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Abstract 

Purpose: This study evaluates competitiveness of emerging ports located in the 

Indian Ocean and the Persian Gulf. Traditionally, ports operational efficacy is 

evaluated only on basis of throughput, a case in point being the Lloyds International 

Port ranking. However, we do not concur with this approach and adopt a multi-

criteria methodology.  

Methodology: Three criteria - throughput, physical infrastructure, and performance 

are used to assess the operational efficacy of the ports.   TOPSIS augmented with the 

“entropy weight” is used to devise weights for the chosen criteria and overall 

operational efficacy for each port is calculated. 

Results: The study revealed that infrastructure plays a critical role in the overall 

operational efficacy of the port. Karachi port is behind the contemporary ports in the 

Indian Ocean and the Persian Gulf because of its inadequate infrastructure. The 

results also highlighted that Jawaharlal Nehru Port ranked highest in considered 

ports while Port of Mundra ranked the worst. 

Practical Implications: The study can provide an insight to the port users about the 

competitive advantage amongst ports. Moreover, it also identifies the areas that can 

be improved for better efficiency. 

Originality: The research article is novel because no similar study has been conducted 

specifically on the ports in the Indian Ocean and the Persian Gulf. 

                                   
 The current issue and full text archive of this journal is available on NUST Business Review at: www.nbr.nust.edu.pk  
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Key Points: 

 Proposed Framework for Port Competitiveness Evaluation using Multi-Criteria 

Decision Making Techniques. 

 Port Physical Criteria plays a significant role in overall port competitiveness.  

 Karachi port lacks behind its neighbouring ports due to enervated Physical 

Infrastructure and Operational Performance.  

 Throughput alone is not a sufficient measure to gauge port performance.  

Keywords: Physical Infrastructure; Port Competitiveness; TOPSIS; Karachi Port. 

Paper Type: Research Paper 

1.0 Introduction 
According to Li & Oh (2010), 90% of the international trade is done via sea 

with cargo containers being the most preferred mechanism for transport of goods 

globally. Ports are considered to be the backbone of international trade and essential 

for the efficient management of any supply chain network (Cheon, Dowall, & Song, 

2010). Nowadays, ports are thought as providers of comprehensive logistics services 

and are no longer considered simple land/sea interfaces. (Kim, 2016). Therefore, the 

port operational efficiency significantly affects its competitiveness and productivity 

(Jovic et al., 2019).   

China’s Belt and Road Initiative (BRI), intends to promote international 

trade between China and 64 countries by connecting Europe, Asia, and Africa via 

Maritime Silk Route (Dossou, 2018). It has increased the significance of ports along 

this route (Wei, Sheng, & Lee, 2018). China Pakistan Economic corridor (CPEC) is a 

part of BRI that starts from Guangzhou (China) connecting China and Pakistan at 

Khunjerab. It gives China access to Africa and Middle East through Arabian sea at 

Gwadar (Ali, Gang, & Raza, 2016). CPEC will not only generate trade opportunities 

for Pakistan but will also has an ability to integrate the neighbouring countries in the 

region (Ali et al., 2017). 
 

 
 

CPEC will tend to reduce the transportation distance and time for 33% of 

China’s container traffic (Liaqait, Agha, & Becker, 2019). According to Lee et al. 2018, 

the projected developments of the CPEC will affect the international cargo flow 

patterns and increase competitiveness of ports in the region. Hence, an investigation 

of various aspects of ports in this region is of significance. The competitiveness 

evaluation of ports can help shippers, managers, and decision makers for selecting 

appropriate port among the multiple alternatives (Ren, Dong, & Sun, 2018a). 

Moreover, such analysis is necessary in order to identify significant aspects for 

increasing a port’s ranking in the region. Traditionally, the international port ranking, 

for example “Lloyd’s List Top 100 Ports 2018”, is done on the basis of parameters such  

Nomenclature 



 

 

 

 

 

 

NBR 

1,1 
 
 

 
 

Page 14 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1.  
Lloyd’s port 

ranking 2019 of 

selected ports in 

Pakistan and the 

surrounding 

regions. 

 

 

 

 

 

 

 

 

 

 

as throughput.  However, it is frequently argued in literature that other parameters 

(such as port infrastructure and performance measures) should also be considered 

when evaluating the competitiveness of ports (Tongzon, 2001). 

In context of Belt and Road Initiative (BRI), the emerging ports in the 

Persian Gulf and Indian Ocean will play a significant role in the international logistics 

(Cai, 2017). Several studies have been done to evaluate the relationship between port 

development and global maritime integration (Ashrafi et al., 2019; Wendler-Bosco & 

Nicholson, 2019). As an extension of BRI, CPEC directly encompasses the ports of 

Pakistan. Therefore, we need to evaluate the competitiveness of Pakistan’s ports with 

its neighbouring emerging ports that lie on or near to the Maritime Silk Route. 

Currently, Pakistan has three major ports: Karachi Port, Port Muhammad bin Qasim, 

and Gwadar Port. As, Gwadar Port is at its initial stage of the development and Port 

Muhammad bin Qasim handles only 20% cargo traffic, therefore, for coming years 

Pakistan’s imports and exports will be hugely reliant on the Karachi Port. 

Approximately 95% of the Pakistan’s international trade is handled by sea 

(Ministry of Port and Shipping, 2019), via Karachi Port which is the biggest port of 

Pakistan. According to Ministry of Port and Shipping, Pakistan, Karachi Port handled 

52.49 million tons (almost 70%) of the country’s cargo traffic in the year 2017-18 

(“Karachi Port Trust,” 2018.). Karachi Port ranks 83rd among the world’s top 100 

ports as shown in Table 1. The current port ranking was based only on throughput 

criteria (Llyod’s List, 2019). However, port infrastructure, performance and, efficiency 

are pivotal for shaping the logistics and supply chain strategies in the region (Ren, 

Dong, & Sun, 2018b). Moreover, location plays significant role in the socioeconomic 

development of the port region (Elbeih, Elkafrawy, & Attia, 2019). Thus, the port’s 

ability to compete is determined by a number of service parameters, such as 

frequency of shipping services, geographical location, physical infrastructure, 

hinterland logistics cost, and connectivity of ports (Merk & Hesse, 2012). All these 

criteria assist to determine a port’s competitiveness.       

