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Ports and container terminals today are interchanges for maritime and land transport as well as important
facilities that serve as communication channels for nations, regional economies, and forelands. They also act
as suppliers providing cargo handling and international logistics services at the national level. Traditionally,
the port industry was less competitive than other industries. However, competition among terminals is
intensifying due to recent environmental changes, and the excessive competition between Korean container
terminals has produced negative effects. Therefore, it is necessary to establish terminal rationalization plans
to resolve excessive competition among container terminals at the national level. This study examined the
direction for terminal rationalization at the national level to alleviate excessive competition among
container terminals based on the theory of supply base rationalization. Data envelopment analysis (DEA)
cross-efficiency and cluster analysis were combined to provide rationalization plans based on efficiency
measurement. This study is significant as it presents a strategic analytical tool to establish terminal
rationalization plans at the national level and also proves its applicability.
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1. Introduction

Ports today can be defined as an interchange of maritime and
land transport and a venue of total logistics activities such as loading
and unloading of cargo, storage, vessel arrival and departure, and
various other activities. The role of ports has been changed due to
many factors thus far. The increase in world population, advance-
ment of the port and oil industries, and development of specialized
ports have accelerated their growth and development. Consequently,
ports are serving as communication channels for nations, regional
economies, and the forelands.

The port industry was traditionally perceived as less competitive
than other industries. However, competition among terminals is
becoming more intense due to various environmental changes, such
as the change in the logistics structure such as the combined
transport system, enlargement of ship size, and excess supply of
ports. This competition has both positive and negative effects.

* Corresponding author.
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Adequate competition may lead to increased competitiveness of
ports, prevention of monopoly, and improved service due to in-
novation (De Langen & Pallis, 2006). However, excessive competition
may result in decreased profitability and deteriorated service quality
due to reduced investment (Figueiredo De Oliveira & Cariou, 2015).

Excessive competition has negative effects on container term-
inals in Korea. When Busan Port Jaseongdae (JASU) opened in 1982,
competition increased due to various environmental changes such as
rising cargo volume, facility supply of new terminals, and an a
proliferation of terminal operating companies. In particular, over-
supply issues were arising since the mid-2000s when the growth of
cargo volume began slowing down, and competition for cargo in-
ducement became fiercer among terminal operating companies (Ha,
Choi, & Kim, 2013). However, excessive competition truly began with
the opening of the New Port in 2006, which became a serious
competitor of the North Port. As large vessels could berth in Busan
New Port, it came to be highly preferred by shipping companies, and
consequently, a huge volume that had been previously handled in
the North Port was transferred to the New Port. In response, oper-
ating companies in the North Port began charging lower cargo
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handling fees to secure cargo volume and avoid losing cargo volume
to its competitor.

External environmental changes along with supply also in-
tensified competition. To deal with the long-term depression of the
liner shipping market, shipping companies are striving to reduce
navigation expenses with the economy of scale by enlarging the size
of container ships. Accordingly, terminal operating companies are
also extending facilities to accommodate large vessels. Since the
mid-1990 s, strategic alliances began to be formed among large
container shipping companies. Mergers and acquisitions (M&As)
among shipping companies also increased for service differentiation
and cost reduction. These strategic alliances and M&As among
shipping companies led to greater bargaining power against term-
inal operating companies. Moreover, the focus has shifted to a few
large shipping companies based on strategic alliances and M&As,
which served as a key trigger for competition among hub ports
worldwide (Ryoo et al., 2012).

In sum, with various environmental changes from the past to
present combined with industrial characteristics of ports and
terminals, the competition among container terminals in Korea has
taken the form of the winner-takes-all model, with a huge volume
concentrated in specific terminals with other terminals inevitably
falling behind (Kim, 2020). Thus, there is an urgent need to establish
terminal rationalization plans to address the excessive competition
among container terminals at the national level.

This study aims to set the direction for terminal rationalization at
the national level to alleviate excessive competition among con-
tainer terminals based on the theory of supply base rationalization.
To this end, we measured the efficiency of container terminals in
Korea using data envelopment analysis (DEA) cross-efficiency and
classified them into four types: superior, good overall, niche, and
inferior. In addition, we examined the structural similarity of each
terminal through cluster analysis and provided rationalization plans
such as a functional shift of inferior terminals and integration of
good overall terminals.

This study has made a substantial contribution by presenting a
strategic analytical tool to establish terminal rationalization plans at
the national level and proving its applicability. Beyond just efficiency
analysis and benchmark selection, this study conducted an analysis
based on the theory of supply base rationalization. It analyzed
container terminal rationalization plans from multiple perspectives
while also providing insight for terminal development and rationa-
lization through cluster analysis. Further, the study examined ports
in Korea, but the results can also be applied to other countries facing
the issue of excessive competition among terminals.

This study has the following structure. Chapter 2 presents a lit-
erature review, and Chapter 3 explains DEA cross-efficiency and
cluster analysis. Further, Chapter 4 describes data collection
methods and data characteristics, and Chapter 5 provides the ana-
lysis results and rationalization plans for container terminals in
Korea. Finally, Chapter 6 provides the conclusions and limitations of
this study and sets the direction for further research.

2. Literature review

This chapter reviews previous studies with a focus on research
methodologies using (1) the theory of supply base rationalization
and (2) terminal efficiency studies using DEA.

2.1. Supply base rationalization

Supply base rationalization is a major research topic in the
supply chain. However, it is not a generalized term and is used in
association with terms such as supplier evaluation, supply base re-
duction, and sourcing decision (Cousins, 1999; Sarkar & Mohapatra,
2006; Talluri, Decampos, & Hult, 2013). Sarkar and Mohapatra

62

The Asian Journal of Shipping and Logistics 38 (2022) 61-70

(2006) compared supply base rationalization with reduction. They
stated that rationalization is not only about reducing the supply base
but also embraces the process of determining the adequate size of
the supply base as well as suppliers that form the base. In other
words, they defined rationalization as a superordinate concept that
includes reduction. Talluri et al. (2013) argued that supplier eva-
luation is necessary for sourcing decisions and regarded supplier
evaluation as a part of the supplier rationalization process. In this
study, we also assumed that supply base rationalization includes
evaluation and reduction, determined whether the current supply
base size is adequate, and evaluated the suppliers. We defined
supply base rationalization as a set of procedures to choose suitable
suppliers or enhance supplier competency.

Studies on the necessity and effect of supply base rationalization
are as follows. Deming (1981) argued that firms with a large supply
base might have a negative effect on product quality and production
costs; thus, it is important to maintain an adequate supply base size.
Agrawal and Nahmias (1997) claimed that forming an optimal
supply base is one of the key aspects of supply chain management.
They provided a model to determine the optimal number of sup-
pliers when the product output of suppliers is random. Cousins
(1999) conducted a study on supply base rationalization im-
plemented by companies in the UK and examined its effects. The
results showed that not many companies actually saved costs
through rationalization and that it is necessary to establish a stra-
tegic framework for successful rationalization. Sarkar and
Mohapatra (2006) argued that it is necessary to maintain a man-
ageable level of the supply base first to develop partnerships with
suppliers and presented a process to reduce the supply base. Song,
Dong, and Xu (2014) claimed that manufacturers must have supply
base reduction and supplier differentiation strategies for the
balanced operation of purchase and production and provided a dy-
namic programming method. Cavalcante, Frazzon, Forcellini, and
Ivanov (2019) argued that flexible supply chain formation is more
important than anything else to manage modern supply chains with
high uncertainty. They added that it is necessary to manage the
supply base and choose adequate suppliers.

