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ABSTRACT

This thesis was aimed to, through Data Envelopment Analysis (DEA),

analyze the efficiency and competitive position of Qinzhou Port, compared with the rest

eight ports of containerization in Pan-Beibu Gulf Economic Cooperation (PBGEC)

region. The research innovatively adopt the Charnes, Cooper and Rhodes (CCR) model-

DEA, Banker, Charnes and Cooper (BCC) model-DEA to determine the overall

efficiency, pure technical and scale efficiency, and then the Super Efficiency Model-

DEA has been used to indicate the efficiency ranking of the nine ports in the PBGEC.

The result implies that Qinzhou port exists input redundancy and insufficient output due

to its scale efficiency. Also, Qinzhou port is posed in an inferior position in its

competitiveness. Lastly, suggestions for overcoming such weakness and then enhance

the competitiveness are presented accordingly.
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CHARPTER 1

INTRODUCTION

Background of the Research

As a new sub-regional cooperation project within the frame of China-
Association of Southeast Asian Nations (ASEAN) free trade zone, Pan-Beibu Gulf
Economic Cooperation (PBGEC) has been posed as a hot issue for both China and
ASEAN. ASEAN is a political and economic organization to accelerate economic
growth, social progress, and cultural development and to promote peace and security in
Southeast Asia. There are ten Southeast Asian countries in ASEAN that contain
Vietnam, Philippines, Malaysia, Singapore, Indonesia, Myanmar, Thailand, Cambodia,
Laos and Brunei (Moon, 2016). The PBGEC is a new sub-regional cooperation within
the frame of China- ASEAN free trade area, the economic cooperation region includes
the coastal areas from the Beibu Gulf to the southern sea of China, consists of China
(Chinese provinces Guangxi, Guangdong, Hainan, the Hong Kong and the Macao) and
ASEAN countries. Among the Beibu Gulf and the rest of the South China Sea are
important transportation ways between China and ASEAN, and the trade within this
region is mainly conducted through the Pan-Beibu Gulf (Gu, 20]1). In addition, With
the rapid development of economic globalization and regional economic integration and
much closer China- ASEAN and PBGEC strategic partnership, in 2013, the bilateral
trade volume between Guangxi and ASEAN countries reached 491 million US dollars
with a growth of 61.2% over that of the previous year in 2013. Among Thailand has
been Guangxi’s fifth major trade partner (Forum, 2015). Obviously, PBGEC and
Thailand-Guangxi route have very practical significance for both Thailand and Guangxi.
As an initiative to create the costal industrial areas making full advantages in maritime
transport with neighboring countries, China takes Qinzhou port (see below Figure 1) as
one of gateways for Thailand and Guangxi.

The evaluation of the competitiveness of Qinzhou port is critically important.
From a nation’s perspective, maritime transport becomes very important to the nation’s

integration. Over 90% of international trade is through transporting by sea, and over



60% China-ASEAN trade is through port logistics (Zou, 2012). In order to support trade
oriented economic development, seaports have to improve port competitiveness by
ensuring that seaport services are provided on an international competitive basis
(Tongzon, 2001). Thus, a seaport with strong competitiveness is an important factor to
a nation’s international competitiveness. While, in terms of the significance of sea ports,
Qinzhou Port, in particular, is the only foreign trade container port in Guangxi, the
container hub in Beibu Gulf. From October, 2015, all of foreign trade container routes
of other ports in Guangxi have been transferred to the Qinzhou port except fruit trade
(Daily, 2016). In the past 2015, the throughput of Qinzhou port reached 6.51 million
tons, of which the throughput of container is 0.942 million twenty-foot equivalent unit
(TEU) (sce Qinzhou port throughput in Figure 2). So Qinzhou port is the busiest
container port in Guangxi (Bureau, 2016), which paves the way for the Beibu Gulf port

into an international shipping hub in Southeast Asia.
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Figure 1 Qinzhou Port Location

Source: http://www.thaibizchina.com/thaibizchina/th/china-economic-
business/result.php?SECTION_ID=461&ID=15108, 2016
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Figure 2 Qinzhou Port Throughput 2010-2015

Source: Guangxi Statistical Yearbook, 2011-2015

The Guangxi Zhuang Autonomous Region Bureau of Statistics, 2016

However, evaluation of the container port competitiveness is not an casy casc.
Competitiveness is rather flexible and can be used for numerous different purposes in
basic economic units (company, sector, region, country, and macro-region) (Vukovic,
Jovanovié, & Dukié, 2012). In order to evaluate the seaport competitiveness, one of the
most important instruments to assess seaport competitiveness is the efficiency (Cruz,
2012; Van de Voorde & Winkelmans, 2002). Nevertheless, it should be pointed out that
few studies have been less investigated the competitiveness of Qinzhou port. In
particular, the studies that combined with Data Envelopment Analysis (DEA) method
used in Qinzhou port cannot be found. Therefore, this research is to analyze the
competitiveness of Qinzhou port in DEA method through efficiency. For such purpose,
what are to be compared and analyzed are Qianzhou port and the rest eight ports,
namely, Guangzhou port, Shenzhen port, Zhanjiang port, Zhuhai port within
Guangdong province; Haikou port, Yangpu port within Hainan province; Hong Kong

port and Thailand’s Laem Chabang port.



Figure 3 Location of the Nine Ports

Source: ArcGIS, 2016

Objectives

1. To analyse the efficiency and competitive position of Qinzhou port
compared with the rest eight container ports on Thailand-China maritime route under
PBGEC.

2. To propose suggestions to enhance Qinzhou port competitiveness based on
DEA results.

Importance
With the fast growth of economic and trade cooperation between China and

ASEAN, and increasing cooperation with PBGEC, Qinzhou port is becoming



increasingly important. Therefore, there are many relevant articles about Qinzhou port
have published and some researches and discussions on developing port logistics of
Qinzhou port. However, few studies have been less investigated the competitiveness of
Qinzhou port, especially the academic research that combined with analysis methods
which used in the thesis are even no. Consequently, the research on the port
competitiveness of Qinzhou port is very meaningful.

Moreover, research on the competitiveness of Qinzhou port can be one part to
find the weakness of itself, and knows the gap between other ports, then the port can
adopt a proper strategy to bridge the gaps and develop in a correct direction.

Research on the competitiveness of Qinzhou port can promote the structure
optimization of the port’s organization and improvement on strategizing to strengthen
coordination, communication and control inside a port and promote efficiency and

effectiveness of management.

Scope of Work

Area scope: analyzed from the title and objectives of the thesis, we know that
the research focus on container ports between the maritime route of Thailand and China
in PBGEC region. So the research area is focusing on Thailand, Hong Kong, Guangxi,
Guangdong and Hainan provinces. In these areas, the major container ports of Thailand-
China route in PBGEC region are caused to analyze.

Route and potts scope: the route scope includes maritime routes between
Thailand and China under PBGEC. For this study, nine container ports located in the
PBGEC area are compared and analyzed, namely, Hong Kong port, Guangxi’s Qinzhou
port, Thailand’s Laem Chabang Port, Guangdong’s Guangzhou port, Shenzhen port,

Zhanjiang port, Zhuhai port and Hainan’s Haikou port, Yangpu port.

Term Definition
Competitiveness - Competitiveness is a kind of ability, which at a superficial level is
the ability to allocate and utilize the resource advantages that
competitors cannot, and at a more fundamental level is the
ability to integrate various resources organically, which are the

elements of the enterprises(B. Liu & Liu, 2009).



Port . Ports’ (as independent economic entities) comparative ability

competitiveness against their rivals in occupying market share, creating value
and maintaining healthy development, all these are carried out
in process of configuring, creating and arranging resources to
organically and properly in competing market environment
(Sang, 2006).

Container . A reusable steel rectangular box for carrying cargo that first
came into comnion use about 50 years ago. The sizes of
containers are standardized so that they can easily be moved
between specially adapted containers ships, trains and trucks.
A container may be 20 feet, 40 feet, 45 fect, 48 feet or 53 feet
in length, 8°0” or 8°6” in width, and 8’6 or 9°6” in height.
(Administration, 2008; Council, 2016).

TEU « Twenty-foot Equivalent Unit (20 feet long, 8 feet wide, and 8
feet 6 inches high). A standard unit for measuring containers
and describing a ship’s cargo carrying capacity, or shipping

terminal’s cargo handling capacity (Council, 2016).

Research Framework

Here is the research framework as Figure 4 shows.

Chapter 2 is the literature review from the perspectives of competitiveness,
Thailand-Guangxi logistics, PBGEC as well as the DEA.