 
Sr. No. Ports Lloyd’s Ranking 

1 Colombo 24 

2 Jawaharlal Nehru (Mumbai port) 28 

3 Mundra 36 

4 Jeddah 40 

5 Salalah 51 

6 Port said 57 

7 Shahid Rajaee (Bandar Abbas) 86 

8 Chittagong 64 

9 Sharjah (Khor Fakhan) 87 

10 Karachi 83 

11 Alexandria -- 

12 Dammam (king Abdul Aziz) -- 

13 Chennai -- 

   
          Source: Lloyd’s port ranking 2019 
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Figure 1: 

Geographical 

location of Ports. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Considering the significance of the Karachi Port in the region, this study tends to 

evaluate its competitiveness amongst neighbouring developing ports using the 

TOPSIS (Technique for Order Preference by Similarities to Ideal Solution) 

methodology based on established criteria in the literature. In addition to throughput 

criteria, performance and infrastructure criteria are also considered. The ranking of 

the ports is established on the basis of the obtained relative closeness (RC) matrix. It 

is then compared with Lloyd’s International Port Ranking (Llyod’s List, 2019) to 

provide a better understanding for the decision-makers. To the best of our 

knowledge, no study has been conducted to evaluate the competitiveness of ports for 

Persian Gulf and Indian Ocean. Figure 1 presents the geographical location of ports 

included in this study.  
 

 

2.0 Literature Review 

Container shipping is experiencing an unprecedented growth in the 

major container ports in the Persian Gulf and the Indian Ocean, along with 

ever-increasing port competition. The economic cooperation between local 

economies is dependent upon the deployment of mega container ships, that 

incorporate the overall production and distribution systems (Imai, 

Nishimura, & Papadimitriou, 2013). 
 

Several studies have been conducted for the evaluation of ports’ 

competitiveness. Multiple criteria have been proposed to investigate ports’ 

ranking with Multi Criteria Decision Making (MCDM) methodologies (Qu et 

al., 2018). Fung, Cheng, & Qiu, (2003) analysed the effect of terminal handling 

charges (THCs) on Hong Kong Port. They highlighted that increase in the 

container’s THCs impacts the profitability of shipping lines by reducing their 

throughput. Saeed, (2009) used performance (i.e. total stay time in port, vessel 

calls per year, and past visits of the shipping lines) as criteria to evaluate the 

productivity of two major ports of Pakistan (i.e. Karachi Port and Port 

Muhammad Bin Qasim). Sayareh & Alizmini, (2014) established that 

performance, infrastructure, and safety policies are critical criteria for 

selecting a seaport. Yu et al., (2018) proposed the event-based discrete 

simulation model to evaluate the performance of GCR on transshipment ter- 
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minal with container allocation. Terminal Handling Charges is also 

developed as a performance criterion for evaluating the port 

competitiveness. Peng et al., (2018) evaluated the proposed Maritime Silk 

Route by making comparison of ports along the route. Their study 

considered criteria like natural condition, infrastructure, services, location 

advantage, and efficiency of the port for comprehensive evaluation of ports. 

Rezaei et al., (2019) highlighted the key factors that influence port selection 

by shippers and freight forwarders. Their study analysed the ports on the 

basis of various physical and performance criteria and evaluated that 

transport costs, number of terminals, and frequency of shipping are the 

dominant factors for port competitiveness. Kaliszewski et al., (2020) 

highlighted that service level, smoothness of port operations, and flexibility 

are the critical factors in increasing the throughput of ports. Wahyuni et al., 

(2020) indicated that government support, business support, and operational 

performance are the three distinct factors of port competitiveness in 

Indonesia. The study further argued that port overall performance is 

dependent upon physical infrastructure and port operational improvements. 
 

Furthermore, the influencing factors for the competitiveness of 

ports are geopolitical location, port throughput, port facilities, and the port 

service level (Kuo et al., 2020). In addition, port ownership model (public or 

private), legal structure—concessionary ports or not, superstructure and, 

service quality are also parameters for determining port efficiency, see e.g. 

(Gunasekara & Bandara, 2018; Hung, Lu, & Wang, 2010; Pagano et al., 2013). 

A regional survey of ship owners and companies conducted by Yeo, Roe, & 

Dinwoodie, (2008) revealed that port service, regional centres, hinterland 

condition, logistics cost, and connectivity are the critical factors that 

influence the overall performance of container ports in China and Korea. 

Similarly, Vega et al., (2019) accessed the impact of port infrastructure on 

Colombian ports. Their study argued that adequate port infrastructure 

influences the port services and connectivity to other ports. Other studies 

have also been conducted using several methodologies to elucidate and 

identify the various factors that influence a port’s competitiveness and 

efficiency, see for instance (Ha, Yang, & Lam, 2018; McIntosh & Becker, 2019). 

Researchers used these criteria for establishing port competitiveness. Based 

on these observations, we compile major factors that influence the ranking 

of a port listed in Table 2. After carefully eliminating the overlapping and 

interrelated elements, this study divided the criteria into three major 

categories i.e. throughput, infrastructure, and performance. It is noteworthy 

that the criteria selection is based on publicly available data. 

Table. 2, highlighted the classification of studies with respect to 

various criteria used for MCDM analysis of ports. For instance, Kim, (2016) 

used the throughput and physical criterion to evaluate the competitiveness  
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of ports in Korea and China. Tetteh, Yang, & Gomina Mama, (2016) compared 

the overall container throughput of China along with five West African ports 

using Data Envelopment Analysis (DEA) to compute the efficiencies of ports 

that can be considered as hub ports in the region. Rezaei et al., (2019) 

evaluated the competitiveness of major European ports on the basis of various 

criteria using Best-Worst Method (BWM). The obtained results highlighted 

that total cost and marine transit time are instrumental in the overall 

performance of the ports. Kuo et al., (2020) analysed the performance of the 

53 ports and terminals of Vietnam by applying the context-dependent DEA 

model. Mou et al., (2020) evaluated the development potential of eight 

representative ports in the Yangtze River Delta using Entropy-Fuzzy 

Analytical Hierarchy Process (EF-AHP). The study highlighted the primary 

(i.e., Port Policy) and secondary factors (i.e., gross domestic product, number 

of berths, and port network status) that affects the potential development of 

ports. However, to the best of authors knowledge no study has been done to 

analyse the emerging ports in Indian Ocean and Persian Gulf. 
3.0 Methodology 

For Multi-Criteria Decision Making (MCDM) several techniques 
such as AHP, Hybrid MCDM, Aggregation DM method, Analytical Network 
Process (ANP) and, TOPSIS have been used to define objective function 
(Mardani et al., 2015). The main reason behind using TOPSIS is its 
transparency, simplicity, and reliable preference order which can be 
recognized by decision makers (Roszkowska, 2011). In the present study, we 
have used TOPSIS model which was firstly developed by Hwang & Yoon, 
(1981) augmented with entropy weights in order to evaluate the overall 
competitive of emerging ports.   

