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Abstract: The Bohai Rim region constitutes the third prominent “growth pole” in China’s economic
landscape, wherein the Bohai Rim multi-port system, encompassing Tianjin Port, Dalian Port, and
Qingdao Port, engages in intense competition to establish itself as the foremost shipping hub in
northern China. This study compares the ternary diagram method and employs the comprehensive
concentration index (CCI), Lerner index (LI), and spatial shift-share analysis (SSSA) methods to
delve into the intricacies of concentration, inequality, and evolving competitive dynamics within
the Bohai Rim multi-port system over the four decades spanning from 1981 to 2023. The aim is
to analyze the evolutionary trajectory and underlying dynamic mechanisms of this multipartite
port system. The analysis delineates the development trajectory of the system into three stages:
the dominant stage of Tianjin Port from 1981 to 1990, the efficiency competition stage from 1991
to 1996, and the ascendancy of Qingdao Port from 1997 to 2023. The results indicate that: (i) the
Bohai Rim multi-port system exhibits a relatively low level of concentration, ensuring balanced
growth within a non-monopolistic competitive environment; (ii) the internal competitiveness of the
Bohai Rim multi-port system has gradually shifted from Tianjin Port to Qingdao Port, with Dalian
Port experiencing steady development in its container transport capabilities. (iii) Dalian Port has
witnessed a decline in container throughput since 2015, indicating a weakening competitive posture.
These revelations suggest that Qingdao Port is a viable candidate for development into the northern
China shipping center, leveraging its increasing competitiveness and strategic location. The method
applied in this study may also prove beneficial for similar multi-port systems elsewhere.

Keywords: ternary diagram; shipping center; Bohai Rim; container; port evolution

1. Introduction

Located in northern China, the Bohai Rim port group serves as the principal cargo
seaport in the region. Geographically, the Bohai Rim area finds itself situated at the core
of the Northeast Asian economic circle, functioning as a pivotal node that radiates out-
wards to diverse economic regions and countries, thereby exhibiting exceptional regional
advantages [1]. From the perspective of composition, the Bohai Rim area comprises three
sub-economic zones: Beijing—Tianjin—Hebei, the Liaodong Peninsula, and the Shandong
Peninsula (see Figure 1). This composite economic zone accounts for approximately 35.4%
of China’s GDP and ranks third in China’s GDP from 2019 to 2022 [2,3]. As the regional
economy continues to thrive, the Bohai Rim multi-port system has witnessed substantial
growth in container throughput.
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Figure 1. Location of the Bohai Rim multi-port system and map of gateway ports in Northeast Asia.

In 2023, China’s coastal cargo throughput reached 108.35 billion tons, with Bohai
accounting for 43.02%. The national container throughput stood at 310 million TEU,
with the container throughput of the Bohai Rim multi-port system accounting for 27.4%
(Sourced from: https:/ /xxgk.mot.gov.cn/2020/jigou/zhghs/202406/t20240614_414241
9.html, accessed on 15 May 2024). However, a comparative analysis reveals that the
development of this system lags behind its counterparts in the Yangtze River Delta and Pearl
River Delta, which accounted for 38.3% and 28.3% of the national container throughput
in 2023, respectively. The intensifying competition posed by international ports such as
Pusan, Kobe, and Yokohama poses a significant threat, potentially relegating the ports
within the Bohai Rim multi-port system to the role of feeder ports for foreign entities [4].
Concurrently, Tianjin Port, Dalian Port, and Qingdao Port in the Bohai Rim multi-port
system are competing for the shipping market, resulting in disorderly competition and
resource wastage. Therefore, it is necessary to devise forthcoming development strategies
to alter this situation, achieve regional port integration, and promote sustainable regional
economic development.