The need for supply base rationalization has been proven in
many studies, but it is difficult to actually implement it. As a precise
methodology is required for rationalization, developing a suitable
methodology has also become a major research topic. There are
various methods such as mathematical programming, cost-based
method, multicriteria decision methods, and simulation-based
methods. However, DEA is one of the most suitable methodologies
for rationalization. This is because the supply base can be rationa-
lized more comprehensively as DEA evaluates suppliers with a focus
on efficiency rather than absolute output (Talluri et al., 2013). Stu-
dies using DEA are as follows. Narasimhan, Talluri, and Mendez
(2001) evaluated the efficiency of supplies that form the supply base
through DEA and aligned this with managerial performance, classi-
fying all suppliers into four clusters: high performers and efficient,
high performers and inefficient, low performers and efficient, and
low performers and inefficient. Wu and Blackhurst (2009) presented
an augmented DEA model adopting weight constraints for supplier
evaluation and selection and proved the effect through a case study.
Azadi and Saen (2011) studied supplier selection in a case with
undesirable output using a slacks-based measure model based on
DEA. More and Mateen (2012) presented a method to set the ideal
goal for supplier selection and select the most suitable supplier
through DEA and proved the effect through a case study of an Indian
company. Talluri et al. (2013) calculated the efficiency and perfor-
mance diversity of each supplier using the DEA cross-efficiency
model. They classified all suppliers into four groups such as superior,
good overall, niche, and inferior using these two scores. Karami,
Ghasemy Yaghin, and Mousazadegan (2021) presented a three-stage
integrated DEA-PCA (principal component analysis)-VIKOR (Vise
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Kriterijumska Optimizacija Kompromisno Resenje) approach. In this
model, the supplier selection criteria are first reduced through PCA,
and supplier efficiency is evaluated through DEA, after which sup-
pliers are ranked through VIKOR.

This study considered Korean container terminals as suppliers
providing cargo handling services based on supply base rationali-
zation by Talluri et al. (2013) and examined supply rationalization
plans at the national level. The method by Talluri et al. (2013) is
explained in more detail in Chapter 3.

2.2. Terminal efficiency evaluation

Terminal efficiency measurement using DEA is an important re-
search topic in port operation. Martinez-Budria, Diaz-Armas,
Navarro-Ibanez, and Ravelo-Mesa (1999) measured the efficiency of
26 container terminals in Spain using the DEA-BCC model and stu-
died the relationship between efficiency and managerial complexity.
Cullinane, Song, Ji, and Wang (2004) analyzed the change in the
efficiency of 25 container terminals using DEA window analysis.
Further, Cullinane and Wang (2006) measured the efficiency of 69
container terminals in Europe using the DEA-CCR and BCC models
and analyzed the relationship between efficiency and production
scale. Wu, Yan and Liu (2010) measured the efficiency of 77 con-
tainer terminals using the DEA-CCR model and analyzed the input
and output adjustment plan to improve the efficiency of inefficient
ports. Wu, Liang et al. (2010) obtained the efficiency ranking of 77
container terminals worldwide using DEA cross-efficiency and pre-
sented benchmarks for inefficient terminals using cluster analysis.
Additionally, Schayen and Odeck (2013) analyzed the efficiency of 24
container terminals in Northern Europe and the UK through the
DEA-BCC model. They presented ways to improve efficiency of
terminals in Norway. Nguyen et al. (2016) measured the efficiency of
43 ports in Vietnam using the bootstrapped DEA model to make up
for the deficiencies of general DEA and compared the results with
those of general DEA and SFA (stochastic frontier analysis). Lin, Yan,
and Wang (2019) studied the environmental pollution issues of 16
major container terminals in China. They conducted an analysis
using the inverse DEA model to measure terminal efficiency con-
sidering unexpected output like exhaust gas. Zarbi, Shin, and Shin
(2019) collected the 10-year data of five ports in Iran and com-
paratively analyzed the efficiency before and after the sanctions on
port operators in Iran. Santiago, Orive, and Cancelas (2021) mea-
sured the operating and financial efficiency of ports in Spain using
the bootstrapped DEA model. They first measured the individual
efficiency of 28 ports, after which they formed clusters based on
proximity and seafront and compared the efficiency.

There are many other studies on port and terminal efficiency
analysis applying DEA, but most derive and compare the efficiency of
individual ports or terminals and provide improvement plans. Some
present benchmarks and efficiency improvement plans in combi-
nation with other methods such as cluster analysis and aim to set
the direction for efficiency improvement of individual terminals.
However, only a few studies explored methods to alleviate excessive
competition or rationalize terminals at the national level based on
terminal efficiency.

2.3. Contribution to the literature

This study focuses on establishing rationalization plans to alle-
viate excessive competition among terminals at the national level
based on the theory of supply base rationalization beyond terminal
efficiency measurement and improvement plans using DEA. Its
biggest contribution is that it suggests a method of combining DEA
cross-efficiency with cluster analysis and proves the method’s
effectiveness by applying it to container terminals in Korea.
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3. Methodology
3.1. DEA cross-efficiency

The concept of efficiency originates from that of productivity in
economics and is defined in various ways. The key definitions of
relative efficiency covered in this study are as follows. First estab-
lished by Vilfredo Pareto, Pareto efficiency is defined as resource
allocation where no independent individual can be better off
without making at least one individual worse off. In other words,
100% efficiency can be possible when input and output cannot be
better off without making other input and output factors worse off.
However, when applied mostly to social sciences, it is impossible to
identify the level of efficiency that can be theoretically achievable. In
other words, the achievable level of efficiency cannot be identified
due to the limitation in estimating the theoretically possible output
in the input-output ratio. The concept of relative efficiency was
suggested to solve this problem. In relative efficiency, when the
performance of decision-making units (DMUs) is not showing im-
provement in certain input or output factors without deteriorating
other input or output factors, certain DMUs have 100% efficiency.
This definition avoids the assumption of weights in which various
inputs and outputs reflect relative importance and does not require a
clear specification of the relationship that exists between input and
output. DEA is a non-parametric analytical technique that uses this
concept of relative efficiency to estimate the production frontier of
DMUs comprising multiple input and output factors and assume the
relative efficiency among the subjects of analysis (Kim & Shin, 2019).

DEA was introduced by Charnes, Cooper, and Rhodes (1978) and
has many input and output factors, unlike conventional research
methods for efficiency evaluation. Moreover, efficiency can be eval-
uated even without the weight information. The BCC model, one of
the most basic models of DEA, can be expressed as follows.

Min@k
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S. t. BkXix — Z X;jiAj 20 i=
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Here, y, is the value of the tth output factor of DMU;, and x;; is the
value of the ith input factor of DMU;. 4; represents the effect of DMU;
for comparison, and &, represents the efficiency of DMUy, which is
efficient when the value is 1 and inefficient when not.

The CCR model is also one of the basic DEA models for efficiency
that can be expressed by the ratio of actual quantity and maximum
possible quantity. It first started as fractional programming and was
transformed into a typical form of linear programming. Each DMU
determines the weight of input and output with maximum 6. Like
the BCC model, the DMU is generally efficient when 6 is 1 and in-
efficient when not. The CCR model can be expressed as follows.
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Here u, is the weight of the rth output factor, v; is the weight of
the ith input factor, n is the number of DMUs, s is the number of
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output factors, m is the number of input factors, k is the specific
DMU to evaluate, y; is the quantity of rth output of DMUj, and x;; is
the ith input of DMU;.

