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ABSTRACT

With the continuous development of China's economic construction, ports, as the

gateway to the outside world and the interface of maritime trade, play an

irreplaceable role in the situation of rapid increase in global trade. The maritime

shipping industry grasps the economic lifeline of information transmission,

commodity trading, and industrial communication, and has become an important

channel for economic exchanges and common development between China and

neighboring countries. The openness of ports is the huge driving force to the

surrounding economy. The improvement of port strength will promote the

development of hinterland economy. Meanwhile, the good situation of hinterland

will provide solid support for the improvement of port strength.

Beibu Gulf Port is an important transportation hub for "Three Nan" (Longnan,

Dingnan, Quannan) and radiated ASEAN (Association of South East Asian Nations).

This area has better deep-water conditions, rich port resources, and huge

development potential and plays an important role in the construction and operation

of the economic and social development as well as the comprehensive transportation

system in the hinterland. By studying the relationship between international

competitiveness of ports and the hinterland economic is of great significance to the

improvement of port comprehensive strength and hinterland economic development

in the Beibu Gulf region.

The dissertation starts from the literature review of the existing research and practical

experience of ports and hinterland and put the study focus on the interactive

relationship between the international competitiveness of port and hinterland

economy. The paper takes the Beibu Gulf Port Group as an example, analyzing the

current problems and situation of the Beibu Gulf Port Group and hinterland economy

to verify the relationship between ports and hinterland economy and determine the

factors affect the ports and hinterland economy. The study conducts a combination of
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both qualitative and quantitative methods. Qualitative analysis provides the

development of various stages of the port and hinterland economy, which provides a

basis for further quantitative research. The idea of the study is to introduce the

international competitiveness to describe the comprehensive strength level of the

ports by selecting suitable indicators to construct an evaluation system and using the

Entropy TOPSIS method for operation to evaluate indicators in four aspects closely

related to port development of Beibu Gulf Port Group: operational capacity,

infrastructure level, development potential and international participation.

Based on the evaluation result, panel data model will be used to study the respective

relationship between indicators of port’s international competitiveness and the

hinterland economy. Finally, the study will put forward the suggestions that can

improve the comprehensive strength of the Beibu Gulf Port Group in the future and

promote the development of economy in Guangxi.

Key words: International Competitiveness of Ports, Hinterland economy, Beibu Gulf

Port, Interaction relationship.
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1 Introduction

1.1 Preface

For a long time, the trade activities between countries are mainly dependent on sea

transportation. As the gate of communication between home and abroad, ports are

highly valued by coastal countries. The development of export-oriented economy is

inseparable from the port. As a transfer station for exchange, the role of ports has

been gradually change from traditional single role of loading, unloading,

transshipment, and storage of goods to a diversified and comprehensive system

integrating logistics, information, commercial and industrial services. Ports and

hinterland connections has been recognized as one of the most critical issues in port

competitiveness and development in most ports around the world. The complete

supporting facilities and advanced transportation as well as the information and

talents gathered therefrom, make ports the driving force of economic development

for regions and even the countries.

At present, China has formed five major port areas: First, the port groups around the

tidal sea area consists of Dalian Port, Qingdao Port etc., serving the economic and

social development in the north and Northeast Asia. The second is the group of ports

in the Yangtze River Delta, mainly consists of Shanghai, Ningbo, Lianyungang port
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etc., which serve the economic and social development along the Yangtze River.

Third, the ports in the southeast coastal areas, mainly Xiamen and Fuzhou, serve the

development needs of Fujian, Jiangxi and the "links" between the two sides. Fourthly,

the ports in the Pearl River Delta region, mainly Guangzhou, Shenzhen, Zhuhai and

Shantou ports in the eastern part of Guangdong, serve the social and economic

development in South China. Fifth, the port group in the southwest coastal areas,

mainly composed of Zhanjiang Port in the west of Guangdong, Beibu Gulf Port in

Guangxi and the ports in Hainan Province, serves the development of the western

region.

1.2 Research Background

1.2.1 The Existing Problems of China Ports in International Competition

As early as 1934, the German scholar Kautz's (1934) Port Location Theory believed

that the position of the port location was determined by the development of its

hinterland. Hinterland economic scale and economic development vitality is an

effective support for port development. As the portal and economic promotion

window of hinterland region, port is an important support for the economic structure

of hinterland region. Modern port, as an international logistics center integrating

technology, capital, logistics and information, plays an important role in radiating



3

and driving its hinterland. Port development not only affects the industrial structure

and economic structure of hinterland, but also has important strategic significance for

hinterland regional economic development and expanding opening to the outside

world. The coordinated development of port hinterland has become one of the

important problems in port management.

The ports of China are characterized by large quantity and large throughput of goods

and the total throughput has ranked the first in the world. Since the economic

development of China entered the new normal, the economic structure has become

increasingly reasonable, the quality of economic growth has gradually improved, and

the progress of scientific and technological development has accelerated. However,

at the same time, there are still many problems at the major ports of China, such as

weak infrastructure, unreasonable port logistics pattern, low level of informatization

and backward management philosophy.

The existence of these problems has made significant short boards in other aspects of

China Port logistics in international competition, which is not conducive to the

promotion of port international competitiveness. At present, the supply and demand

of port shipping is mainly supported by regional manufacturing, production and

consumption in the region of the port. In addition to the development of ports

themselves, there is still a problem of misplaced problem in the support of ports in
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the hinterland in China, which leads to many ports unable to make full use of the

characteristics and advantages of economic development in the hinterland, and

unable to improve their competitiveness through specialized and characteristic

development.

This kind of misplaced problem not only reduces the port's comprehensive

competitiveness, delays the timing of port logistics development, but also has a

negative effect on local economic development and local industrial structure

upgrades. As China's economy enters a new period of low speed and steady growth

and increasingly intensified international competition, it is urgent to solve these

problems existing in China's port logistics.

The main reason for the above problems is that the development concept of China's

port logistics has not caught up with the requirements of the new normal of economy.

After entering the new normal of economy, China has a new development goal, that

is, to achieve stable growth of domestic economy instead of the previous high-speed

growth, to advocate foreign economic activities, to actively participate in all kinds of

international exchanges in order to accelerate the development of China's

export-oriented economy. In practice, the port competitiveness is still measured by

the throughput, berths and other hardware facilities as the main indicators. With the

current infrastructure capacity of China, it is not difficult to increase port
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infrastructure in a short period of time, but the rationality, efficiency and scientific

nature of infrastructure construction cannot be guaranteed. At the same time, the

navigation routes, cargo categories, information level and hinterland support capacity

that reflect the soft power of port logistics cannot be systematically reflected in the

measurement system of port competitiveness in practice, and the same is true in

theoretical research.

1.2.2 Beibu Gulf Port Group

The Beibu Gulf Port Group consisting of Fangchenggang Port, Qinzhou Port and

Beihai Port as the main ports, is adjacent to the Pearl River Delta in the east, close to

the southwest of the motherland, and facing Southeast Asia. It is an important port of

export for China’s foreign trade to the world. The geographical advantage of this

region is that this area has better deep-water conditions, rich port resources, and huge

development potential. Before 2018 when the overall plan about “New Western

Land-Sea Trade Corridor” was released by the National Development and Reform

Commission of China, the direct hinterland of Beibu Gulf Port Group mainly refers

to Guangxi.

The scope of the indirect hinterland is the southwest of China, including Yunnan,

Guizhou, Sichuan, Chongqing and other places. Although he Beibu Gulf area in
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Guangxi and Zhanjiang Port in Guangdong all take the southwest as their economic

hinterland, and there is a situation of overlapping hinterlands, the hinterland of this

paper is defined Guangxi as the hinterland of Beibu Gulf Port Group.

The development of port and hinterland economy in Guangxi Beibu Gulf promotes

the interaction between them and further promotes the opening up and development

of the region, which plays an important role in the Greater Southwest Economic

Circle and the Pan-Pearl River Delta Economic Circle. Although port development

can powerfully drive the development of regional economy, the economic

development level of Guangxi is still in a relatively backward position in the country.

Therefore, it is very important for how to play the leading role of the Beibu Gulf

port.

In May 2020, the Central Committee of the Communist Party of China, issued the

"Guiding Opinions on the New Era Promoting the Development of Western

Development", and proposed the goal of strengthening the opening up of the western

region, perfecting the port construction of Beibu Gulf, and building a group of ports

with international competitiveness under the guidance of jointly building "Belt and

Road Initiative". The implementation of "Belt and Road Initiative" brings new

opportunities for Guangxi, which an international channel facing the ASEAN region
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and an important gateway connecting the 21st Century Maritime Silk Road and the

Silk Road Economic Belt.

