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ABSTRACT: Nowadays, transporting cargoes via container are key indicator for every shipment. The
movement of container involves multi modes to reach destination. The efficient transport networking
systems are determinant attribute towards container terminal in providing excellent services to their
client. The paper focuses on the metamorphosis of the terminal efficiency and container movements at
6 major container terminals in Peninsular Malaysia. The aim is to measure efficiency of container termi-
nals that contributes significant economic development for a nation. Non parametric approach under
frontier method is used to analyse panel data from 2003 to 2010 in relation with container terminal
equipments and throughput. The result shows no significant relationship between container terminal
size and efficiency. Thus, efficiency is determined from allocation of resources efficiently by terminal
operators and not by size of terminals.
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1.INTRODUCTION

Since the invention of container by Malcom Mclean
late 1950s, and the first international shipment in
1966, the shipments of goods have changed drasti-
cally (Levinson, 2006). In addition, containerisation
is applied to all modes of transport such as rail, con-
tainer vessel and haulage. The handling process of
moving of goods continuously improved, and it has
benefited to all parties. Containerisation and the de-
velopment of intermodal transports system have had
a profound effect on the shipping industry, its struc-
ture, management and operation. The movement of
goods in a single container by more than one mode of
transportation was an important development in the
transportation industry and all the elements involved
for the international and domestic trade. Classically,
the terms ‘Through Transport’, ‘Combined trans-
port’, ‘Intermodal transport’, and ‘Multimodal trans-
port’ are preferable for movement of goods. It started
from the point of origin to point of destination. These
four terms have very similar meaning, where the
movements of goods are involved with more than
one mode to ship the cargo (UNCTAD, 1993; 2001).
Multimodality or intermodality has given tremen-
dous impact to the transport industry (Hayuth, 1987;
Hariharan, 2002; Levinson, 2006).

Intermodality is defined as the movement of cargo
from shipper to consignee by at least two different
modes of transport under a single rate, through-
billing and through-liability (Hayuth, 1987). Multi-
modal transport refers to a transport system usually
operated by one carrier with more than one mode
of transport under the control or ownership of one
operator. It involves the use of more than one means
of transport i.e., truck, railcar, aeroplane or ship in
succession to each other e.g. a container line which
operates both a ship and a rail system of double
stack trains (UNCTAD, 1993; 2001). The objective of
these concepts is to transport goods from point of
origin to point of final destination in the most cost
and time effective. Therefore, to achieve the objec-
tive of multimodalism, intensive cooperation and
coordination among transportation modes are es-
sential. The paper studies the container terminal ef-
ficiency from where transportation network systems
generate container from and to container terminal.

The study covers 6 major container terminals in
Peninsular Malaysia. The non parameter technique

under frontier method called as data envelopment
analysis (DEA) is used to analyse panel data from
2003 to 2010. The first section starts with introduc-
tion and follows with theoretical perspective on
transportation systems in section 2. Under section
3, discussion on the efficiency technique and DEA
model is developed for the research. Section 4 dis-
cusses DEA that has been applied at container ter-
minal. Furthermore, the model is applied for this re-
search to analyse the panel data. Section 5 represents
results and discussion on the analysis from DEA-
CCR and DEA-BCC output-oriented. In Section 6
represents conclusion on the research.

2. THEORETICAL PERSPECTIVE: CONTAI-
NERISATION AND TRANSPORTATION
NETWORK

Back in 1955, delivery process has been changed
when Malcom Mclean introduced standardised con-
tainer box (UNCTAD, 1993; 2001; Levinson, 2006).
The first shipment by using container took place in
Newark, New Jersey USA where shipment of car-
goes to Puerto Rico of a Sea-Land vessel. However,
Sea-Land international maiden only happened in
1966 because of confrontations with shipping lines
(Talley, 2000; Levinson, 2006). First international
called for Sea-Land was to Rotterdam, and since that
time; the new era of shipping industry has emerged
with the international trade via container. The con-
tainer revolution has been improved with the gen-
eral introduction of twenty footer and forty footer
standardised container or International Organisa-
tion for Standardisation (ISO) container. The inven-
tion of containerised cargo means it is able to load
and be secured on a truck chassis, a rail car, or in
vessel’s hole or deck.

Generally, intermodalism terminology is being since
1920s, however intermodalism freight transporta-
tion officially used in 1985 (UNCTAD, 1993; 2001).
In addition, multimodal transport was officially in-
troduced in 1980 when United Nation sponsored
Multimodal Convention, the term attained legal rec-
ognition on 1* January 1992 when 1992 UNCTAD/
ICC Rules for Multimodal Transport was launched
(UNCTAD, 1993; 2001). Since then, the movement
of container from point of origin to point of destina-
tion by using different type of mode became com-
mercially feasible to the industry.