TOPSIS has been used to identify the factors that affect the 

competitiveness of ports. See for example (Ertuǧrul & Karakaşoǧlu, 2008; 

Hwang, Lai, & Liu, 1993; Kim & Lu, 2016; Kim, 2016; Moon, Kim, & Lee, 2015; 

Shih, Shyur, & Lee, 2007; Supraja & Kousalya, 2016). Several techniques have 

been established with the sophisticated algorithms and propositions in order 

to analyse the MCDM problems. However, the objective of this study is to 

analyse the emerging ports in the region to provide an insight for the decision 

makers and managers to design the logistics strategies in the region.    

The underlying concept of TOPSIS is ranking of the alternatives 

based on shortest distance from a Positive Ideal Solution (PIS) and longest 

distance from a Negative-Ideal Solution (NIS) (Wang, 2011). Figure 2 presents 

the calculation procedure of the TOPSIS methodology. Firstly, the objective 

and relevant attributes of the objective (in this case, port throughput, 

infrastructure, and performance) are decided. Afterwards, a decision matrix 

with n rows and m columns is developed as shown in equation 1. Each row 

of the matrix represents a port and each column an attribute. 

DM=(
𝑞11  𝑞12 ⋯ 𝑞1𝑚

⋮ ⋱ ⋮
𝑞𝑛1  𝑞𝑛2 ⋯ 𝑞𝑛𝑚

)      (1) 
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Figure 2: 

Hierarchal 

Structure of 

TOPSIS 

Methodology 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A normalized decision matrix is derived to transform dimensional attributes 

into non-dimensional attributes. 

NDMij=[
𝑞𝑖𝑗

[∑ 𝑞𝑖𝑗
2𝑛

𝑖=1 ]
1/2]               (2) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The “Entropy Weight Method” is adopted to determine the weight of each 

criterion (Kumar, Bilga, & Singh, 2017). 

EMij={

𝑞𝑖𝑗

𝑀𝐴𝑋 {𝑞𝑖𝑗}
𝑗
 
∶ 𝑓𝑜𝑟 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑎

𝑞𝑖𝑗 

𝑀𝐼𝑁{𝑞𝑖𝑗}
𝑗

∶ 𝑓𝑜𝑟 𝑚𝑖𝑛𝑖𝑚𝑢𝑚 𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑎
                     (3) 

The decision matrix is normalized using equation (3), while Pij in equation (4) 

defines the probability of criteria. The Entropy value (Ej) of jth criteria is 

determined using equation (5). 

Pij=
𝐸𝑀𝑖𝑗

∑ 𝐸𝑀𝑖𝑗
𝑛
𝑖=1

                                              (4)                                           

Ej=-P∑ 𝑃𝑖𝑗 log𝑒(𝑃𝑖𝑗)
𝑛
𝑖=1                               (5) 

Here, P=
1

log𝑒(𝑛)
 is the constant term and its value ranges between 0 ≤ 𝐸𝑖𝑗 ≤ 1 while n denotes 

the number of ports (alternatives). The degree of divergence (𝑑𝑖𝑣𝑗) of average information 

enclosed by each response is shown in equation (6) and weights (EWj) of of jth criteria by the  
equation (7). 
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 𝑑𝑖𝑣𝑗=|1-Ej|                                                      (6) 

EWj=
𝑑𝑖𝑣𝑗

∑ 𝑑𝑖𝑣𝑗
𝑚
𝑗=1

                                                                    (7) 

The weighted normalized matrix is constructed using equation 8. 
𝑍𝑖𝑗 =  [EWj × NDMij]                                                   (8) 

The PIS and NIS is then obtained by using equation 9 and 10, respectively. 

𝑍𝐽
+ = {𝑏𝑒𝑠𝑡 (𝑍𝑖𝑗)}

𝑖=1

𝑛
 

Z+ = {𝑍1
+, 𝑍2

+, … . . , 𝑍𝑗
+, … , 𝑍𝑚

+   }                                     (9)   

𝑍𝐽′
− = {𝑤𝑜𝑟𝑠𝑡 (𝑍𝑖𝑗′)}

𝑖=1

𝑛
 

Z- = {𝑍1
−, 𝑍2

−, … . . , 𝑍𝑗′
−, … , 𝑍𝑚′

−   }                                   (10) 

Where, j= {1, 2, ……, m} are associated with beneficial attributes and j’= {1, 

2, ……, m’} are associated with non-beneficial attributes. It is the maximum 

or minimum value for the particular attribute out of all the values of the 

specific attribute. The separation measure between alternatives is 

calculated by Euclidean distances (i.e. 𝐒𝐞𝐩𝐢
+ and 𝐒𝐞𝐩𝐢

−) using equation 11 

and 12, respectively.  

  𝑆𝑒𝑝𝑖
+ = {∑ (𝑍𝑖𝑗 −  𝑍𝐽

+)
2𝑚

𝑗=1 }
0.5

                           (11)            

 𝑆𝑒𝑝𝑖
− = {∑ (𝑍𝑖𝑗 − 𝑍𝑗′

−)
2𝑚′

𝑗′=1 }
0.5

                 (12)     

   
Finally, the relative closeness RCi of the alternatives from the ideal solution is obtained from 

which the alternatives are ranked using equation 13. 

  𝑅𝐶𝑖 =
𝑆𝑒𝑝𝑖

−

𝑆𝑒𝑝𝑖
++𝑆𝑒𝑝𝑖

−                                                     (13) 

Figure. 3, shows the holistic approach of the methodology used for 

the analysis of the ports. The competitiveness is evaluated based on three 

major criteria, i.e. throughput, physical, and performance which are further 

divided into thirteen sub criteria. TOPSIS integrated with entropy weight 

method is applied on each major criterion in order to gain the relative 

closeness matrix of each criteria. For the overall competitiveness, the relative 

closeness matrices of all the major criteria is considered as a decision matrix 

and TOPSIS augmented with entropy weight method is applied to get more 

precise results. The use of two stage approach showed better results as 

compared to the conventional way of applying TOPSIS. 
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Table 2: 

Classification of 

relevant 

researches with 

respect to 

Evaluated 

Criteria. 
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Figure 3: 

Flow chart of 

proposed 

methodology. 
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Table 3:  

Ports criterion 

data for 

competitiveness 

evaluation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Data Collection 
Relevant literature was reviewed to extract the significant factors for ports 

competitiveness evaluation. Data were collected through official sources for 
all the considered ports based on the year 2019. As the considered ports are 
of emerging economies, therefore, selection criteria are limited due to 
unavailability of data. Table 3 presents the data of each criteria and sub-
criteria used for the case study.   
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Table 4:  

Entropy 

Weights for Sub 

Criterion 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5: 

Entropy 

Weights for 

Major Criteria 

 

 

 
5. Results and Discussion 

Initially, each criterion is evaluated individually using TOPSIS 
augmented with entropy weight method and finally the overall 
competitiveness is evaluated by using the TOPSIS entropy methodology. 

