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a  b  s  t  r  a  c  t

With  the  instigation  of China  Pakistan  Economic  Corridor  (CPEC),  the  strategic  significance  of  South  Asian
and Middle  Eastern  ports  have  been  vitalized.  The  aim  of this  study  is  to  compare  the  technical  efficiency
of less  explored  South  Asian  & Middle  Eastern  ports  with  the East  Asian  ports  and  determine  ways  for
their efficiency  enhancement  and management  optimization.  The  cross  sectional  data  for  the year  2018
was  collected  for 15  container  ports  each  of  South  &  Middle  Eastern  and  East  Asian  region  and  arranged
into  input  and  output  variables.  The  data  was  analyzed  through  the  DEA-CCR  and  DEA-BCC  model.  Results
indicate  that  only  one  port  each  from  UAE  and  India  among  the  Middle  & South  Asian  ports  were  found
efficient  on  CCR  model  with  the number  of  efficient  ports  on  BCC  model  increased  by 47%.  While,  in  East
elt and Road Initiative
iddle East and South Asian region

ast Asian region

Asian  region  two ports  of China  and  one  of South  Korea  were  found  efficient  on CCR  model,  with  33%
increase  on  BCC  model.  Lianyungang  port  was  the  most  prominent  among  the efficient  ports  being  highly
benchmarked.  The  average  efficiency  for East  Asian  region  (CCR:  0.524,  BCC:  0.901)  remained  similar  to
that of South  Asian  and  Middle  East Region  (CCR: 0.517,  BCC:  0.906).

© 2020  Production  and  hosting  by  Elsevier  B.V.  on  behalf  of  The  Korean  Association  of  Shipping and
Logistics,  Inc.  This  is  an  open  access  article  under  the  CC  BY-NC-ND  license  (http://creativecommons.
. Introduction

Ports are considered vital to an efficient supply chain and a well-
rganized transport system (Meersman & Van de Voorde, 2013). A
eaport with a developed hinterland connectivity is an asset for
inking the demand market to supply market (Schøyen & Odeck,
017). The growth in the prominence of seaports as a facilitator in
he international transport is palpable. The trade through sea has
ugmented by 5% over the last two decades and is double the rate
t which the world GDP is growing (Odeck & Bråthen, 2012).

A growth rate of this magnitude is appearing to be a test of
he seaport capacity. Researchers have a concern as if the sea-
orts were proficient enough to suffice the transport and logistics
rowth (Odeck & Bråthen, 2012). In order to attract more business,
here is a severe competition between the container ports subject
o their efficiency (Heng, 2004; Luo, Liu, & Gao, 2012; Yuen, Zhang,
 Cheung, 2013). Competition among ports is pivotal to a better
erforming industry (Cullinane, Wang, Song, & Ji, 2006). The latest
evelopments in the global trade has brought manifold increment
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Y-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
org/licenses/by-nc-nd/4.0/).

in the prominence of container transport. The volume of global con-
tainer transport has increased by 10%, almost three times as that of
the world GDP (Odeck & Bråthen, 2012).

This growth in container transport is attributed to the vari-
ous methodical and monetary benefits it has as compared to the
conventional sea transportation. Seaports appear to be the most
integral and prominent part of the containers transport system,
as being at the interface of ocean and land (Chao, Yu, & Hsieh,
2018). The utility of the standardized container shapes and sizes
have increased the system efficiency manifold, as it could be
exchanged and transferred expediently in the multimodal trans-
port industry. To get a better edge in the competitive port market
and enhance their efficiency, various ports have been incorporat-
ing modern equipment and IT systems. These modern equipment
ensures smooth container shipping operations in the multimodal
transport system (Neylan, 2015).

Containerization have introduced new horizons of competition
to the port industry which were lacking in the traditional sys-
tems. Prior to the incorporation of modern standard containers, the
port market had a serious monopolistic structure subject to their

prominent geographic & strategic locations and manifold incre-
ment in the vessel traffic (Cullinane & Wang, 2006). Conversely,
modern intermodal containerized transport system has subsided
these monopolies and brought about a fierce competition in the

ociation of Shipping and Logistics, Inc. This is an open access article under the CC

https://doi.org/10.1016/j.ajsl.2020.04.004
http://www.sciencedirect.com/science/journal/20925212
http://www.elsevier.com/locate/ajsl
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ajsl.2020.04.004&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:falukSJTU@sjtu.edu.cn
mailto:asaduetian1@gmail.com
mailto:tariqmustafa1986@gmail.com
https://doi.org/10.1016/j.ajsl.2020.04.004
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


l of Sh

m
f

r
o
t
e
i
a
i
m

a
i
t
a
o
t
i
c
w
c
2

o
p
p
d
v
t
B
s
o
t
e
p
t
K

o
t
w
c
u
t
K
t
i
t
b

e
i
n
M
c
t
F
p
w
p
t

1
r
p

F.S. Mustafa et al. / The Asian Journa

arket where contiguous ports have to compete in terms of better
acilities and services (Cullinane, Fei, & Cullinane, 2004).