Nearly 75% of the container throughput in the Bohai Rim multi-port group is managed
by the top three ports. Given the critical role these three ports play in driving economic
growth in northern China, it is paramount to study the evolution of the status of Tianjin
Port, Dalian Port, and Qingdao Port in the Bohai Rim multi-port system. The formation and
evolution of the port system have been a research focus for scholars since the 1960s, leading
to the development of numerous classical models to systematically study the evolution
of the port system [5-9]. By 2021, Chinese ports had secured seven positions among the
world’s top ten container ports; the evolutionary progress of these ports has garnered
increasing scholarly attention. Some research [10-12] has considered the development
process of the Pearl River Delta and Hong Kong Port, respectively. Some scholars [13,14]
have analyzed the evolution of the status of Shanghai Port and Ningbo Port in the Yangtze
River Delta multi-port system, respectively. Due to the escalating influence of ports on
local economies, local governments have pursued aggressive port expansion initiatives.
However, in the context of a sluggish global economy and saturated port resources, this
focus has led to increasingly fierce disorderly competition among regional ports [15].
Therefore, great attention needs to be paid to sustainable regional port governance [16].


https://xxgk.mot.gov.cn/2020/jigou/zhghs/202406/t20240614_4142419.html
https://xxgk.mot.gov.cn/2020/jigou/zhghs/202406/t20240614_4142419.html
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Establishing a shipping center, designating a hub port, and reducing disorderly com-
petition constitute a strategic approach to regional port governance. For instance, taking the
Shanghai International Shipping Centre as an example, Wang, J.J., Slack, B. [17] researched
China’s port governance and believed that establishing a shipping center, hub ports, and
branch ports could mitigate disorderly competition among ports with similar functions
and enhance the overall competitiveness of the port system; Huang, Y. [18] discussed how
developing an international shipping center in Shanghai can stimulate the hinterland econ-
omy and improve the global shipping network. Obviously, a port selected from Tianjin Port,
Dalian Port, and Qingdao Port as the major container port and a northern China shipping
center can reduce disorderly competition among the three major ports with similar port
attributes and geographical locations, improving the competitiveness of the Bohai Rim
multi-port system. The critical question remains: which port should be developed as the
northern shipping center?

Following the introduction, Section 2 introduces an overview of multi-port systems.
Section 3 introduces the data used and the methods of the ternary diagram. Section 4
reports the results, followed by a discussion of the different stages of development and
their underlying reasons. Section 5 summarizes the role evolution process of Tianjin Port,
Dalian Port, and Qingdao Port in the Bohai Rim multi-port system and analyzes the final
winner of the northern China shipping center contest.

2. Literature Review

Studying the evolution of multi-port systems can provide policymakers and man-
agers with references and help them comprehensively understand the development and
evolution of port systems [19]. Numerous scholars have studied the evolution of port
systems in different countries and regions, such as Latin America and the Caribbean [20,21],
Maghreb [22], Mediterranean [23], Korea [24], Mexico [25], etc. Despite the extensive body
of research on port evolution, the topic of evolution remains significant due to geographical
location and port background limitations.

The study of port evolution focuses on the interaction and competition among multiple
ports. Dynamic analysis is used to study the stability of the intersection of competition
and collaboration [26]. The extensive growth model of reform and opening up has led
to structural overcapacity and slow development in China’s port industry; coupled with
the impact of the global shipping market, the Chinese government has sparked a wave
of port integration [27]. The Chinese Ministry of Transport issued the “Guiding Opinions
on Promoting Port Transformation and Upgrading” in 2014, supporting the integration of
resources and achieving regional port integration.

The determining factors of port competitiveness include operating costs, processing
efficiency, geographical location, transportation convenience, infrastructure level, service
quality, and port reputation [28]. The competitiveness of ports is complex and highly
nonlinear, often resulting in unstable or even chaotic outcomes [29]. Cuong, T. N., Kim,
H.S., Long, L. N. B., and You, S. S. [30] analyzed the basic mechanism of port economic
activities from the perspective of the transportation chain and found that an overall port
management system can reduce operating costs and improve profitability, thereby enhanc-
ing competitiveness. Good transportation accessibility in ports is accompanied by higher
competitiveness [31].