Chapter 3 explains the methodology of this research, including research
procedure, input and output variables, data collection, introduction of the DEA models,
model calculation and DEA flow process.

Chapter 4, the data and results are presented through the DEA models.

Chapter 5 gives the suggestions for overcoming weakness and then enhance
the port competiﬁveness. Thereafter, the conclusions and further research are also

presented.
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Notes: DEA: Data Envelopment Analysis; CCR: Charnes, Cooper and Rhodes;
BCC: Banker, Charnes and Cooper



CHARPTER 1I

LITERATURE REVIEWS

The literature review is following an introduction. This chapter is divided into
four sections. Firstly, some relevant concepts in competitiveness is presented. Secondly,
it is a brief review of the current situation of Thailand-Guangxi logistics. Thereafter, an
outline of PBGEC is presented. Finally, the last section will review on the assessment

method applied in port competitiveness.

Competitiveness

Tn order to evaluate port competitiveness, the first was the question of what is
the competitiveness. In the following section, we will first discuss the definition of
competitiveness, then describe about port competitiveness.

1. Definition of Competitiveness

The term “competitiveness” has been discussed during the past decades.
There appears to be no agreement on what competitiveness means. In practice, different
definitions can be envisaged depending on the focus of interest (Begeg, 1999).

For the region, Atkinson (2013) considered the competitiveness as “the
ability of a region to export more in value added terms than it imports”.

For a country, nowadays there are mainly three competitiveness research
have been recognized: Michael Porter’s competitiveness theory, World Economic
Forum (WEF)’s Global Competitiveness Report and International Institute for
Management Development (IMD)’s World Competitiveness Yearbook. Similarly,
competitiveness was defined as productivity. The WEF’s Global Competitiveness
Report defined competitiveness as “the set of institutions, policies, and factors that
determine the level of productivity of a country” (Porter, 1990). The WEF’s Global
Competitiveness Report defined competitiveness as “the set of institutions, policies, and
factors that determine the level of productivity of a country” (Schwab & Sala-i-Martin,
2010). IMD’s World Competitiveness Yearbook defined competitiveness as “the ability
of a nation to create and maintain an environment that sustains more value creation for

its enterprises and more prosperity for its people” (IMD, 2012).



For the enterprise, the United Kingdom government defined
competitiveness as: “the ability to produce the right goods and services of the right
quality, at the right price, at the right time. It means meeting customers’ needs more
efficiently and more effectively than other firms” (DTI, 1995).

Sang’ s master thesis defined industrial competitiveness as: “enterprises’
(as independent economic entities) comparative ability against their rivals in occupying
market share, creating value and maintaining healthy development, all these are carried
out in the process of configuring, creating and arranging resources organically and
properly in a competing market environment” (Sang, 2006).

B. Liu and Liu (2009) considered the competitiveness as “a kind of ability,
which at a superficial level is the ability to allocate and utilize the resource advantages
that competitors cannot, and at a more fundamental level is the ability to integrate
various resources organically, which are the elements of the enterprises”.

Besides the above definition, Castillo-Manzano, Castro-Nuiio, Laxe, Lopez-
Valpuesta, and Teresa Arévalo-Quijada (2009) considered that competitiveness as
“ based on the capacity of a port to create added value, generate a nucleus of business,
and produce productive or industrial activity in the surrounding area”.

However, there were also a standard definition of competitiveness were
offered from European Commission: “competitiveness is the ability of companies,
industries, regions, nations and supra-national regional units to produce with
simultaneous exposure to international competition, relatively high income and high
levels of employment” (Commision, 1999).

Through the above review, it shows that competitiveness is rather flexible
and can be used for numerous different purposes in basic economic units (company,
region, country) (Vukovi¢ et al., 2012). On this issue, this thesis tends to definition of
B. Liu and Liu (2009), “competitiveness is a kind of ability, which at a superficial level is
the ability to allocate and utilize the resource advantages that competitors cannot, and at
a more fundamental level is the ability to integrate various resources organically, which
are the elements of the enterprises”.

2. Port Competitiveness
Similar to definition of competitiveness, there appears to be no agreement

on what port competitiveness means.
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Gu-Tae Yeo and Song (2006) considered that “port competitiveness
provides ship owners, operators and shippers with a significant basis in selecting a
calling-port, port operators can utilize the competitive advantage as a parameter for
counter measures by grasping the advantages and disadvantages of the ports énd be a
prime factor of opportunities and threats of the ports. Also, port competition is a term
commonly used to reflect the current status of the industry; all ports in the world make
their respective efforts to secure and/or maintain a certain level of cargo flow™.

W.-C. Huang, Teng, Huang, and Kou (2003) defined port competitiveness
as “the ability of a port and its vieinity in the creation of value-added™.

Dai and Chen (2006) considered that ports competition can be referred to
“the competitive advantage and capability compared to other ports, in market
occupancy, value creation, and maintaining continuous development, through the
elements assembling, optimizing and interacting with exterior environment”.

Sang (2006) gave a definition of port competitiveness that, “ports’ (as
independent economic entities) comparative ability agéinsf their rivals in occupying
market share, creating value and maintaining healthy development, all these are carried
out in process of configuring, creating and arranging resources. to OI'ganically and
properly in competing'market environment”.

B. Liu and Liu (2009) defined Port competitiveness as “the ability and
opportunity that a port enterprise has to provide high-quality and low-price service for
relative enterprises and industries in the competitive market environment, so as to
achieve the maximum value of port enterprises”. : _

It is shown that port competitiveness is a compliéated concept through above
review. In this thesis, the author agrees with the point of Sang (2006), port
competitiveness as “ports’ (as independent economic entities) comparative ability
against their rivals in pécupying market share, creating value and maintaining healthy
development, all these are carried out in process of conﬁghring, creating_and arranging

resources to organically and propetly in competing market environment”.

Thailand-Guangxi Logistics
With the China-ASEAN and PBG cooperation has made progress in recent

years, Thailand and Guangxi logistics has been developed. In 2013, the bilateral trade
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volume between Guangxi and ASEAN countries reached 491 million US dollars with a
growth of 61.2% over that of the previous year. Thailand ranks fifth in Guangxi-ASEAN
trade (Forum, 2015).

The Guangxi government pays high attention to the relationship with ASEAN
countries. Guangxi plays a vei'y active role at promoting PBGEC, the Greater Mekong
Sub-regional Cooperation, etc. In order to promote the economy and trade development,
the culture and education exchange with ASEAN countries, the Guangxi government
perfects the transportation infrastructure construction and logistics supporting actively.
Below are some conditions of the logistics between Guangxi and Thailand.

Road: China and Thailand agreed to enhance road transport, especially on the
Route 9 Highway linking Mukdahan province, Laos, Vietnam and Southern China, and
the Route 12 Highway linking Nakhon Phanom, Laos, Vietnam and Southern China
(Deparment, 2015). China is ready to facilitate transport of Thai farm exports like fruits
and rice on the two highways (Review, 2009). At the same time, building another
Nanning-Bangkok route has been discussed among the countries of Vietnam, Laos,
Thailand and China. It will be another more convenient land route about 1600kms from
Nanning=Youyi Guan-Hanoi-Muzhou (No. 6 highway)-Sam Nuua (Laos)-Xieng
Khouang-Vientiane-Nong Khai-Khon Kaen-Bangkok (Hu, n.d.). The route connectivity
as shown in the Figure 5.

Railway: as shown in Figure 6, all the ASEAN countries reached a consensus
to build the Trans-Asian Railway on the ASEAN-Mekong Basin Develop Cooperation
Ministerial Conference, and hope it will be accomplished before 2020 (Hu, n.d.).

Air: Guangxi is actively expending the ASEAN airway transport. Meanwhile,
until the end of 2016, the direct flights and connecting flights from Guangxi’s Nanning
Wuxu, Guilin Liangjian-g and Beihai Fucheng International Airports to Thailand’s
Suvarnabhumi, Chiang Mai, Chiang Rai, Samui, Krabi, Phuket, U-Tapao and Don
Mueang International Airports have been opened, of which Nanning Wuxu —
Suarnabhumi, Nanning Wuxu — U-Tabao, Nanning Wuxu — Don Mueang, Nanning
Wuxu — Phuket, Guilin Liangjiang — Suvarnabhumi, and Beihai Fucheng — Suarnabhumi
International Airports are direct flights (Airport, n.d.; Hu, n.d.; Y. Huang, 2015; Qunar,
2017). The direct flights map as shown in Figure 7.
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Nanning Wuxu — Don Mueang, Nanning Wuxu — Phuket International Airports
Source: Guilin Liangjiang International Airport, 2017
Qunar.Com, 2017

Sea: Guangxi has built the maritime trade relationship with Thailand. The
container liner transport is already available through Beibu Gulf to Thailand (Hu, n.d.).
The international services routes as shown in Figure 8. In April, 2015, Fangcheng port
of Guangxi was approved as an appointed fruit port import by the General
Administration of Quality Supervision, Inspection and Quarantine, becoming the first
appointed fruit port in Guangxi (Chinanews, 2015). In May, 2016, Qinzhou port also
was approved as an appointed fruit port (Pang & Chen, 2016).
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Figure 8 Beibu Gulf International Service

Source: Qinzhou Port Group Corporation Limited, 2016

In recent years, with the development of economic globalization, market
internationalization and the information network, the Thailand-Guangxi logistics has
achieved rapid development. But compared with the international advanced ports and
logistics, there is still a big gap. Thailand and Guangxi should work together, grasp the
opportunitics and move forward port logistics and business cooperation, bilateral

relations and friendship.