An analysis of the present day literature indicates that
esearchers have been using Data Envelopment Analysis (DEA) and
ther frontier methods like the Stochastic Frontier Analysis (SFA)
o assess and compare the performance of container ports with
ach other and the set touchstones. These methods not only give an
nsight into the Technical Efficiency (TE) and port performance, but
lso reveal the sectors in which these ports lack behind and require
mprovements in order to be able to compete in the modern port

arket (Odeck & Bråthen, 2012).
The development of the Chinese container ports in the coastal

reas are a result of the modifications and unobstructed connectiv-
ty brought about over the last 30 years. These modifications laid
he bases for a smoother and well organized container shipment
nd the whole foreign trade. Moreover, it upheaved the economies
f contiguous cities. The Chinese coastal ports have been home
o massive construction which not only subsided the deficiency
n their capacity, but also some of the ports are augmented with
apacity higher than demanded by the vessel traffic they deal
ith. Also, the 12th five-year plan have diverted the port effi-

iency to be more intensive and enhanced (Dan, Weixin, & Feng,
013).

A broad evaluation of the concerned literature states that most
f the studies on port efficiency have been focused on the Euro-
ean ports (Munisamy & Jun, 2013). Studies conducted on the Asian
orts are very limited, specifically those on South Asian and Mid-
le Eastern countries. Container ports in the Middle East are of
ital prominence as they serve a connectivity between the goods
ransferred between East and West (Al-Eraqi, Mustafa, Khader, &
arros, 2008). Similarly, the ports in or at the shores of Hormuz
trait are of critical prominence, since this strait is considered one
f the busiest in the world. A study of the twelve costal con-
ainer ports of India states that only six of these were efficient
nough to handle the vessels traffic at hand, while rest of the
orts required improvements and modifications in their systems
o enhance their capacity to the required level (Kamble, Raoot, &
hanapuri, 2010).

A study on the container ports of Pakistan based on game the-
ry stated that there was a monopolistic trend in these ports, such
hat the ports and their private operators had higher profit taking
ith the lack of a positive competitive environment. A concession

ontract was termed advantageous to both the port authorities and
sers in order to ensure the smooth functioning and efficiency of
he port (Saeed & Larsen, 2010). In another study conducted on the
arachi port trust, various factors were evaluated that would affect

he choice of selecting a port. The results indicated that service qual-
ty, handling efficiency and capacity along the charges were among
he most significant factors for port selection and increasing the
usiness opportunity (Saeed, 2009).

The number of studies available in the literature analyzing the
fficiency of container ports in the South Asia and Middle East
s very limited. Specifically, for Pakistani ports there have been
o such study which could evaluate their technical efficiency.
oreover, the extensive literature review conducted in this study

oncluded that there has been no such study which could associate
he technical efficiency of various container ports in this region.
urthermore, with Belt and Road Initiative by China, a significant
ortion of Chinese trade with Europe and central Asian countries
ould be diverted to the route through Pakistan by means of CPEC
roject. This will result in the initiation of a new trend of competi-
ion in these container ports.
This study is intended to analyze the technical efficiency of
5 prominent container ports in the South Asia and Middle East
egion. Similarly, the technical efficiency of 15 noticeable container
orts of East Asia will also be evaluated. The technical efficiency of
ipping and Logistics 37 2021 12–19 13

East Asian container ports will be compared against that of South
Asia and Middle East for a specific set of variables. This compar-
ison would reveal the set of areas for specific ports which needs
to be improved, as how other ports in this study have worked
on that and have augmented their efficiency. This study is of vast
practical importance for various container ports, port authorities,
supply chains and governments as it would recommend the set
of improvements required in order to make the transport system
more efficient.

2. Literature review

The efficiency of ports has a profound effect on the interna-
tional trade and is therefore under vast practical and academic
evaluation. Due to its multifaceted prominence and applicability, its
various perspectives are explored. Various studies have evaluated
the port efficiency from user’s inclination and selection perception.
In this aspect of efficiency, factors affecting the port attractiveness
and user’s choice are elaborated employing multinomial logistics
regression (Niavis & Tsekeris, 2012).

Port performance is subject to various indicators for its effec-
tive management and efficiency optimization. These indicators or
performance factors are termed as choice variables, which are
organized by port authorities to attain their desired economic
goals (Talley, 2006). These performance affecting factors could be
employed in port efficiency evaluation from various perspectives
(UNCTAD, 1976). Some of the key performance indicators used
abundantly are efficiency, productivity, utility and expediency indi-
cators (Suárez-Alemán, Sarriera, Serebrisky, & Trujillo, 2016).