An efficient and good road networks are main cat-
alyst for movement of good via road (World Bank,
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2005). The road networks are accessible throughout
Peninsular Malaysia and contribute significant to-
wards state economic development. The accessibil-
ity has spurred development of container terminal in
Peninsular Malaysia. Its locations are in Penang (Pen-
ang Port), Selangor (Westport and Northport), Johor
(Johor Port and Tanjung Pelepas Port) and Pahang

(Kuantan Port). Hayuth (1987, 1994) emphasis that in-
tegrated logistic network is important for movement
of container via road. Figure 1 depicts road network
in Peninsular Malaysia. The road network consists of
expressway, federal and state road. In Peninsular Ma-
laysia, total road network systems are 82144 kilome-
tre (PWD, 2009). The road breakdowns are 61420 km

Padis
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under state and municipality roads, 18904 km under federal roads and 1820 km are toll highways (PWD, 2009;

Levinson and Zhu, 2011).

Figure 1. Major Road Network in Peninsular Malaysia (PWD, 2009

Figure 2 depicts the impact and transformation from conventional to container on the containerised port sys-
tem. It was manifested into two impacts which are spatial and organisational. With the introduction of con-
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tainer system, the port process has been changed drastically from the equipments, manpower, port system

and port’s charges. This transformation has classi-
fied terminal more organised even though the pro-
cess becoming more complex. However, by having
an organised structure container terminal operation
is able to handle efficiently.

Figure 2. The impact of containerisation on the conven-
tional general cargo port system (Hayuth, 1987)

A terminal involves a lot of parties from government
agencies, shipping agents, forwarding agents, carri-
ers, ship owners, container terminal operators and
clients. Even a console good inside container will
through similar process for documentation, han-
dling rate, custom clearance, and shipment. Con-
tainerisation is the largest form of unitisation. Con-
tainers are loaded with products at the shipper’s
premises and sealed, and then they are carried over

to the consignee’s premises intact, without the con-
tent being taken out or re-packed en route.

This is the essence of container transport as well as
multimodal transport, but containerisation is not
synonymous with multimodal transport. Contai-
nerisation contributes to a higher efficiency in the
development of multimodal transport operations.
The focus, now, is more on the organisation of the
transport industry and the synchronisation of the
integrated logistical system (Hayuth, 1987; Carrese
and Tatarelli, 2011; Kasypi et al, 2013). In order to
achieve multimodal transport, intensive co-opera-
tion and co-ordination among transport modes are
essential.

Kasypi and Shah (2012) establish the integration
model of container terminal by applying IDEF0 with
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supply chain. The model integrates gate, yard, wharf and vessel components at container terminal in enhanc-

ing the operational activity. The IDEFO lean supply  for container terminal.
chain model is a mapping process for movement of
containers from and to vessel as well as gate in and
out. The mapping model is able to monitor and ex-
ecute operational process in maximising efficiency

and productivity. Figure 3 depicts the IDEFO model

Figure 3. IDEF0 Model for Container Terminal (Kasypi
and Shah, 2012)

Figure 4 shows the impact of intermodal transport
on the containerized port system. During those days,
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there are two phases of transformation of containerized port system. The first phase of port containerization
involved a period of technological change and a massive growth in the spatial dimensions of terminals. For the
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second phase, its focuses attention on organizational aspects of international transport and the port industry i.e.,

marketing strategies, participation by ports in the physical distribution of cargo. Thus, in this phase the contain-

erized port system is an integrated transport system

Figure 4. The impact of intermodal transport on the containerized port system. (Hayuth, 1987)

3.EFFICIENCY TECHNIQUE: DATA ENVELOPMENT ANALYSIS

Efficiency is derived and part of productivity, where it is a ratio of actual output attained to standard out-

put expected (Sumanth, 1984). Mali (1978) express
together the terms productivity, effectiveness and
efficiency as follows:

x_ = quantity of input s

v_ = weight attached to input s

output obtained _ performance achdevefficiaffdstivanéss- 1, therefore, to classify unit of

Productivity index =

inP}r()?xpected

Therefore, Sumanth (1984) and Ramanathan (2003)
express efficiency as follow:

Output

Efficiency = (2-0)

Input

The (2-0) equation is applicable for evaluation of
simple data. The entity of output and input are di-
verse significantly. Therefore, equation (2-0) is not
suitable for complex relationship between outputs
and inputs. The weight cost approach is the solution
for complexities of outputs and inputs as follows:

Zweighted of outputs

(3-0)
2weighted of inputs

Efficiency =

By assuming all weights are uniform, mathematically
equation is expressed as follows:

Suy,

Efficiency =-———

2 V.X,
= (4-0)

Where;
y, = quantity of output r

u, = weight attached to output r

resources cons\@eiRNCy isfRbpsdly Efficiency < 1.

3.1 Technical Efficiency: Data Envelopment Analysis

Technical efficiency (TE) is described as the conver-
sion of physical inputs (such as the services of em-
ployees and machines) into outputs relative to best
practice. In other words, given current technology,
there is no wastage of inputs whatsoever in produc-
ing the given quantity of output. An organization
operating at best practice is said to be 100% techni-
cally efficient. If operating below best practice lev-
els, then the organization’s technical efficiency is ex-
pressed as a percentage of best practice. Managerial
practices and the scale or size of operations affect
technical efficiency, which is based on engineering
relationships but not on prices and costs.