5.1 Analysis for Port Competitiveness with respect to Major Criterion:  

Based on collected data, weights for all sub-criteria are calculated using 
equation 5 and are presented in Table 4.   

 

Major criteria Sub criteria Entropy weight 

Throughput 

criteria 

Throughput 0.64 

Throughput Increase/Decrease rate 0.36 

Physical 

criteria 

Total Berth length 0.11 

Total Land Area (km2) 0.04 

Average Depth (m) 0.29 

Overall Covered Storage Area (km2) 0.01 

Length of dock (km) 0.17 

Quay Length (km) 0.12 

Total no. of cranes 0.26 

Performance 

criteria 

Commercial Vessels Call per Year 0.43 

Average Container dwell time (Days) 0.38 

Gross crane rate (GCR) 0.03 

Terminal cargo handling charges 0.16 

 

The sub-criteria weights are then used to perform TOPSIS for each criterion 

with the help of equation 8-13 in order to evaluate the relative closeness of 

the alternatives.  

5.2 Ports Overall Competitiveness 

On the basis of results obtained from section 5.1, a new 15×3 decision 

matrix is created. The combined decision matrix that contains the relative 

closeness of throughput, physical, and performance criteria were again 

analysed using TOPSIS methodology. Table 5 shows the weights for major 

criteria used to evaluate the overall competitiveness of ports. It shows that 

amongst throughput, physical infrastructure, and performance, 

throughput contains the highest weight of 0.40 with performance and 

physical infrastructure consisting of 0.34 and 0.26 respectively. 

 

Major criteria Entropy weight 

Throughput Criteria 0.41 

Physical Criteria 0.43 

Performance Criteria 0.16 
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Table 6: 

Relative 

Closeness Index 

of ports for 

Major criteria 

 

 

 

 

 

 

 

 

 

 

 

 

After calculating weights for each criterion, the entropy weight 

matrix is formed using equation 4 and 5. Based on the entropy weight 

calculation, the positive and negative ideal solution for each criterion is 

determined. The separation measures for each port are evaluated on the 

account of PIS and NIS values. Finally, the competitiveness of all ports with 

respect to the major criterion is ranked to the relative closeness matrix 

obtained from step 9 of Figure 3 and shown in Table 6. 

The results indicated that, while evaluating port throughput 

criteria, Colombo is the highest ranked port with a relative closeness index 

(RCI) of 0.95. The port provided the highest container throughput in the 

years 2018 and 2019. Moreover, Jawaharlal Nehru and Mundra ranked 

second and third respectively. However, Khor Fakhan ranked lowest with 

0.15. In contrast, Karachi Port ranked ninth with RCI of 0.32. 

Like port throughput, Jawaharlal Nehru Port ranked 1st (i.e. 

RCI=0.56) in physical competitiveness ranking with Jeddah in second and 

Dammam in third respectively. The ports developed preeminent 

infrastructure to port users, reducing port congestion and lead time. Due 

to the initial stages of development, Chittagong ranked lowest with RCI of 

0.05. In contrast, Karachi Port ranked 7th in port physical infrastructure 

criteria because of limited resources and comparatively less development 

initiatives and expansion of port in recent years. 

 

Unlike other criterion, the results show that Port of Alexandria ranked 1st 

amongst its regional emerging ports in port performance parameter. The 

port provides 5923 commercial vessels call per year, with the average 

container dwell time of approximately 5.5 days, gross crane rate (GCR) of 36 

and minimum terminal handling charges. It offers good service level to the 

shippers and port users by providing quick access to berths and reducing 

dwell and turnaround time for the ships. This allows an increase in port 

Ports 
Throughput 

criteria 

Physical 

criteria 

Performance 

criteria 

Overall port 

competitiveness 

Alexandria 0.25 0.27 0.79 0.54 

Chennai 0.27 0.14 0.46 0.37 

Chittagong 0.36 0.05 0.27 0.22 

Colombo 0.95 0.08 0.44 0.49 

Dammam (king Abdul Aziz) 0.23 0.39 0.15 0.35 

Jeddah 0.60 0.46 0.28 0.57 

Karachi 0.32 0.15 0.44 0.36 

Jawaharlal Nehru  0.73 0.56 0.38 0.72 

Mundra 0.63 0.14 0.40 0.43 

Port said 0.39 0.17 0.32 0.32 

Salalah 0.58 0.24 0.49 0.52 

Shahid Rajaee (Bandar Abbas) 0.38 0.12 0.21 0.20 

Sharjah (Khor Fakhan) 0.15 0.13 0.29 0.23 
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throughput and reduction in overall operating cost. However, port of 

Dammam ranked lowest in the ranking with RCI of 0.15. Karachi, on the 

other hand, ranked 5th in number due to conventional port performance. In 

terms of scale from 1-13, Jawaharlal Nehru (Mumbai) Port is considered to 

be the top-ranked port amongst its neighbouring emerging ports with an 

overall relative closeness index of 0.72. Whereas, the Bandar Abbas ranked 

lowest among the considered ports. 

From the results obtained above, Jawaharlal Nehru Port ranked 

highest in overall competitiveness evaluation with the highest ranking in 

physical criteria and second highest in the throughput. However, port of 

Jeddah ranked second in the overall performance with better ranking in 

physical criteria after Jawaharlal Nehru port. Port of Jeddah ranked 4th in 

throughput and 10th in performance criteria. On contrary, according to 

Lloyd’s list of top 100 ports, Jawaharlal Nehru Port ranked 2nd and Port of 

Jeddah ranked 4th. This difference in the results clearly indicates that 

throughput alone cannot be considered as a performance measure of ports. 