Port development can powerfully drive the development of regional economy, but as

the hinterland of Guangxi Beibu Gulf Port Group, the economic development level

of Guangxi is still in a relatively backward position in the country. Therefore, it is

very important for how to play the leading role of the Beibu Gulf Port Group. At the

same time, the development of hinterland economy also provides a cornerstone for

the improvement of port infrastructure. As each port region has its own resource

endowment, only the investment of advanced equipment or the expansion of the port

blindly may not produce economic benefits, or in other worlds, it is not conducive to

the port to play a leading role. Therefore, analyzing the interactions between port and

hinterland economy and determining the restriction factors is very necessary, which

can further promote the interactive development of port and hinterland economy, and

the economic development of the Beibu Gulf region and even the whole area of

Guangxi.

1.3 Research Objectives

This paper evaluates the international competitiveness of ports based on the current

situation of port and hinterland in Beibu region in order to help the port in the face of
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increasingly fierce competition can better deal with the competition. The theoretical

analysis and research on the factors that affect the international competitiveness of

ports is beneficial to the port to clarify its own advantages and disadvantages and

make rational use of resources.

Firstly, it is conducive to the Beibu Gulf port to make full use of the advantages of

the hinterland, reasonable planning of hinterland industries, and maximize the role of

hinterland in supporting the port.

Secondly, the port can integrate more closely with the economic development of the

hinterland and improve the port services to play a better gateway role of “Belt and

Road Initiative”.

Thirdly, it is conducive to the benign interaction between the port and the hinterland

economy, promoting the development of foreign enterprises and other

export-oriented economy in the hinterland, promoting the rational allocation of port

resources, and forming a unique cooperation mode.

Finally, this research will enrich the theoretical literature on the international

competitiveness of ports to a certain extent.
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1.4 Research Structure

The first chapter is the introduction, which elaborates on the topic selection

background, research significance, research objects, research contents of the paper.

In addition, the relevant research is summarized and reviewed from the aspects of

port competitiveness, hinterland economy, and the interactive development between

port and hinterland economy, and the research progress is summarized and the

research framework is confirmed.

The second chapter defines the main concepts of this study and finds the classical

theoretical basis for port and hinterland economic development, which provides

support for the following evaluation of port competitiveness and the study of the

connection between port competitiveness and hinterland economy.

The third chapter, based on the action mechanism of port and hinterland economy in

the Beibu Gulf region, describes and analyzes the development status of port and

hinterland economy in the Beibu Gulf region by collecting relevant data from 2006

to 2018, and presents it in the form of charts.

The fourth and fifth chapter, on the basis of the research of international

competitiveness port, port and hinterland economic interaction development model
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will be built and analysis will be put forward on the problems existing in the

development.

The sixth and seventh chapter puts forward countermeasures and suggestions to

promote the interactive development of port competitiveness and hinterland

economy in Beibu Gulf region based on the empirical study.

The final chapter will discuss the limitation of the research and put forward the

potential improvements that could be done by the future researchers.

2 Literature Review

In the early days, the role of port was just a transportation station, but after

subsequent developments it gradually serves as the main window for the

implementation of trade. The role of the port has gradually change from simple to

complex and improved from the first stage that could only transfer, store, send and

receive goods. The types of service need to provide by ports are growing. For

example, the original positioning of each port is only an independent platform

responsible for the movement of ships and cargo on the shore, and there will be no

interference and interaction between each other. Since the port has become the center

of logistics activities and the core of city construction, it competes with the

neighboring ports or even distant similar ports, so as to absorb more business to
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promote port itself and the development of the hinterland. Nowadays, the port has

become more internationalized, in particular, many coastal ports are already part of

the regions that cannot be bypassed in international foreign trade.

2.1 Por t Competitiveness

It is found by Britton (1963) that transportation competition will have an important

impact on the port freight. After the lift of the restrictions on the operation of

interstate highways, the volume of freight through the port has increased

significantly. When analyzing the reasons for the changes of deep-water foreign and

domestic trade competition at the United States ports after World War II，Kenyon

(1970) found the leading factors affect the fluctuations in the volumes handled by

ports: economic changes in the various classes of hinterland, railroad mergers, the

rise of truck inland transportation, containerization of oceangoing freight, differential

expansion of port facilities and infrastructure, differential efforts to facilitate the

business and administrative contacts of ocean trade within the port, and field

solicitation of trade.

Fleming & Hayuth (1994) and Veldman & Bückmann (2003) research from different

angles to study the factors affecting the competitiveness of ports. They conclude the

growth in the number of inter-modal transfer points on the land side, at the sea–land
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interface in the seaports and at the connecting points of liner services in

transshipment ports leads to an increasing number of routing options for a container

flow between two regions somewhere on the globe. The gradually diversified port

services make ports and hinterlands more internationalized and ports participate in

the supply chain allocating resources which make ports reach more deeply in global

economic activities (Veldman & Bückmann, 2003).

In early stage of research, the countries involved in the research on ports are mostly

distributed in Europe and the United States. The main reason is that the ports

engaged in worldwide freight service are distributed in developed countries such as

Europe and the United States, and the shipping centers of the world are still New

York Port and Rotterdam Port. After 1978 the implementation of reform and opening

up, the port construction has just started. The increasing frequency of foreign trade

accelerate port construction of China gradually.

Mostly, the domestic researches related to port competitiveness used qualitative

method to analyze the port strength; few quantitative methods were implemented.

Zhao (1996) mentioned port competitiveness in his research that the competition is

mainly manifested in the competition between the original ports, the public ports and

the consignor ports, the wholly owned ports and the foreign-funded ports, the newly

built ports and the original ports, and the supply and demand parties of port services
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and the ports. The research did by Shao & Li (2019) evaluates China's coastal cruise

ports, analyzes the situation of 11 major cruise ports from different aspects, and puts

forward reasonable development suggestions. The research on the international

competitiveness of ports is gradually refined from the initial exploration attempt.

Wang (2013) analyzed the reasonableness and competitiveness of port establishment

from the perspective of port's geographical location, comprehensive facilities, service

level and technical personnel when discussing the problem of improving port

competitiveness. Sun & Shao (2009) realized that port economy played an important

role in realizing China's economic opening and supporting economic and trade

development, and discussed that port economic competitiveness was affected by

natural conditions of ports, regional economic situation, port operation and

management, and hinterland economic development, etc. Yang (2017) evaluate port

competitiveness through 15 indicators including natural conditions, infrastructures,

service ability, hinterland development, Internet access etc. The results show that the

ports with strong competitiveness all have their own obvious advantages and with the

promotion of the Maritime Silk Road and the location of ports in strategic routes, its

international competitiveness in maritime transportation will continue to improve

(Yang, 2017). Hu (2017) adopt TOPSIS method and found by evaluating the
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competitiveness of the ports level can seek new breakthrough for more strategic

competitiveness.

2.2 Hinter land Economy

The development of hinterland economy cannot be separated from the development

of ports and in the meanwhile, it also provides a variety of materials for the

development of the ports. The role of ports on a country’s development has been

determined by Berköz (1999) using the regression analysis that trade being carried

out by seaway transportation at ports is one of the fundamental factor directly

affecting the macro-economy of any nations and ship visits is closely related to the

gross national incomes of cities. The economic interconnection between countries is

embodied in international commodity circulation, technology transfer, labor

exchange, etc., and these resources must enter the international market through

various ports for flow (Wang, 1997).

The economic structure of northern China has gradually changed from a traditional

economy to a modern economy. This change is closely related to the opening and

development of northern coastal ports. The change in the import and export structure

is the main manifestation of this change in the northern society and economy.

Through the economic interaction between the port and the hinterland, the modern
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northern economic system was gradually structured (Fan, 2003). Wei (2017)

conducted research on the economic development of medium-sized coastal cities and

compared the development status of the export-oriented economy of Weihai and

Lianyungang, both of which are open coastal cities and port cities, and found that the

gap between them was widening while their own economic growth was steady. In

terms of foreign dependence and foreign capital utilization, Weihai’s export-oriented

economy is superior to Lianyungang at this stage.

The interaction between port and hinterland is an important manifestation of regional

economic development. Li (2002) discussed the role of ports in promoting the

economic development of their cities and hinterland. He believes that the port is an

important part of the city economy. The production and development of ports can

create direct output value, employment opportunities, national income and taxes, and

contribute directly to the growth of city economy. Moreover, due to the

characteristics of the port industry, the development of the port drives the

comprehensive transportation, warehousing, processing, trade, finance, information

services and other related industries, especially, it can effectively improve the

mobility of various resources, reduce the cost of mobility, and form the location

advantage of the port city (Li, 2002). Yang etc. (2016) used Lianyungang as the

experimental subject to conduct an empirical analysis of the port's impact on the
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hinterland, and select the port's cargo throughput and its hinterland GDP and

employment numbers as references. The final results show that the role of ports in

the economic development of the hinterland has obvious phase characteristics.