Pan-Beibu Gulf Economic Cooperation (PBGEC)
In order to better understand the PBGEC, let’s first learn about the Beibu Gulf.
Beibu Gulf also known as the Gulf of Tonkin (see Figure 9) , is water
surrounded by coastal area of the Guangxi Zhuang Autonomous Region (Guangxi),
Peninsular of Leizhou, West of Hainan Island and coastal area of northeast of Vietnam,
with the total area of around 130000 km? (Hosokawa, 2009).
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Figure 9 Beibu Gulf (Gulf of Tonkin)

Source: http://www. grandesbatallas.es/batalla%20de%20saigon.html, 2016

Pan-Beibu Gulf is a new sub-regional cooperation area within the frame of
China- ASEAN free trade area, the economic cooperation in Beibu Gulf includes the
coastal areas from the Beibu Gulf to the southern sea of China, including China (Chinese
provinces Guangxi, Guangdong, Hainan, the Hong Kong and the Macao), Vietnam,
Philippines, Malaysia, Singapore, Indonesia, Brunei, Thailand, Myanmar, Laos and
Cambodia (see Figure 10). The PBGEC centers on maritime cooperation, covers a large
region, and has enormous potential.

PBGEC area has a lot of ports, there are more than 100 various ports of ASEAN
countries. The sea center connected by Beibu Gulf and South China Sea, of which
Vietnam’s Haiphongt, Hozhi Ming, Jin Pu; Malaysia’s Klang, Bintulu, Johore, Penang;
Indonesia’s Dan Rong Purico, Philippines Manila, Singapore port are all largest ports
with more than 10 million ton annual throughput, of which Singapore port is one of the

world class ports (Fan, 2014).
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Figure 10 Pan-Beibu Gulf Economic Cooperation Region

Source: http://news.hsdhw.com/124260, 2016

PBGEC’s Chinese area involves provinces Guangxi, Guangdong, Hainan, the
Hong Kong and the Macao, including Guangxi’s Fangcheng port, Qinzhou port, Beihai
port; Guangdong’s Guangzhou port, Shenzhen port, Zhuhai port, Zhanjiang pott,
Hainan’s Haikou port, Yangpu pott, Bapu port, Hong Kong port, etc. Hongkong port is
the most important port in the area.

With the expansion and deepening of PBGEC in recent years, Thailand and
Guangxi jointly promoted the port logistics and the other important areas in deep
cooperation, completed special planning about port logistics, transportation construction
and other important areas, strengthened the land transportation construction from
Nanning to Bangkok, put forward the development goals, key projects and security
measures for Thailand-Guangxi port cooperation. All this has laid an important

foundation for closer cooperation in Thailand and Guangxi (Portal, 2014).
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Data Envelopment Analysis (DEA)
1. Concepts of DEA

DEA is a non-parametric performance assessment methodology originally
designed by Charnes, Cooper and Rhodes (1978) to measure the relative efficiencies of
organizational or decision making units (DMUs). The DEA approach applies linear
programming techniques to observe inputs consumed and outputs produced by decision-
making units and constructs an efficient production frontier based on best practices.
Each DMU’s efficiency is then measured relative to this frontier. In other words, DEA
assesses the efficiency of each DMU relative to all the DMUs in the sample, including
itself. This relative efficiency is calculated by obtaining the ratio of the weighted sum
of all outputs and the weighted sum of all inputs (Sheth, 1999).

The DEA method helps to identify inefficient DMUs as well as the sources
and amounts of inefficiency of inputs and /or outputs. The DEA formulation can
incorporate both input and output orientations as well as constant and variable returns
to scale, of which CCR (Charnes, Cooper and Rhodes) and BCC (Banker, Charnes and
Cooper) model are widely studied and applied. The first DEA medel, CCR allows input
and output orientations and assumes constant returns to scale was introduced by Charnes,
Cooper, & Rhodes (1978). While the BCC model allows input and output orientations
and assumes variable returns to scale was introduced by Banker et al. (1984). According
to Gollani and Roll (1989), the CCR model identifies overall technical efficiency (pure
technical efficiency and scale efficiency), while the BCC, pure technical efficiency only.

2. Term Definition of DEA Efficiency

Scale efficiency can be simply defined as the efficiency of the current size
(input level) for the given input mix (Q. Liu, 2010).

Technical efficiency: the efficiency of a firm’s production by comparing the
industry optimal production for the given input mix and the given input level. Technical
efficiency has been decomposed into the product of measures of scale efficiency and
pure technical efficiency (Gollani and Roll, 1989; Fare, Grosskopf, & Lovell, 1994).

Pure technical efficiency can be described as managerial skills, assuming
overall technical efficiency is due to managerial skills and scale effects. A ratio of the
overall technical efficiency scores to pure technical efficiency scores provides a scale

efficiency measurement (Barros, 2006).
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Returns to scale, can be described to changes in output resulting from
a proportional change in all inputs (where all inputs increase by a constant factor). If
output increases by that same proportional change then there are constant returns to scale
(CRS). If output increases by less than that proportional change, there are decreasing
returns to scale (DRS). If output increases by more than that proportional change, there
are increasing returns to scale (IRS) (Lu & Wang, 2016).

3. The DEA Applied in Ports

In recent years, DEA has been increasingly used to analyze port production.
Compared with traditional approaches, DEA has the advantage that it can cater for
multiple inputs to and outputs from the production process. This accords with the
characteristics of port production, so that there exists, therefore, the capability of
providing an overall summary evaluation of port performance (Lu & Wang, 2016). This
study summaries the DEA method used in ports in recent 10 years in the Appendix A.

Then the statistics of DEA method used in ports are shown in Figure 11.

Figure 11 Statistics of the DEA Method used in Ports in Recent 10 Years

As indicated in the Appendix A and Figure 10. There have been many
empirical studies on measuring port efficiency by using DEA in the literature. The
models mostly used to apply the DEA method are the CCR model and BCC model.

With regards to the CCR and BCC model, 20 papers (43%) are published
adopted with these two models in the port efficiency evaluation. Among Lu and Wang
(2012) used both CCR and BCC models to analyze the efficiency of 14 China and 17
Korea container terminals. The results indicate that the terminals under the study exist

substantial waste the scale and the leading container terminals are not saturated.
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For BCC model only, there are four papers were through the BCC model to
investigate the port efficiency, in which B.-L. Liu, Liu and Cheng (2008) used the BCC
model to measure the efficiency of 45 container terminals in mainland China. The
results shown that the productivity of China’s container terminals are improved during
the 3 years (2001-2006). The study also find that the Sino-foreign Joint Ventures
perform better than Domestic Companies, and the terminals handling the containers of
international shipping lines are more efficient than those engaged in domestic shipping
lines.

With respect to the CCR model only, three papers were studied. Among
Almawsheki and Shah (2015) evaluated the 19 container terminals in the Middle Eastern
region through CCR model. The results shown that the Jebel Ali, Salalah and Beirut
container terminal are the most efficient terminals in the region.

For CCR, BCC and super efficiency model, seven papers (approximately
15%) were applied these models to analyze the port efficiency, in which Munisamy and
Singh (2011) applied these models to assess the performance of the 69 major Asian
container ports. The findings of the paper is the overall technical inefficiencies of Asian
container ports are primarily due to pure technical inefficiencies rather than to scale
inefficiencies. Finally the suggestion also presented accordingly.

Morecover, there are 12 papers also adopted DEA models with other method
to assess the port performance. Such as Jang, Park and Kim (2016) applied the DEA
with Shannon’s Entropy to measure the performance of 21 container terminals in Asia.
This is the first work was applied Shannon’s Entropy the in the port context.