Other factors also effect the overall performance efficiency and productivity 

of ports. 

As far as Karachi Port is concerned, it obtained 8th position in overall 

competitiveness with appreciable throughput and performance 

competitiveness. The results highlighted that the major limitation of Karachi 

Port amongst its competitors is its overdue infrastructure development. 

According to Karachi Port Trust, 2019, Karachi Port is only operating at 45% 

of its operational capacity. Moreover, Karachi Port ranked 83rd in world 

ranking due to slight increment in the container throughput rate. The 

deviance in the results can be ascribed to increasing the competitiveness of 

ports by the decision makers. 

6. Conclusion 

This study aims to evaluate the competitiveness of Karachi Port amongst its 

neighbouring emerging ports in the Persian Gulf, the Arabian Sea, and the 

Indian Ocean. TOPSIS augmented with entropy weight is widely used to 

evaluate the competitiveness of ports on the basis of the established criterion 

in literature. The study revealed that Lloyd’s top 100 port ranking, ranked 

Colombo port 1st amongst other considered ports as shown in Figure 4. 

However, during the evaluation of overall competitiveness ranking index, 

Colombo Port stands at number thirteen. This results strongly suggests that 

throughput criteria alone cannot be reliable for ranking the ports as it 

ultimately effects the port’s operations and business activities, especially in 

the developing regions. Similarly, Karachi Port ranked 11th in international 

ranking, however, results obtained from overall competitiveness placed 

Karachi Port at 7. The results also highlighted that port performance and 

throughput played a significant role in the overall competitiveness. 
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Figure 1: 

Comparison of 

Lloyd’s and 

Calculated 

Ports Ranking 

 

 

 

 

 

 

 

However, performance and throughput cannot be achieved without having 

a proper physical infrastructure. 

This study is unique in the context of analysing Karachi Port and its 

neighbouring emerging ports using TOPSIS and entropy weight method. 

Moreover, no such study known to authors’ knowledge has been conducted 

so far, that compares Lloyd’s Top 100 port ranking. It is adopted by the world 

shipping council with the ranking attained by adding different decision-

making parameters. As it is established from the results that these 

parameters play a pivotal role for the port, not only to identify competitive 

advantage over other ports but also allows the port to strategically analyse 

itself to compete in the region for achieving a good share in the global 

market.  

Karachi Port increased its operational efficiency in recent years, in 

order to compete with its neighbouring ports. The port is in long due for an 

upgradation and modernization of physical infrastructure, in order to 

compete with its neighbouring emerging ports. The difference between the 

rankings highlights that the evaluation of port competitiveness considered 

by the decision-makers should be more comprehensive. It not only effects 

the global trade but also limits the business and economic development of 

emerging economies. 

 

 

 

 

 

1
2

3
4

5
6

7
8

9
10

0 0 0

5

1

6

2

4

10

12

8

13

11

3

9

7

0

2

4

6

8

10

12

14

R
an

ki
n

g

Port

Lloyd's Ranking 2019 Calculated Ranking



 

 

 

 

 

 

 

 

NBR 

1,1 

 
 

 

 

Page 27 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Author Contributions: 
R. A. Liaqait: Literature Search and Review, Data Collection, Modelling and Manuscript Writing. 

M. H. Agha: Content Planning, Literature Search and Review, Data Collection, Manuscript Writing and 

Editing. 

T. Becker: Review, Data Collection, and Manuscript Writing. 

S. S. Warsi: Modelling and Manuscript Writing 
 

References:  
Ali, L., Shah, S. J., BiBi, K., khan, S., Mi, J., & Shah, M. (2017). The Potential Socio-Economic Impact of 

China Pakistan Economic Corridor. Asian Development Policy Review, 5(4), 191–198. 

https://doi.org/10.18488/journal.107.2017.54.191.198 

Ali, W., Gang, L., & Raza, M. (2016). China-Pakistan Economic Corridor: Current Developments and 

Future Prospect for Regional Integration. International Journal of Research, 3(10), 210–222. 

Almawsheki, E. S., & Shah, M. Z. (2015). Technical Efficiency Analysis of Container Terminals in the 

Middle Eastern Region. The Asian Journal of Shipping and Logistics, 31(4), 477–486. 

https://doi.org/10.1016/j.ajsl.2016.01.006 

Ashrafi, M., Acciaro, M., Walker, T. R., Magnan, G. M., & Adams, M. (2019). Corporate sustainability in 

Canadian and US maritime ports. Journal of Cleaner Production, 220(February), 386–397. 

https://doi.org/10.1016/j.jclepro.2019.02.098 

Cai, P. (2017). Understanding China’s Belt and Road Initiative. Lowy Institute. Retrieved from 

https://www.lowyinstitute.org/sites/default/files/documents/Understanding China’s Belt and Road 

Initiative_WEB_1.pdf 

Chang, Y. T., Lee, S. Y., & Tongzon, J. L. (2008). Port selection factors by shipping lines: Different 

perspectives between trunk liners and feeder service providers. Marine Policy, 32(6), 877–885. 

https://doi.org/10.1016/j.marpol.2008.01.003 

Chen, S. L., Jeevan, J., & Cahoon, S. (2016). Malaysian Container Seaport-Hinterland Connectivity: Status, 

Challenges and Strategies. Asian Journal of Shipping and Logistics, 32(3), 127–138. 

https://doi.org/10.1016/j.ajsl.2016.09.001 

Cheon, S. H., Dowall, D. E., & Song, D. W. (2010). Evaluating impacts of institutional reforms on port 

efficiency changes: Ownership, corporate structure, and total factor productivity changes of world 

container ports. Transportation Research Part E: Logistics and Transportation Review, 46(4), 546–561. 

https://doi.org/10.1016/j.tre.2009.04.001 

Chow, I. C., & Chang, C. H. (2011). Additional costing equations for jointly-operated container shipping 

services to measure the effects of variations in fuel and vessel hire costs. Asian Journal of Shipping 

and Logistics, 27(2), 305–330. https://doi.org/10.1016/S2092-5212(11)80014-3 

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 

De Martino, M., Errichiello, L., Marasco, A., & Morvillo, A. (2013). Logistics innovation in Seaports: An 

inter-organizational perspective. Research in Transportation Business and Management, 8, 123–133. 

https://doi.org/10.1016/j.rtbm.2013.05.001 

Dossou, T. A. (2018). The impact of China’s one belt one road Initiative in Africa: the Evidence from 

Kenya. 