Yang (2019) studies the impact on the construction of free trade ports from the

perspective of hinterland and believes that hinterland is the necessary condition and

basic element for the success of free trade ports.

2.3 Beibu Gulf Por t Group

Research on Guangxi Beibu Gulf Port Group generally began after the 21st century,

in 2007, Xie and Bin discussed the interdependent relationship between Guangxi

Beibu Gulf Port Group and the economic hinterland, and pointed out that Beibu Gulf

Port Group face the problem of port hinterland overlapping, hinterland atrophy and

lack of support for hinterland economy. Sui and Zhu (2012) did empirical analysis

through the linear regression model and got the result that the degree of logistics

development of the Beibu Gulf Port Group has a strong positive correlation with

economic development levels, and according to the results put forward relevant

countermeasures and suggestions to promote the development of the logistics of

Beibu Gulf Port Group.
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Zhang (2013) analyzed the main status and existing problems of Southwest Port

group, through factor analysis, port competitiveness indicators and weights were

formulated, and SPSS analysis software was used to analyze them. Her research

conducts competitiveness analysis and ranks the major competitiveness of southwest

ports in descending order. This is helpful for each port to clarify its own status and

find its own shortcomings. It can promote the port to further improve the port

strength.

2.4 Limitation of Research

At present, there is no accepted unified paradigm on how to measure and evaluate

the level of port comprehensive development. Port evaluation involves many aspects,

including ecological evaluation, social benefit evaluation and competitiveness

evaluation, among which the competitiveness evaluation pays more attention to the

quantification and comparison of the comprehensive strength and development status

of ports, which can objectively reflect the comprehensive development level of ports.

Studies on port competitiveness evaluation mostly focus on hardware facilities of

ports, such as Hales (2016) and Ha (2017) and other representative studies, which all

focus on measuring factors such as geographical location, telecommunications

system, inland transportation, port handling capacity, operation capacity and natural
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environment of ports. Some scholars, such as Kuang (2012), believe that most of

these hardware indicators are variable in the short run and do not have long-term

coupling with the hinterland economy.

Among the representative researches on the coordinated development of port and

hinterland, Meng (2017) studied the coupling relationship between port and city and

its influencing mechanism, and believed that port size and hinterland economic scale

had a positive impact on improving the coordination degree of port and city groups.

Si(2016) studies the development relationship of port hinterland from the perspective

of physical object, logistics and macro economy; Yang Liuxing (2016) used the

VAR model and took the cargo throughput, hinterland GDP and employment number

of Lianyungang Port as the research variables, and found that the role of seaport on

the economic development of hinterland region had obvious stages. Garcia (2017)

used GIS system to study the relationship between port hinterland accessibility and

port competitiveness and believed that no matter what kind of transportation mode is

adopted, the main factor determining port competitiveness is still the transportation

distance.

Summarizing the above representative studies, this paper finds that important

achievements and progress have been made in the studies on the measurement of

port competitiveness and the coordinated development of port and hinterland. At the
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theoretical level, a systematic research paradigm and a relatively mature theoretical

system of the coupling relationship between port and hinterland have been developed.

At the method level, the applicability of various quantitative methods in the

measurement of port competitiveness and the study of port-hinterland collaborative

development is verified and tested, and the quantitative methods suitable for this

research field are developed, such as the data envelopment method based synergy

degree model, cloud model, etc. At the practical level, a number of hinterland

economic variables that affect port competitiveness have been determined, such as

logistics, economic aggregate, population structure and other indicators are no longer

controversial, and it is also clear that ports have a practical role in promoting

hinterland development.

However, the existing studies still have the following shortcomings: First, most of

the studies are qualitative analysis, and the conclusions lack necessary empirical

support and empirical tests. Second, in terms of empirical research, most of the

studies using statistical methods to compare and analyze the port cross-sectional

competitiveness indicators, lack of time depth, and do not establish a standardized

research model, and the evaluation index results are greatly affected by samples.

Thirdly, most of the literatures only analyze the competitiveness of a certain index of

the urban logistics industry and the port competitiveness independently, and there are
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few comprehensive researches on the port competitiveness. Fourth, the research on

the support of hinterland economic structure to port is not deep enough.

This paper believes that in addition to hardware facilities, port development is also

affected by economic soft power factors such as policy, efficiency, interdepartmental

patency, scale and structure of supply and demand in hinterland. For example, in

addition to the handling scale, a port with strong international competitiveness

should also have more complete trade categories, wider ranges of trade objects, and

larger trade volume. The improvement of these soft power indicators that reflect the

international competitiveness of a port cannot be realized only by expanding the

scale of port hardware facilities.

3 Methodology and Research Design

When evaluating the international competitiveness of ports, based on the existing

research only considering the strength of hardware facilities, this paper adds the

economic soft power index reflecting the port economy and trade ability, so as to

give consideration to both hardware and software.

In the process of analyzing the interaction between the international competitiveness

of ports and hinterland economy, qualitative analysis combined with quantitative

research can enhance the rigor and persuasion of this paper.
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3.1 Qualitative Analysis

Qualitative analysis provides the development of various stages of the port and

hinterland economy, which provides a basis for further quantitative research. The

idea of the study is to introduce the international competitiveness to describe the

comprehensive strength level of the ports by selecting suitable indicators to construct

an evaluation system.

3.2 Quantitative Analysis

In the selection of international competitiveness evaluation methods, this paper

combines the advantages of existing subjective evaluation methods (such as TOPSIS,

AHP, etc.) and objective evaluation methods (such as entropy weight method and

correlation regression factor analysis, etc.) and overcome the shortcomings of both.

Therefore, the entropy weight TOPSIS model is selected and adjusted for evaluation

indicators in four aspects closely related to port development of Beibu Gulf Port

Group: operational capacity, infrastructure level, development potential and

international participation, which basically solves the problems that weight is

difficult to determine in subjective evaluation and algorithm is limited in objective

evaluation.
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Based on the evaluation result, panel data model will be used to study the respective

relationship between each indicators of port’s international competitiveness and the

hinterland economy. The advantage of panel data is that it has both cross-section and

time dimensions, which can solve the problem that cross-section data and time series

data cannot solve, and it can effectively solve the problem of missing variables

caused by unobserved individual differences or "heterogeneity" between ports.

Finally, the study will put forward the suggestions that can improve the

comprehensive strength of the Beibu Gulf Port in the future and promote the

development of the hinterland economy.

4 Case Background: Beibu Gulf Por t Group and its Hinter land Economy

4.1 The Impact of Port’s International Competitiveness on Hinterland Economy

As a transportation hub, the port itself is an important economic resource of the

country and the region, and each hub port has an important economic value for the

region where the port is located. The international competitiveness of ports reflects

the economic development of hinterland: (1) The development of ports will promote

the infrastructure construction of hinterland accordingly. The construction of public

facilities such as roads, railways and waterways is consistent with the improvement

of port competitiveness. The development and improvement of the collection and
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distribution system is more conducive to the transport and transfer of various

resources and industries; (2) The port has different types of industries in different

stages. With the renewal of old and new industries, the industrial upgrading of the

port has been gradually realized. Although the port focuses on different aspects in

different periods, it also promotes the development of hinterland industries by means

of its comprehensive competitive strength and leads the diversification of industrial

structure and the rationalization of industrial upgrading. (3) In the process of port

from single to diversified and comprehensive, various industries emerge at the

historic moment, which promotes the development of hinterland economy. The

development of these port industries cannot be separated from the demand of

investment and consumption, which will promote the development of hinterland

industries. Table 1 can clearly describe this relationship.

Port's International Competitiveness

operational capacity
performance capacity
development potential

international participation

↓

Ressults
The economic aggregate of hinterland will increase
The economic structure of hinterland will improve
The economic quality of hinterland will improve

↓
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Hinterland Economy

Table 1 The Impact of Port International Competitiveness on Hinterland Economy

Furthermore, a German scholar Kautz (1934) believed that good hinterland economic

conditions can provide necessary and sufficient guarantee for the development and

construction of ports. Then, with the development of the hinterland of ports, targeted

studies and scholars' attention gradually increased. The specific performance

described in this paper is as follows: firstly, the overall economic scale and industrial

structure of the hinterland will provide the basis for the development direction of the

port. Once the economic structure of the hinterland changes, the throughput scale of

the port's goods and commodities will be affected, and then the comprehensive

strength of the port will fluctuate to a certain extent. Secondly, the rapid

development of the integration process of hinterland economy and the improvement

of the port collection and distribution system have laid a material foundation for

multi-model transport, and also promoted the progress of related supporting facilities

of the port, which further expanded the spatial influence range of the hinterland of

the port. Thirdly, as a service industry, the competitiveness of the port attaches great

importance to the status of trade activities. The development of hinterland economy

catalyzes enterprises to engage in foreign trade import and export, which provides

talents for the development of the port.
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Based on the above mechanisms, port is the growth pole of hinterland, and the

improvement of port competitiveness has an impact on promoting hinterland

economic growth, optimizing hinterland economic structure and improving

hinterland economic quality. The sound development of the hinterland can bring

enough sources of goods and customers for the development of the port and improve

the comprehensive strength of the port. Port competitiveness and hinterland regional

economy is a kind of benign interactive relationship that can rely on each other to

achieve common development. The development of each other is a process of mutual

promotion and common promotion.

