the Malmquist index. In other words, tfpch less than 1 indicates
improved productivity, tfpch=1 indicates conserved productivity, and tfpch greater than
1 indicates decreased productivity.

Table 8 lists the change in MPI of operators by characteristics in 2015-2018. The result
of the Malmquist productivity index and decomposition index analyses for each operation
characteristic shows that in 2016, the productivity of stevedore GTOs decreased by 0.7%,
and that of the carrier and hybrid GTOs improved by 9.7% and 10%, respectively, compared
to 2015. Most stevedore GTOs showed a decrease in productivity because they declined
in every index except for technical change. In particular, DP World decreased in technical
efficiency and pure technical changes by approximately 9%, resulting in an 8.2% decrease
in productivity. In 2016, DP World tried increasing productivity by acquiring or increasing
port terminal shares in Busan and Santos.

The result of the Malmquist productivity index and decomposition index analyses
for each operation characteristic shows that in 2017, all three GTO types exhibited im-
proved productivity, compared to 2016. In particular, the productivity of stevedore GTOs
increased by 9.2%, and that of ICTSI increased by 51.4%. This may have been due to the
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acquisition of terminal shares and the development of infrastructure in the Manila, Lae,
and Motukea ports.

The result of the Malmquist productivity index and decomposition index analyses
for each operation characteristic shows that in 2018, the productivity of carrier GTOs
decreased by 1.4% and that of the stevedore and hybrid GTOs improved by 2.7% and 8.7%,
respectively, compared to 2017. The carrier GTOs showed decreased productivity due to a
decreased technical change index. In particular, the productivity of the K Line decreased by
11.3%, because while the pure technical change index was preserved, all the other indices
were declined.

The average of the Malmquist productivity index and decomposition index analyses
for each operation characteristic indicates all three types of GTOs showed improved produc-
tivity from 2015-2018. Hybrid GTOs, in particular, preserved or improved the productivity
decomposition index.

Table 8. Average MPI and decomposition index of operators from 2015-2018 based on the characteristic.

Characteristic Year Effch (TECI) Techch (TCI) Pech (PECI) Sech (SECI) Tfpch (MPI)
2015-2016 0.914 1.092 0.931 0.982 0.993
Steved 2016-2017 1.040 1.048 1.046 0.996 1.092
tevedores 2017-2018 1.102 0.933 1.065 1.037 1.027
2015-2018 1.013 1.019 1.010 1.003 1.032
2015-2016 1.042 1.054 0.958 1.085 1.097
Carri 2016-2017 1.051 1.002 1.065 0.989 1.055
arrers 2017-2018 1.025 0.967 1.009 1.016 0.986
2015-2018 1.033 1.005 1.008 1.025 1.038
2015-2016 1.023 1.075 1.016 1.008 1.100
Hvbrids 20162017 1.004 1.002 1.022 0.984 1.006
y 2017-2018 1.099 0.991 1.061 1.035 1.087
2015-2018 1.040 1.021 1.032 1.008 1.063

4.4. Analysis Results

The results of this study can be summarized as follows: When the efficiency of the
GTOs was analyzed separately based on the operation characteristics, the efficiency of
carrier GTOs was lower than that of the stevedore and hybrid GTOs in CCR (left side of
Figure 2). However, the efficiency of carrier GTOs was higher than that of stevedore GTOs
in BCC (right side of Figure 2). From 2017-2018, the efficiency of carrier GTOs increased
from 0.822 to 0.843 in CCR and from 0.941 to 0.947 in BCC. Particularly, the relatively low
growth rate of efficiency appeared more conspicuous in carrier GTOs efficiency than in
other GTO types owing to the lack of terminal infrastructure, considering the objective
of stevedore and hybrid GTOs is to create profits through terminal operation and that of
carrier GTOs is to save costs by constructing a regional infrastructure network. In other
words, these GTOs are inefficient considering their will to improve terminal efficiency is
low. Stevedore GTOs showed a decrease in efficiency owing to an insufficient terminal
infrastructure as compared to the freight volume, which has been steadily increasing since
2015. However, the efficiency was improved from 2017-2018 by significantly increasing the
terminal infrastructure. Among the three GTO types, hybrid GTOs exhibited the highest
average efficiency, which may be due to the efficiency improvement strategy through the
acquisition of shares, instead of efficiency improvement and infrastructure expansion by
merging existing GTOs.
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Figure 2. DEA of the GTOs from 2015 to 2018 based on the characteristics.