Dutra, A., Ripoll-feliu, V. M., Ensslin, S. R., Ensslin, L., Rogerio, L., & Gonçalves, P. (2015). Opportunities 

for research on evaluation of seaport performance: a systemic analysis from international literature. 

African Journal of Business Management, 9(20), 704–717. https://doi.org/10.5897/AJBM2015.7833 

Dyck, G. K. Van. (2015). Assessment of Port Efficiency in West Africa Using Data Envelopment Analysis. 

American Journal of Industrial and Business Management, 5(April), 208–218. 

https://doi.org/10.4236/ajibm.2015.54023 

Elbeih, S. F., Elkafrawy, S. B., & Attia, W. (2019). Multi-criteria Site Selection and Assessment of Ports in 

the Northwestern Coast of Egypt: A remote sensing and GIS approach. International Journal of 

Environmental Science and Development, 10(10), 310–320. https://doi.org/10.18178/ijesd.2019.10.10.1192 

Ertuǧrul, I., & Karakaşoǧlu, N. (2008). Comparison of fuzzy AHP and fuzzy TOPSIS methods for facility 

location selection. International Journal of Advanced Manufacturing Technology, 39(7–8), 783–795. 

https://doi.org/10.1007/s00170-007-1249-8 

Esmer, S. (2008). Performance Measurements of Container Terminal Operations. Dokuz Eylul University 

Journal of Graduate School of Social Sciences, 10(1), 238–255. Retrieved from 

http://www.arastirmax.com/system/files/dergiler/591/makaleler/10/1/arastirmax_8510_pp_238-

255.pdf 

 



 

 

 

 

 

 

 

 

NBR 

1,1 

 

 

 

 

Page 28 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

Flor, L., & Defilippi, E. (2003). Port Infrastructure: An access model for the essential facility. Maritime 

Economics and Logistics, 5(2), 158–178. https://doi.org/10.1057/palgrave.mel.9100075 

Fung, M. K., Cheng, L. K., & Qiu, L. D. (2003). The impact of terminal handling charges on overall 

shipping charges: An empirical study. Transportation Research Part A: Policy and Practice, 37(8), 703–

716. https://doi.org/10.1016/S0965-8564(03)00026-0 

Gengyong, Ynuqi, Z., & Wangyi. (2012). Evaluation and Strategic Thinking of Port Logistics 

Competitiveness in China: logistics infrastructure network’ perspectives. Central University of 

Finance and Economics, 16. Retrieved from http://www.fas.nus.edu.sg/ecs/events/pe2011/Geng.pdf 

Gohomene, D. A., Yang, Z. l., Bonsal, S., Maistralis, E., Wang, J., & Li, K. X. (2016). The Attractiveness of 

Ports in West Africa: Some Lessons from Shipping Lines’ Port Selection. Growth and Change, 47(3), 

416–426. https://doi.org/10.1111/grow.12133 

Gunasekara, H., & Bandara, Y. (2018). Assessing Impact of Concessionaires on Sea Ports. 2018 Moratuwa 

Engineering Research Conference (MERCon), 276–281. 

https://doi.org/https://doi.org/10.1109/MERCon.2018.8421931 

Ha, M.-H., Yang, Z., & Lam, J. (2018). Port performance in container transport logistics: A multi-

stakeholder perspective. Transport Policy, 73, 25–40. 

Hung, S. W., Lu, W. M., & Wang, T. P. (2010). Benchmarking the operating efficiency of Asia container 

ports. European Journal of Operational Research, 203(3), 706–713. 

https://doi.org/10.1016/j.ejor.2009.09.005 

Hwang, C.-L., Lai, Y.-J., & Liu, T.-Y. (1993). A new approach for multiple objective decision making. 

Computers & Operations Research, 20(8), 889–899. https://doi.org/10.1016/0305-0548(93)90109-V 

Hwang, C. L. (Ching-L., & Yoon, K. (1981). Multiple attribute decision making : methods and applications : a 

state-of-the-art survey. Berlin ;New York: Springer-Verlag. https://doi.org/https://doi.org/10.1007/978-

3-642-48318-9 

Imai, A., Nishimura, E., & Papadimitriou, S. (2001). The dynamic berth allocation problem for a container 

port. Transportation Research Part B: Methodological, 35(4), 401–417. https://doi.org/10.1016/S0191-

2615(99)00057-0 

Imai, A., Nishimura, E., & Papadimitriou, S. (2013). Marine container terminal configurations for efficient 

handling of mega-containerships. Transportation Research Part E: Logistics and Transportation Review, 

49(1), 141–158. https://doi.org/10.1016/j.tre.2012.07.006 

Jovic, M., Kavran, N., Aksentijevic, S., & Tijan, E. (2019). The transition of Croatian seaports into smart 

ports. 2019 42nd International Convention on Information and Communication Technology, Electronics and 

Microelectronics, MIPRO 2019 - Proceedings, 1386–1390. https://doi.org/10.23919/MIPRO.2019.8757111 

Kaliszewski, A., Kozłowski, A., Dąbrowski, J., & Klimek, H. (2020). Key factors of container port 

competitiveness: A global shipping lines perspective. Marine Policy, 117(September 2019). 

https://doi.org/10.1016/j.marpol.2020.103896 

Karachi Port Trust. (n.d.). Retrieved August 31, 2017, from http://kpt.gov.pk/pages/default.aspx?id=39 

Kim, A.-R., & Lu, J. (2016). A Study on the Evaluation of Port Competitiveness in Busan Port and Shanghai 

Port. OALib, 03(04), 1–8. https://doi.org/10.4236/oalib.1102623 

Kim, A. R. (2016). A Study on Competitiveness Analysis of Ports in Korea and China by Entropy Weight 

TOPSIS. Asian Journal of Shipping and Logistics, 32(4), 187–194. 

https://doi.org/10.1016/j.ajsl.2016.12.001 

Kumar, R., Bilga, P. S., & Singh, S. (2017). Multi objective optimization using different methods of 

assigning weights to energy consumption responses, surface roughness and material removal rate 

during rough turning operation. Journal of Cleaner Production, 164, 45–57. 

https://doi.org/10.1016/j.jclepro.2017.06.077 

Kuo, K. C., Lu, W. M., & Le, M. H. (2020). Exploring the performance and competitiveness of Vietnam port 

industry using DEA. Asian Journal of Shipping and Logistics, 1–9. 

https://doi.org/10.1016/j.ajsl.2020.01.002 

Langen, P. W. De. (2007). Port competition and selection in contestable hinterlands ; the case of Austria. 