Therefore, through sorting out the interaction between port international

competitiveness and hinterland economy in this paper, the following effects are

formed between the two, as shown in Table 2.

Hinterland Economy →
Economic Development Scale
Logisctics Accessability

Economic Industrial Structure

↓

Port's International Competitiveness

Table 2 The Impact of Hinterland Economy on Port’s International Competitiveness
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4.2 The Overall Development Status of Beibu Gulf Port Group

Beibu Gulf Port Group is located in the south of Guangxi of China, bordering

Chongqing, Yunnan and Guizhou in the north, Guangdong, Hainan, Hong Kong and

Macao in the east, Vietnam in the west and Hainan Island in the south. It is located at

the junction of South China Economic Circle, Southwest Economic Circle and

ASEAN Economic Circle, and it is the most convenient sea portal for China's inland

hinterland to enter the Indo-China Peninsula and ASEAN countries. Qinzhou,

Fangchenggang, Beihai three ports located at the top of the Beibu Gulf are the three

main coastal ports of Guangxi. The port group of Guangxi Beibu gulf has realized

the unified planning, construction, management and operation of Fangchenggang,

Qinzhou and Beihai ports by the way of establishing Guangxi Beibu gulf

international port group with the government as the leading role and the asset

investment as the link.

The three ports have clear positioning: Qinzhou Port is dominated by containers,

Fangchenggang Port is dominated by bulk cargo, and Beihai Port is dominated by

cruise ships. The main business of the port has thus formed the development layout

of "one axis and two wings". The container business takes Qinzhou Port Area as the

central axis and carries out the collection of thousands of branch lines between the
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three ports in the north of Qinzhou through the "shuttle bus" to cultivate the regional

trunk container port.

The port economy of Guangxi Beibu Gulf is a kind of open economy. With

Fangchenggang Port, Qinzhou Port and Beihai Port as the center, Beibu Economic

Zone of Guangxi as the support, and Yunnan, Guizhou, Sichuan and Chongqing as

the economic hinterland, the port industry, tourism, trade and other related industries

are combined. After nearly 30 years of reform and opening up, the port is basically

equipped with supporting facilities, including infrastructure, railway, logistics,

coastal processing parks and so on.

By the end of 2018, the cargo throughput of Beibu Gulf Port had reached 240 million

tons, up 9.7% year on year. Among them, the cargo throughput of foreign trade was

about 130 million tons, with a year-on-year growth of 8.8%, and the container

throughput was 2.9014 million TEUs, with a year-on-year growth of 27.3%. The

three ports had 265 production berths with a length of 37,973 meters and a total

cargo handling volume of 183 million tons. With the construction of China-ASEAN

free trade area, the port of Beibu Gulf of Guangxi is becoming the main sea-going

channel in southwest China. Such achievements cannot be separated from the benign

competition in the cooperation between the Beibu Gulf Port Group, with clear

functional positioning and each giving full play to its core advantages.
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Figure 1 Cargo Throughput and Growth Rate of Beibu Gulf Port Group

The cargo throughput and its every year growth rate is shown in the figure 1, The

cargo throughput of Beibu Gulf Port Group continues to grow, with an average

growth rate of 14.69 % since 2006. In some good years, the growth rate is near 50%.

Since 2010, the overall cargo throughput has maintained an increase, occasionally

falling, which shows that the Beibu Gulf port development speed is very rapid.
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Figure 2 Container Throughput and Growth Rate of Beibu Gulf Port Group

The container throughput and very year growth rate of Beibu Gulf Port Group is

shown in figure 2. The container throughput of ports keeps growing continuously.

Since 2006, except for 2008, it has maintained an annual growth rate of more than

10%. In 2008, even under the impact of the financial crisis, it still has an annual

growth rate of more than 3%. The average growth rate since 2006 has reached 25.2

percent. It can be seen that in terms of container throughput, the Beibu Gulf Port

Group has also maintained a rapid growth.

4.2.1 Fangchenggang Port

After nearly 20 years of construction, the annual cargo throughput of Fangchenggang

Port has exceeded 10 million tons. In 2018, the cargo throughput of Fangchenggang
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Port exceeded 100 million tons. By the end of 2018, the port had 46 berths, including

31 deep-water berths with a maximum berthing capacity of 200,000 tons, a storage

area of more than 4 million square meters and an annual actual handling capacity of

more than 100 million tons.

The port has built a number of large-scale special storage and loading and unloading

ship systems for iron ore, coal, sulfur, grain, cement, chemical fertilizer, wood chips,

oil and gas, phosphoric acid, asphalt, vegetable oil and other types of cargo, with the

ability to load and unload various kinds of general cargo, bulk cargo, container,

petrochemical products and other functions of storage, transit and combined

transportation. Railways and expressways can reach the port and all kinds of storage

and loading and unloading equipment are complete.

In addition, Fangchenggang Port has pioneered new container routes to Northeast

Asia, Southeast Asia, Hong Kong and Macao and it has trade contacts with 250 ports

of more than 100 countries and regions in the world, which play an important role in

the foreign trade of the whole southwest region. Besides, Fangchenggang Port plays

the most important role in the import and export of bulk goods in southwest China,

and it is also an important transit base of coal, iron ore and grain in China. The trend

of cargo throughput and container throughput of Fangchenggang Port is shown in

Figure 3 and Figure 4.
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Figure 3 Cargo Throughput and Growth Rate of Fangchenggang Port

Figure 4 Container Throughput and Growth Rate of Fangchenggang Port
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4.2.2 Qinzhou Port

On May 29, 2008, the State Council officially approved the establishment of

Guangxi Qinzhou Bonded Port Zone, located in Qinzhou Port. The main

commodities imported at Qinzhou Port are ore, yellow soybean, liquefied petroleum

gas and anthracite, etc., with the import value exceeding 100 million US dollars. The

original wharf in Qinzhou Port is small in scale, berths and other infrastructure are

relatively scarce, and the total annual transit capacity is only about 200,000 tons.

Qinzhou Port mainly has a fishing port, Longmen Port and some other small docks,

can only dock 100 to 1,000 tons of small ships. However, due to the need of coastal

defense construction and historical reasons, Qinzhou Port had not been developed

before 1992. In 1992, the decision to develop and build Qinzhou Port was finally

made.

In 2011, the cargo throughput of Qinzhou Port completed 47.162 million tons, with a

year-on-year growth of 56.1% and completed 117.9% of the annual planned task (40

million tons). Among them, domestic trade reached 30.564 million tons, up 58.7%;

Foreign trade reached 16.598 million tons, up 51.4 percent. Containers exceeded

400,000 TEU and completed 402,200 TEU, an increase of 60.2%, realizing the rapid

growth of port throughput year after year, and the container throughput continued to

rank first among Guangxi coastal ports.
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At the end of 2012, with the completion of the 300,000-ton main channel of Qinzhou

Port and the completion of the hydraulic part of the 300,000-ton oil terminal,

Qinzhou Port has stepped into the ranks of large ports with a handling capacity of

over 100 million tons. After more than 20 years of construction, by the end of 2018,

Qinzhou Port had a total length of 13,464 meters and 79 production berths, including

32 berths above 10,000-ton class. In 2018, the actual cargo throughput reached

101.51 million tons, an increase of 21.74% over the previous year, among which the

container completed 2.32 million TEU, an increase of 31.07% over the previous year.

The trend of cargo throughput and container throughput of Qinzhou Port is shown in

Figure 5 and Figure 6 below. On December 26, 2018, the cargo throughput of the

port exceeded 100 million tons, an increase of 20% year on year, and 2.32 million

TEUs of containers were completed, both of which hit a record high.
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Figure 5 Cargo Throughput and Growth Rate of Qinzhou Port

Figure 6 Container Throughput and Growth Rate of Qinzhou Port
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4.2.3 Beihai Port

As early as the Qin and Han dynasties, Beihai was one of the ports of departure of

the "Maritime Silk Road". Therefore, Beihai Port is also the one with the longest

history among the coastal ports of Guangxi. In the Qin Dynasty, Beihai had a

permanent port, and then it became a foreign trade port. In 1984, Beihai was one of

the 14 open coastal cities in China, and the construction of Beihai ports has been

accelerating over the years. In recent years, Beihai Port has further expanded its

development space and developed Tieshan Port Area.