Through the above review, there have been many empirical studies on
measuring port efficiency by using DEA in the literature. The models mostly used to
apply the DEA method are the CCR model and BCC model. However, it should be
pointed out that few studies have been less investigated the competitiveness of Qinzhou
port. In particular, the studies that combined with DEA method used in Qinzhou port

cannot be found.



CHAPTER III

RESEARCH MATHODOLOGY

Here's the methodology will present the research procedure first (see Figure

12), and then will explain research methodology following the research procedure.

Selection of the Poits

A

Selection of Input and
Output Variables

v

Three DEA Models:
CCR Model
BCC Model
Super Efficiency Model

\

Three DEA Analyses:
Efficiency Value Analysis
Slack Variable Analysis
Return to Scale Analysis

A

Conclusion and
Suggestions

Figure 12 Research Procedure

Notes: DEA: Data Envelopment Analysis; CCR: Charnes, Cooper and Rhodes;
BCC: Banker, Charnes and Cooper
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Selection of the Ports

The ports adopted in the thesis are nine container ports on Thailand-China route
under PBGEC, namely, Qinzhou port, Laem Chabang port, Guangzhou port, Shenzhen
port, Zhanjiang port, Zhuhai port, Haikou port, Yangpu port and Hong Kong port.

Input and Output Variables
1. Selection of Input and Output Variables

DEA can evaluate a DMU’s performance with multiple inputs and multiple
outputs. However, DEA also has the limitation. In order to avoid having too many
DMUs with efficiency value being equal to 1, which would lower the discriminatory
power of DEA, Norman and Stoker (1989) proposed that the number of DMUs should
be at least twice the sum of input and output variables. So, considering the thesis had
nine ports, adopting this suggestion would mean that the sum of input and output
variables could not be more than four (Golany & Roll, 1989).

There have been many empirical studies on measuring port efficiency by
using DEA in the literature. The input and output variables used in these studies in recent
10 years are presented in Appendix A. Thereafter, Table 1 counts for various variable
occurrences in these studies. Table 1 tells us berth length, terminal area and number of
berth are the three most frequently adopted input variables and the most frequently
adopted output variable is container throughput in the previous studies. Accordingly, in
this study, to take into account the previous research and ports situation, the number of
berths, berth length (meter), and terminal area (hectare) are considered as input variables,
and container throughput (TEU) is used as the output variables. The summary of input

and output variables used in this research as shown in Table 2.

Table 1 The Frequency of Various Variables Adopted in the Previous Studies

Variables Frefluency Variables Freguency
(times) (times)
Input Variables:
Berth length (or quay length) 38 Terminal area 24
Number of berths 14 Quay crane 10
Yard area (or storage yard 10 Warehouse area (or 5

area) storage area)
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Variables Erequervy Variables e
(times) (times)
Input Variables:
Straddle carrier 5 Number of cranes 5
labor 5 Total yard equipment 5
Container cranes 4 Max draft 4
Terminal length 3 Terminal crane 3
Number of yard gantry 3 Number of yard crane 3
gantry 3 Quayside gantry 3
Cargo handling equipment 3 Nun.lber BVARS 3
equipment
Yard tractor 3 Quayside cranes 3
Land size 3 Quay depth 2
Yard gantry crane 2 Water depth 2
Quay crane index 2 Yard stacking index 2
Handling equipment 2 Number of yard tractor 2
Reefer points 2 Operational expense 2
Rubber-tyred gantry crane 1 Fixed asset 1
Turnover 1 Ships handled 1
Reach stackers I Capital expenses 1
Port aggregate investment 1 Cargo gear number ]
Traveling bridge number ] Working hours ]
Trucks and vehicles 1 Clontainer haling 1
trucks
Vehicles 1 Gates 1
Gate lanes | Quay equipment 1
General equipment
Sophisticated equipment 1 (forklifts and  yard 1
tractor)
Import / export by customs 1 GDP by regions 1
Size of parking lot for 1 Stoi'age capam-ty' (tot?l
incoming trucks/ packing lot storage of all terminals in 1
TEU)
Output Variables:
Container throughput 36 Cargo throughput 10
Ship traffic 3 Vessel calls (gross tons) 2
Container handling trucks 1 Af-\verage fatal Grenasiing 1
time (days)
Average output per ship berth i Number of  loaded 1
day (tones) shipments per year
Dry bulks / solid bulks 1 Liquid bulks 1
Coz emission 1 passengers 1
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Table 2 Input and Output Variables Used in the DEA Models

Measurement

o Description
Variables Unit

Total container berths in
Input 1 Number of berths _ ) Number
container terminals of port

Total container berth length of
Input 2 Berth length . ; X Meter
container terminals in port

Total area of container terminals

Input 3 Terminal area _ Hectare
in port
Output albfaik Total container throughput in 10, 000
throughput TEU TEU/year

2. Data Collection
Necessary information and data on input and output variables of DEA were
collected and available through statistical yearbook, websites from the port, terminal,
port authority and the other specialized websites.
3. Method of Data Analyzing
After obtaining the data, then we can apply these data into model through
software. In this thesis, to analyze data through the CCR and BCC models with
application MaxDEA software first, and then apply the super efficiency model to the

EMS]1.3 software according to the data.

The DEA Models and Analyses
1. Model Specification
DEA models are classifiable according to the type of envelopment surface
and the orientation (input or output). There are two basic types of envelopment surface
in DEA known as constant returns to scale and variable returns to scale. The first DEA
model, CCR (Charnes, Cooper and Rhodes) was introduced by Charnes, Cooper, &
Rhodes (1978) (Charnes, Cooper, & Rhodes, 1978). The CCR model identifies overall

technical efficiency (pure technical efficiency and scale efficiencies) based on constant
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returns to scale. While the BCC (Banker, Charnes and Cooper) model introduced by
Banker et al. (1984) and identifies pure technical efficiency only (based on variable
returns to scale).

With respect to the model orientation, the input-oriented model focuses on
how much inputs can be reduced while maintaining the same level of output, while the
output-oriented model focuses on how much can output(s) increase while remaining the
level of inputs the same. The input-oriented model is closely related to operational and
managerial issues, and the output-oriented model is more related to planning and
strategies (Cullinane, Song, Ji, & Wang, 2004). In this thesis, BCC and CCR models,
input and output oriented are both to be used.

Because the above models are given a value of 1 for all efficient DMUs, it
is unable to establish any further distinctions among the efficiency DMUs. Therefore,
the DEA-Super Efficiency Model is to be used to rank the ports. This model removes
an efficient DMU, and then estimates the production frontier again; this provides a new
efficiency value for the efficient DMU that had previously been removed. The new
efficiency value can thus be greater than 1. However, if an inefficient DMU is removed,
the original production frontier does not change (Lu & Wang, 2016).

1.1 CCR model

Assuming that there are n DMUs, where each DMU; (j=1, «*+,11)
produces s output ¥, (1 =1, ,s) by utilizing m inputs x;;(i= 1,-+,m).

Then the CCR model is formulated in the following form:

ZUr};'.f

Max h, = Z—— _ (1)
eru
i=1
ZUryrj
Subject to: Z——< 1;=1,2,

2
=]
U, & > 0:r=1,2, ~is; 1=1.2, =~ m;
Where: 7, is the relative efficiency of the jth DMU;

¥, is rth outputs of the jth DMU;
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X;; is ith inputs of the jth DMU;

U, is a weight of rth DMU;

V. is a weight of ith input.

Because formula (1) is a linear fractional programming problem, it is

difficult to calculate. So it can be transformed to the linear programming dual that easy

to calculate as follows:

Min 6 — 8{:25: + is;} (2)

r=1 i=1

LA ij

Subject to: Z.\‘ A +s; =tk
j=1

n

+ —
Zyr_f‘)”.f =& =Xy
J=1

A 20,85 220,
Where: is a small positive number;
/’Lji is a weight of jth DMU;

h
St is a slack variable of rth output;

Si' is a slack variable of ith input.
If and only if 8, =0, 57 =1, @ =1, DMU is efficient.
1.2. BCC Model

The BCC model adds the convexity restriction (z )»j = 1) based on

J=

formula (2). The linear programming dual of BCC model can be presented as follows:

Min 9—8|:is: +isi_} 3)
r=1 r=1

U i

Subject to: Z.\‘i, +s; =6k
j=l

n

+ —
Zyr.f’"'f =85 =Yy
/=1
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32, =1
j=l

Ap8 8 20

r2i

Ifand only if 6 = 1, l:Zs: +2s;]=0, DMU is efficient.

r=l r=1
1.3. Super Efficiency Model
The Super Efficiency Model is formulated in the following form:
Min @ 4)
Subject to: Z)»jxj +s; = b,