European Journal of Transport and Infrastructure Research, 1(7), 1–14. 

Lee, P. T. W., Hu, Z. H., Lee, S. J., Choi, K. S., & Shin, S. H. (2018). Research trends and agenda on the Belt 

and Road (B&R) initiative with a focus on maritime transport. Maritime Policy and Management, 

45(3), 282–300. https://doi.org/10.1080/03088839.2017.1400189 

Li, J. Bin, & Oh, Y. S. (2010). A research on competition and cooperation between shanghai port and 

ningbo-zhoushan port. Asian Journal of Shipping and Logistics, 26(1), 67–92. 

https://doi.org/10.1016/S2092-5212(10)80012-4 

Liaqait, R. A., Agha, M. H., & Becker, T. (2019). Evaluation of the China Pakistan Economic Corridor Road 

Network : Shortest Route , Regional Distribution , and Robustness. Nust Business Review, 1(1), 1–43. 

 



 

 

 

 

 

 

 

NBR 

1,1 

 

 

 

 

Page 29 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Liu, L., & Park, G. K. (2011). Empirical analysis of influence factors to container throughput in Korea 

and China ports. Asian Journal of Shipping and Logistics, 27(2), 279–304. 

https://doi.org/10.1016/S2092-5212(11)80013-1 
Llyod’s List. (2019). One Hundred Container Ports 2019 :: Lloyd’s List. Retrieved April 15, 2020, from 

https://lloydslist.maritimeintelligence.informa.com/one-hundred-container-ports-2019#ranking 

Ma, Q., Wang, W., Peng, Y., & Song, X. (2018). A two-stage stochastic optimization model for port cold 

storage capacity allocation considering pelagic fishery yield uncertainties. Engineering Optimization, 

0273, 1–15. https://doi.org/10.1080/0305215X.2017.1418338 

Mardani, A., Jusoh, A., Nor, K. M. D., Khalifah, Z., Zakwan, N., & Valipour, A. (2015). Multiple criteria 

decision-making techniques and their applications - A review of the literature from 2000 to 2014. 

Economic Research-Ekonomska Istrazivanja, 28(1), 516–571. 

https://doi.org/10.1080/1331677X.2015.1075139 

McIntosh, R. D., & Becker, A. (2019). Expert evaluation of open-data indicators of seaport vulnerability to 

climate and extreme weather impacts for U.S. North Atlantic ports. Ocean and Coastal Management, 

180(August). https://doi.org/10.1016/j.ocecoaman.2019.104911 

Merk, O., & Hesse, M. (2012). The Competitiveness of Global Port-Cities: The Case of Hamburg, Germany (No. 

2012/06). Paris: OECD Publishing. https://doi.org/10.1787/5K97G3HM1GVK-EN 

Moon, D. S., Kim, D. J., & Lee, E. K. (2015). A study on competitiveness of sea transport by comparing 

international transport routes between Korea and EU. Asian Journal of Shipping and Logistics, 31(1), 

1–20. https://doi.org/10.1016/j.ajsl.2015.03.001 

Mou, N., Wang, C., Yang, T., & Zhang, L. (2020). Evaluation of development potential of ports in the 

yangtze river delta using FAHP-entropy model. Sustainability (Switzerland), 12(2). 

https://doi.org/10.3390/su12020493 

Ng, W. C., & Mak, K. L. (2005). Yard crane scheduling in port container terminals. Applied Mathematical 

Modelling, 29(3), 263–276. https://doi.org/10.1016/j.apm.2004.09.009 

Pagano, A. M., Wang, G. W. Y., Sánchez, O. V., & Ungo, R. (2013). Impact of privatization on port 

efficiency and effectiveness: Results from Panama and US ports. Maritime Policy and Management, 

40(2), 100–115. https://doi.org/10.1080/03088839.2012.756589 

Peng, P., Yang, Y., Lu, F., Cheng, S., Mou, N., & Yang, R. (2018). Modelling the competitiveness of the 

ports along the Maritime Silk Road with big data. Transportation Research Part A: Policy and Practice, 

118(August), 852–867. https://doi.org/10.1016/j.tra.2018.10.041 

Qu, Z., Wan, C., Yang, Z., & Lee, P. T. (2018). Multi-Criteria Decision Making in Maritime Studies and 

Logistics. Multi-Criteria Decision Making in Maritime Studies and Logistics (Vol. 260). 

https://doi.org/10.1007/978-3-319-62338-2 

Ren, J., Dong, L., & Sun, L. (2018a). Competitiveness prioritisation of container ports in Asia under the 

background of China’s Belt and Road initiative. Transport Reviews, 38(4), 436–456. 

https://doi.org/10.1080/01441647.2018.1451407 

Ren, J., Dong, L., & Sun, L. (2018b). Competitiveness prioritisation of container ports in Asia under the 

background of China’s Belt and Road initiative. Transport Reviews, 38(4), 436–456. 

https://doi.org/10.1080/01441647.2018.1451407 

Rezaei, J., van Wulfften Palthe, L., Tavasszy, L., Wiegmans, B., & van der Laan, F. (2019). Port performance 

measurement in the context of port choice: an MCDA approach. Management Decision, 57(2), 396–

417. https://doi.org/10.1108/MD-04-2018-0482 

Roszkowska, E. (2011). Multi-Criteria Decision-Making Models By Applying The Topsis Method to Crisp and 

Interval Data. Quality Progress (Vol. 27). https://doi.org/10.5117/mab.67.13669 

Saeed, N. (2009). An analysis of carriers’ selection criteria when choosing container terminals in Pakistan. 

Maritime Economics & Logistics, 11(3), 270–288. https://doi.org/10.1057/mel.2009.8 

Sayareh, J., & Alizmini, H. R. (2014). A hybrid decision-making model for selecting container seaport in the 

persian gulf. Asian Journal of Shipping and Logistics, 30(1), 75–95. 

https://doi.org/10.1016/j.ajsl.2014.04.004 

Shih, H., Shyur, H., & Lee, E. S. (2007). An extension of TOPSIS for group decision making. Mathrmatical 

and Computer Modelling, 45, 801–813. https://doi.org/10.1016/j.mcm.2006.03.023 

Song, B., & Cui, Y. (2014). Productivity changes in Chinese Container Terminals 2006-2011. Transport 

Policy, 35, 377–384. https://doi.org/10.1016/j.tranpol.2014.04.011 

Supraja, S., & Kousalya, P. (2016). A comparative study by AHP and TOPSIS for the selection of all round 

excellence award. International Conference on Electrical, Electronics, and Optimization Techniques, 

ICEEOT 2016, 314–319. https://doi.org/10.1109/ICEEOT.2016.7755271 

Tetteh, E. A., Yang, H. L., & Gomina Mama, F. (2016). Container Ports Throughput Analysis: A 

Comparative Evaluation of China and Five West African Countries’ Seaports Efficiencies.  