At present, Beihai has become a comprehensive port, and with trade, tourism and

other features. Beihai has built 61 production berths, including 15 berths of

10,000-ton class and above, with a total length of 7597m quays and an annual cargo

transit capacity of 51.64 million tons and an annual passenger transit capacity of 4.36

million. In 2018, the cargo throughput of the city's ports reached 32.48 million tons,

up 2.5% year on year, and the container throughput reached 260,000 TEUs, up

8.88% year on year. The trend of cargo throughput and container throughput of

Beihai Port is shown in Figure 7 and Figure 8.



36

Figure 7 Cargo Throughput and Growth Rate of Beihai Port

Figure 8 Container Throughput and Growth Rate of Beihai Port
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Comparing the three major ports, as shown in the Table 3, Fangchenggang Port is

superior to Qinzhou Port and Beihai Port in terms of the length of productive berth,

the quantity of productive berth and the annual passing capacity, but the biggest

difference between Fangchenggang Port and Qinzhou Port lies in the following three

aspects:

First, the annual container passing capacity: the annual container passing capacity of

Fangchenggang Port is only 550,000 TEUs, while that of Qinzhou Port is 4.2 million

TEUs, about 7 times more than that of Fangchenggang Port.

Second, the warehouse area and inventory capacity: the warehouse area and

inventory capacity of Fangchenggang Port are lower than Qinzhou Port;

Third is the maximum lifting capacity: although Fangchenggang Port has more than

1,200 sets of loading and unloading machines, the maximum lifting capacity is only

40 tons, while Qinzhou Port has only 599 sets of loading and unloading machines,

the maximum lifting capacity is 500 tons.
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Table 3 Comparison of Infrastructure of the Three Major Ports

4.3 Port Hinterland Economy Development Analysis

4.3.1 GDP and Growth Rate

As shown in Table 4, from 2006 to 2018, the GDP and growth rate of the hinterland

of the three major ports show that the GDP of Fangchenggang District falls far

behind that of Beihai and Qinzhou, and the growth rate slows down. In 2018, the

GDP of Fangchenggang District was 79.65 billion yuan, while Qinzhou's was 142.51

billion yuan and Beihai's was 133.19 billion yuan. The GDP of Beihai is very similar

to that of Qinzhou. Although Qinzhou's GDP has remained the first in this decade, its

overall growth rate is not as fast as that of Beihai. On the whole, in terms of

economic hinterland strength, the ranking of the three major ports from strong to

weak should be Qinzhou, Beihai and Fangchenggang port.
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（Unit: 100 million RMB）

Table 4 2006-2018 GDP and growth rate of Hinterland of the Three Major Ports

4.3.2 Foreign Trade Capacity

As shown in Table 5, from 2006 to 2018, the total import and export volume and

growth rate of the hinterland of the three major ports show that Fangchenggang

District always focuses on the transportation of foreign trade goods and bulk goods.

Therefore, the total import and export volume of Fangchenggang City is higher than

that of Qinzhou City and Beihai City, and the gap is widening.

In 2018, the total import and export volume of Fangchenggang city was $10.64

billion, while Qinzhou's was $3.353 billion and Beihai's was $4.73 billion. The total

imports and exports of Beihai and Qinzhou are relatively close. Qinzhou's total

import and export volume was higher than that of Beihai from 2011 to 2017 but was

lower than that of Beihai in 2018.

The growth rate of Beihai's total imports and exports is 38.9%, while the total

imports and exports of Qinzhou does not increase but decreases, with a decrease rate
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of 33.2%. On the whole, in terms of the development level of foreign trade, although

its growth rate is not stable, Fangchenggang should have the highest foreign trade

level. The foreign trade level of Qinzhou and Beihai is relatively close. Qinzhou was

higher than Beihai before 2017, but it can be seen from 2018 that Qinzhou is likely

to be surpassed by Beihai in the next few years, indicating that Beihai has a great

potential in foreign trade.

(Unit: 100 million USD)

Table 5 Total Import and Export Volume and Growth Rate of Hinterland of Three

Major Ports

5 Data analysis

The sample data collected are mainly from 2007 to 2018 Guangxi Statistical

Yearbook and China Port Yearbook.
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5.1 Evaluation on International Competitiveness of port

5.1.1 Establish Indicators in Four Aspects

In this paper, both the hard power and the soft power of ports should be considered

simultaneously when evaluating the international competitiveness of ports. In the

process of index construction, this paper follows the principles that firstly, the index

has objectivity and horizontal and vertical comparability; Second, the most

representative key indicators should be selected to reflect the comprehensive strength

of ports. Considering the above principles, this paper starts from the following first

level indicators in the subsequent evaluation process of the international

competitiveness of ports: operational capacity, infrastructure level, international

participation and development potential. Each first level indicator can be broken

down into more comprehensive and detailed second level indicators. See the Table 6.

Port operation capacity is an important index reflecting the current production and

operation status of a port. It is mainly manifested in the cargo throughput and

container throughput of a port. The throughput of a port is usually the most direct

and important basis to measure the ranking of a port, which reflects the business and

trade strength of a port to a certain extent.
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Port infrastructure level includes the number of productive berths, the length of

berths, number of million ton-level berths and annual throughput capacity, which can

reflect the working capacity and infrastructure level of the port.

International participation measures a port's ability to integrate into the international

market and foreign activities, including foreign actual direct investment (FDI),

amount of foreign capital actually utilized, foreign trade throughput, import and

export volume.

The development potential of the port is the demonstration of the sustainable

development ability of the port. It can be reflected through the growth rate of cargo

throughput, the growth rate of Container throughput, the growth rate of foreign trade

throughput, the growth rate of total import and export value by city, total investment

in fixed assets and the growth rate of investment in fixed assets. If the port wants to

achieve better development in the future and maintain sustainable competitiveness, it

must plan the future development trend scientifically on the basis of ensuring the

existing conditions. The port should have accurate judgment to the requirement of

the market. On the premise of ensuring the existing advantages, the port should carry

out higher development and obtain stronger advantages in line with future

expectations. Port construction is characterized by large investment and long

construction period, and the scale of investment will affect the resource supply of



43

port development, which is the mandatory requirement of port economic

development.

The index system shown in Table 6 is more authentic and comprehensive than

previous studies that only evaluate the competitiveness of port hardware facilities.

By comparing the criterion layer, the strengths and weaknesses of the international

competitiveness of each port can be clarified.

Table 6 Port International Competitiveness Indicators

5.1.2 Evaluation Method—TOPSIS

The Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) is a

classical multi-attributes and decision-making method. It is chosen for the reason that
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the research is limited to the number of natural samples for international

competitiveness evaluation and TOPSIS requires a smaller sample number compared

with the factor analysis method and the structural equation method. However, the

TOPSIS method has certain subjectivity and incompleteness in terms of the weighted

average of the indicators. Therefore, to improve the weakness of the TOPSIS method.

This paper uses entropy weight method (EWM) to determine the weighted of

attributes.

EWM is an objective weighting method which determines the index weight

according to the difference of the information order degree contained in each index

and avoids the deviation caused by human factors. Current entropy weight method is

almost applicable to all disciplines. The specific steps of processing the original data

using entropy weight TOPSIS are described below. The original data used can be

found in the appendix 1.

Step 1: Determine the normalized matrix. Take the port infrastructure level as an

example, under which there are four indicators used to represent the infrastructure

level of Fangchenggang Port, Qinzhou Port and Beihai Port, then let Xij be the j th

indicator for i th place. The normalized result is:

Yij =
[Xij−minXi]

[ maxXi−minXi]
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Step 2: Standardize the results.

Pij =
Yij
j=1
n Yij�

Step 3: Determine the entropy weight of attributes.

Ei =− ln n−1 j=1
n Pij� lnPij

Step 4: Take the coefficient of differentiation.

hi = 1 − Ei

Step 5: Take the weight of attributes.

Wi =
hi
hi�

The corresponding weight obtained will be used as the weight of the weighting

matrix constructed in TOPSIS.

Step 6: Calculate the weighting matrix.

Zij = WiN

Step 7: Find positive and negative ideal solutions

S+ =MAX（M1,M2,M3…Mn
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S+ =MAX（M1,M2,M3…Mn

Step 8: Find the distance between all the positive solutions and the positive and

negative ideal solutions.