DEA has several advantages, such as estimation with multiple
input and output factors, comparison of units with similar inputs
and outputs in a complicated production structure, measurement of
relative efficiency, and usability of existing units without having to
set random weights. However, absolute efficiency cannot be mea-
sured with DEA. Moreover, as the most beneficial weight for each
DMU is applied for calculation, multiple DMUs can be identified as
“efficient.” In particular, there is the problem of maverick DMU in
which the DMU is identified as “efficient” when low and the most
beneficial weight is applied to the DMU (Doyle & Green, 1994).

Unlike general DEA, this study used cross-efficiency analysis that
can measure efficiency from a conservative view and prevent the
derivation of extreme values by certain weights. Multiple DMUs are
identified as efficient in DEA because each DMU applies the most
beneficial weight. Cross-efficiency analysis is the method to solve
this problem, and it is based on 6,; defined in Eq. (3). Here, uy and vy
are constants obtained when estimating the model to obtain effi-
ciency values of DMUj, and the optimal weights of rth output factor
and ith input factor. Therefore, 6; indicates the efficiency of DMU;
when the optimal weight beneficial for DMUj is applied.

s
Zr:l urkyrj

Oki =
J m ’
Yiz1 VikXij

3)

Meanwhile, goal programming can be applied to select one of the
multiple solutions when the optimal solution of the linear pro-
gramming model to obtain efficiency does not exist as a unique
solution. This can be solved by applying the aggressive method that
maximizes the efficiency of DMU,, and minimizes the cross-efficiency
of other DMUs and the benevolent method that maximizes the
cross-efficiency of both DMU, and other DMUs simultaneously
(Adler, Friedman, & Sinuany-Stern, 2002; Doyle & Green, 1994;
Sexton, Silkman, & Hogan, 1986).

Here, the aggressive method maximizes the efficiency of DMU k,
and the benevolent method maximizes the efficiency of DMU k
while minimizing the cross-efficiency of other k-1 DMUs. The re-
searchers discovered that there is no difference in the results ob-
tained by using these two methods. The benevolent method may
abnormally increase the efficiency of maverick DMU as other DMUs
aside from the one being evaluated are also evaluated with certain
benefits, considering which this study used the aggressive method of
Eq. (4).

Z ¥i)

s
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Next, the matrix of cross-efficiency can be formed using the ef-
ficiency value. CE; can be calculated with the mean of efficiency 6, j of
DMU; —the efficiency of DMU;—to obtain in the cross-efficiency
analysis. The significance of cross-efficiency analysis is that DMUs
with efficiency can be differentiated and prioritized, and that ob-
jective efficiency can be calculated rather than reflecting the relative
weight and eliminating unrealistic weights of input and output. In
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Table 1
Cross-Efficiency Matrix.

Classification Evaluated DMUs

DMUs for application of optimal DMU 1 2 j n Mean
weight 1 o 612 6in  RE;
2 621 022 . 6n  RE;
k . . Okj .
n 61 Om O REq
Mean CE; CE CEn -

other words, prioritization using cross-efficiency provides more
objectivity than general DEA by adding the process of evaluation
with the optimal weights of other DMUs as shown in Table 1.

The DEA cross-efficiency method is obtaining efficiency through
column means (CE) in Table 8 and comparing them to diagnose the
efficiency level of each DMU. Talluri et al. (2013) added the concept
of row means (RE) and used it in supply base rationalization. Row
means to explain the characteristics of each DMU, and when the
value is relatively lower than other DMUs, the DMU is differentiated
from others; thus, performance diversity is high. In other words,
when the means of rows and columns calculated through cross-ef-
ficiency analysis are presented in quadrants, DMUs in Quadrant II
have higher efficiency compared to other DMUs and are differ-
entiated from others. DMUs in Quadrants I and Il must be drawn into
Quadrant II. However, DMUs in Quadrant IV have low efficiency and
are not differentiated from other DMUs. Fig. 1 shows the supplier
classification method by Talluri et al. (2013) using DEA cross-effi-
ciency.

3.2. Benchmarking - cluster analysis

Cluster analysis is a statistical method that classifies the objects
of observation into a few clusters based on data similarity (Punj &
Stewart, 1983). The most traditional method to improve the effi-
ciency of inefficient DMUs is to use efficient DMUs as a reference set
and set up the target of improvement through linear combination.
However, this method cannot be applied when there is a structural
difference between DMUs that are a reference set and DMUs that
must be improved. Thus, benchmarks must be selected using dif-
ferent methods such as cluster analysis and multidimensional
scaling (Doyle & Green, 1994). Cluster analysis can be used to set the
benchmarks because DMUs with high similarity can be classified,
and relevant cases have been also found in many studies (Flokou,
Kontodimopoulos, & Niakas, 2011; Wu, Liang et al., 2010; Yuan &
Shan, 2016).

This study conducted a cluster analysis using input and output
data (as they are) used in DEA cross-efficiency. This method can set
more accurate benchmarks by deriving the structural similarity
among terminals (Wu, Liang et al., 2010). We combined the results of
container terminal classification based on the theory of supply base
rationalization with terminal classification derived through cluster
analysis to provide terminal rationalization plans.

4. Data
4.1. Container Terminals in Korea

Ports in Korea with exclusive container terminals include Busan
Port, Gwangyang Port, Incheon Port, Pyeongtaek-Dangjin Port, Ulsan
Port, Masan Port, and Pohang Port. By container cargo volume, Busan
Port, Incheon Port, and Gwangyang Port account for approximately
98% of all container cargo volume in Korea. Total 8 terminals are
operated in Busan Port, and the annual cargo handling capacity is
17.58 million TEU. When the New Port Phase 2 and Phase 3 piers
currently in development are completed, the annual cargo handling
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Table 2
Status of Korean Container Terminals.
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Classification Terminal name Berth composition

Quay wall length Berthing capacity Cargo handling capacity

(m) (DWT) (1000 TEU)
Busan Port PNIT (400x3) 1200 50,000 2.091
PNC (333x6) 2000 50,000 3677
HJNC (350%2200%2) 1100 50,000 2310
20,000
HPNT (350%2225x%2) 1150 50,000 1936
20,000
BNCT (350%4) 1400 50,000 2440
Shingamman (126 x 1350 2) 741 50,000 819
(SHGA) 5000
Shinseondae (300x4) 1200 50,000 1789
(SHIN)
Gamman (350%2) 7,00 50,000 800
(GAMM)
Jaseongdae 1447 50,000 1722
(JASU) 10,000
Gwangyang Port GWCT (350%4) 1400 50,000 1600
Incheon Port ICT (300x2) 600 40,000 552
SNCT (300x1, 500x%2) 800 20,000 1050
40,000
HJIT (300x1, 500x%2) 800 20,000 1050
40,000
Pyeongtaek-Dangjin Port PCTC (280%2,240%2) 1040 50,000 * 2 720
30,0002
PNTC (240%2) 480 30,000*2 400
Ulsan Port UNCT (250%2210%2) 920 2000*4 962
Pohang Port PICT (250%4) 1000 20,000 %4 260
Table 3
Basic statistics on loading capacity per hour.
Classification N Min Max Mean Median S.D
Busan North Port 1 JASU 167 15.0 86.0 377 385 13.1
2 SHIN 62 16.4 93.5 53.7 53.8 18.3
3 GAMM 53 19.7 57.7 424 439 9.0
4 SHGA 70 24.2 92.5 741 62.1 14.2
Busan New Port 5 PNIT 1030 15.8 299.1 105.6 108.4 322
6 PNC 778 15.1 165.1 84.4 83.2 332
7 HJNC 1316 16.5 208.4 102.5 101.9 40.8
8 HPNT 594 17.3 2218 90.5 841 26.9
9 BNCT 90 44.2 91.0 73.9 62.6 16.2
Incheon Port 10 ICT 73 20.2 771 472 51.7 1.9
11 SNCT 83 19.7 86.8 57.3 55.8 143
12 HJIT 85 21.2 101.2 65.9 69.3 15.7
Gwangyang Port 13 GWCT 437 16.4 176.2 776 75.5 285
Pohang Port 14 PICT 16 17.3 52.0 38.0 44.6 18.3
Pyeongtaek-Dangjin Port 15 PNCT 17 18.3 349 28.4 289 5.2
16 PCTC 49 17.8 58.5 41.0 42.6 9.5
Ulsan Port 17 UNCT 63 15.2 60.5 36.6 36.8 11.7