Among the quantitative efficiency assessment techniques, the
most abundantly used methods are ratio analysis, parametric and
non-parametric estimation parameters. However, the latter two
methods are most commonly used. These two  techniques are dif-
ferentiated by the way efficiency is estimated in these methods.
The parametric estimator is evaluated through a stochastic fron-
tier based on Translog and Cobb-Douglas description. While the
non-parametric frontier is assessed through the DEA analysis. The
technical efficiency results obtained through the use of these two
methods would represent resemblance if the ports sample selected
had similarities (Cullinane et al., 2006).

An extended literature is available on the port efficiency assess-
ment. To evaluate the container throughput as efficiency indicator,
various input variables like number of quay cranes available, the
area and length of the port selected along the straddles are used.
The results indicated that public ports were more efficient as com-
pared to the private ports (Cullinane, Song, & Wang, 2005). The port
management faces immense pressure in order to enhance their cost
& time utility and hence electability (Kamble et al., 2010).

Some of these studies are focused at the augmentation of logis-
tics at a country level (Abdur Razzaque, 1997), while some of these
studies are focused at logistics optimization at regional levels (Goh
& Ang, 2000). The regional logistics optimization studies have been
further classified into intra-regional and inter-regional logistics
optimization studies (Bookbinder & Tan, 2003). A classification of
the literature based on the methodology adopted, sample size used,
input and output variables opted and the regions under study have
been presented in Table 1.

A study focused at the ASEAN region applied the output oriented
model to the 50 container terminals in the region to determine their
relative efficiencies (Kutin, Nguyen, & Vallée, 2017). Similarly, a
study focused at the performance of inland water ports employed

a Bayesian approach to determine their performance (Hossain et al.,
2019). Numerous authors have explored the literature available on
the port efficiency measurement. The most in-depth and compre-
hensive reviews have been presented by Odeck and Bråthen (2012).
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Table 1
Data envelopment analysis techniques in ports.

Author/Year Region and No. of Ports Model (DEA) Inputs Outputs

Cullinane, Song, Ji, and Wang
(2004)

Global
25 Container terminals
1992 to 1999

Window,
CCR and
BCC

Berth length
Terminal area
No. of berth
Cranes
No. of yard
cranes
No. of
straddle carriers

TEU

Jiang and Li (2009) China, Japan and Korea
12 ports
2007

DEA Import/Export
Regional GDP
Berth size
No. of Crane

TEU

Kamble et al. (2010) India
12 Ports
2010

Output oriented BCC Storage yards,
No. of berths & cargo handling
equipment

Avg. total turnaround time
Avg. output/ship berth day

De Oliveira and Cariou (2011) Global
122 Iron Ore & Coal Ports
2005

Input oriented DEA CCR & BCC Depth
Length
Stockpile
Loading rates

Throughput(MT)

Dan et al. (2013) China
19 container ports
2010

Three stage (Input Oriented
BCC)

Berth length
Handling equipment & staff
quantity

TEU

Bergantino, Musso, and Porcelli
(2013)

Global
30 Ports
1995 to 2009

Three stage (Input Oriented
BCC)

Berth length
No. of terminals
Port area
Handling equipment

TEU

Wilmsmeier, Tovar, and
Sanchez (2013)

Latin America, Caribbean and
Spain
10 ports
2005 to 2011

Non parametric DEA Berth area
Ship-to-shore crane & labor
capacity

TEU

Almawsheki and Shah (2015) Middle East
19 ports
2012

Input oriented CRR Berth area
Quay length
Quay crane
Handling equipment

Throughput

Li, Kyu-seok, Ki-Chan, and
Young-Mo (2015)

Northeast Asia
16 ports

DEA CCR
DEA BCC

No of berths
Berth length
Depth
No of Cranes
Terminal area

Throughput(TEU)

Zheng and Park (2016) Korea and China
2014
30 ports

DEA CCR
DEA BCC

Berth length
Yard area
No of QC
No of TC

Throughput(TEU)

Rajasekar and Deo (2018) India
8 Ports
1993 to 2011

DEA Additive CCR & BCC No. of berths
Berth length
No. of equipment
No. of employs

Total traffic
Container throughput

Zarbi, Shin, and Shin (2019) Iran
2008 to 2017
5 ports

DEA Windows Quay wall length
No of berths
No of gantry cranes
Yard space

Throughput(TEU)

3
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optimize input or output. If purpose of the analysis was to identify
Dong, Li, and Gajpal (2019) Maritime Silk Road
10 Ports

DEA CCR
DEA SBM

. Research methodology

A DEA technique has a number of merits over the conventional
egression based production function approach. Based on these
pproaches, this study like various other studies available in lit-
rature adopts DEA for analysis. Some of the prominent merits of
EA includes its ability to handle various inputs and outputs with
ifferent units. It does not require any assumption of a functional
orm relating inputs to outputs. It can be applied to profit as well
s non-profit making entities. Also, it sets targets for inefficient
MUs to make them efficient and identifies slacks in inputs and
utputs. Moreover, it estimates a single efficiency score, identifies
nput excesses along output and provides benchmarks to monitor
he performance of inefficient firms. Apart from that, it does not

equire a prior judgment to the relative importance of the various
utputs or knowledge of input prices.
No of berths
Berth length
No of Quay Crane