Di+ = j
n (Mij − S+)2�

Di− = j
n (Mij − S−)2�

Step 9: Obtain the relative proximity degree between each scheme and the optimal

scheme

Ci =
Di−

Di− + Di+

After getting results, ranking the port. The larger the Ci value is, the stronger the

international competitiveness of the corresponding port.

5.1.3 Evaluation Result

(1) Score of Criterion Layer Indicators.

Fangchenggang, Qinzhou, Beihai port in the Beibu Gulf region were evaluated from

the above 4 aspects and 18 specific indicators and the corresponding ranking was

shown. Due to the huge port data over the years and the lack of the latest year data
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(2018). This paper selects the statistical data of 2017 for display, as shown in Table

7.

Table 7 2017 Score by Port

According to the evaluation result shown in Table 7, Fangchenggang port ranking

the top in the aspect of operation capacity, infrastructure level, international

participation, Qinzhou and Beihai ranking followed. Fangchenggang handles the

most cargo and containers and has a stronger operation capacity than other two ports,

which benefits from its strategical positioning of becoming a feeder port, in which

the corresponding infrastructure construction is obviously different.

Fangchenggang port has more loading and unloading machines, more productive

berths and the longest berth length. Therefore, Fangchenggang Port focuses on

serving bulk cargo, builds several dedicated terminals and develops a professional

logistics system while becoming a feeder port. When Beihai Port becomes a feeder

port, it focuses on the development of trade, tourism and port-adjacent industries.

Therefore, it is reasonable that Beihai Port has no outstanding advantages in terms of
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the length and quantity of productive berths, the annual throughput capacity of

containers and loading and unloading capacity.

In the aspect of international Participation, although the growth rate of foreign trade

throughput is not stable, Fangchenggang has the highest foreign trade level. The

foreign trade level of Qinzhou and Beihai is relatively close. Qinzhou was higher

than Beihai before 2017, but it can be seen from 2018 that Qinzhou is likely to be

surpassed by Beihai in the next few years, indicating that Beihai has a great potential

in foreign trade.

In the aspect of development potential, in terms of the proportion of foreign

investment, the ranking of the ability to attract the foreign investment is Beihai,

Qinzhou City and Fangchenggang City. Although the financing capacity of

Fangchenggang City is higher than that of the other two cities, most of it comes from

domestic financing. Compared with Beihai City and Qinzhou City, its ability to

attract foreign investors is weak.

The overall ability of the three major ports are relatively low in attracting foreign

investors. In the future, each city should pay more attention to improving the ability

of attracting investment and make full use of its superior geographical location and

policy opportunities to attract foreign investment.
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(2) Comprehensive Score Analysis

Based on the evaluation on criterion layer index, apply the data again into the Step 1

to 9 and get the following result shown in the Table 8 and more information is shown

in Appendix 2.

Table 8 Port Development Evaluation Result

From 2006 to 2013, the international competitiveness of the three major ports in the

Beibu Gulf region continued to rise. Although the change is different from year to

year, it can be found that the international competitiveness of Fangchenggang Port in

the Beibu Gulf region has been more prominent than that of other ports over the

years. Qinzhou and Beihai are slightly inferior, but they are all improving.

In 2014 and 2015, Qinzhou Port was rated higher than Fangchenggang Port. After

2016, the advantages of Fangchenggang have gradually become prominent again.
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As mentioned in previous chapter, port international competitiveness is a

comprehensive index used to measure port strength and there is a certain relation

between the hinterland economy and port competitiveness. The improvement of city

economy can enhance the competitiveness of ports. The development of ports can

contribute directly to the growth of city economy.

Therefore, the competitiveness of ports with better economic development in

hinterland region is gradually enhanced, while the competitiveness of ports with

limited economic development in hinterland region is insufficient. Next chapter

carries on the further exploration and analysis to the port competitiveness and

hinterland economy development.

5.2 Study on the interaction between por t international competitiveness and

hinter land economy

5.2.1 Build Panel Model

Based on the relationship between the international competitiveness of ports and the

economic development of hinterland region, this paper explores whether the

improvement of the international competitiveness of ports in the Beibu Gulf region

can drive the economic growth of hinterland region, and whether the sound



51

hinterland economy can help to increase the attractiveness of ports. This chapter

analyzes the relationship between the international competitiveness of ports and

hinterland economy through panel data model based on the evaluation of the

comprehensive strength of ports in Beibu Gulf region.

Based on the previous research as a reference to build the panel model. According to

the Kautz’s (1934) theory, comprehensive consideration should be made on port

infrastructure, operation capacity, logistic system between port and hinterland, and

economic level and structure of hinterland. The model is constructed as follows:

Model I： Ci= β0 + β1 ln PGDP + β2SY + β3TY + β4 I + β5 ln GDP + β6IE

+ β7 lnWA + β8 ln RO + ε

where:

 Ci is the dependent variable (DV)

 β0 is the intercept

 β1, β2, β3, β4, β5, β6, β7, β8 are the regression coefficient

 GDP, SY, TY, I, IE, WA, RO are the independent variable (IV)

 ɛ is the error term
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Model II：ln GDP = β0 + β1 Ci+ β2 lnWA + β3 ln RO + ε

where:

 GDP is the dependent variable (DV)

 β0 is the intercept

 β1, β2, β3 are the regression coefficient

 Ci, WA, RO are the independent variable (IV)

 ɛ is the error term

The contribution rate of economic growth of the secondary and tertiary industries,

gross domestic product (GDP) and per capita gross domestic product (GDP) are

selected to reflect the economic aggregate and structure of hinterland. Note that the

contribution rate of secondary and tertiary industries to GDP growth refers to the

contribution rate of secondary and tertiary industries to GDP growth, which is equal

to the ratio of the increment of added value of each industry to the increment of GDP

（Expressed by formula:∆ Value of Secondary Industry
∆ GDP

; ∆ Value of Tertiary Industry
∆ GDP

）. Increments

in value added are calculated at constant prices. The volume of water and land

freight turnover represents the level of logistics connectivity between the port and the

hinterland. The amount of investment in fixed assets and total import and export
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value are used to show the development level of investment hinterland and trade. The

international competitiveness of ports is expressed by the relative proximity (Ci) of

the entropy TOPSIS evaluation results. Indicators of each aspect are shown in the

Table 9.

Meanings Indicators

Hinter land

Economic

Structure

Contribution of Secondary industry to Economic

Growth (%)
SY

Contribution of Tertiary industry to Economic

Growth (%)
TY

Economic

Aggregates

GDP (current prices,100 million yuan) GDP

Per Capita GDP (yuan/person) PGDP

Trade

Total Investment in Fixed Assets (100 million

yuan)
I

Total Import & Export Value (10000 USD) IE

Logistics

Accessibility

Turnover of Cargo Transport by Waterway (Bi

llion tons
WA

Turnover of Road Cargo Transport (Billion tons) RO

Table 9 Indicators of Hinterland and Its Meanings

The original data came from Guangxi Statistical Yearbook from 2006 to 2018 and

the relative proximity index of all ports calculated in Section 5.1 of this paper. In

order to facilitate the subsequent data processing and make the model more efficient,

this paper adopts logarithmic original data for some indicators in the panel model,

such as GDP, GDP per capita, turnover of cargo transport by waterway and turnover
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of road cargo transport. Besides, for the reason that some indicators like GDP has

large data value, logarithmic processing can out to prevent heteroscedasticity and

make the data smother than before.

In the first model, the port competitiveness is taken as the dependent variable to

analyze the impact of hinterland regional economic development on the international

competitiveness of ports. The second model is mainly to measure the impact of port

comprehensive competitiveness and inter-port logistics access on the overall level of

hinterland economic development. In the second model, port competitiveness and

logistics accessibility as the key items of consumption and investment have an

impact on the actual access of hinterland economy according to macroeconomic

theory.

5.2.2 Model Test

Apply the processed data into the STATA Software to run the panel model. Unlike

usual regression, panel model has to go through a precise estimation modeling steps

which are explained as follows.

(1) Descriptive Statistics Analysis
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As shown in table 10, the total (unbalanced) observations is 314 with the lack of

data of turnover of cargo transported by road and waterway in 2006, 2007 and

2018.

Table 10 Descriptive Statistics Analysis

(2) Correlation Coefficient Matrix

As shown in the Table 11, it is preliminarily determined that GDP, GDP per capita,

the investment in fixed asset, the import and export value and turnover of cargo

transported by waterway are positively correlated with Ci. SY and TY are negatively

related to Ci . Since the GDP and the value of secondary and tertiary industry

increase year over the year, therefore, the reason behind the negative relationship

between SY, TY and Ci is that although the total value of each factor increase, the

ratio decreases according to ∆ Value of Secondary Industry
∆ GDP

and ∆ Value of Tertiary Industry
∆ GDP

.
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Besides, the analysis of the ratio does not indicate that it has a negative effect on the

international competitiveness of ports, because the proportion of the growth value of

the secondary and tertiary industry is fluctuating.