capacity of all containers in Busan Port will increase up to 30 million
TEU. Table 2 is a summary of major container terminals in Korea.
Total 17 container terminals are selected as DMUs for analysis.

4.2. Data

This study analyzed the cross-efficiency of container terminals,
and the input and output variables used in cross-efficiency analysis
were selected with reference to previous studies. Quay length,
twenty-foot ground slot (TGS), depth of water, and the number of
cranes were used as input variables, and container cargo volume and
loading capacity per hour were used as output variables. Among
input variables, TGS indicates the ground space for one 20-foot
container. TGS is used to calculate the required shed space, which
indicates the horizontal shed area. Input variables were collected
from the annual reports and websites of each Port Authority or
terminal operating company.
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Among output variables, cargo volume was collected from PORT-
MIS, new port general plans by the Ministry of Oceans and Fisheries,
and annual reports of each Port Authority. Loading capacity per hour
was calculated by processing berthing data of each vessel of IHS
Markit. Loading capacity per hour is the number of moves per hour
by loading and unloading the containers on or from the vessel. High
values indicate the shorter time required for container handling;
thus, it is a key factor for shipping companies in selecting the port of
call. Loading capacity per hour is becoming more important because
cargo volume handled per port entry has increased due to the en-
largement of vessel size, which caused vessels to stay longer at the
port. Accordingly, shipping companies require ports to have higher
productivity for punctuality; thus, ports are adopting high-efficiency
equipment and increasing the number of cranes per vessel.
Consequently, shipping companies and ports are showing continued
interest in loading capacity per hour (JOC Port Productivity, 2014).

To calculate loading capacity per hour, arrival and departure
performance data of container ships at the port of call are needed.
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Table 4
Input and Output Data.
Classification Input variables Output variables
Quay length TGS Depth of water Crane Cargo volume Loading capacity per hour
(m) (slot) (m) (crane) (10,000 TEU) (move/hour)

Busan North Port 1 JASU 1447 10,484 15 14 193 377
2 SHIN 1200 14,967 16 15 249 53.7
3 GAMM 700 5797 15 1 129 42.4
4 SHGA 826 6083 15 7 97 74.1

Busan New Port 5 PNIT 1200 12,354 16 12 248 105.6
6 PNC 2000 21,112 17 22 494 844
7 HJNC 1100 11,940 17 12 277 102.5
8 HPNT 1150 10,031 17 12 206 90.5
9 BNCT 1400 14,382 17 1 227 73.9

Incheon Port 10 ICT 600 4956 14 5 88 472
1 SNCT 800 8750 16 7 125 57.3
12 HJIT 800 8750 16 7 99 65.9

Gwangyang Port 13 GWCT 1400 14,982 16 9 94 776

Pohang Port 14 PICT 1000 7495 12 2 1 38.0

Pyeongtaek-Dangjin Port 15 PNCT 720 5778 13 3 25 284
16 PCTC 1040 6998 14 4 36 41.0

Ulsan Port 17 UNCT 920 6464 14 3 30 36.6

Table 5
Cross-Efficiency Matrix of Korean Container Terminals.

JASU SHIN GAMM SHGA PNIT PNC HJNC HPNT BNCT ICT SNCT HJIT GWCT PICT PNCT PCTC UNCT row mean

JASU 0.788 0.713 0958 0.698 0.867 1000 1000 0.886 0678 0.776 0.617 0492 0276 0.015 0191 0.226 0.207 0.611
SHIN 0537 0.829 0.720 0463 0.826 1000 1000 0.713 0650 0.573 0.612 0484 0.270 0.005 0137 0137 0.130 0.534
GAMM 0.788 0.713 0958 0.698 0.867 1.000 1000 0.886 0.678 0.776 0.617 0492 0.276 0.015 0191 0.226 0.207 0.611
SHGA 0.426 0.528 0.492 1.000 0987 0.619 1000 0.795 0.748 1.000 0.838 0.878 0.765 1000 0.698 0.787 0.858 0.789
PNIT 0.418 0.533 0.472 0961 1.000 0.628 1000 0.785 0.758 0.931 0.815 0.863 0.806 1.000 0.660 0.760 0.807 0.776
PNC 0.606 0.730 0.509 0582 0.898 1000 1000 0.744 0889 0.724 0.746 0590 0447 0.022 0322 0354 0.381 0.620
HJNC 0.597 0.719 0.508 0.600 0.895 0973 1000 0.744 0894 0.766 0.773 0.611 0453 0.026 0360 0.386 0.433 0.632
HPNT 0.634 0.589 0.913 1.000 0921 0.759 1.000 0915 0.622 0.967 0.678 0.654 0413 0256 0.351 0417 0396 0.676
BNCT 0597 0.719 0.508 0.600 0.895 0973 1000 0.744 0894 0.766 0.773 0.611 0453 0.026 0360 0.386 0433 0.632
ICT 0.426 0.528 0.492 1.000 0987 0.619 1000 0.795 0.748 1.000 0.838 0.878 0.765 1000 0.698 0.787 0.858 0.789
SNCT 0.443 0.561 0484 0932 0964 0669 1000 0.774 0.784 1000 0.863 0.866 0.729 1.000 0.709 0.758 0.873 0.789
HJIT 0330 0493 0549 1000 0965 0486 1000 0.776 0612 1000 0.824 0916 0.681 0.569 0540 0.549 0.574 0.698
GWCT 0327 0436 0435 1.000 1000 0.461 0950 0.763 0.659 0.871 0.750 0.864 0.882 0995 0.629 0.754 0.756 0.737
PICT 0.262 0.367 0.411 1.000 0.864 0.349 0.853 0.679 0.566 0.986 0779 0.896 0.756 1000 0.713 0.747 0.828 0.709
PNCT 0.297 0408 0430 1.000 0.892 0411 0.891 0.705 0610 1000 0.803 0902 0.759 1.000 0.717 0.753 0.838 0.730
PCTC 0352 0431 0454 1000 0.882 0477 0888 0.724 0631 1000 0.775 0840 0.695 1.000 0.707 0.788 0.873 0.736
UNCT 0.460 0.567 0.491 0930 0.962 0688 1000 0.780 0.791 1000 0.856 0.849 0.711 1000 0.706 0.768 0.886 0.791