J=Li# s

n
+ s
Z)"_;y_; =8 =)y

J=Li# e

AisS7,5; 20

2. Flow Process of DEA

In this thesis, the process of DEA models and analyses are shown in the
Figure 13. With respect to the CCR and BCC models, when the efficiency value is equal
to 1, the meaning is the DMU is efficient. When the efficiency value is less than 1, the
main cause of the inefficiency has to be judged based on the comparison from scale
efficiency and pure technical efficiency. After confirming the main cause of
inefficiency. the improvement of inefficient DMUs can be analyzed from the slack
variable analysis. Then, using the return to scale analysis, it is possible to designate the
return to scale for each DMU as increasing, decreasing, or constant (Lin & Tseng, 2007).
Finally, the super efficiency model was adopted to rank the DMUs when the CCR and
BBC models are given a value of 1 for all efficient DMUs. The new value of super
efficiency model can be greater than 1. The description of detailed process is presented

as follows:
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CCR and BCC Super Efficiency
Efficiency Values of P> Model Efficiency
Each DMU Values
______________________________________________________ | I l
: ¥ v
Efficiency
Inefficient < 1 Efficient=1 values can be
greater than 1
1
v v !
Scale Efficiency Scale Efficiency
Efficiency < Pure > Pure v
Value Analysis Technical Technical o The Larger Value, the
Efficiency Efiiciency Scale Erhicient Better Efficiency
and Pure
'L 4’ Technical
ey | Efficient
Scale Inefficient e
Inefficient
__________________________________ | | — S | PR TS N, N —
v v
Slack Variable Improvement Improvement
Analysis Require Not Require
________________________________________ I i
v v
Relwnio Scale Increasing Decreasing Constant
Analysis =

Figure 13 Flow Process of DEA

Notes: CCR: Charnes, Cooper and Rhodes Model; BCC: Banker, Charnes and Cooper
Model
Source: modified from Lin and Tseng, 2007

1. For CCR and BCC Model
1.1 To Calculate the Efficiency Value Through Software MaxDEA
To run the model through the software MaxDEA, the relative efficiency
score is obtained as shown in Table 3. The port is efficient when the efficiency score is
equal to 1. While the port is inefficiency when the efficiency score is less than 1. At the
same time, the software gives the proportionate movement value, slack movement value
and projection value to inefficient port as supplements. The proportionate movement
represents input redundancy value and slack movement indicates the insufficient output
value and projection denotes the efficient target value (projection=original +

proportionate movement + slack movement). These values can be one part to help the
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inefficient port knows the gap between other ports and improves by adjusting the

input/output.

Table 3 Sample of Results of CCR and BCC Models with Application Software
MaxDEA

DAMU Input 1 Input 2 Input3  Output

Proportionate Slack
movement movement

Proportionate Slack N N
Port Score pe Projection Projection
movement movemeant

Qinzhou
port

Hong
Kong - - - - - -
port

1.2 To Calculate the Scale Efficiency with Application Software MaxDEA
In the previous step, the technical efficiency (the efficiency value from
the CCR model) and pure technical efficiency (the efficiency value from the BCC model)
were obtained, then scale efficiency value also can be calculated through software
MaxDEA. To through the software MaxDEA, the scale efficiency and return to scale
value is presented. According to compare the scale efficiency and pure technical
efficiency value, it is possible to judge the main cause of port inefficient. With respect
to the return to scale, from the result of software, it is possible to know that each port as
increasing, decreasing or constant.
2. For Super Efficiency Model
Because the CCR and BBC models are given a value of 1 for all efficient
DMUs so the super efficiency model was adopted to rank the DMUs. To run the model
through software EMS, and then the ports ranking score is obtained. The ranking result

shows the port’s competitive position in the sample ports.




CHAPTER 1V

QINZHOU PORT COMPETITIVENESS EVALUATION

This chapter aims to analyze the efficiency and competitive position of
Qinzhou port, compared with the rest eight ports of containerization in Pan-Beibu Gulf
Economic Cooperation (PBGEC) region through Data Envelopment Analysis (DEA) as
mentioned in chapter three. What comes first is an outline of the nine container ports
which are analysis in this thesis. After the description of ports, the data used in DEA

method are presented. Thereafter, the DEA results and analysis are to be presented.

Outline of the Nine Container Ports

1. Qinzhou Port

Qinzhou port is located in the south of Guangxi Province, the north of Beibu
Gulf, the south west of the coast line of China, and it serves as the main sea passage for
the Great Southwest China to connect the Asian area and the world. In 2015, the
throughput of Qinzhou port reaches 6.51 million tons, of which container is 0.942
million TEUs (Bureau, 2016).

The container business of Qinzhou port mainly operated by Guangxi Qin
Zhou International Container Terminal Co., Ltd and Beibu Gulf —PSA International
Container Terminal Co., Ltd. By the end of 2015, there are four container berths with
2.33 million TEU handling capacity. Facilities of container terminals in Qinzhou port
are shown in Table 4. Qinzhou port has cover Southeast Asia and Northeast Asia in
foreign trade container lines, the international liner routes to Vietnam, Myanmar,
Thailand, Malaysia, Singapore, Indonesia, Japan and South Korea and other main ports

are opened (Group, 2016).
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Table 4 Facilities of Container Terminals in Qinzhou Port (Year 2015)

Total area  Berth  Berth length

Terminals (hectare)  (number) (meter)

Terminal Operator

Guangxi Qin Zhou International

GQICT 76 2 767 Container Terminal Co., Ltd
(GQICT)
Beibu Gulf —PSA International
BPCT 82 2 1533 Container Terminal Co., Ltd
(BPCT)
Total 158 4 2300

Source: Guangxi Statistical Yearbook 2016;
Guangxi Qin Zhou International Container Terminal Co., Ltd, 2016;
Beibu Gulf —PSA International Container Terminal Co., Ltd, 2016;
Statistical Communiqué of Qinzhou on the 2015 National Economic and Social

Development, 2016

2. Hong Kong Port

Hong Kong port is one of the busiest and most efficient international
container ports in the world. It provided about 340 container liner serviceé every week,
connecting about 470 destinations around the world. In the 2015, the container
throughput of Hong Kong port reached 20.1 million TEU,

There are nine container terminals in Hong Kong port. They are cover 279
h and provide 24 container berths (see Table 5). Currently, the nine terminals are
operated by Hongkong International Terminals Limited, Modern Terminals Limited,
COSCO-HIT Terminals (Hong Kong) Limited, Asia Container Terminals Limited and
Goodman DP World (Board, n.d.).
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Table 5 Facilities of Container Terminals in Hong Kong Port (Year 2015)

Facilities Unit
Container terminals (number) 9
Berths (number) 24

Berth length (meter) 7694
Quay crane (number) 99

Yard area (hectare) 279

Draft (meter) s

Handling capacity (million TEU) Over 20

Source: Hong Kong Maritime and Port Board, 2016;
Port of Hong Kong in Figures, 2016

3. Laem Chabang Port

Laem Chabang port located in the north part of the gulf of Thailand. It is the
largest port in Thailand with 2572 acres. 1t handled 6.794 million TEU in 2015, Laem
Chabang port is directly subordinate to the Port Authority of Thailand. However, the 11
container terminals are operated by seven different operators, namely, LCMT Company
LTD, HPT (Hutchson Ports (Thailand) Limited ), LCB Container Terminal 1 LTD,
Eastern Sea Laem Chabang Terminal Co Ltd, TIPS Container Terminal No. B4, Laem
Chabang Port, Thailand and Laem Chabang International Terminal Co., Ltd. (see Table
6) (Port, 2016).

Table 6 Facilities of Container Terminals in Laem Chabang Port (Year 2015)

Total Area Berth Berth Length

Terminals Terminal Operator -
(hectares)  (number) (meter)
A0 16.80 1 400 LCMT Company LTD.
A2 17 1 400 Hutchson Ports (Thailand) Limited

A3 13.70 1 350 Hutchson Ports (Thailand) Limited
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Table 6 (cont.)

Total Area Berth Berth Length
Terminals Terminal Operator
(hectares)  (number) (meter)

Bl 18.50 1 359 LCB container terminal 1 LTD.