Data Envelopment Analysis (DEA), first introduced
by Charnes, Cooper and Rhodes (CCR) in 1978
(Charnes et al, 1978), extended Farrell’s (1957) idea
of estimating technical efficiency with respect to a
production frontier. The definition of efficiency is re-
ferred from the “Extended Pareto-Koopmans” and
“Relative Efficiency” The CCR is able to calculate
the relative technical efficiency of similar Decision
Making Units (DMU) through the analysis, with the
constant returns to scale basis. This is achieved by
constructing the ratio of a weighted sum of outputs
to a weighted sum of inputs, where the weights for
both the inputs and outputs are selected so that the
relative efficiencies of the DMUs are maximized
with the constraint that no DMU can have a rela-
tive efficiency score greater than one. On the other
hand, the DEA-BCC model (Banker et al., 1984) ex-
tend from DEA-CCR by assuming variable returns
to scale where performance is bounded by a piece-
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wise linear frontier. There are other DEA models in
the literature, but DEA-CCR and DEA-BCC are the
most commonly used models.

There are numerous articles, journals and books
published about DEA since 1978, with numerous
extensions of the methodology and many novel
applications (Seiford and Thrall, 1990 and Seiford,
1994). Since the CCR (1978), the development has
introduced the BCC model that is Banker, Charnes
and Cooper in 1984 (Barnes et al, 1984). The BCC
model relaxes the convexity constraint imposed
in the CCR model which allows for the efficiency
measurement of DMUs on a variable returns to
scale basis. The BCC model results in an aggregate
measure of technical and scale efficiency, the CCR
model is only capable of measuring technical effi-
ciency. This allows for the separation of the two ef-
ficiency measures.

The scale efficiency measurement indicates wheth-
er a DMU is operating at the most efficient scale,
while technical efficiency is a measure of how well
the DMU is allocating its resources to maximize its
output generation. It is important to note that the
BCC model is both scale and translation invariant,
while the CCR model is only scale variant. The de-
velopment of the Additive model, which involves
reduction of inputs with a simultaneous increase in
outputs, and Multiplicative models note worthy ad-

—

vances which, along with further explanations of the
DEA technique and its extensions, are outlined in
(Ali and Seiford, 1993, Charnes et al, 1994a, Charnes
et al, 1994b and Lovell, 1993). Since the first appli-
cation of DEA for measuring the efficiency of busi-
ness student to schools (Chanrnes et al, 1978) the
technique has been applied in over 50 industries i.e.,
healthcare, transportation, hotel, education, com-
puter industry etc.

3.1.2 Model Development

The model is developed from the extension of the ra-
tio technique used in traditional efficiency approaches.
The measurement is obtained from DMU as the maxi-
mum of a ratio weighted output to weighted input.
The numbers of DMUs are not determined outputs
and inputs, however, larger DMUs are able to capture
higher performance. This would determine the effi-
ciency frontier (Golany and Roll, 1989). In addition, the
number of DMUs should be at least twice the number
of inputs and outputs (Golany and Roll, 1989).

The parameters and variables are needed in devel-
oping the model. Therefore, the model is based on
the following parameters and variables:

N =number of DMU i=12,..n}

y =number of outputs {y=12,.R}

by

X inputs :E DMU 1 v outputs
[ v |

X inputs :5: DMU 2 v outputs
[ v |

X inputs 3 DMU N v outputs
el

e

{x=12,..5}
y,= Quantity of output r of output of j* DMU

x =number of inputs
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x, = Quantity of input s of input of j» DMU
u, = weight of " output
v, = weight of s" input

Figure 5: DMU and Homogeneous units

Golany and Roll (1989) describe that homogenous
unit is important in choosing DMUs to be compared
and identifying the factors affecting DMUs. There-
fore, homogenous group of units need to perform
similar task and objectives, under same set of mar-
ket conditions and the factors (inputs and outputs).
Figure 5 depicts the DMU and homogeneous units.

This concept is using linear programming (LP) for-
mulation to compare the relative efficiency of a set
of decision making units (DMUs). Farrell (1957) has
developed similar approach to compare the relative
efficiency of a cross-section sample of agricultural
farms.

The efficiency measures under constant returns to
scale (CRS) are obtained by N linear programming
problems under Charnes et al. 1978 as below:

Minw,/i 7
N
Zl’qﬂ“l‘yn‘ 2)’,, r:l’___’R

N
zlﬂﬁ’ixsi < l//jxj; N :1,...,S

A 20, Vi (3-0)

Where ¥, =());5Va;>--» Vi) is the output vector,

x; =(x,;,%,;,...,X;) is the input vector. Solving above
equation for each one of the N container terminals
of the sample, N weights and N optimum solution

found. Each optimum solution l//; is the efficiency

indicator of container terminal j and, by construc-
tion satisfies ¥/ ; * <1. Those container terminals with

l// <1 are considered inefficient and l// =1 are ef-
ﬁc1ent Charnes et al. (1978) model constant returns
to scale (CRS) was modified by Banker et al (1984)

by adding the restriction ZN €.=1, this has gener-
alising model to variable returns to scale (VRS) as
below;

Min, , 3,

N
Zl‘:lﬂiyrizyj; er,...,R
zi]\; ﬂ'ixsi < lgjxj; S = 1,...,S

N .
Zi:l/li =54 20; Vi (4-0)
Charnes et al. (1978) from DEA-CCR discover the
objective evaluation of overall efficiency and iden-
tify the resources and estimates the amounts of the
identified inefficiencies. Thus it is called constant re-
turn to scale (CRS). Albeit, Banker et al, (1984), DEA-
BCC remove the constraint from the CCR model by

adding Z €,=1 thus, BCC is able to distinguish
between techmcal and scale inefficiencies by (i) es-
timating pure technical efficiency at the given scale
of operation and (ii) identifying whether increasing,
decreasing or constant return to scale possibilities
are present for further exploitation. It is called as
variable return to scale. Therefore, for CCR efficient
is required both scale and technical efficient, BCC ef-
ficient is only required technically efficient.