TEU

3.1. DEA-CCR

Since the cost and price related data of ports is difficult to find,
its efficiency is measured based on the operational or technical
data. DEA is an approach which utilizes the technical data in order
to determine efficiency of Decision Making Units (DMUs), devoid
of any need of monetary or cost related data (Bichou, 2013). DEA
incorporates the input and output data of all the DMUs  and deter-
mines their efficiency with respect to the minimal possible input
and maximum possible output (Thanassoulis, 2000). It determines
the efficacies and benchmarks for optimized practices with given
resources (Cook, Tone, & Zhu, 2014).

While using DEA it shall first be determined if the purpose is to
factors which over utilize the resources, then input focused models
are the best choice which would ultimately determine the inputs
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o be decreased. However, if the purpose is to boost output, then
n output focused model shall be employed (Cook et al., 2014). In
his study the purpose is to determine the least possible input for
n already defined fixed output. So, the model used will be input
riented.

This section devises the way of how to apply DEA for this study to
etermine the technical efficiency of the selected ports. Suppose we
ave n number of ports (DMUs) that incorporate k number of inputs
o result in l number of productivities. Moreover, it also needs to
e determined that xpq > 0 is the amount of input variable p being
sed by the qth DMU, while yrq > 0 is classified as the output or
roduct being given by the qth DMU. The data used could further
e classified as panel or cross sectional data, difference between
he two could be elaborated as the former stands for data of several
ears, while later represents data of a single year. The mathematical
xpression for DEA-CCR is illustrated as,

∗ = min  � (1)

.t.
∑n

q=1
xpq�q ≤ �xpo p = 1, 2, 3, . . .,  k (2)

n

q=1
yrq�q ≥ yro r = 1, 2, 3, . . .,  l (3)

q ≥ 0 r = 1, 2, 3, . . .,  l (4)

xpo, yro, are the pth input and rth output of the DMU  o under
tudy;

�q stands for those variables which indicate the effect of promi-
ent factors which of efficient DMUs are used as reference by other
MUs to compare their efficiency with.

�∗, is the comparative technical efficiency of DMU  o.

.2. DEA-BCC model

The DEA-CCR model is associated with a limitation that it con-
iders the return to scale as constant and cannot discern technical
fficiency from that of scale efficiency. Due to this reason, if the
roduction is variable return to scale oriented, the results obtained
ay  picture some actually efficient DMUs as inefficient. To counter

his issue, (Banker, Charnes, & Cooper, 1984) came up with an alter-
ative proposition considering the variables return to scale with
dditional block fundamentals.

ax  h0 =
s∑

r=1

uryr0 + u0

.t

s∑

r=1

uryrj −
m∑

i=1

vixij + u0 ≤ 0, j = 1, 2, 3, . . .,  n

m

i=1

vixi0 = 1

ur, xi0 ≥ ε, ∀, r, i
Now as the u0 is not bound to the conditional limitation, hence

t demonstrates return to scale aspects of the ‘j-th’ DMU. Now
epending upon the value of u, the DMU  varies, if u0 = 0, it reflects
he DMU  to be under the highest optimal conditions of production.

hile, for u0 > 0, it is decreasing because for production scale it
s considered higher than that of optimal. Similarly, for u0 < 0, the
MU  is increasing return to scale as for production scale it is lower
s compared to optimal.
In this study, the cross sectional data of various ports or DMUs
ill be compared against each other for data of a single year and

heir efficiency is calculated and benchmarked. The model used to
chieve this are DEA-CCR and DEA-BCC. Panel data is considered
ipping and Logistics 37 2021 12–19 15

to be more suitable as it determines the vigorous behavior of the
port efficiency with the passage of time. However, the limitation
associated with this study is the scarcity of data and the hard-
ships associated in obtaining this type of data. These hardships are
attributed to the difficulty in political issues, handling and unviable
data collection and handling resources specifically in the Middle
Eastern and South Asian region.

In DEA analysis, the efficiency of an individual port is deter-
mined and compared against the other ports in the group. Those
ports which have maximum efficiency are meant to compose the
frontiers of the group, reference to which the efficacies of the rest
of the group are measured. These ports fixed as frontiers are non-
functional and do not have the parametric properties, hence it can
be defined by and measured in ordinary units like numbers, meters,
square meters, and hectares.

One of the reasons for which the DEA-CCR and DEA-BCC is con-
sidered more suitable for application is its ability to determine the
wholesome technical and scale efficiency. The results are defined
such that if the value of theta = 1, the port is considered to be the
fully efficient. However, if the value of theta < 1, it is said to be inef-
ficient (Charnes, Cooper, & Rhodes, 1978). Hence, if the value is
less than 1, it means that the inputs are not used properly and are
wasted to certain portion subject to various reasons.