Note: Significant at 1% level

Table 11 Correlation Coefficient Matrix

(3) Scatter Fitting Diagram

The X axis represents the core independent variable, and the Y axis represents

the dependent variable. The result we get from the two figure 9 and 10 showed

that the relationship between GDP and Ci and the relationship between GDP per

capita and Ci are up-sloping lines. The figure more intuitively shows that there is

a positive correlation between GDP, GDP per capita and Ci , which indicates the

international competitiveness of ports, and verify the preliminary analysis in the

correlation coefficient matrix.
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Figure 9 Scatter Fitting Diagram Ci & lnPGDP

Figure 10 Scatter Fitting Diagram lnGDP &Ci
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(4) Model Specification

Panel models can be further divided into three types: Fixed Effect Model, Mixed

model and Random Effect model. F test, LR test and Haussmann test were

conducted respectively to determine which model should be used in the further

analysis.

(i) Model I

From the test result of Model I, it can be concluded that in the F test,

p=0.0000<0.01, significantly reject the null hypothesis (H0)—the mixed model

and choose FEM, meaning that there is no individual and random effect. In the

LR test, p=0.0000<0.01, significantly reject the null hypothesis (H0) that there is

no individual random effect in the model, so mixed regression should be chosen,

so accept H1, choose REM. Next, Haussmann test help to find one model of the

two that will be used in future analysis. According to Haussmann test, as

p=0.0005<0.01, reject the null hypothesis, reject REM and choose FEM as the

regression model in future use.
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Table 12 Statistical Test of Model I

(ii) Model II

Follow the same logical process explained as Model I, in F test LR test,

significantly reject null hypothesis and in Haussmann test finally choose FEM as

the regression model for future use.

Table 13 Statistical Test of Model II

(5) Regression (Stepwise Regression)

The goal of applying stepwise regression is to find a set of independent variables that

can significantly influence the dependent variables. The process of stepwise

regression involves in the selection of independent variables to be used in the final

model by adding and removing potential explanatory variables, which can ensure the

completeness of the analysis and make the model more robust.

The independent variables are introduced one by one under the condition that the

sum of squares of partial regression is significant after testing. After each new

independent variable is introduced, the old independent variables should be tested
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one by one. Insignificant independent variables should be eliminated, until neither

new variables are introduced nor old variables are deleted.

5.2.3 Result Analysis

(i) Model I

* p<0.1, ** p<0.05, *** p<0.01 t statistics in parentheses

Table 14 Regression of Model I
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From the regression result shown in Table 14, at 5% confidence level, when P<0.01,

PGDP and IE are significant positive correlated to Ci. When P< 0.05, PGDP, IE, SY

and TY are statistically significant. Adding the independent variables drives the

adjusted R Square increase and gradually gets close to 1. Adjusted R square is the

ability of predictor variables simultaneously in explaining the response variable by

observing the standard error. The explanation is the same as R Square but this value

has been corrected with standard error. As the increase of adjusted R square, the

standard error decreases and the goodness of fit of the model increases, meaning that

more plots of PGDP can be explained by the model.

(ii) Model II

t statistics in parentheses

* p<0.1, ** p<0.05, *** p<0.01
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Table 15 Regression of Model II

The Same logic applied to Model II regression shown in Table 15, at 5% confidence

level, when p< 0.01, both Ci and WA has significant positive relationship with GDP

are statistically significant. When adding more potential independent variables, the

adjusted R square increase, meaning that the goodness of fit of the model increase.

More plots Ci can be explained by the model.

6 Discussion

According to the results of the panel model，GDP per capita and the trade of import

and export have a positive boost to the international competitiveness of ports. It is

worth noting that the coefficient of the SY and TY in each region is negative. The

reason may be that although the output value of the secondary and tertiary industry

still maintains a relatively stable growth trend, the ratio keeps decreasing. In addition,

the analysis of the ratio does not indicate that it has a negative effect on the

international competitiveness of ports, because the proportion of the growth value of

the secondary and tertiary industry is fluctuating all the time.

In the aspect of transportation between port and hinterland, the results of the turnover

of cargo transported by waterway and road show that port competitiveness is affected

by transport capacity. The better the level of logistics is, the better the

competitiveness of the port will be. Otherwise, the port will be restricted, and the
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hinterland will be hindered. However, the coefficient of road cargo turnover is not

significant. Combined with the actual analysis, this result may be the lack of specific

records of the volume of overland cargo turnover generated by port trade. Therefore,

the promotion of port's international competitiveness depends on the development of

hinterland economy.

From the aspect of factors that affect the hinterland economic development, there is a

significant positive correlation between the turnover of cargo transported of the

hinterland as the dependent variable and the international competitiveness of the

ports as the independent variable. This indicates that the improvement of port

international competitiveness and the accessibility of logistics have a promoting

effect on the economic development of hinterland, which is consistent with the

previous cognition. This also proves that hinterland region economic development

and improvement can be realized with the help of ports. Paying attention to the port

as the hinterland and inland portal construction, supporting the port transformation

and upgrading, carrying out cooperation with all parties can finally make the port

become the leading driving force of the regional economic development.

7 Conclusion and Implications
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7.1 Conclusion

The relationship between the international competitiveness of the port and economic

development of its hinterland region is interdependent. It is of great theoretical and

practical significance to explore the synergistic mechanism and interactive

mechanism between the international competitiveness of ports and the economic

development of hinterland and to study the promoting effect of ports on the

economic development of hinterland regions, as well as the boosting effect of

economic development indicators of hinterland on the international competitiveness

of ports.

When measuring and evaluating the international competitiveness of ports, this paper

not only considers the hard power of ports, such as operation capacity and

infrastructure level but also innovatively considers the soft power of ports, such as

international participation and development potential. In terms of competitiveness

evaluation method, this paper uses the evaluation model of port comprehensive

competitiveness based on entropy weight TOPSIS which combines subjectivity and

objectivity. It basically solves the problem that weight is difficult to determine in

subjective evaluation method and objective evaluation method is limited by

algorithm.
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Different from the previous research which only focused on a certain aspect of port

competitiveness, the innovation point of this paper is that it evaluates and compares

the comprehensive competitiveness of the three major ports in Beibu Gulf region of

China.

Besides, on the basis of the criterion level evaluation, this paper further carries out

the secondary level of port comprehensive evaluation, and obtains the relative

proximity index representing the international competitiveness of Fangchenggang,

Qinzhou, Beihai port over the years. The relative proximity index is introduced into

the panel model as a quantitative index of the comprehensive competitiveness of the

three ports in the Beibu Gulf region to investigate the correlation between the

international competitiveness of port and economic development of Guangxi.

The results of the panel model show that: firstly, the increase of the secondary and

tertiary industries in hinterland region has a significant boost to the international

competitiveness of ports, which indicates that the economic structure of hinterland

has a significant impact on the comprehensive competitiveness of ports. Second, the

main factors influencing the improvement of port comprehensive competitiveness

are not only the hinterland economic aggregate but also the import and export value.

Third, the trade and logistics conditions of hinterland have a significant role in

promoting port international competitiveness. Fourth, the improvement of port
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comprehensive competitiveness can significantly promote the development of

hinterland secondary and tertiary industries, indicating that the improvement of port

comprehensive competitiveness is conducive to the improvement of regional

economic structure.

Based on the evaluation of the international competitiveness of ports in the Beibu

Gulf and the empirical model, this paper concludes that there is indeed a mutually

promoting and influencing relationship between Chinese ports and their hinterland

regions. The support of hinterland to port competitiveness is mainly realized through

the rationality of hinterland economic structure and the development level of

hinterland regional trade and logistics. The economic aggregate of hinterland region

is not the only important factor to improve the comprehensive competitiveness of

ports. Therefore, in practice, hinterland region should take structural adjustment and

quality as the main development goal, instead of focusing only on GDP to meet the

requirement of China’s New Normal Development.

7.2 Suggestions

7.2.1 Suggestion on Beibu Gulf Port Group

（1）Improve the port infrastructure construction
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From the analysis this paper conclude that the port infrastructure construction level

has always had a great impact on the hinterland economy, so it is very necessary to

improve the port infrastructure construction. Based on the advantage of geographical

location of Beibu Gulf port, the strategic role of Beibu Gulf can be better played by

improving the infrastructure construction.