4. CONTAINER TERMINAL EFFICIENCY US-
ING DATA ENVELOPMENT ANALYSIS

A firm’s productivity is usually measured by com-
paring its actual production volume with a produc-
tion frontier. Wang et al. (2005), productivity mea-
surement can be classified into using a parametric
frontier approach or a non-parametric frontier ap-
proach. In the parametric frontier approach, the pro-
ductivity frontier is estimated in a particular func-
tional form with constant parameters. Liu (1995)
uses a stochastic parametric frontier approach on 25
world ports, whereas Estache et al. (2001) studies 14
Mexican ports in order to investigate the efficiencies
gained after port reform. Other studies on port per-
formance with a stochastic parametric frontier ap-
proach are Tongzon and Heng (2005), Cullinane and
Song (2003), Cullinane et al. (2002) and Notteboom
et al. (2000). Besides this, Coto-Millan et al. (2000)
uses a stochastic cost function approach on 27 Span-
ish ports. De and Ghosh (2002) examined 12 Indian
ports using a time-varying production function ap-
proach. On the other hand, the non-parametric fron-
tier approach assumes no particular functional form
for the frontier. The most commonly used non-para-
metric frontier technique is DEA.
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There are numerous studies on port performance
with DEA approach, some of them are Wang et al
(2002), Tongzon (2001), Valentine and Gray (2001),
Martinez-Budria et al. (1999), Roll and Hayuth
(1993), Barros and Athanassiou (2004), Turner et al.
(2004) and Cullinane et al. (2004, 2005). Recently,
Wang and Cullinane (2006) apply DEA on 104 Eu-
ropean ports across 29 countries. Rios and Macada
(2006) discuss on relative efficiency for Brazilian,
Argentinean and Uruguayan container terminals.
Besides this, Wanke (2013) highlights two-stage net-
work for Brazilian port where as, Park and De (2004)
introduce a four-stage alternative DEA approach on
Korean ports.

4.1 Discussion of Input and Output

The research is using 6 container terminals in Pen-
insular Malaysia as DMU. The data used in this re-
search is from the year 2003 to 2010. The presenta-
tion of results are base on general output oriented

DEA-CCR and DEA BCC in obtaining efficiency
score. The research is used DEA-Solver Pro 7 version
for analysis of data for the model. Golany and Roll
(1989) highlight that the number of DMUs should
be at least twice the number of inputs and outputs
for the homogeneity reason. In container terminal
industry, the handling equipments for operation are
varies from each others. In this case, it is the index
approach is used for certain inputs to avoid homo-
geneity i.e., for quay crane;

Quay CrRANE’S INDEX = NUMBER OF QUAY CRANES X
AVERAGE LIFTING CAPACITY

We use average lifting capacity to indicate average
lifting of quay crane at wharf. By using this, we are
able to average maximum lifting capacity of quay
crane. The lifting capacity of quay cranes are differ-
ent according to it series i.e., Table 1 depicts West-
port Malaysia container terminal informs its quay
crane specification and Table 2 represents acronym
for input and output.

Table 1. Capacity of Quay Crane

Type Capacity LASR Out Reach
(Tones) (Above Deck) (Rows on Vessel)

1-Mitsubishi 35 27M(3) 36M(11-12)
1-Hitachi 30 33M(5) 42M(14-15)
9-Impsa 40 34M(6) 48M(16-17)
2-Noel 41 32M(5) 45M(15-16)
3-Mitsui 41 38M(7) 52M(18-19)
4-Mitsui 41 38M(7) 59M(21-22)
14-Mitsui 50 Single 40M(8) 62M(22-23)
Twin-lift 2x30 Twin

(source: Westport Malaysia Container Terminal, 2011)

Table 2. Input and Output

Input(s)

Output(s)

X1: Total Termianl Area in M? (TTA)
X2: Maximum draft in meter (MD)
X3: Berth length in meter (BL)
X4: Quay crane index (QC)
X5: Yard stacking index (YS)
X6: Vehicles (V)

X7: Number of gate lanes (GL)

Y 1: Throughput (TEU: 000) (T)
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Table 3 depicts descriptive statistics analysis which rep-
resent maximum, minimum, average and standard de-
viation of inputs and output. The maximum and mini-
mum of TTA are 1800 and 27.28 m? respectively. The
average and standard deviation for TTA are 723.876
and 535.758 m? respectively. Maximun and minimum

quay crane index are 1980 and 120 respectively with the
average and standard deviation at 724.73 and 508.79.
as for output, the maximum and minimum T (million)
Teus at 5988.066 and108.108 respectively with the aver-
age and standard deviation at 2189.48 and 1776.94.