3.3. Data collection and variables

The criterion adopted for selection of the ports comprised of the
following main dimensions.

1. The port shall have been operated for a significant number of
years.

2. It should be the prominent and main terminal/port of the coun-
try.

3. A significant amount of data should be available for the prospec-
tive ports and terminals at their official websites and other
reliable government sources.

The sources of data incorporated for this study have been listed
as follows with their concerned references and links.

1. Data from the official website and publications of the respective
ports considered for this study (Busan Port, 2019)

2. Yearly statistics published by china ports and harbors association
(Chinaports, 2019)

3. Yearly statistics published by Ministry of Finance, Pakistan (PMF,
2018)

4. Data collected by direct contact with terminal operators as well
as site visits

The cross sectional data for all the selected ports was  collected
and arranged into number of berths, number of cranes, berth length
and berth depth as the input variables, while the TEUs as output
variable. The test was run using MATLAB R2018a accompanied by
a toolkit of DEA-CCR. The analysis was again run using Excel Solver
2016 edition supported by the DEA frontier. Moreover, the results
were further validated by running the same test through a Chinese
software (Max-DEA) for DEA-CCR analysis.

4. Results and discussion
For the successful and reliable conduction of this study, fifteen
prominent container ports from each of the two regions under
study were selected. The names and abbreviation of these profound
container ports have been presented in Table 2.
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Table 2
DMUs names and abbreviations.

No. East Asian region Middle East and South Asian region

Area Port Abbr Area Port Abbr

1

Mainland China &
Taiwan

Shanghai International Port Group SIPG
UAE

Jebel Ali Container Port JACT
2  Port of Nansha PNS Zayed Port (Fujairah & Khalifa) ZPF&K
3  Port of Dalian PDL

Pakistan
Karachi Port Trust KPT

4  Port of Qingdao PQD Port Qasim Authority PQA
5  Port of Lianyungang PLYG

Iran
Shahid Rajaee Port SRP

6  Port of Xingang PXG Emam Khomeini EK
7  Port of Shenzhen PSZ Bandar Abbas BA
8  Port of Xiamen PXM

India

Jawaharlal Nehru Port Trust (jnpt & nsict) JNPT
9  Ningbo Zhoushan NBZ Hazira Port HP
10  Port of Keelung PKL Port Pipavav PP
11  Port of Taichung PTC Mundra Port MP

12
South Korea

Incheon Port Authority IPA
Oman

Aden Container Port ACT
13  Port of Gwangyang PGY Hodeidah Container Port HCT
14  Busan New Container Port BNCT

Yemen
Port Salalah PS

15  Japan Port of Hakata PHKT Sohar Port & Freezone SPF

Table 3
Statistical characteristics.

Region Variables Minimum Maximum Mean Std. deviation

East Asian Region

TEU 128,064 42,010,000 14,895,705.27 12,349,313.04
Cranes 9 142 44.93333333 35.2409394
Berth Length 1214 12,067 4608.9 3098.062495
Number of Berths 4 39 14.53333333 8.765734153
Draught 13.3 20 16.01333333 1.979129198

Middle  East and South

TEU 110,890 15,000,000 2,692,274.733 3,736,761.42
Cranes 5 66 18.93333333 15.19617746
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Berth Length 450 

Number of Berths 2 

Draught 9.5 

A comparative analysis of the statistical characteristics for the
elected input variables have been shown in Table 3, indicating that
he East Asian ports have better facilities and resources as compared
o Middle East & South Asia ports.

.1. East Asian region

This section compares and analyzes the technical efficiency of 15
ontainer ports each from East Asian and South Asian along Middle
astern countries. Firstly, the 15 container ports or DMUs of East
sia are being evaluated for their technical efficiency. The results

ndicate that out of the 15 DMUs only three of them are efficient.
amely, only Shanghai International Port Group, Port of Lianyun-
ang and Busan New Container port are the efficient ports, meaning
hat only 20% ports are efficient. While the remaining 12 container
orts are inefficient making it 80% of the total.

Further classifying the results, it could be seen from Table 4 that
nly two other port have a value between 0.8 and 1, while four of
he container ports are having their theta values between 0.5 and
.8. Only one container port has theta values between 0.2 and 0.5,
hile 5 container ports have the lowest theta values of lower than

.2. The results of technical efficiency are depicted in Table 4.
In BCC analysis the number of efficient ports or terminals is

ncreased as compared to the CCR analysis, which is a demon-
tration of the lower total technical efficiency subject to the scale
nefficiency. Terminals depicted as efficient in 2018, are SIPG, PLYG,
NCT, PXM and PHKT are efficient with the score of 1. It covers up
3% of all the considered terminals in this scenario. Overall, the
umber of terminals confirmed as efficient in BCC model which
ustifies the statement that scale inefficiency is the reason beyond
ower CCR efficiency. Terminals with a score of 1 in both BCC and
CR models are SIPG, PLYG and BNCT and hence considered the
ost efficient terminals.
6700 1920.8 1476.498861
28 8.066666667 7.304271418
17.5 14.31333333 2.283752134

The efficiency results for both CCR and BCC models have been
summarized in Table 4 for this scenario. It is evident from the
table that the overall average efficiency for CCR model is 0.524785,
which is much lower than that of the BCC model having a value
of 0.900696. Moreover, it could be summarized that the scale effi-
ciency of the terminals in this scenario is relatively higher.