 



 

 
 

 

 

 

 

 

NBR 

1,1 

 

 

 

 

Page 31 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

International Journal of Engineering Research in Africa, 22(February), 162–173. 

https://doi.org/10.4028/www.scientific.net/JERA.22.162 

Tongzon, J. (2001). Efficiency measurement of selected Australian and other international ports using data 

envelopment analysis. Transportation Research Part A: Policy and Practice, 35(2), 107–122. 

https://doi.org/10.1016/S0965-8564(99)00049-X 

van Dyck, G. K., & Ismael, H. M. (2015). Multi-Criteria Evaluation of Port Competitiveness in West Africa 

Using Analytic Hierarchy Process (AHP). American Journal of Industrial and Business Management, 

05(06), 432–446. https://doi.org/10.4236/ajibm.2015.56043 

Vega, L., Cantillo, V., & Arellana, J. (2019). Assessing the impact of major infrastructure projects on port 

choice decision: The Colombian case. Transportation Research Part A: Policy and Practice, 120(June 

2020), 132–148. https://doi.org/10.1016/j.tra.2018.12.021 

Veldman, S. J., Bückmann, E. H., & Saitua, R. N. (2005). River depth and container port market shares: The 

impact of deepening the Scheldt River on the West European container hub-port market shares. 

Maritime Economics and Logistics, 7(4), 336–355. https://doi.org/10.1057/palgrave.mel.9100142 

Wahyuni, S., Taufik, A. A., & Hui, F. K. P. (2020). Exploring key variables of port 

competitiveness: evidence from Indonesian ports. Competitiveness Review. 

https://doi.org/10.1108/CR-11-2018-0077 
Wan, C., Zhang, D., Yan, X., & Yang, Z. (2017). A novel model for the quantitative evaluation of green port 

development - A case study of major ports in China. Transportation Research Part D: Transport and 

Environment. https://doi.org/10.1016/j.trd.2017.06.021 

Wang, Y. J. (2011). Fuzzy multi-criteria decision-making based on positive and negative extreme solutions. 

Applied Mathematical Modelling, 35(4), 1994–2004. https://doi.org/10.1016/j.apm.2010.11.011 

Wei, H., Sheng, Z., & Lee, P. T. W. (2018). The role of dry port in hub-and-spoke network under Belt and 

Road Initiative. Maritime Policy and Management, 45(3), 370–387. 

https://doi.org/10.1080/03088839.2017.1396505 

Wendler-Bosco, V., & Nicholson, C. (2019). Port disruption impact on the maritime supply chain: a 

literature review. Sustainable and Resilient Infrastructure, 00(00), 1–17. 

https://doi.org/10.1080/23789689.2019.1600961 

Yeo, G. T., Roe, M., & Dinwoodie, J. (2008). Evaluating the competitiveness of container ports in 

Korea and China. Transportation Research Part A: Policy and Practice, 42(6), 910–921. 

https://doi.org/10.1016/j.tra.2008.01.014 

Yeo, H. J. (2010). Competitiveness of asian container terminals. Asian Journal of Shipping and Logistics, 

26(2), 225–246. https://doi.org/10.1016/S2092-5212(10)80003-3 

Yu, H., Ge, Y.-E., Chen, J., Luo, L., Liu, D., & Tan, C. (2018). Incorporating container location 

dispersion into evaluating GCR performance at a transhipment terminal. Maritime Policy and 

Management, 45(6), 770–786. https://doi.org/10.1080/03088839.2017.1410243 

Yu, X., Tang, G., Guo, Z., Song, X., & Yu, J. (2018). Performance Comparison of Real-Time Yard Crane 

Dispatching Strategies at Nontransshipment Container Terminals. Mathematical Problems in 

Engineering, 2018, 15. https://doi.org/10.1155/2018/5401710 

Zheng, S., Ge, Y. E., Fu, X., Nie (Marco), Y., & Xie, C. (2017). Modeling collusion-proof port emission 

regulation of cargo-handling activities under incomplete information. Transportation Research 

Part B: Methodological, 104, 543–567. https://doi.org/10.1016/j.trb.2017.04.015 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
 

 

 

 

 

 

 

 

NBR 

1,1 

 
 

 

 

Page 32 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

About the Authors 

Raja Awais Liaqait 

Mr. Raja Awais Liaqait is the MS student of Engineering Management at Capital University of Science and 

Technology, Islamabad. He has his Bachelors in Mechanical Engineering from Muhammad Ali Jinnah 

University, Islamabad campus. His research area focuses on supply chain optimization and logistics 

management of complex networks.  
 

Mujtaba Hassan Agha 

Dr. Mujtaba Hassan Agha is Professor and Head of Department Operations and Supply Chain at NUST 

Business School, National University of Sciences and Technology, Islamabad, Pakistan. He did his PhD in 

Industrial Engineering from Institute National Polytechnique Toulouse (INPT), University of Toulouse 

(France). His teaching and research areas of interest are Production & Logistics Systems, Supply Chain 

Management and Energy Management. 
 

Till Becker 

Dr. Till Becker is Professor of Information Systems at the University of Applied Sciences Emden/Leer in 

Germany. He obtained his PhD in International Logistics from Jacobs University in Bremen, Germany. His 

research focuses on complex networks in manufacturing and logistics and on the ongoing digitalization in 

industry.  
 

Salman Sagheer Warsi 

Salman Sagheer Warsi is Assistant Professor in Department of Mechanical Engineering, Capital University 

of Science and Technology, Islamabad. He received his PhD in Design and Manufacturing Engineering from 

NUST, Pakistan and Masters in Design, Manufacture Management from University of Durham, UK. His 

research interests focus on sustainability analysis of manufacturing processes and systems design and Email: 

salman.warsi@cust.edu.pk 

 

The Corresponding Author Professor Mujtaba Hassan Agha can be contacted at:  mujtaba.agha@nbs.nust.edu.pk 

 

mailto:mujtaba.agha@nbs.nust.edu.pk


 

 