Table 3: Descriptive Statistics on input/output data

TTA MD BL QC YS \Y GL T
Max 1800 16 4320 1980 120000 589 10 | 5988.066
Min 27.28 12 400 120 245 26 2 108.108
Average 723.876 | 13.89583 | 1840.563 | 724.7271 27325.6 | 263.8125 | 5.354167 | 2189.483
SD 535.758 | 1.357688 | 1135.576 | 508.7973 | 32551.84 | 183.4033 | 3.017239 | 1776.944

The descriptive statistics shows the varies in result as the
container terminals in Peninsular Malaysia are different in
size, equipment and throughput. In addition, correlation be-
tween variables is shown in Table 4. Ideally, there is no weak
correlation, the lowest at medium correlate (0.607) yet signif-

icant. The highest correlations are 0.946 and 0.944 between
BL and T, also YS and T. It means all variables are accepted
as there are no strong correlations among variables with
positive correlation. Table 5 (Apendix) depicts raw data for
analysis. The data is used to tabulate the result accordingly.

Table 4: Correlation between Variables

TTA |MD BL QC YS \% GL T
TTA 1] 0610807 | 0.927261 | 0.922548 | 0.818402 [ 0.927538 | 0.639761 | 0.912837
MD 1] 0759764 | 0.641729 | 0.714635 | 0.630432 | 0.761687 | 0.802556
BL 1| 0.909656 | 0.892678 | 0.870324 | 0.833505 | 0.946187
QC 1] 0878165 | 0.930087 | 0.627028 | 0.924811
YS 1] 0.876204 | 0.690956 | 0.944483
\ 1] 0.607006 | 0.92316
GL 1] 0741228
T 1
4.2.1 Description of Slack . fnput Slack o
. . . . nput Target = ———x
When a unit DMU is most efficient, the Performance P g Actual Input
Targets for inefficient can be set to ensure DMU
o . - . . ;
reach 100% relative efficiency in comparison with  Whereas,
DMU,. DMU can be set as benchmark, Input Target
for DMU . is describe as follow Actual Output
Output Target= ——
Efficiency
INPUT TARGET - AcTUAL INPUT * EFFICIENCY
Therefore,

However, for inefficient DMU, input target will be
less than actual input. Hence the difference between
actual input and input target is called input slack
(Ramanathan, 2003; Mishra, 2012)

Input Slack = Actual Input — Input Target.

In percentage;

Output Slack=Output Target-Actual Output

In Percentage,

Output Slack <
Actual Output

Output Target = 100
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5.RESULT AND DISCUSSION

Table 6 and 7 represent ranking score for efficient
and inefficient DMUs. There are 19 DMU that repre-
sent efficient = 1, the other 29 DMUs are inefficient
for DEA-CCR. The most inefficient DMU is FK03, in
which represent inefficient of 0.607. In general, the
bottom 3 of inefficient DMUs are FK04 (0.689) and
FKO05 (0.668). Rank 20 (FK10), 21(CP08) and EPP07
(0.976) are represent closely efficient for DMUs. The
efficient DMUs are i.e., EPP10, AW03, CP10 etc. On
the other hand, efficient DMUSs for DEA-BCC are 25

and 15 are inefficient i.e., EPP10(1) and FK03(0.6).
The inefficient DMUs means that between inputs
and output, the utilisation of resources are not as
maximum as possible, where there are improve-
ment can be done by container terminal operators
in achieving an efficient container terminal. Kasypi
and Shah (2012) develop IDEF0 model for lean sup-
ply chain to expedite the terminal process flow. The
lean supply chain process by using IDEF0 are able
to evaluate and execute operational process. The
IDEF0 model also used by NATO and Pentagon.

Table 6: DEA-CCR Ranking Score (Output-oriented)

DMU Score DMU Score DMU Score DMU Score
Rank Rank Rank Rank Rank | DMU | Score
1 EPP10 1 1 DJO7 1 21 CPO08 0.99385 31 EPP09 | 0.898842 41 FKO09 | 0.795833
1 AWO03 1 1 EPP04 1 22 EPP0O7 | 0.976441 32 EPP06 | 0.896025 42 FKO06 | 0.781594
1 CP10 1 1 CP07 1 23 DJ04 | 0.966026 33 BN09 | 0.894793 43 FKO07 | 0.772151
1 CP03 1 1 AWO07 1 24 BNO08 | 0.947908 34 EPP0O8 | 0.88348 44 FKO8 | 0.76889
1 BNI10 1 1 DJ06 1 25 BNO5 | 0.943977 35 EPPO5 | 0.877414 45 AWO04 | 0.724195
1 AW10 1 1 CPO05 1 26 DJ10 | 0.937419 36 EPP03 | 0.845708 46 FKO04 | 0.689216
1 CP09 1 1 DJO05 1 27 BNO7 | 0.931017 37 AWO05 | 0.830416 47 FKO05 | 0.668564
1 DJ08 1 1 CP06 1 28 AWO06 | 0.910046 38 BNO04 | 0.823939 48 FKO03 | 0.607029
1 AWO08 1 1 BNO06 1 29 DJO9 | 0.903815 39 BNO3 | 0.800931
1 CP04 1 20 FK10 | 0.995605 30 DJO3 | 0.899813 40 AW09 | 0.800066
Table 7: DEA-BCC Ranking Score (Output-oriented)
Rank | DMU | Score Rank | DMU Score Rank | DMU | Score Rank | DMU | Score
Rank | DMU Score