The high efficiency of Shanghai and Busan port is attributed
to the reasons that these are the main ports of China and South
Korea respectively. Furthermore, they are equipped with high qual-
ity resource management, better hinterland connectivity and state
of the art machinery and equipment. While the Lianyungang port
of China has a higher efficiency because of the better business and
resource handling. The poor efficiency of the other ports could be
attributed to reasons opposite of these.

4.1.1. Benchmarking
Results of the benchmarking depicts that how many of the effi-

cient ports have been used as a reference. Benchmarking could be
elaborated from two  perspectives, from the perspective of efficient
ports it showcases that how many inefficient ports have been using
them as a reference of efficiency benchmark. While from the per-
spective of inefficient ports, it depicts which efficient ports have
been they referring to or using as a scale to measure and evaluate
their efficiency.

Looking at the results displayed in Table 4, it could be concurred
that Shanghai port has been used 7 times as a benchmark. Since
Shanghai port is a hub and a huge portion of the China’s trade is
being dealt here. It has state of the art machinery in appropriate
quantity and has focused on the effective management of their

resources along efficient traffic container handling. That is why
Shanghai port has been used by 7 different ports as a benchmark.

The port of Lianyungang has been used ten times as benchmark.
Since Lianyungang port is not of the key hub ports of China, yet
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Table  4
Efficiency scores of DMUs.

No. DMU  name CRS efficiency VRS efficiency Sum of lambdas Benchmarks RTS

1 SIPG 1.00000 1 1.000 7 Constant
2  PLYG 1.00000 1 1.000 10 Constant
3  BNCT 1.00000 1 1.000 4 Constant
4  NBZ 0.89179 0.9025 1.095 1, 2 Increasing
5  PSZ 0.80790 0.826849 0.966 2 Increasing
6  PNS 0.75637 0.815324 0.899 1, 2 Increasing
7  PXG 0.70609 0.844543 0.776 1, 2 Increasing
8  PQD 0.56221 0.674317 0.783 1, 2 Increasing
9  PXM 0.50367 1 0.481 1, 2 Increasing
10  PDL 0.35336 0.754803 0.457 2, 3 Increasing
11  IPA 0.15373 0.966555 0.157 1, 2 Increasing
12  PGY 0.07113 0.840374 0.083 3 Increasing
13  PHKT 0.05208 1 0.043 3 Increasing
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14  PTC 0.00797 0.
15  PKL 0.00548 0.
Average efficiency 0.524785 0.900696

t is a highly efficient port. Its efficiency is a function of its well
rganized operations, highly effective resource management and
tilization with effective and optimized container handling. These
re the reasons this port has been used as a benchmark by ten out
f the twelve inefficient container ports.

The port of Busan is the most prominent and main port of South
orea. It has a very high number of ship arrivals and traffic handling
mong the busiest ports in the world. It has been provided with the
atest technologies and equipment available in the market. These
re the reasons it has been used four times as a benchmark by other
orts for their efficiencies. The obvious reasons for it being bench-
arked is its business and facilities, rather than its paramount

esource and input management.

.1.2. Return to scale
The purpose of this study is also the evaluation of return to scale

f the selected container ports. Return to scale efficiency of a con-
ainer is a function of its sum of lambdas. For a DEA-CCR model, if
he summation of the lambdas is equal to 1, it is termed as the con-
tant return to scale (CRS). If the summation of the lambdas is less
han 1, it is stated to be as increasing return to scale (IRS). While,
n case of the sum of lambdas higher than 1, the port efficiency is
aid to be decreasing return to scale (DRS) (Wanke, Barbastefano,

 Hijjar, 2011).
Looking at Table 4, the results of the ports under investigation

tates that all the three efficient ports are constant return tom scale.
hile all the inefficient ports have their sum of lambdas lower than

 and are increasing return to scale. All the return to scale ports if
ncrease their inputs will have an output increased more than the
roportionality found in input and output. Moreover, the outputs
ould also be augmented by optimizing the scale of operations of
hese ports, and the scale of operation could be enhanced by bring-
ng about an expansion in it and through improved connectivity
nd relationship between shipping organizations.