Column mean 0488 0.580 0.576 0.851 0922 0712 0975 0.777 0718 0.890 0.762 0.746 0.596 0.584 0511 0.564 0.608 0.698

Table 6 Table 7
Comparison of efficiency analysis results. Terminal group classification results.
Classification CCR CCR Cross- Cross- Group 1 Group 2 Group 3
Efficiency  Ranking efficiency efﬁcit'ency Terminal PNC JASU GAMM
Ranking SHIN SHGA
Busan 1 JASU 0.788 15 0.488 17 PNIT ICT
North 2 SHIN 0.829 14 0.580 13 HJNC SNCT
Port 3 GAMM 0.958 7 0.576 14 HPNT HJIT
4 SHGA  1.000 1 0.851 4 BNCT PICT
Busan 5  PNIT 1.000 1 0.922 2 GWCT PNCT
New 6  PNC 1.000 1 0.712 9 PCTC
Port 7  HJNC 1.000 1 0.975 1 UNCT
8 HPNT 0.915 9 0.777 5
9  BNCT 0.894 10 0.718 8
Incheon 10 ICT 1.000 1 0.890 3
Port 11 SNCT  0.863 13 0.762 6 Table 8
12 HJIT 0.916 8 0.746 7 Comparison of the number of berths per operating company in overseas ports and
Gwangyang 13 GWCT  0.882 12 0.596 11 Busan Port (2018).
Port Classification Shanghai  Singapore  Dubai  Busan
Pohang Port 14 PICT 1.000 1 0.584 12
Pyeongtaek- 15 PNCT 0.717 17 0.511 16 No. of berths 48 62 28 46
Dangjin 16 PCTC 0.788 16 0.564 15 No. of operating companies 7 8 3 11
Port No. of berths per operating 6.8 7.7 9.3 4.1
Ulsan Port 17 UNCT  0.886 1 0.608 10 company
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Fig. 1. Supply base rationalization framework.
Source: Talluri et al. (2013), p.70.

Thus, we analyzed the loading capacity per hour of major ports
worldwide using raw data collected by IHS Markit. We collected
4983 samples from the year 2018 among container terminals in
Korea, calculated the average loading capacity per hour with Eq. (9),
and used the results in efficiency analysis.

n n TEU;;
Zi:1 Zj:l (fe— ts )

n;

MU; 9)

Here, MU; is the loading capacity per hour of terminal i, TEUj; is
the volume of cargo handled by vessel j after arriving at terminal i, t,
is the end time, t; is the start time, and n; is the number of data
counted in terminal i, using the mean as output variable. The basic
statistics of data collected to calculate the loading capacity per hour
are as shown in Table 3. Over 1000 samples were collected from
HJNC and PNIT of Busan New Port, and 16 samples were collected
from PICT of Pohang Port, which is the smallest number. Despite the
small number of samples, PICT was included in the analysis as the
samples represent statistically significant data in terms of freedom.

The final input and output data, including the calculation results
of loading capacity per hour, are as shown in Table 4.

5. Result and discussion
5.1. Efficiency analysis

For efficiency analysis, we used MultiplierDEA of statistical
package R 4.0.0. Table 5 shows the matrices of cross-efficiency
analysis of container terminals in Korea. The column mean re-
presents the efficiency of each DMU, and the row mean represents
the distinction of each DMU. Higher column means of DMUs indicate
higher efficiency, and lower row means show that the DMU is dif-
ferentiated from others. Container terminals in Korea have a rela-
tively wide range of column means from 0.488 to 0.975 but a
relatively small range of row means from 0.534 to 0.791. This in-
dicates that each terminal is not considerably different compared to
other terminals, which proves the homogeneity of services among
container terminals.

Table 6 is a summary of the general DEA-CCR efficiency analysis
results and cross-efficiency analysis results. In CCR efficiency ana-
lysis, Busan North Port SHGA, Busan New Port PNIT, PNC, HJNC, In-
cheon Port ICT, and Pohang Port PICT showed the highest efficiency;
Pyeongtaek-Dangjin Port PNCT and PCTC showed the lowest effi-
ciency. In the cross-efficiency analysis, Busan New Port HJNC showed
the highest efficiency, and Busan North Port JASU showed the lowest
efficiency. Among terminals showing the highest efficiency in CCR
analysis, HJNC, PNIT, ICT, and SHGA were also ranked relatively high
in cross-efficiency analysis. However, PNC was ranked 9th, showing a

67

The Asian Journal of Shipping and Logistics 38 (2022) 61-70

Cluster Dendrogram

o
o~
o

-
S

Height

PNIT
GWCT
SHIN
BNCT

o
2
2

PNC
PCTC
UNCT

PICT
PNCT
SHGA
SNCT

HIT

GAMM
JASE
HPNT

Fig. 2. Hierarchical clustering results.

medium level of efficiency among all terminals, and PICT was ranked
12th, showing low efficiency. PNC is the DMU with the highest va-
lues of four inputs out of all terminals that also handled the biggest
cargo volume, but its loading capacity per hour was lower than other
terminals of Busan New Port. PICT had only two cranes, which is the
smallest number, and the cargo handling volume was also 10,000
TEU, which is the lowest. Its loading capacity per hour was also low,
indicating that it has both low input and output. Therefore, by ap-
plying the beneficial weight for each of the two terminals, the effi-
ciency is 1, but the rank becomes lower when evaluated with cross-
efficiency. This indicates that it is necessary to perform more ob-
jective evaluation through cross-efficiency analysis rather than
ranking the efficiency of terminals using CCR analysis while ana-
lyzing efficiency and establishing rationalization plans.

5.2. Cluster analysis

We additionally conducted a cluster analysis to determine
benchmarks for port rationalization strategies and terminal effi-
ciency improvement. As previously mentioned, the analysis was
conducted using the input and output data of DEA as they are, and
the stats package of R 4.0.0 was used for hierarchical clustering.
Fig. 2 shows the results of hierarchical clustering, and Table 7 shows
the group classification results.

Only Busan New Port PNC belongs to Group 1. PNC is the biggest
terminal in Korea with higher inputs, such as quay length, TGS, and
number of cranes, than other terminals. Its cargo volume is also
approximately 1.8 times greater than HJNC, which is ranked 2nd.
Thus, it was classified as a single group that does not belong to any
other group. Group 2 includes Busan North Port JASU and SHIN,
Busan New Port PNIT, HJNC, HPNT, and BNCT, and Gwangyang Port
GWCT. These are large terminals with at least 1000 m quay length,
10,000 TGS, and 9-15 cranes. Group 3 includes Busan North Port
GAMM and SHGA, Incheon Port ICT, SNCT, and HJIT, Pohang Port
PICT, Pyeongtaek-Dangjin Port PNCT and PCTC, and Ulsan Port UNCT.
These terminals have less than 10,000 TGS, 600-1040 m quay length,
and 2-11 cranes, which are less than Group 2, and the cargo volume
and loading and unloading productivity are also lower than Group 2.
In other words, Group 1 is classified as a mega-terminal, Group 2 as
large terminals, and Group 3 as small and medium-sized terminals.