Furthermore, the average Malmquist productivity index analysis of the GTOs from
2015-2018 showed that all three GTO types exhibited higher growth trends (Figure 3).
Hybrid GTOs, in particular, showed a higher growth trend over the last year, indicating they
have made considerable investments in building a system for efficient terminal operation,
and that their strategy to improve efficiency by acquiring the shares of ports with complete
infrastructure instead of expanding infrastructure was effective. The average productivity
index of carrier GTOs increased by 3.8% from 2015-2018 but decreased by 1.4% in 2018,
which may have been due to the lack of attention towards terminal technology and will
to improve efficiency in carrier GTOs, compared to other GTO types. The productivity
index in stevedore GTOs decreased by 0.7% in 2016 as compared to 2015 but later improved
through full investment in terminal technology.

MPI
1.1
3 1.097 1.092 1.087
1.063
R 1.038 ‘
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1 i “
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2015-2016 2016-2017 2017-2018 2015-2018
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Figure 3. Malmquist productivity index analysis of the GTOs from 2015 to 2018 based on the characteristics.

5. Conclusions

Owing to the increase in the uncertainty of shipping and port markets in recent years,
trends such as the expansion of M&A, alliances among carriers, and full automation of
terminals have changed rapidly to improve competitiveness in the shipping industry. GTOs
are responding to the new environment by expanding port infrastructure by improving
the terminal operation efficiency and increasing the unloading capacity. As a result, the
container market share is rapidly increasing. The EBITDA of container terminals is con-
sidered an attractive item for attracting investors because it particularly shows sufficient
profitability with a margin of up to 45% and is expected to grow rapidly through invest-
ments. However, owing to the business possibilities and importance of increasing efficiency,
global companies are pursuing indiscriminate expansion and new businesses to develop
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and operate container terminals, which further promotes the inefficiency of container termi-
nals. Therefore, to address the inefficiency of container terminals, it is desirable to present
customized improvement measures by conducting an efficiency analysis of the current
GTOs over the indiscriminate expansion of existing infrastructures.

Sustainable development and operations have become a central point of the strategic
and operative management in port operations. In addition, operational issues are one
of the main types of potential through which to gain competitive advantage from the
sustainability practices in port operations. Therefore, in this study, DEA and a Malmquist
index analysis were conducted on 21 GTOs to determine the characteristic that showed the
highest efficiency and productivity. The aim of the study was to identify the limitations
of each terminal’s operation characteristics and to derive a method of enhancing competi-
tiveness for sustainable container terminal operation. Before the Malmquist productivity
analysis, the DEA methodology was selected for efficiency analysis, and the input (share,
quay, area, capacity) and output (throughput) variables were derived based on similar
existing research. The GTO status and operational characteristics were then defined. For
the analysis, the relative efficiency and productivity changes of the GTOs were analyzed
to derive implications for the sustainable development of terminals according to their
operation characteristics.

The analysis results indicated several implications that are distinct from findings on
local terminal operators (for example, see Tongzon [8]). First, stevedore GTOs strived to
secure terminal infrastructure to efficiently handle the steadily increasing freight volume,
which solved the problem of a decrease in efficiency due to the lack of existing terminal
infrastructures to an extent. However, due to excessive investments, GTOs such as HP,
APMT, TIL, and SSA Marine with decreasing efficiency appear more frequently than
other GTO types. The TCI decreased by 6.7% in 2018 compared to 2017, indicating their
operational characteristics lacked improvement in efficiency, mostly through technical
changes. Therefore, they require a terminal efficiency improvement strategy by combining
fourth industrial revolution technologies, such as big data, Al, and a digital twin, over
the expansion of infrastructure. Carrier GTOs exhibited a low will to acquire efficiency
and improvement considering their main objective is to reduce costs, unlike other types
of GTOs that focus on generating profits. However, ships are being enlarged worldwide
due to the pursuit of economies of scale. Therefore, they are likely to be eliminated, unless
preemptive measures are taken. It is necessary to establish an efficiency improvement
strategy to secure terminal infrastructures while considering the enlargement of ships in
priority in their major routes, by analyzing regions that carriers are likely to enter in the
future and securing and expanding terminal infrastructures in those regions. Hybrid GTOs
improved efficiency by establishing a systematic strategy through the acquisition of port
shares. However, their TCI decreased by 0.9% in 2018 compared to 2017, indicating that
effort was required to develop ports applying technical changes.

Although this study presents meaningful conclusions and implications based on the
characteristics of GTOs, there are still a few limitations. Firstly, due to the difficulty in
data collection, terminal information of GTOs was not obtained, which may have caused
discrepancies from the actual data. However, we improved the reliability and accuracy of
the results as much as possible by removing any terminal capacities that were not obtained
in this study. In the future, a more reliable dataset should be constructed using all the
terminal information from every GTO. This can provide variations of factors affecting
efficiency by locations, countries, and volumes, to name a few. Furthermore, the regional
implications according to the operation characteristics should be identified by investigating
the status of investments in regional terminal infrastructures and prospects for regional
freight volumes according to the operation characteristics of GTOs.
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Appendix A

Table A1l. 2015-2016 DMUs Basic Dataset.