.2. Middle East and South Asian region

In comparison, looking at the efficiency results of the South
sian and Middle Eastern container ports, only two ports are effi-
ient. The efficiency of the Jebel Ali is for the reason that it is one of
he prominent ports of the region and serves as a main hub for the
AE’s shipping business. It has strong collaboration with regional

hipping organizations. This port has a very efficient management

nd utilization of input resources. The results of technical efficiency
re tabulated in Table 5.

Similarly, the other efficient port is Jawaharlal Nehru Port Trust.
t is one of the prominent and busiest port of India and South Asia.
6 0.007 1, 2 Increasing
2 0.006 2, 3 Increasing

Its high efficiency is attributed to the proper management of its
input resources moreover, it has a higher hinterland connectivity
and strong shipping networks. Being one of the main and busiest
port of the country it has been provided with latest machinery,
equipment and IT management systems.

As compered to East Asian ports, the percentage of the efficient
ports in South and Middle East is 13.33% as only two ports out of 15
are efficient, which is much lower. While the percentage of ineffi-
cient ports is higher with a value of 86.67% with 13 container ports
being inefficient. Apart from that 4 container ports same in number
as that of East Asian ports, are having efficiency values between 0.5
and 0.8, while only 1 container port could make it between 0.8 and 1
of the efficiency value, which were 2 for the East Asian region. More-
over, the number of container ports with efficiency values between
0.2 and 0.5 are 7, which was only 1 in East Asian region. While, the
number of port with theta values lower than 0.2 are only 2 in this
region, which were 5 in the East Asian region being much higher.

Similarly, for the South Asian and Middle Eastern region, the
number of efficient ports on BCC model increased to 7 which is a
47% increase. While the most efficient terminals having a score of 1
on both CCR and BCC models are JACT and JNPT. The overall average
efficiency for CCR and BCC models depicts a huge difference with
the scale efficiency again holding a higher value of 0.905939.

4.2.1. Benchmarking
Looking at the results of benchmarking, it could be seen that all

of inefficient ports that are 13 out of 13 have been using Jebel Ali
port as their benchmark, which is not only a hub in the region but
also an example of effective and optimized input resource man-
agement. While eight out of 13 inefficient ports have been using
Jawaharlal Nehru Port Trust as their benchmark to compare their
level of efficiency with. This port is also one of the prominent ports
of the country and region and serves as shipping hub. It is associ-
ated with the most efficient utilization of the input resources, and
sets a very feasible benchmark for the inefficient container ports of
the region.

4.2.2. Return to scale
The return to scale results for the South Eastern and Middle East-

ern container ports are showing the same trend as that of the East
Asian container ports. The two  efficient DMUs are constant return to
scale, while the remaining thirteen inefficient container ports have
their lambda summation value lower than one, being considered as

increasing return to scale (IRS). Similarly, an increment in the input
at these ports will result in outputs higher than proportion.

In order to determine the possible ways to improve the techni-
cal efficiency of inefficient ports, the comparative results could be
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Table 5
Efficiency scores of DMUs.

No. DMU  name CRS efficiency VRS efficiency Sum of lambdas Benchmarks RTS

1 JACT 1.00000 1 1 13 Constant
2  JNPT 1.00000 1 1 8 Constant
3  PS 0.91140 0.991376 0.539 1, 2 Increasing
4  MP  0.81156 0.897739 0.506 1, 2 Increasing
5  SRP 0.68640 1 0.104 1 Increasing
6  PQA 0.52556 0.897654 0.072 1 Increasing
7  BA 0.48108 0.780887 0.456 1, 2 Increasing
8  KPT 0.45901 0.854451 0.176 1, 2 Increasing
9  HP 0.43534 1 0.062 1, 2 Increasing
10  PP 0.38120 1 0.18 1, 2 Increasing
11  ZPF&K 0.35200 0.724489 0.107 1 Increasing
12  HCT 0.31319 1 0.033 1, 2 Increasing
13  SPF 0.22706 0.609163 0.055 1 Increasing
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14  ACT 0.09523 1 

15  EK 0.08132 0.
Average efficiency 0.517357 0.905939

mployed. The variables selected for the study shall be compared
or both the inefficient ports and those efficient ports which have
een used as benchmark. This comparison would indicate the possi-
le areas of improvement in the variables under consideration. The
uantity, resource allocation and policy on use could pave ways for
ffective resource utilization in the efficient ports.

Determining and evaluating the technical efficiency of ports is
 complex domain and involves the intricate role of various vari-
bles. These variables or the factors that affect the efficiency and
erformance of a port terminal can range from the availability of
esources, availability of proper business activities, effective oper-
tions, effective use of resources and the design, availability along
mplementation of a wide range of policies which affect the work-
ng of a port in one way or another. In concurrence to such diverse
ackground of the affecting factors, this study has aimed at the
onsideration and amalgamation of the most prominent efficiency
actors which were consistent and available for all of the ports
nder consideration. Moreover, the operations and functionality
f a port and terminal is also multifaceted. A port may  serve many
trategic, commercial, state and military purposes. However, in this
tudy, only the commercial throughput and the resources along
olicies associated with it were taken into consideration.