1 | FK10 1 1 | CPO8 1 1| BNO6 |1 31 | BNO7 | 0.931017 41 | EPP0O3 | 0.89133

1| AWO03 |1 1 | EPP04 | 1 1 | CP06 1 32 | FK09 | 0.930826 42 | BNO3 | 0.886113

1| EPPIO |1 1 | FK04 1 1 | DJo6 1 33 | AWO06 | 0.930272 43 | EPP0O8 | 0.88348

1| CP0O3 1 1|AWO08 |1 1| AWO07 |1 34 | EPP09 | 0.930069 44 | FKO03 0.880743

1| CP10 1 1 | FKO7 1 1 | FK06 1 35 | EPP0O6 | 0.91764 45 | AWO05 | 0.831796

1|BN10 |1 1| CPO5 1 26 | FKO5 | 0.970024 36 | DJ09 0.903815 46 | BN04 | 0.823939

1| AWI10 |1 1 | DJO5 1 27 | DI04 0.966136 37 | DJO3 0.899916 47 | AW09 | 0.800066

1| CP09 1 1 | EPPO7 |1 28 | BNO8 | 0.947908 38 | BNO9 | 0.894793 48 | AW04 | 0.725481

1 | DJOS 1 1 | DJ0O7 1 29 | BNO5 | 0.943977 39 | FKO8 | 0.89429

1 | CP04 1 1| CPO7 1 30 | DJ10 0.937419 40 | EPPO5 | 0.894209
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Table 8 and 9 represent efficiency and projection
score inputs and output for DEA-CCR and DEA-
BCC. The analysis for DEA-CCR efficiency i.e., AW03
(efficient) in which utilisation of all inputs and out-
put are = 1. It shows that utilisation between inputs
and output significantly = 1. The projection score is
also efficient when technical efficient =1. It means,
all resources allocated for that time are at maximum
with the output that produces by container terminal.
However, when technical efficient score is inefficient
<1, the projection score is greater than 1, when some

of the inputs are not utilised (BN03-1.24).

On the other hand, Table 9 depicts technical efficien-
cy and projection score DEA-BCC. The technical ef-
ficiency efficient for AW03(1). However, BNO3 (0.80)
inefficient for technical efficient and projection score is
better than DEA-CCR at 1.12. The reason is DEA-BCC
only requires technical efficient in determining the ef-
ficiency level rather than DEA-CCR in which, require
both scale and technical efficiency to be efficient.

Table 8: Efficiency and projection score of inputs and output of each DMU
(Output-oriented DEA, CRS)

No DMU Score Rank 1/Score No. DMU Score Rank 1/Score
1| AWO03 1 1 1 26 | BNO7 0.931017 271 1.074094
2 | BNO3 0.800931 39| 1.248547 27 | CPO7 1 1 1
3| CPO3 1 1 1 28 | DJ0O7 1 1 1
4| DJO3 0.899813 30 L.111341 29 | EPPO7 | 0.976441 22| 1.024128
5 | EPPO3 0.845708 36| 1.182442 30 | FKO7 0.772151 43| 1.295083
6 | FK03 0.607029 48 | 1.647369 31 | AWO08 1 1 1
7| AW04 0.724195 451 1.380844 32 | BNO8 0.947908 24| 1.054955
8 | BN0O4 0.823939 38| 1.213683 33| CPO8 0.99385 21| 1.006188
9 | CP04 1 1 1 34 | DJOS 1 1 1
10 | DI04 0.966026 23| 1.035169 35| EPPO8 | 0.88348 341 1.131888
11 | EPP04 1 1 1 36 | FK0O8 0.76889 441 1.300577
12 | FK04 0.689216 46 | 1.450925 37 | AW09 0.800066 40 | 1.249896
13 | AWO0S 0.830416 37| 1.204216 38 | BN09 0.894793 33| 1.117577
14 | BNOS 0.943977 25| 1.059348 39 | CP09 1 1 1
15 | CPO5 1 1 1 40 | DJO9 0.903815 29| 1.106422
16 | DJOS 1 1 1 41 | EPP09 | 0.898842 31| 1.112542
17 | EPPO5 0.877414 351 1.139713 42 | FK09 0.795833 41| 1.256545
18 | FKO5 0.668564 47 | 1.495744 43 | AW10 1 1 1
19 | AW06 0.910046 28 | 1.098845 44 | BN10 1 1 1
20 | BN0O6 1 1 1 45| CP10 1 1 1
21 | CPO6 1 1 1 46 | DJ10 0.937419 26 | 1.066759
22 | DJ06 1 1 1 47 | EPP10 |1 1 1
23 | EPPO6 | 0.896025 32 1.11604 48 | FK10 0.995605 20| 1.004414
24 | FK06 0.781594 42| 1.279437
25 | AWO07 1 1 1
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Table 9: Efficiency and projection score of inputs and output of each DMU
(Output-oriented DEA, VRS)