5.3. Terminal rationalization framework

Fig. 3 provides the cross-efficiency calculation results of all DMUs
in Quadrant IV for rationalization. The average matrix was 0.678. The
results showed that there were four superior DMUs (Quadrant II)
with high efficiency and distinction, such as Busan New Port PNC,
HJNC, HPNT, and BNCT. There were five good DMUs (Quadrant I)
with high efficiency but lack of distinction as a terminal, such as
Busan New Port PNIT, Busan North Port SHGA, Incheon Port ICT,
SNCT, and HJIT. There were three niche DMUs (Quadrant III) with
distinction but lack of efficiencies, such as Busan North Port JASU,
SHIN, and GAMM. There were five inferior DMUs (Quadrant IV) with
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Fig. 3. Terminal Rationalization framework for Korean Container Terminal.

a lack of efficiency and no distinction, such as Gwangyang Port
GWCT, Pohang Port PICT, Pyeongtaek Port PNCT and PCTC, and Ulsan
Port UNCT. The group classification results are also provided in the
figure. Groups 1 and 2 are located in the superior group and Group 3
mostly in the good and inferior groups. This indicates that large
terminals have higher efficiency than small and medium-sized
terminals, and their size differentiates them from other terminals.

5.4. Discussion

We will provide port-terminal rationalization plans by combining
the results of cross-efficiency and cluster analyses.

5.4.1. Inferior terminal

We first examined the case of inferior terminals that lack effi-
ciency and distinction the most. All inferior terminals except GWCT
are small and medium-sized terminals in Group 3, and they are close
to the hub ports in Korea. PICT and UNCT are located near Busan Port,
and PNCT and PCTC are located near Incheon Port, thus sharing the
same hinterland. In this case, shippers prefer the more efficient
terminals of Busan Port or Incheon Port, which makes it difficult for
other terminals to attract cargo volume. In fact, the annual cargo
volume of PICT is merely 12 thousand tons, and other terminals are
also showing lower cargo volume and loading and unloading pro-
ductivity than competing terminals. Therefore, for PICT, UNCT, PNCT,
and PCTC, it is more rational to seek a functional shift to a multi-
purpose terminal than to improve terminal efficiency through
benchmarking.

GWCT is structurally a large port but severely lacks efficiency.
This is because while the input size is similar to Busan New Port
terminals, the cargo volume is less than half. Three plans can be
considered for the rationalization of GWCT. First, the functional shift
can be applied like other inferior terminals. Next, efficiency can be
improved by benchmarking superior terminals in Group 3, especially
HJNC with the highest efficiency. Finally, good terminals in Group 2
can be benchmarked to reduce the port size. Gwangyang Port is a
large port in terms of input size; therefore, a functional shift is not a
reasonable plan considering the investment costs. Moreover, to
improve efficiency by benchmarking Group 3, it is necessary to ad-
ditionally obtain cargo volume and improve loading and unloading
productivity by streamlining the operations. However, as
Gwangyang Port is located relatively close to Busan Port, it is difficult
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to obtain additional cargo volume. The loading and unloading pro-
ductivity of GWCT is the fourth highest out of all terminals and thus
cannot be improved significantly. Thus, it is more rational for GWCT
to benchmark Group 2 and maintain cargo volume while improving
efficiency by adjusting input size such as TGS and aiming for a good
terminal.

5.4.2. Niche terminal

JASU and SHIN, among niche terminals, belong to large terminals
in terms of size and also have a big cargo volume and thus are dif-
ferentiated from other terminals. However, their loading and un-
loading productivity is lower than other terminals in Group 2 and
thus lacks efficiency. Therefore, the two terminals must strive to
improve loading and unloading productivity through streamlining of
operations by benchmarking the terminals in Group 2, especially
HJNC with high loading and unloading productivity. GAMM has the
lowest quay length and TGS out of all terminals located in Busan
Port. As Busan North Port has limitations in expanding the terminal
input size, it is more rational to aim for a good terminal by bench-
marking ICT with the highest efficiency among terminals in Group 3
rather than moving up to a superior terminal by benchmarking
Group 2.

5.4.3. Good overall terminal

ICT, SNCT, and HJIT, among good overall terminals, are all located
in Incheon Port and belong to Group 2. Their cross-efficiency is
ranked 3rd to 7th, which is higher than the medium level. To aim for
superior terminals, it is more rational to expand the size of these
three terminals through integration rather than improving efficiency
individually. By turning them into a large terminal through in-
tegration while maintaining cargo volume but increasing quay
length, TGS, and the number of cranes to an adequate size, they can
develop into a superior terminal. However, many other factors aside
from efficiency must be considered in terminal integration—it re-
quires a long-term view and institutional support measures from the
government. If integration is not an option, an alternative for SNCT
and HJIT could be to improve efficiency by benchmarking ICT, which
shows the highest efficiency within the same group.

PNIT is ranked second in terms of cross-efficiency, which is ex-
tremely high, but it is not included among superior terminals, unlike
other Group 3 terminals (HJNC, HPNT, BNCT) of Busan New Port. The
quay length, TGS, cranes, and cargo volume of PNIT are similar to
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other terminals in Group 3, and the productivity for loading and
unloading is the highest among all terminals, but the depth of water
is lower than other Busan New Port terminals. As the depth of water
is the input data most difficult to adjust, it is rational for PNIT to
benchmark HJNC with the highest efficiency or consider improving
efficiency by integrating with other Busan New Port terminals rather
than striving for specialization. SHGA is the only Busan North Port
terminal that is good, ranked fourth in cross-efficiency, which is due
to the high loading and unloading productivity compared to the
input. Considering the circumstances of Busan North Port, the ra-
tional plan for SHGA is to seek efficiency improvement by bench-
marking ICT with high efficiency within the same group rather than
trying to move up to a superior terminal through expansion.

5.4.4. Superior terminal

Superior terminals have high efficiency among container term-
inals in Korea and are large terminals. However, HPNT and BNCT are
ranked 5th and 8th in cross-efficiency, which is not high. Thus, it is
necessary to seek efficiency improvement by benchmarking HJNC
that belongs to the same Group 2 with the highest efficiency. As PNC
does not have other terminals that belong to the same group in
Korea, it is necessary to find benchmarks by examining mega
terminals overseas.

Another plan to consider in the rationalization of superior
terminals in Korea is to integrate the terminals. Table 8 shows the
number of berths per terminal in Busan Port and other major con-
tainer terminals in the world. Port of Shanghai, Port of Singapore,
and Dubai Ports have at least six berths per terminal, but Busan Port
only has 4.1 berths. The fact that there are relatively few berths per
terminal indicates that many of the terminal operating companies
are competing within the same port, and the available berth ex-
tension is relatively short, making it difficult to deal with the recent
trend of vessel enlargement. Moreover, Busan Port has small term-
inals compared to the alliances, causing dispersion of alliance vo-
lume and transshipment cargo of other piers, which incur additional
time and costs. In these circumstances, integration of container
terminals may bring positive effects such as increased operating
efficiency, reduced logistics costs, improved port competitiveness,
and stronger bargaining power over large shipping company alli-
ances. Considering that the Korean government is also discussing
terminal integration of Busan New Port, integration of superior
terminals may be a good plan for terminal rationalization. However,
as previously mentioned, there are many matters to consider in
terminal integration such as legal review, agreement among term-
inal operating companies, and monopoly and oligopoly issues, which
is why it must be pursued as a long-term goal at the national level.

6. Conclusion

This study measured the efficiency of container terminals by
combining DEA cross-efficiency and cluster analysis and presented
terminal rationalization plans at the national level. Moreover, we
proved the usefulness of the plans provided through the cases of
container terminals in Korea and set the future direction for the
rationalization of 17 container terminals.