Since, CPEC and Pakistan are one of the most protuberant
imension of the BRI. In this regard, it is important to discuss the
ommercial and military aspect of the Pakistani Ports. Both Karachi
ort Trust and Port Qasim authority have some military uses associ-
ted with them. However, due to the sensitive nature and security
oncern, the military operations and uses are kept apart and seg-
egated from the commercial uses. Moreover, in accordance with
riteria set for this study, only the commercial throughput and asso-
iated resources, management and operations have been taken into
ccount. Another concern in this domain is the effect of increasing
raffic at Pakistani’ Ports concomitant to the geopolitical, BRI and
PEC stimuli. However, the most positive and noteworthy aspect

n this regard is the high potential deep water Gwadar Port. The
wadar port is the main emphasis and consideration of both the
hinese and Pakistani governments, when it comes to the handling
f additional traffic initiated and diverted by the BRI. Therefore,
ttributed to the strategic, geographical and commercial promi-
ence associated with the Gwadar Port, both the Chinese and
akistani governments are very optimistic toward its capacity to
andle such upsurge in the traffic. Therefore, the authors did not
onsider the effect of military use on the commercial operations,
erformance and efficiency of Pakistani Ports. However, it is an
mportant and interesting topic to assess and evaluate the effect
f military use on the commercial performance of such ports.
0.045 1, 2 Increasing
3 0.007 1 Increasing

5. Conclusion

This study is aimed to impart an understandable evaluation of
the technical and scale efficiency, and assess the efficiency of South
Asian, Middle Eastern and East Asian ports. Attributed to the mas-
sive exports and imports of China and South Korea, their ports have
high volumes of business handling. While, in comparison the South
Asian and Middle Eastern ports have very low volumes of business.
With the initiation of CPEC & BRI, and transfer of Chinese business
toward South Asia, specifically Pakistan. The business dimensions
along the efficiency of ports will be subject to a change. Ports near
the Hormuz Strait in the South Asian and Middle Eastern coun-
tries have been less explored in literature. The busiest and yet
efficient ports and terminals of the East Asian countries presents
practical guidelines for effective operations and optimized manage-
ment. Their successful business handling and efficiency is subject
to modern technology, availability of resources and effective man-
agement. These ports do not increase their business operations and
volumes at the cost of customer satisfaction and quality of service.
Their comparison with the South Asian and Middle Eastern ports
will provide a deeper practical understanding to their limitations
and shortcomings and pave ways for effective management under
increased business and overload.

The South Asian and Middle Eastern ports were taken into one
sample group, while the East Asian ports were taken in a sepa-
rate sample group. The sample size was limited to 15 container
ports in each group. The port’s technical and scale efficiencies were
analyzed using the DEA- CCR and DEA-BCC models. The results
reveal that among the East Asian ports, only three of 15 container
ports were found efficient. Namely, the Shanghai International Port
Group, Port of Lianyungang and Busan New Container Port are the
efficient ports both on the CCR and BCC models. The number of
efficient ports in BCC analysis increased by 33% as compared to
CCR.

The efficiency of Shanghai port and Busan port is attributed
to the facts that these are the main ports of China and Korea
respectively, having the highest amount of regional business. These
ports also have better facilities and latest technology along efficient
resource utilization. The port of Lianyungang is not the main port
of country and yet efficient, that is its efficiency is so prominent
that this has been used ten times as a benchmark by the inefficient
container ports of the group. Its policies and practices of operations
and management impart far better and practical insights into over-
load and excessive throughput handling. The Lianyungang port is a

role model for the small and less busy ports of the South Asian and
Middle Eastern ports having limited resources.
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On the other hand, amongst the selected Middle Eastern and
outh Asian ports, only Jebel Ali container port of UAE and Jawa-
arlal Nehru Port Trust of India are efficient on both CCR and BCC
odels. The number of efficient ports on BCC model is 47% higher

han that of the CCR model.
The success and efficiency of these ports is attributed to their

arge business market, better hinterland connectivity, being major
ort of the country and an effective resource management. All the
emaining inefficient ports were found return to scale which is a
ositive sign on their performance being considered on a move
oward development. Furthermore, among the efficient ports of a
roup being used as benchmark for efficiency and productivity, the
ebel Ali container port is the highest benchmarked.

The higher amount of TEUs handling by East Asian container
orts is one of the basic reasons initiating better resource utiliza-
ion and the increment or maximization of the available variables.

ith the Belt and Road Initiative by China, the competition in the
outh Asian ports will augment and intensify. Ports in this region
re return to scale and with the increase in international business
re expected to augment in efficiency. The study of the South Asian
orts as a function of time, policies and type of government needs
o be explored in future.
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