No. | DMU Score Rank 1/Score No. DMU Score Rank 1/Score
1 AWO03 1 1 1 26 BNO7 | 0.931017 31 1.074094
2 BNO3 | 0.886113 42 1.128524 27 CP07 1 1 1
3 CP03 1 1 1 28 DJo07 1 1 1
4 DJ03 0.899916 37 1.111215 29 EPPO7 1 1 1
5 EPPO03 0.89133 41 1.12192 30 FKO07 1 1 1
6 FKO03 | 0.880743 44 1.135406 31 AWO08 1 1 1
7 AWO04 | 0.725481 48 1.378396 32 BNO8 | 0.947908 28 1.054955
8 BNO04 | 0.823939 46 1.213683 33 CP08 1 1 1
9 CP04 1 1 1 34 DJO08 1 1 1
10 DJo4 0.966136 27 1.035051 35 EPPO8 | 0.88348 43 1.131888
11 EPP04 1 1 1 36 FKO08 0.89429 39 1.118205
12 FK04 1 1 1 37 AW09 | 0.800066 47 1.249896
13 | AWO05 | 0.831796 45 1.202218 38 BNO09 | 0.894793 38 1.117577
14 BNO5 | 0.943977 29 1.059348 39 CP09 1 1 1
15 CPO5 1 1 1 40 DJ09 0.903815 36 1.106422
16 DJO05 1 1 1 41 EPP09 | 0.930069 34 1.075189
17 | EPPO5 | 0.894209 40 1.118306 42 FK09 [ 0.930826 32 1.074315
18 FKO05 | 0.970024 26 1.030902 43 AW10 1 1 1
19 | AWO06 | 0.930272 33 1.074955 44 BN10 1 1 1
20 BNO06 1 1 1 45 CP10 1 1 1
21 CP06 1 1 1 46 DJ10 0.937419 30 1.066759
22 DJ06 1 1 1 47 EPP10 1 1 1
23 | EPPO6 | 0.91764 35 1.089752 48 FK10 1 1 1
24 FKO06 1 1 1
25 | AWO07 1 1 1

In Table 10 represents efficiency return to scale for DEA-
BCC, where 6 efficient DMUEs are increase return to scale
and projected are 14 DMUs. The constant return to scale
efficient DMUs are 19 and projected is 9 DMUSs. There is
no decreasing in return to scale for all DMUs. The sum-
mary efficiency return to scale represent that there are
19 constant DMUs in compare with previous year i.e.,

CP03, CP04 and CPO05 (efficient = 1) and there are 9 con-
stant projected DMUs i.e.,, BN07 and BNO08 (0.931 and
0.947) respectively. There are 6 DMUs increase return to
scale i.e.,, FKO03 (0.8807) and FK04 (1), FKO05 (0.970) and
FKO06 (1). Furthermore, another 14 increase in project-
ed return to scale DMUs i.e., EPP05 (0.894) and EPP06
(0.917), FKO08 (0.894) and FKO09 (0.930).

Table 10: Technical Efficiency Return to Scale DEA-BCC Score (Output-oriented Rating)

No. | DMU | Score RTS RTS of No. | DMU Score RTS RTS of

Projected Projected
DMU DMU

1| AWO03 |1 Constant 26 | BNO7 0.931017 Constant

2 | BNO3 0.886113 Increasing 27 | CPO7 1 Constant

3| CPO3 1 Constant 28 | DJO7 1 Constant

4 | DJO3 0.899916 Increasing 29 | EPPO7 |1 Increasing

5 | EPP0O3 | 0.89133 Increasing 30 | FKO7 1 Increasing

6 | FK03 0.880743 Increasing 31 | AWO0S 1 Constant
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71 AW04 | 0.725481 Increasing 32 | BNOS 0.947908 Constant
8 | BN04 | 0.823939 Constant 33 | CPO8 1 Increasing
9| CP04 1 Constant 34 | DJO8 1 Constant
10 | DJ04 0.966136 Increasing 35 | EPPO8 | 0.88348 Constant
11 | EPP04 |1 Constant 36 | FKO8 0.89429 Increasing
12 | FK04 1 Increasing 37 | AW09 | 0.800066 Constant
13 | AWO05 | 0.831796 Increasing 38 | BNO9 0.894793 Constant
14 | BNOS | 0.943977 Constant 39 | CP09 1 Constant
15 | CPO5 1 Constant 40 | DJO9 0.903815 Constant
16 | DJOS 1 Constant 41 | EPP09 | 0.930069 Increasing
17 | EPPO5 | 0.894209 Increasing 42 | FK09 0.930826 Increasing
18 | FKO05 0.970024 Increasing 43 | AWI10 |1 Constant
19 | AW06 | 0.930272 Increasing 44 | BN10 1 Constant
20 | BNO6 1 Constant 45 | CP10 1 Constant
21 | CPO6 1 Constant 46 | DJ10 0.937419 Constant
22 | DJO6 1 Constant 47 | EPP10 |1 Constant
23 | EPPO6 | 0.91764 Increasing 48 | FK10 1 Increasing
24 | FK06 1 Increasing
251 AW07 |1 Constant

6. CONCLUSION

This paper analysed technical efficiency of container
terminal in Peninsular Malaysia by using DEA. The
analysis of technical efficiency for this research cov-
ers DEA-CCR and DEA-BCC. There are differences
analysis between DEA-CCR and DEA-BCC, where
DEA-BCC s only focus on technical efficiency. How-
ever, DEA-CCR covers both scale and technical effi-
ciency. This paper acknowleged technical efficiency
study on container terminal in Peninsular Malaysia
as a gateway to explore the rapid development of its
container terminal industry.