Evergreen container terminal

B2 10.50 1 300 )
(Thailand) LTD.
Eastern Sea Laem Chabang
B3 10.50 1 300
Terminal Co Ltd.
B4 10.50 1 300 TIPS Co., Ltd.
Laem Chabang International
B5 82.01 1 400
Terminal Co., Ltd.
Hutchson Ports (Thailand)
Cl&C2 54 2 1200
Limited
Laem Chabang International
C3 2317 1 500
Terminal Co., Ltd.
Total 253.68 1] 4640

Source: LCMT Company LTD., 2016; Hutehson Ports (Thailand) Limited, 2016; LCB
Container Terminal 1 LTD., 2016; Evergreen Container Terminal (Thailand)
LTD., 2016 Eastern Sea Laem Chabang Terminal Co Ltd., 2016; TIPS Co.,
Ltd., 2016; Laem Chabang International Terminal Co., Ltd., 2016

4. Guangzhou Port
Guangzhou port is located at the center of the Pearl River Delta of' China, is
the original port of the Maritime Silk Road,;and one of the most important foreign trade
ports in China. In 2015, Guangzhou port handled 17.6249 million TEU of containers,
ranked fourth in the China and ranked sixth in the world respectively (China, 2016). The

operators of the major container terminals are shown in Table 7).
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Table 7 Facilities of Container Terminals in Guangzhou Port (Year 2015)

Berth Berth Length Terminal area .
Terminals Terminal Operator
(number) (meter) (hectare)
GNICT 4 1400 182 Nansha Stevedoring Co., Ltd.
Guangzhou South China
GOCT 6 2100 223 Oceangate Container Terminal
Co., Ltd. (GOCT)
Nansha International Container
NICT 6 418 270
Terminal Co., Ltd. (NICT)
Guangzhou Container Terminal
GCT 4 810 65
Co., Ltd. (GCT)
Huangpu 16 2858 99 Huangpu Stevedoring Co., Ltd.
Guangdong CCCC Longsha
Longsha 2 420 15.38
Logistics Co., LTD.
Guangdong CCCC Longsha
Guangjun 2 362 5.30 .
Logistics Co., LTD.
Xinsha 3 640 40 Xinsha Stevedoring Co., LTD.
Total 68 13241 899.86

Source: China Ports Year Book 2016; Nansha Stevedoring Co., Ltd., 2016;
Guangzhou South China Oceangate Container Terminal Co., Ltd., 2016;
Nansha International Container Terminal Co., Ltd., 2016;
Guangzhou Container Terminal Co., Ltd., 2016;
Huangpu Stevedoring Co., Ltd., 2016;
Guangdong CCCC Longsha Logistics Co., LTD., 2016;
Xinsha Stevedoring Co., LTD., 2016

5. Shenzhen Port

Shenzhen port is located in the southern part of Pearl River Delta in

Guangdong Province and bmﬂer on Hong Kong.
Shenzhen port achieved 24.2045 million TEU in 2015. Shenzhen pm—'t began

in 2013, surpass Hong Kong port among the world’s top three container port, and,' then
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has been maintain the third largest container port in the world for three consecutive years
(China, 2016).

There are four container terminals in Shenzhen port and operated by
Hutchisonports (Yantian) International Container Terminals, Chiwan Container
Terminal Ltd., Shekou Container Terminals Ltd. and DaChan Bay Terminals Ltd.
respectively (see Table 8).

Table 8 Facilities of Container Terminals in Shenzhen Port (Year 2015)

Berth Berth length Terminal area
Terminals Terminal Operator
(number) (meter) (hectare)
Yantian International
YICT 16 7885 417 Container Terminals Ltd.
(YI&R
Chiwan Container
Chiwan 9 3100 125
terminal Co., Ltd.
Shekou Container
Shekou 9 4090 112
Terminals Ltd.
DaChan Bay Terminals
DaChan Bay 5 1830 138
Co., Ltd.
Total 39 16943 792

Source: China Ports Year Book 2016; Yantian International Container Terminals Ltd.,
2016; Chiwan Container Terminal Co., Ltd., 2016; Shekou Container
Terminals Ltd., 2016; DaChan Bay Terminals Co., Ltd., 2016

6. Zhaujiang Port
Zhanjiang port is situated in Leizhou Peninsula of Guangdong province in
southern China, where it is bordered by South China Sea to the east, Hainan Island to
the south and Beibu Gulf to the west. It is one of the important container ports in PBGEC -
region and the goal is to become the container hub port in PBGEC region. It handled
0.6012 million TEU in 2015 (China, 2016). Baoman container terminal Phase | is the

main container terminal in Zhanjiang port and is operated by Zhanjiang Port



35

International Container Terminal Company. Terminal facility details are shown in

Table 9.

Table 9 Facilities of Container Terminal in Zhanjiang Port (Year 2015)

Terminal Berth Berth length  Total area Terminal operator
(number) (meter) (hectare)
Zhanjiang Port
Baoman ) )
2 678 67.8 International Container
Phase |

Terminal Co., Ltd.

Source: Zhanjiang Port International Container Terminal Co., Ltd., 2016

7. Zhuhai Port

Zhuhai port is adjacent to South China Sea, in southerrn Guangdong province,
and is one of the major coastal ports in China. By the end of 2015, there are 58 container
shipping lines in the Zhuhai port, linking to Thailand, Vietnam, and Japan, Hong Kong,
Taiwan and other countries and regions. It achieved 1.3377 million TEU in 2015 (China,
2016). The container business of Zhuhai port main operated by Zhuhai International
Container Terminals (Gaolan) Limited, Zhuhai International Container Terminals
(Hongwan) Limited, Zhuhai Port Gaolan Stevedoring Co., Limited and Zhuhai Port
Hongwan Stevedoring Co., Limited. The facility information are summaries in the

Table 10.

Table 10 Facilities of Container Terminals in Zhuhai Port (Year 2015)

Berth Berth Length ~ Total area

" Terminals . Terminal Operator
. (number) (meter) (hectare)
ZICT (G)
Zhuhai International Container
(Phase 8 3060 150.6

Terminals (Gaolan) Limited
1&2&3)
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Table 10 (cont.)

Berth Berth Length  Total area

Terminals Terminal Operator
(number) (meter) (hectare)
7Zhuhai International Container
ZICT (H) 8 540 21 ) o
Terminals (Hongwan) Limited
Gaolan
. Zhuhai Port Gaolan
Stevedoring 5 880 39 _ o
) Stevedoring Co., Limited
terminal
Hongwan
Zhuhai Port Hongwan
Stevedoring 3 598 18
Stevedoring Co., Limited
terminal
Total 24 5078 228.6

Source: Zhuhai International Container Terminals (Gaolan) Limited, 2016; Zhuhai

Port Holdings Group Co., Ltd., 2016

8. Haikou Port
Haikou port in the north of Hainan Island of China, is an international
container line port of Hainan province and a main hub port in China. By the end of 2015,
Haikou port achieved 1.2713 million TEU of container (China, 2016). Haikou port
mainly conducts container business in Xiuying terminal. The terminal covers about 30
hectare area and container business is operated by Haikou Harbor Container Terminal

Co., Ltd. (Table 11).

Table 11 Facilities of Container Terminal in Haikou Port (Year 2015)

Terminal Berth Berth length ~ Total area Terminal operator

(number) (meter) (hectare)

Haikou Harbor Container

Xiuying 3 786 30 .
Terminal Co., Ltd.

Source: Hainan Harbor & Shipping Holding Co., LTD., 2016
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9. Yangpu Port
Yangpu port in Hainan province the same area as Haikou port, between the
Haikou port and Basuo pott. The first container terminal of Hainan province was born
in Yangpu port and the terminal is managed by SDIC Yangpu Port Limited (Table 12).
In the 2015, the Yangpu port achieved 0.2716 million TEU of container (China, 2016).

Table 12 Facilities of Container Terminal in Yangpu Port (Year 2015)

Terminal Berth Berth length  Total area Terminal operator

(number) (meter) (hectare)

SDIC Yangpu Port

Yangpu 9 1696 23.15
& Limited

Source: SDIC Yangpu Port Limited, 2016

Data Summary
Through above container ports description, combined with the input and output
variables used in DEA method, the data used in DEA method for this study can be

summarized in Table 13.