This study was conducted in terms of improving individual
terminal efficiency and examined terminal rationalization plans at
the national level based on the theory of supply base rationalization.
Container terminals are acting as suppliers that provide interna-
tional logistics services at the national level. For efficient operations,
it is necessary to improve investment and operating systems to es-
tablish an efficient logistics system at the level of individual term-
inals. However, it is also absolutely necessary to establish terminal
rationalization plans to establish a smooth logistics system at the
national level. Considering that most studies on terminal efficiency
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improvement thus far are focused on individual terminals, this study
has significance as it studied rationalization plans at the national
level.

The limitations and future tasks of this study are as follows. First,
this study was conducted only on container terminals in Korea. As
the goal is to establish rationalization plans at the national level, the
main subjects of research must be Korean container terminals.
However, it will be more meaningful to include major terminals
overseas when comparing the efficiency and selecting benchmarks.
Furthermore, this study used only cluster analysis for the selection of
benchmarks. Using other methods presented by previous studies,
such as multidimensional scaling and principal component analysis
(PCA), and choosing a more suitable method will broaden the scope
of interpretation. Finally, this study can also establish terminal ra-
tionalization plans in terms of sustainability by adding data that can
measure sustainability, such as data on exhaust gas, to the input and
output data used in DEA cross-efficiency.

Funding

This work was supported by the Korea Maritime Institute and
Ministry of Oceans and Fisheries, “Research on establishing strate-
gies to enter overseas port markets through cooperation with mul-
tilateral development banks”.

Conlflicts of Interest
The authors declare no conflict of interest.

References

Adler, N., Friedman, L., & Sinuany-Stern, Z. (2002). Review of ranking methods in the
data envelopment analysis context. European Journal of Operational Research,
140(2), 249-265.

Agrawal, N., & Nahmias, S. (1997). Rationalization of the supplier base in the presence
of yield uncertainty. Production and Operations Management, 6(3), 291-308.
https://doi.org/10.1111/j.1937-5956.1997.tb00432.x

Azadi, M., & Saen, R. F. (2011). Developing a new chance-constrained DEA model for
suppliers selection in the presence of undesirable outputs. International Journal of
Operational Research, 13(1), 44-66. https://doi.org/10.1504/]JOR.2012.044027

Cavalcante, I. M., Frazzon, E. M., Forcellini, F. A., & Ivanov, D. (2019). A supervised
machine learning approach to data-driven simulation of resilient supplier selec-
tion in digital manufacturing. International Journal of Information Management,
49(February), 86-97. https://doi.org/10.1016/j.ijinfomgt.2019.03.004

Charnes, A., Cooper, W. W., & Rhodes, E. (1978). Measuring the efficiency of decision
making units. European Journal of Operational Research, 2(6), 429-444.

Cousins, P. D. (1999). Supply base rationalisation: myth or reality? European Journal of
Purchasing & Supply Management, 5(3-4), 143-155.

Cullinane, K., Song, D.-W.,, Ji, P., & Wang, T.-F. (2004). An application of DEA windows
analysis to container port production efficiency. Review of Network Economics, 3, 2.

Cullinane, K. P. B, & Wang, T.-F. (2006). The efficiency of European container ports: A
cross-sectional data envelopment analysis. International Journal of Logistics Research
and Applications, 9(1), 19-31. https://doi.org/10.1080/13675560500322417

Deming, W. E. (1981). Improvement of quality and productivity through action by
management. National Productivity Review, 1(1), 12-22.

Doyle, ]J., & Green, R. (1994). Efficiency and cross-efficiency in DEA: Derivations,
meanings and uses. Journal of the Operational Research Society, 45(5), 567-578.

Figueiredo De Oliveira, G., & Cariou, P. (2015). The impact of competition on container
port (in)efficiency. Transportation Research Part A: Policy and Practice, 78, 124-133.
https://doi.org/10.1016/j.tra.2015.04.034

Flokou, A., Kontodimopoulos, N., & Niakas, D. (2011). Employing post-DEA cross-
evaluation and cluster analysis in a sample of Greek NHS hospitals. Journal of
Medical Systems, 35(5), 1001-1014. https://doi.org/10.1007/s10916-010-9533-9

Ha, T. Y., Choi, S. H., & Kim, J. H. (2013). A Study on Competitive Structure of the Container
Stevedoring Market. Korea Maritime Institute.

JOC Port Productivity. (2014). Berth Productivity - The Trends, Outlook and Market
Forces, Impacting Ship Turnaround Times.

Karami, S., Ghasemy Yaghin, R., & Mousazadegan, F. (2021). Supplier selection and
evaluation in the garment supply chain: an integrated DEA-PCA-VIKOR approach.
The Journal of The Textile Institute, 112(4), 578-595. https://doi.org/10.1080/
00405000.2020.1768771

Kim, C., & Shin, W. S. (2019). Does Information from the Higher Education and R&D
Institutes Improve the Innovation Efficiency of Logistic Firms? Asian Journal of
Shipping and Logistics, 35(1), 70-76. https://doi.org/10.1016/j.ajs1.2019.03.010

Kim, H. H. (2020). A Studt on the Effect of Charges in Strategic Alliance of Liner Shipping
on Port Connectivity Network. Doctoral Disseratation. Busan National University.


http://refhub.elsevier.com/S2092-5212(21)00076-6/sbref1
http://refhub.elsevier.com/S2092-5212(21)00076-6/sbref1
http://refhub.elsevier.com/S2092-5212(21)00076-6/sbref1
https://doi.org/10.1111/j.1937-5956.1997.tb00432.x
https://doi.org/10.1504/IJOR.2012.044027
https://doi.org/10.1016/j.ijinfomgt.2019.03.004
http://refhub.elsevier.com/S2092-5212(21)00076-6/sbref5
http://refhub.elsevier.com/S2092-5212(21)00076-6/sbref5
http://refhub.elsevier.com/S2092-5212(21)00076-6/sbref6
http://refhub.elsevier.com/S2092-5212(21)00076-6/sbref6
http://refhub.elsevier.com/S2092-5212(21)00076-6/sbref7
http://refhub.elsevier.com/S2092-5212(21)00076-6/sbref7
https://doi.org/10.1080/13675560500322417
http://refhub.elsevier.com/S2092-5212(21)00076-6/sbref9
http://refhub.elsevier.com/S2092-5212(21)00076-6/sbref9
http://refhub.elsevier.com/S2092-5212(21)00076-6/sbref10
http://refhub.elsevier.com/S2092-5212(21)00076-6/sbref10
https://doi.org/10.1016/j.tra.2015.04.034
https://doi.org/10.1007/s10916-010-9533-9
http://refhub.elsevier.com/S2092-5212(21)00076-6/sbref13
http://refhub.elsevier.com/S2092-5212(21)00076-6/sbref13
https://doi.org/10.1080/00405000.2020.1768771
https://doi.org/10.1080/00405000.2020.1768771
https://doi.org/10.1016/j.ajsl.2019.03.010
http://refhub.elsevier.com/S2092-5212(21)00076-6/sbref16
http://refhub.elsevier.com/S2092-5212(21)00076-6/sbref16

S. Kim, C. Kim, S. Kim et al.

De Langen, P. W,, & Pallis, A. A. (2006). Analysis of the benefits of intra-port compe-
tition. International Journal of Transport Economics, 33(1), 69-85. https://doi.org/
10.1400/16960

Lin, Y, Yan, L., & Wang, Y. M. (2019). Performance evaluation and investment analysis
for container port sustainable development in China: An inverse DEA approach.
Sustainability (Switzerland), 11(17), https://doi.org/10.3390/su11174617

Martinez-Budria, E., Diaz-Armas, R., Navarro-lbanez, M., & Ravelo-Mesa, T. (1999). A
study of the efficiency of Spanish port authorities using data envelopment ana-
lysis. International Journal of Transport Economics/Rivista Internazionale Di
Economia Dei Trasporti, 237-253.