This paper synthesise the growth of six (6) container
terminals in Peninsular Malaysia as and evidence of
development of Malaysia economic activities. The
output-oriented ranking for DEA-CCR versus DEA-
BCC represent 19 and 25 efficient DMUs and the rest
are inefficient DMUs. The additive model without
convexity constraints will characterise DMUs as ef-
ficient. Therefore, the characterise DEA-CCR for its
characteristic, and then CCR’s DMU is efficient. It is
also similar to DEA-BCC, however because the con-
straint in DEA-CCR, CCR-efficiency does not exceed
BCC-efficiency. Therefore, inefficient result between
DEA-CCR and DEA-BCC are different when the most
inefficient DMU for DEA-BCC is relatively higher

then DEA-CCR. This information could establish the
progress of the container terminal development in the
future as the latest generation of container vessels are
already available in the market. This could help ter-
minal operators plan for terminal expansion in future
to cater the market. Even though efficiency does not
reflects level of physical infrastructure, the numerical
result responds to the future terminal development.

On the efficiency case, the size of container termi-
nal does not reflect significant efficiency towards
throughput obtained. The research reflects that con-
tainer terminal operators must allocate efficiently
between all the inputs to ensure utilisation of re-
sources are obtained. However, the progressive ac-
tion from terminal operators could sustain the ter-
minal development growth.
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NOTES

APPENDIX-A

Table 5. Inputs and Output Target for Data Analysis

DMU | (DTTA (DMD (DBL (DHQC DYS v (HGL O)T
AW 410 15 2000 360 28551.3 140 8 2300770
BN 846 14 2379 916.8 33135 307 10 2540465
cP 1200 15 2160 13752 23405.76 414 3 3168702
DI 144.56 14 760 200 1437.216 92 3 750466
EPP 578 12 931 308.8 1547.75 225 3 688171
FK 50 14 400 120 300 26 2 108108
AW 890.31 15 2600 800 45081 381 8 2556006
BN 916 15 2713 916.8 32973.2 289 10 2687587
CP 1200 15 2520 13752 25572.96 414 4 3668161
DI 144.56 14 760 200 1437.216 92 3 805689
EPP 578 12 931 308.8 1170.25 225 3 772024
FK 50 12 400 120 300 26 2 122745
AW 890.31 15 2600 800 44130 381 8 2911270
BN 916 15 2892 916.8 28800 227 10 2632257
cp 1200 15 2520 13752 42504 414 6 3985464
DI 144.56 14 760 200 1452 92 3 842303
EPP 578 12 931 960 2378.25 381 3 795289
FK 50 12 400 120 300 26 2 119067
AW 890.31 15 2600 984 58840 445 8 3665201
BN 916 15 2892 916.8 27360 216 10 2681094
cP 1800 15 2880 1080 45584 523 6 4431013
DI 144.56 14 760 240 1914 92 3 880611
EPP 578 12 931 560 27552 207 3 849730
FK 2728 12 400 135 300 26 2 125920
AW 1133.12 15 2600 1066 58840 445 8 4312717
BN 916 15 2679 1031.4 26999.1 282 10 2805997
CP 1800 15 3600 1215 62400 551 7 5072298
DI 250 14 760 240 1650 92 3 927284
EPP 578 12 931 560 2755.2 207 3 925991
FK 2728 12 400 180 350 26 2 127600
AW 1133.12 15 2600 1394 87671.6 584 8 4966969
BN 916 15 2679 7475 34902.33 270 10 3006610
cP 1800 15 3600 1485 92000 589 7 5154404
DI 250 14 760 270.2 1848 100 3 934767
EPP 828 12 1700 640 3530.1 249 3 917631
FK 27.28 12 600 180 350 26 2 127061
AW 1133.12 16 3200 1436.5 93259.1 584 8 4453152
BN 934 15 2679 7475 36486.45 270 10 2856627




Mokhtar, K.: Technical Efficiency of Container Terminal Operations: A Dea Approach

18 ISSN: 1984-3046 « Journal of Operations and Supply Chain Management Volume 6 Number 2 pp 1 — 19
CcP 1800 15 4320 1980 99200 522 7 5538477
DJ 250 14 760 270.2 1848 100 3 844856
EPP 828 12 1500 630 3782.25 249 3 958476
FK 27.28 12 600 180 420 26 2 132252
AW | 113312 16 3200 1436.5 93259.1 584 8 5565979
BN 934 15 2679 747.5 32972.94 296 10 3304317
CcP 1800 15 4320 1980 120000 575 9 5988066
DJ 250 14 760 270.2 1848 100 3 876268
EPP 828 12 1700 630 3782.5 249 3 1067173
FK 27.28 12 600 180 245 26 2 142080
APPENDIX-B
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Figure 1-0: Container Terminal Yearly Efficiency(Output-oriented Efficiency Rating)
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Figure 2-0: Container Terminal Yearly Efficiency(Output-oriented Efficiency Rating)
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