Table 13 Data for Data Envelopment Analysis Method in 2015

DMU Input 1 Input 2 Input 3 Output
Number of Berth length  Terminal area Container
Ports berths (meter) (hectare) throughput
(number) (10,000 TEU)
Qinzhou Port 4 2300 158 94.20
Shenzhen Port 39 16943 792 2420.45
Guangzhou Port 68 13241 899.86 1762.49
Zhanjiang Port 2 678 67.80 60.12

Zhuhai Port 24 5078 228.60 133.77
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Table 13 (cont.)
DMU Input 1 Input 2 Input 3 Output
Number of Berth length  Terminal area Container
Ports berths (meter) (hectare) throughput
(number) (10,000 TEU)
Haikou Port 3 786 30 127.13
Yangpu Port 9 1696 23.14 27.16
Hong Kong Port 24 7694 279 2011.40
Laem Chabang Port 11 4640 256.68 679.40

Qinzhou Port Competitiveness Evaluation Based on Data Envelopment Analysis
After obtaining the data, then we can run the model through software. The CCR
model and BCC model were adopted to analyze the efficiency of the container ports.
both input and output oriented. And then the super efficiency model was used to rank
the ports. Both the CCR and BCC models were applied to the MaxDEA software, The
super efficiency model was applied to the EMSI.3 software (all running result details
are presented in Appendix B and C).
1. Efficiency Analysis based on CCR Model
1.1 Input-oriented CCR Model
After importing data and running the model through MaxDEA
software. the relative efficiency results will be received. Figure 14 shows the port
efficiency value ranking first, and then the efficiency value detail is shown in Table 14.
The Figure 14 shows the relative efficiency ranking of nine ports under
input oriented CCR model. Hong Kong port’s efficiency performs the best (the score is
1). other port efficiency value are less than 0.8, and Zhuhai port performs the worst
(0.101). Such score of the Qinzhou port is 0.281. For more information on the port

efficiency value, the analysis is presented thereafter under Table 14.
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Figure 14 Input-oriented CCR Model Relative Efficiency Scores

As Table 12 shows, under the input oriented CCR model, Hong Kong
port is efficient (efficiency value=1). In the table, proportionate movement represents
input redundancy value and slack movement indicates the insufficient output value and
projection denotes the efficient target value (projection=original + proportionate
movement + slack movement). The projection value provides a performance
improvement target for inefficient ports. That is, Qinzhou port should achieve 0.94
million TEU with 1 berth, 360 meters berth length and 13 hectares terminal area. Other
inefficient ports can be analyzed like this.

Hong Kong port relative efficiency value is 1, projection value (target
value) and original value (original data) is the same. and it has advantages in the PBGEC.
In order to analyze the inefficient port problem in terms of input, Table 15 makes a
percentage difference in comparison with the projection value and original value.

There is a large gap between the projection value and original value.
This shows that the efficiency of inputs being used is not appropriate, a serious input
crowding in the port on the given level of input. A relatively large percentage difference
in the ports except Shenzhen port, Laem Chabang port and Haikou port. The degree of
input crowing is more than 25%. Yangpu port is the highest crowding degree port with
berth input crowding value is 96.4%. It is obvious that degree of resource waste is

serious.
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1.2 Output-oriented CCR Model
From the running results of MaxDEA software, it is found that the
relative efficiency ranking scores of input-oriented CCR and output-oriented CCR are
the same, but output-oriented CCR gives the target value (projection value) of output
(container throughput). Therefore, it is necessary to show the calculating results of

output-oriented CCR model.

Table 16 Relative Efficiency Results under Output-oriented CCR Model

(Input 1) (Input 2) (input 3) (output)
Slack Slack Slack Proportionate (output)
Ports movement movement movement movement Projection
(number) (meter) (input 3) (output) (10,000TEU)
(hectare) (10,000TEU)
Hong Kong 0 0 0 0 20114
Shenzhen 0 -4440.250 -338.625 848.075 3268.525
Laem Chabang 0 -113.583 -128.801 242.492 921.892
Haikou -0.548 0 -1.498 78.350 205.480
Guangzhou -26.697 0 -419.715 1699.032 3461.522
Zhanjiang 0 -36.833 -44.550 107.497 167.617
Qinzhou 0 -1017.667 -111.500 241.033 335.233
Yangpu -7.009 -1057.743 0 139.696 166.856
Zhuhai -8.160 0 -44.461 1193.744 1327.514

Note: The proportionate movement value of input and slack movement value of the

output is 0. Here will not be listed.

In the Tablel6, the results give the optimized resource allocation target
value to ports, such as Qinzhou port should reduce 1017.667 meters berth length (input
2), 111.5 hectare terminal area (input 3) to increase 24.1033 million TEU (proportionate
movement value of output) and then achieve 335.233 thousand TEU (projection

movement value of output). Other inefficient port can be analyzed similarly. Also, the
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efficient target value and original data are to be compared in Table 17. Apparently, the
inefficient ports can achieve a large output at the current level of input. For instance,
Qinzhou port can realize DEA efficient when it enlarges 71.9% container throughput at

the current level.

2. Efficiency Analysis Based on BCC Model
2.1 Input-oriented BCC Model

1.5
1 1
1_ a ; ! 0.817
1 L . ! 0.586 0.512
05 : : 0.160
0
Zhanjiang Yangpu Shenzhen HongKong Haikou Laem Qinzhou Guangzhou Zhuihai
Port Port Port Port Port Chabang Port Port Port
Port

relative efficiency value

Figure 15 Input-oriented BCC Model Relative Efficiency Scores

The CCR model assumes constant returns to scale. While the
characteristic of port industry is not constant returns to scale. Therefore, efficiency
evaluation should be considered variable returns to scale. After applying input-oriented
BBC model. the port efficiency scores ranking as shown in Figure 15. Through contrast
Figure 14 and Figure 15, relative efficiency value under output-oriented BCC have a big
change. There are 5 ports are DEA efficient: Zhanjiang, Yangpu, Shenzhen, Hong Kong
and Haikou ports. The inefficient ports® relative efficiency value are generally higher,
only Zhuhai port’s relative efficiency value below 0.5. For analyzing the port efficiency
value, the summary of the inefficient port efficiency value in the details is presented in
the Table 18.

In the Table 18, proportionate movement and slack movement value is
very small compared to the value of CCR model. Compared the port ranking of CCR
model (consider constant returns to scale). Laem Chabang port and Guangzhou port
drop sharply in ranking under the BCC (variable returns to scale). we hold that these
two ports are not achieving DEA efficient the reason is the scale of ports is expanding
rapidly but a good integration of resources is not done yet. On the other hand, the Laem

Chabang port and Guangzhou port have a huge potential.
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2.2 Output-oriented BCC Model
The Figure 16 is the relative efficiency ranking under output-oriented
BCC model. The relative efficiency scores with small gaps compared to the scores of
input-oriented BCC. The relative efficiency value is between 0.1-0.8, Zhuhai port is the

smallest one with the score 0.103.

12 1 1 1 —1 1
1 L 0.791 0.781
0.8 ; §
0.6 S 0397
0.4 R
02 0.103
0
Zhanjiang  Yangpu  Shenzhen Hongkong Haikou taem  Guangzhou Qinzhou  Zhuhai
port port port port port Chabang port port port

port

relative efficiency value

Figure 16 Output-Oriented BCC Model Efficiency Scores

To analyze the gap between the original data and the target value
(projection value) which the port achieve DEA efficient is required. From Table 19, it
is found that there are large gaps between the original data and the target value. The
target value of Qinzhou port is 2.5 times than the original value. The target value of
Zhuhai port even up to 9.7 times. It is worthy of pointing out that if Guangzhou port
achieves DEA efficient, its output will have greatly increased, thus enhancing its

competitiveness.

Table 19 Relative Efficiency Resuits under Output-oriented BCC Model

Input 1 Input 2 Input 3

Output (10,000TEU)
(number) (meter) (hectare)
Score
Port Slack Slack Slack . Proportionate L
Original Projection
movement movement movement movement

Zhanjiang 1 0 0 0 60.120 0 60.120
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Table 19 (cont.)

Input 1 Input 2 Input 3

Output (10,000TEU)
(number) (meter) (hectare)
Score
Port Slack Slack Slack Proportionate
Original Projection
movement movement movement movement
Yangpu 1 0 0 0 27.160 0 27.160
Shenzhen 1 0 0 0 2420.450 0 2420.450
Hongkong | 0 0 0 2011.400 0 2011.400
Haikou | 0 0 0 127.130 0 127.130
Laem
0.791 0 -1091.818  -102.476 679.400 178.971 858.371
Chabang
Guangzhou 0.781  -35.004 0 -313.193  1762.490 494.234 2256.724
Qinzhou  0.397 0 -984.182 -71 94.200 143.309 237.509
Zhuhai 0.103 -7.953 0 -43.894 133.770 1164.073 1297.843

3. Technical Efficiency and Scale Efficiency

To calculate and analysis the ports’ aggregate efficiency (technical
efficiency), pure technical efficiency and scale efficiency and obtain the results are
shown in the Table 20.

The Hong Kong poit has the efficiency advantage in the competition (pure
technical efficiency and scale efficiency are achieved DMU efTicient).