More, D. S., & Mateen, A. (2012). Suppliers selection and development using DEA: a
case study. International Journal of Logistics Systems and Management, 13(2),
230-243. https://doi.org/10.1504/IJLSM.2012.048937

Narasimhan, R, Talluri, S., & Mendez, D. (2001). Supplier evaluation and rationaliza-
tion via data envelopment analysis: an empirical examination. Journal of Supply
Chain Management, 37(2), 28-37.

Nguyen, H. O., Nguyen, H., Van, Chang, Y. T., Chin, A. T. H., & Tongzon, J. (2016). Measuring
port efficiency using bootstrapped DEA: the case of Vietnamese ports, 43, Maritime
Policy and Management644-659. https://doi.org/10.1080/03088839.2015.1107922

Punj, G., & Stewart, D. W. (1983). Cluster analysis in marketing research: Review and
suggestions for application. Journal of Marketing Research, 20(2), 134-148.

Ryoo, D. K., Choi, T. Y., & Kim, T. G. (2012). A Study on Stabilizing Container Terminal
Market in Busan Port. Journal of Navigation and Port Research, 36(10), 895-904.

Santiago, J. I. P, Orive, A. C., & Cancelas, N. G. (2021). DEA-bootstrapping analysis for
different models of Spanish port governance. Journal of Marine Science and
Engineering, 9(1), 1-19. https://doi.org/10.3390/jmse9010030

Sarkar, A., & Mohapatra, P. K. J. (2006). Evaluation of supplier capability and perfor-
mance: A method for supply base reduction. Journal of Purchasing and Supply
Management, 12(3), 148-163. https://doi.org/10.1016/j.pursup.2006.08.003

70

The Asian Journal of Shipping and Logistics 38 (2022) 61-70

Scheyen, H., & Odeck, J. (2013). The technical efficiency of Norwegian container ports:
A comparison to some Nordic and UK container ports using Data Envelopment
Analysis (DEA). Maritime Economics and Logistics, 15(2), 197-221. https://doi.org/
10.1057/mel.2013.3

Sexton, T. R, Silkman, R. H., & Hogan, A. . (1986). Data envelopment analysis: Critique
and extensions. New Directions for Program Evaluation, 1986(32), 73-105.

Song, D. P, Dong, J. X., & Xu, J. (2014). Integrated inventory management and supplier
base reduction in a supply chain with multiple uncertainties. European Journal of
Operational Research, 232(3), 522-536. https://doi.org/10.1016/j.ejor.2013.07.044

Talluri, S., Decampos, H. A., & Hult, G. T. M. (2013). Supplier Rationalization: A
Sourcing Decision Model. Decision Sciences, 44(1), 57-86. https://doi.org/10.1111/j.
1540-5915.2012.00390.x

Wu, |, Liang, L., & Song, M. (2010). Performance based clustering for benchmarking of
container ports: An application of dea and cluster analysis technique. International
Journal of Computational Intelligence Systems, 3(6), 709-722. https://doi.org/10.
1080/18756891.2010.9727734

Wu, J., Yan, H.,, & Liu, J. (2010). DEA models for identifying sensitive performance
measures in container port evaluation. Maritime Economics and Logistics, 12(3),
215-236. https://doi.org/10.1057/mel.2010.6

Wu, T., & Blackhurst, J. (2009). Supplier evaluation and selection: an augmented DEA
approach. International Journal of Production Research, 47(16), 4593-4608. https://
doi.org/10.1080/00207540802054227

Yuan, Y., & Shan, M. (2016). The Educational Efficiency Evaluation Framework: By
Using DEA Model and CA Method. International Journal of Information and
Education Technology, 6(12), 923-926. https://doi.org/10.7763/ijiet.2016.v6.818

Zarbi, S., Shin, S. H., & Shin, Y. J. (2019). An Analysis by Window DEA on the Influence
of International Sanction to the Efficiency of Iranian Container Ports. Asian Journal
of Shipping and Logistics, 35(4), 163-171. https://doi.org/10.1016/j.2js1.2019.12.003


https://doi.org/10.1400/16960
https://doi.org/10.1400/16960
https://doi.org/10.3390/su11174617
http://refhub.elsevier.com/S2092-5212(21)00076-6/sbref19
http://refhub.elsevier.com/S2092-5212(21)00076-6/sbref19
http://refhub.elsevier.com/S2092-5212(21)00076-6/sbref19
http://refhub.elsevier.com/S2092-5212(21)00076-6/sbref19
https://doi.org/10.1504/IJLSM.2012.048937
http://refhub.elsevier.com/S2092-5212(21)00076-6/sbref21
http://refhub.elsevier.com/S2092-5212(21)00076-6/sbref21
http://refhub.elsevier.com/S2092-5212(21)00076-6/sbref21
https://doi.org/10.1080/03088839.2015.1107922
http://refhub.elsevier.com/S2092-5212(21)00076-6/sbref23
http://refhub.elsevier.com/S2092-5212(21)00076-6/sbref23
http://refhub.elsevier.com/S2092-5212(21)00076-6/sbref24
http://refhub.elsevier.com/S2092-5212(21)00076-6/sbref24
https://doi.org/10.3390/jmse9010030
https://doi.org/10.1016/j.pursup.2006.08.003
https://doi.org/10.1057/mel.2013.3
https://doi.org/10.1057/mel.2013.3
http://refhub.elsevier.com/S2092-5212(21)00076-6/sbref28
http://refhub.elsevier.com/S2092-5212(21)00076-6/sbref28
https://doi.org/10.1016/j.ejor.2013.07.044
https://doi.org/10.1111/j.1540-5915.2012.00390.x
https://doi.org/10.1111/j.1540-5915.2012.00390.x
https://doi.org/10.1080/18756891.2010.9727734
https://doi.org/10.1080/18756891.2010.9727734
https://doi.org/10.1057/mel.2010.6
https://doi.org/10.1080/00207540802054227
https://doi.org/10.1080/00207540802054227
https://doi.org/10.7763/ijiet.2016.v6.818
https://doi.org/10.1016/j.ajsl.2019.12.003

	Rationalization in Korea container terminal using DEA cross-efficiency and cluster analysis
	1. Introduction
	2. Literature review
	2.1. Supply base rationalization
	2.2. Terminal efficiency evaluation
	2.3. Contribution to the literature

	3. Methodology
	3.1. DEA cross-efficiency
	3.2. Benchmarking - cluster analysis

	4. Data
	4.1. Container Terminals in Korea
	4.2. Data

	5. Result and discussion
	5.1. Efficiency analysis
	5.2. Cluster analysis
	5.3. Terminal rationalization framework
	5.4. Discussion
	5.4.1. Inferior terminal
	5.4.2. Niche terminal
	5.4.3. Good overall terminal
	5.4.4. Superior terminal


	6. Conclusion
	Funding
	Conflicts of Interest
	References