2015 2016
Operator T’put Share Quay Area Capa T’ put Share Quay Area Capa
M teu % m m? M teu M teu % m m? M teu
CCS 93.7 13.0 54,715 31,435 104.3 96.6 12.2 59,780 33,036 106.8
HP 67.1 11.8 59,099 28,362 90.5 65.7 11.3 59,799 29,697 88.1
PSA 56.6 9.3 66,981 35,989 77.6 59.4 9.6 65,391 34,429 84.7
APMT 64.8 10.1 60,966 37,809 79.9 64.7 10.2 60,385 38,358 82.6
W]:(:E d 40.3 8.8 36,501 22,348 50.7 40.5 8.9 37,423 22,808 55.5
TIL 35.7 53 38,178 20,613 50.1 37.2 54 39,104 20,325 54.0
CMP 26.2 4.0 26,980 8062 349 27.8 41 29,160 8472 37.0
gglﬁi 9.6 1.6 12,133 5419 13.6 17.6 24 22,378 8560 25.0
Eurogate 14.6 2.0 19,414 9317 23.6 14.6 2.0 19,414 9317 23.8
Miiﬁe 10.6 1.5 14,488 5765 18.4 10.6 1.5 14,488 5765 17.8
NYK 6.4 1.1 8886 2916 10.6 9.1 1.4 11,073 4449 13.7
Evergreen 5.7 0.6 7172 4044 9.8 5.4 1.3 7172 4044 10.2
ICTSI 7.8 1.0 16,037 8890 13.5 8.7 1.2 16,387 8985 14.0
Hyundai 34 0.7 2431 2261 4.8 3.6 0.4 2431 2261 42
HHLA 6.7 0.6 7250 3695 9.9 6.8 1.0 7250 3695 9.1
MOL 4.6 0.6 8124 4063 7.0 5.9 0.8 8124 4063 8.6
Yildirim 34 0.6 4487 745 5.0 3.7 0.8 4787 875 53
Bollore 3.7 0.6 9152 2416 6.2 3.7 0.6 9752 2486 7.7
E/Eﬁg 15 0.6 1500 748 28 17 0.6 1500 748 28
K Line 1.5 0.4 2962 1126 2.1 1.5 0.5 2962 1126 2.1

SAAM 2.7 0.4 7894 1642 4.0 2.7 0.4 7894 1642 42
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Table A2. 2017-2018 DMUSs Basic dataset.
2017 2018
Operator T’ put Share Quay Area Capa T’ put Share Quay Area Capa
M teu % m m? M teu M teu % m m? M teu
CCSs 91.7 12.2 56,809 32,810 101.0 95.4 13.5 53,051 29,828 110.2
HP 68.9 11.0 60,575 29,744 93.8 79.4 10.5 64,665 31,281 107.3
PSA 67.0 9.9 63,141 32,457 924 80.1 10.2 64,246 33,651 1121
APMT 67,2 10,2 61,686 38,836 84.6 73.9 10.0 62,515 39,599 88.6
oy 476 92 39,933 24028 598 167 89 41,071 23628 589
TIL 447 59 50,739 23,015 59.5 48.5 6.1 53,282 24,840 64.5
CMP 314 42 30,824 9308 38.5 32.6 44 30,824 9309 38.5
SIC\;/II\I?[ 20.8 3.3 23,002 8802 27.4 229 3.3 23,617 8982 27.9
Eurogate 144 1.9 20,214 9657 24.3 14.1 1.7 20,214 9657 22.6
MSaSrIiAne 111 2.0 15,044 6095 18.8 12.2 1.6 16,069 6695 19.3
NYK 10.5 1.5 11,523 4769 15.0 11.3 1.4 11,523 4769 13.3
Evergreen 6.3 14 7172 4044 10.2 6.5 1.3 7172 4044 10.8
ICTSI 13.8 1.0 17,099 8699 15.4 9.7 1.2 17,589 8900 171
Hyundai 52 0.8 5355 4156 6.8 6.2 1.0 4745 3788 7.6
HHLA 7.3 1.0 7250 3695 9.5 7.4 1.0 8346 4075 10.3
MOL 7.1 0.9 8124 4063 9.6 7.3 0.9 8874 4513 10.0
Yildirim 3.8 0.8 4787 875 5.7 41 0.8 4787 875 5.7
Bollore 41 0.6 9752 2486 7.8 47 0.7 10,102 2666 8.3
11{/?1?12 1.7 0.6 1500 748 2.8 1.7 0.6 1500 748 2.8
K Line 1.8 0.5 2962 1126 2.1 1.9 0.4 2962 1126 2.5
SAAM 32 0.4 8694 1762 5.0 34 0.4 7191 1489 54
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