Beibu Gulf port should pursue a higher level of port infrastructure, broaden the

financing channels, improve the port investment environment, establish a new port

construction investment mechanism. Guangxi Beibu Gulf Port is the solid foundation

of the port industry development of Guangxi Beibu Gulf Economic Zone. The port

also bears the task role of promoting economic and social development. Therefore,

accelerating the development of the Beibu Gulf Port Group to accelerate

development can meet the needs of regional economic development.

The development of Guangxi Beibu Gulf Port has entered a new stage, and the funds

are needed in the process of its development. Therefore, it is very important to

formulate and improve the corresponding preferential policies to encourage domestic

and foreign investment and financing entities to enter the Beibu Gulf region. One

enterprise and one policy can be formulated, especially for well-known shipping

enterprises, logistics companies and terminal operating companies at home and
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abroad. The government needs to support the port development and land utilization

financially.

(2) Improve the Port Handling Quality

Beibu Gulf port has always neglected the improvement of port handling quality.

Even though cargo throughput has soared in recent years, the throughput structure is

still in a relatively low state. Although the container throughput of Beibu Gulf Port

Group has been growing rapidly in recent years, it is still in a backward position. In

2018, the container throughput of the Beibu Gulf Port Group was only 3.05 million

TEU, even only about 7% of that of Shanghai Port in the same year, showing no

advantages compared with developed ports. It is mainly affected by the hinterland

economic structure. Hinterland economy as the foundation of port economy severely

limited the development of container throughput of Beibu Gulf Port Group.

The handling quality and structure of the port can directly affect the sustainable

development of the port. During 2011 to 2018, the handling structure of Beibu Gulf

Port Group has been improved to a large extent, and this improvement is also

reflected in the indicators of hinterland economy. It is important to further improve

the handling structure.
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First of all, Beibu Gulf Port Group needs to diversify port functions with the help of

local port industry, port and hinterland logistics industry, build comprehensive ports

with multiple functions, renew the management concept that ports are not only used

as transmissions but other functions, and further improve the port to hinterland

economy promoting effect.

Secondly, taking the opportunity of the rapid development of export-oriented

economy in Beibu Gulf region, the Beibu Gulf Port Group should actively develop

container transportation, increase the corresponding hardware input of the ports, and

improve the function of productive berth in order to meet the growing demand of

container transportation.

In addition, it is necessary to strengthen the alliance between different ports, and

continue to open new routes for domestic and foreign trade, and open up more routes

for container transport, so as to promote the growth of container throughput and

promote the optimization of port handling structure.

Finally, the port of Beibu Gulf should also improve the bulk cargo structure. The

cargo of Beibu Gulf port is mainly raw materials, and the industrial added value of

this basic industry is low, which is the fundamental reason for the poor handling and

handling structure of the port. In order to optimize the handling structure, it is
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necessary to cooperate with the improvement of industrial structure of hinterland

economy, the development of intensive economy, port and hinterland complement

each other and develop together.

(3) Promote the Port Corporation within Beibu Gulf region.

The benefits of port cooperation within the port group are enormous, for example,

corporation help expand economies of scale and reduce operating costs, jointly invest

in equipment, and jointly provide services that are difficult to achieve in a single port.

This can not only improve the quality and efficiency of service, but also can share

the risk to reduce the corresponding loss. The direction of port cooperation in the

Beibu Gulf is to strive towards the overall goal of Guangxi port, understanding its

further development trend and formulating future development plans in combination

with its current situation and existing problems. From the overall point of view,

comprehensive planning should be carried out, and the functions and roles of the

three ports should be clearly defined, so as to further promote the reasonable division

of labor and cooperation of the ports and promote the transformation of the ports to

the new pattern of coordinated development. The function orientation of the three

port cities within the Beibu Gulf Port is as follows.
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The transportation goods of Fangchenggang port are mainly bulk goods. Due to the

economic development of the hinterland, the transportation input of the hinterland

cities of the port is naturally increasing, and the transportation system is also

gradually improved. The container transportation of Fangchenggang port itself is

also in the process of vigorously promoting the development, and the handling

structure is further transformed as well. Fangchenggang port is gradually becoming a

modern comprehensive port with various functions such as transportation

organization, transfer and replacement, loading and unloading, storage and

transportation, modern logistics and bonded, distribution and processing.

Qinzhou Port is an important regional port, whose function is to serve the port

industry. The recently formed intensive and large-scale port area of Qinzhou Port is

mainly due to the promotion and development of the port industry, which mainly

focuses on the transportation of energy, raw materials and other bulk materials. The

long term goal of Qinzhou port is still base on port industry but enriching more

functions of port.

Different from Qinzhou Port, the purpose of the Beihai Port’s development is to form

a comprehensive port mainly for trade and tourism, and the transportation of goods is

mainly for clean materials. In recent years, Tieshan Port District has been merged

into Beihai Port. The function orientation of Tieshan Port District is similar to that of
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Qinzhou Port, which mainly serves the port industry. However, the future

development direction of Tieshan Port District is to strive to build a comprehensive

port with multiple functions, such as logistics, processing and bonded etc.

Relying on the advantages of each port, each port can give full play to its own

advantages according to its own conditions, perform its own duties in terms of

function and coordinate with each other, which can also reduce vicious competition.

In addition, it is necessary to speed up the process of information resource sharing

among ports and promote port integration. The scale of the port can be further

expanded, resulting in economies of scale effect, which can save costs and improve

efficiency. The pulling effect will increase on hinterland, further promoting the

interaction between port and its hinterland.

Guangxi should continue to increase the intensity of capital investment and attract

the inflow of funds through preferential policies and measures. The capital attracted

should be put into high and new technology, so as to promote the development of

labor-intensive industries into capital and technology-intensive industries, and

further promote the optimization and upgrading of regional industrial structure and

the development of Beibu Gulf Port Group.
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7.2.1 Suggestion on Hinterland Economy

(1) Consolidate the Supporting Industry.

No matter from the perspective of economic aggregate, industrial structure, or

industrial development level, the industrial foundation of Guangxi is weak. If the

development of supporting industries of port economy cannot keep up, the

interaction between ports and hinterland will be difficult to improve. Therefore, in

addition to the adjustment of hinterland industrial structure and the improvement of

port infrastructure construction, it is necessary to accelerate the development of

supporting industries.

First, Beibu Gulf region must speed up the development of the port industry

matching with ship building, parts manufacturing industry; actively promote the

combination of the city's the third industry and regional economy, such as financial,

information and tourism service; actively implement the development strategy of

"bringing in and going out"; introduce large logistics enterprises with advanced

management and abundant funds into the city, and speed up the development of a

batch of modern logistics enterprises by way of sole proprietor, joint venture or

cooperation.
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Secondly, Beibu Gulf region needs to support the development of local logistics

enterprises by introducing modern management concepts, actively explore the

surrounding market, enhance their own strength and improve their market

competitiveness. The government play an essential role in strengthening the support,

for example, putting more investment. It can guide the development direction of

supporting industries and provide a favorable economic atmosphere for the

interactive development of Beibu Gulf port and hinterland economy.

(2) Opening Up Further to the Outside World

The interaction between Beibu Gulf port and its hinterland economy in the aspect of

foreign trade runs through all the time, so it will be a long-term strategy to expand

opening to the outside world and develop foreign trade.

Beibu Gulf region needs to actively open to the outside world. Participating in more

international activities can attract more foreign direct investment and bring in foreign

high technology by accepting more transfer of international industry. to improve the

economic extroversion degree of the Beibu Gulf region.

Finally, Beibu Gulf region needs to improve the existing platform, promote

international cooperation to implement projects to drive inter-regional investment

and trade corporation, including deepening the China-ASEAN Expo, Pan-Beibu Gulf
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Forum cooperation process, promote the construction of Nanning Singapore

Economic Corridor and so on.

8 Limitation of the Research

The weakness of this paper lies in the difficulty of data collection and the lack of

new data., which leads to a relatively small number of sample number and indicators.

Since Beibu Gulf Port was still in its infancy in 2006 and the Beibu Gulf (Guangxi)

Economic Planning Area was just constructed, some index data could not be

collected in several years like the turnover of cargo transported by waterway and

road. Therefore, in order to achieve the principle of objectivity in data selection, the

port indexes were finally determined to be eighteen and the sample period was set to

be 12 years. If the data could be collected more fully, the sample number could be

further enriched. The latest data is the data of 2017. 2018 data collection is difficult

because it is lack of information in the yearbook. There is no way to get all the

indicators data in 2018, so it might have a little influence on model results. If the data

updated, the analysis of the current situation of three ports in Beibu Gulf region can

be more objective, then more precise measurement and suggestions can be put

forward to the Beibu Gulf Port Group and Guangxi.
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APPENDICES

Appendix I The Original Data for TOPSIS Calculation
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Appendix II The Comprehensive Score of Three Ports
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