Shenzhen, Haikou, Zhanjiang and Yangpu poits’ pure technical efficiency
value are 1, scale efficiency value is between 0.3-0.8. But besides Shenzhen port shows
decreasing return to scale, the other ports exhibit increasing return to scale. It is indicated
that Haikou, Zhanjiang and Yangpu ports enlarge the operational scale will have returns
to scale increasing effect, and then competitiveness will be strengthened. Conversely,
Shenzhen port should reduce the scale of operation.

Laem Chabang port, Guangzhou port and Zhuhai port’s pure technical

efficiency value below their scale efficiency, indicating that the major cause of
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inefficiency is pure technical inefficient. That is, there is no corresponding output at the

current level of input.

Relatively, Qinzhou port’s pure technical efficiency value higher than scale
efficiency value means that the major cause of inefficiency is scale efficiency. A large
throughput need the large scale to support. Qinzhou port should pay attention to the

production scale.

Table 20 Technical Efficiency Value and Scale Efficiency Value

Technical Pure Technical
Scale
Port Efficiency Efficiency RTS
Efficiency
(CRS) (VRS)

Hong Kong Port 1 1 1 Constant
Guangzhou Port 0.509 0.512 0.994 Increasing
Laem Chabang Port 0.737 0.817 0.902 Increasing
Shenzhen Port 0.741 1 0.741 Decreasing
Zhuhai Port 0.101 0.160 0.631 Increasing
Haikou Port 0.619 | 0.619 Increasing
Qinzhou Port 0.281 0.596 0.471 Increasing
Zhanjiang Port 0.359 1 0.359 Increasing
Yangpu Poit 0.163 1 0.163 Increasing

Notes: CRS: to calculate technical efficiency based on constant return to scale;
VRS: to calculate pure technical efficiency based on variable return to scale;
Scale efficiency: scale efficiency=CRS/VRS;

RTS: returns to scale (increasing, decreasing and constant)
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4, Super Efficiency

With respect to the relative efficiency ranking, the BCC model has five
efficient ports, but it is not possible to differentiate the five ports since the ports
efficiency score is 1. Therefore, it is necessary to use super efficiency model to rank the
ports.

The ports ranking based on constant returns to scale and variable returns to
scale are shown in Table 21. Shenzhen port’s super efficiency value shows as Big based
on variable returns to scale. It means that Shenzhen port is DEA efficient, whether to
increase input or decrease output. However, it is relative in the sample ports.

The ranking under variable returns to scale has changed. Shenzhen port
ranks first, follow by Hong Kong port. Zhanjaing port move up two places to No. 4 and
Yangpu port move 3 places to No. 5 respectively, shows the strong competitiveness. On
the contrary, Laem Chabang port and Guangzhou port dropped 3 places to No. 6 and
No. 8 respectively. Qinzhou port ranking does not change. Zhuhai port is ranked in the
bottom shows the weak competitiveness. High concentration of super efficiency value

lustrates the intense competition level of ports of PBGEC.

Table 21 Super Efficiency Model Results

Port VRS-SE value Ranking CRS-SE value Ranking
Shenzhen Big 1 0.741 2
Hong Kong 2.352 2 1.843 1
Haikou 1.935 3 0.619 4
Zhanjiang 1.500 4 0.359 6
Yangpu 1.296 5 0.163 8
Laem Chabang 0.817 6 0.737 3
Qinzhou 0.596 7 0.281 7
Guangzhou 0.512 8 0.509 5
Zhuhai 0.160 9 0.101 9

Notes: VRS-SE value: to calculate super efficiency value from a variable return to scale;

CRS-SE value: to calculate super efficiency value from a constant return to scale
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Conclusion of the Results

The results of input and output oriented CCR model show that Qinzhou port
efficiency score is 0.281, and the results of input and output oriented BCC model
indicate that Qinzhou port efficiency scores are 0.596 and 0.397 respectively, both of
which reveal that Qinzhou port exists input redundancy and insufficient output in the
sample ports. In addition, the pure technical efficiency and technical efficiency
comparison results also imply that the main cause of Qinzhou port inefficiency relies on
scale efficiency. Moreover, the ranking of the super efficiency model indicates that
Qinzhou port performs with weak competitiveness. Therefore, Qinzhou port should

overcome such weakness and then enhance competitiveness.



CHAPTER V

SUGGESTIONS AND CONCLUSIONS

This chapter, based on the results and analysis of the last chapter, suggestions
are made to enhance Qinzhou port competitiveness. A conclusion is presented
thereafter. And the end of this chapter, limitations and recommendation are also

presented.

Suggestions for Qinzhou Port Competitiveness Improvement

The DEA analysis results reveal that Qinzhou port exists input redundancy and
insufficiency output due to its scale efficiency and is posed in an inferior position in the
PBGEC ports cluster. In order to overcome these weaknesses and then enhance the
competitiveness, some suggestion for Qinzhou port are presented as follows:

With regards to input redundancy and insufficiency output, Qinzhou port
should achieve the output maximization in the current level of input. Consequently,
Qinzhou port should make effective use of available resource, to make the most the
existing resources for maximum economic and technical efficiency in an effective way.
In addition, in order to improve the output, Qinzhou port should expand shipping line
network and shipping calls. If Qinzhou port continues to consolidate and container
shipping lines and calls, its cargo sources will likely increase, which will build a sound
foundation for the Qinzhou port into the international shipping hub in Southeast Asia.

For scale efficiency, it can be improved by adjusting the input level in order to
obtain the optimal scale. Besides, the DEA result shows the increasing returns to scale
of Qinzhou port, it is indicated that if Qinzhou port enlarges the operational scale will
have returns to scale increasing effect, and then competitiveness will be strengthened.
Therefore, there is still much room for improvement of Qinzhou port. Port managers or
terminal operators should make a reasonable development plan to gradually enlarge
operation scale, such as increase the number of berth and facilities, expand the yard area,
etc. Furthermore, as port construction, significant amounts of funding will be consumed.

With the port construction development and sustainable development needed, the port
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requires large-scale investment of fund. Qinzhou port has to develop more financing
channels, such as adopting the more open shipping policies (to relax restrictions on
business operation from foreign shipping companies and agents and so on) to attract
foreign investment.

Moreover, ports and terminals of the 21 century should be customer oriented
ports and provide reliable and efficient service. In order to maintain and enhance their
competitive position, port managers need the scientific management, high quality
employees and higher informationization level. Talent is the first productivity,
competition in any industry is a talent competition after all. Scientific management and
high quality employees are indispensable to the port competitiveness improvement. Port
managers and terminal operators should attach great importance to absorb and cultivate
senior managers, technicians and other related professional talents. Then Scientific and
technological progress and innovations are the port development important attributes.
Qinzhou port should apply positively information and network technology into port and
terminal management, and thus to improve operational efficiency and quality of
container terminals.

In general, port managers should identify and promote their core competencies.
It can be achieved by consolidating the ports facility and resources into competencies
that enhance the ports flexibility and enable them to strengthen their weaknesses and

change their threats into opportunities.

Conclusions

There are two objectives for this thesis. Firstly, to evaluate the competitiveness
of Qinzhou port, compared with other eight ports of containerization in PBGEC region.
Secondly, to make some suggestions for Qinzhou port competitiveness improvement
based on the competitiveness comparison results of nine ports.

In order to finalize the targets in this thesis, the relative efficiency and
competitive position of Qinzhou port, the maritime route between Thailand and China,
are researched through the comparison with the rest eight ports under PBGEC. The
CCR-DEA, BCC-DEA and Super Efficiency-DEA models are to be adopted for the
research. The results of CCR model show that Qinzhou port efficiency score is 0.281,

and the results of BCC model indicate that Qinzhou port efficiency scores are 0.596 and
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0.397 respectively, both of which reveal that Qinzhou port exists input redundancy and
insufficient output in the sample ports. In addition, the pure technical efficiency and
technical efficiency results also imply that the main cause of Qinzhou port inefficiency
relies on scale efficiency. Moreover, the ranking of the Super Efficiency Model
indicates that Qinzhou port is posed in an inferior position in its competitiveness.
Finally, this rescarch offers some suggestions on competitiveness improvement

according to such weakness respectively.

Further Research

There are some limitations of this study in following aspects. Firstly, due to the
data of sample ports were difficult to obtain, this study just considers the cross-sectional
data of year 2015. Secondly, as DEA analysis calculates the relative efficiency based on
the selected samples, in this study we concentrate on the nine container ports of PBGEC
for the year 2015, so the DEA results probably would be different if the sample ports
were different or new data of another year are included.

And the implication for further study could be summarized. Upcoming research
should apply panel data to evaluate the efficiency of the sample ports with larger sample
ports and variables. And various research objects should be widely applied.
Additionally, container terminals comparison between two or more countries also

should be applied to further research.
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