The evolution of the multi-port system also focuses on the study of concentration.
Grifoll, M., Ortego, M. I, and Egozcue, J. J. [32] studied the transportation share evolution
of container throughput and its temporal evolution in the Mediterranean port system,
taking into account the hierarchical clustering and concentration index. The concentration
of container ports on the east and west coasts of the United States was studied through
concentration indexes (CRy, CRg), the Herfindahl-Hirschman index (HHI), the Gini coeffi-
cient, and the Lorentz curve, as well as through a shift-share analysis (SSA) [33]. The HHI,
CR; and CR3, Gini coefficient, Lorentz curve, and SSA methods were used to study the
development trends of container terminals in northern Vietnam [34].
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China also conducted a series of studies on the evolution of ports. The evolution of
multi-port systems in the Yangtze River Delta has emerged as a research hotspot [35-37].
Studies have analyzed the competitiveness of Shanghai Port and Ningbo Zhoushan Port
within the Yangtze River Delta port group [38]. Correspondingly, the top three ranked
container ports in the Greater Bay Area have formed a tripartite and vicious competi-
tion among Hong Kong, Shenzhen, and Guangzhou [39]. The CR, HHI, Gini coefficient,
Lorentz curve, and SSA were used to explore the concentration level of the Bohai Rim port
group [40]. The multiple logit regression method was applied to analyze the dynamics and
interrelationships of cluster competition among ports in Dalian, Qingdao, and Tianjin [41].
Improving the transportation accessibility of the Bohai port group has a positive effect on
the spatiotemporal changes and economic connectivity among the eight ports within the
group [42].

This literature review highlights a substantial body of well-established research per-
taining to the evolutionary model of port systems. Research efforts directed towards the
Chinese port system have been primarily concentrated on the Yangtze River Delta and the
Pearl River Delta regions, with the port system encircling the Bohai Rim area receiving
comparatively scant attention. Previous studies have shown that research on the Bohai Rim
port group has focused on studying a specific port, such as Dalian, Qingdao, or Tianjin Port.
Few scholars have analyzed the development of individual ports from the perspective of
the whole port group. The geographical locations and port backgrounds of these ports
are similar and share an overlapping hinterland. Both local competition and common
development among the three ports compete against other port groups. These features
have sparked our interest in the evolution of the Bohai Rim port group.

The present study delves into the intricate dynamics of competition and cooperation
among Tianjin Port, Dalian Port, and Qingdao Port, meticulously examining aspects such
as concentration, inequality, and competition through the utilization of the comprehensive
concentration index (CCI), the Lerner index (LI), spatial shift-share analysis (SSSA), and
the ternary diagram. This study provides a comprehensive overview of the evolutionary
process of the Bohai Rim multi-port system and studies the evolution of the northern
China shipping center on this basis. The contributions are as follows: Firstly, we studied
the evolution of the multi-port system in the Bohai Sea Rim port group from multiple
perspectives and discussed the results. Secondly, we compared and analyzed the concentra-
tion, inequality, and competitiveness of three well-known indicators and used the ternary
diagram to verify the accuracy of the results. Thirdly, our research provides a basis for
selecting a northern shipping center.

3. Materials and Methods
3.1. Data

The data used in this paper (see Figure 2), the container throughput for 1990-2018,
was mainly obtained from the China Port Yearbook; that of 2019-2023 was obtained from
public information on the website of the Chinese Ministry of Transport. The authors
compile data for 1981-1989 from various sources. Figure 2 shows the traffic evolution of the
Bohai Rim ports during the period of 1981-2023. We find that the container throughput of
Qingdao Port and Tianjin Port represents sustainable growth. The market share of Qingdao
Port began to surpass that of Tianjin in 1997, while the decline of Dalian Port is obvious.
Container throughput has not exceeded 10 million TEU since the first negative growth
in 2015.
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Figure 2. Container throughput and traffic share of Dalian Port, Tianjin Port, and Qingdao Port from
1981 to 2023.
3.2. Methods

Figure 3 illustrates the basic framework of the method employed in this study, and the
conclusions are drawn through a comparative analysis of the three indicators and three
well-known indexes in the ternary chart.
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Figure 3. Framework and workflow for the method that compares the ternary diagram with three
widely used indexes.

3.2.1. Comprehensive Concentration Index (CCI)

The CCI was first presented by Horvarth [43] in 1970. It is an indicator that represents
the market share of the highest ranked port in the port group, and the market share of the
top port is directly proportional to CCI. CCI is specifically represented as:

n n n 2 n
CCl =T /Y T+ Yo, (/L T) 0+ =T, /Y, T) M

The number of ports is expressed as i to n. T; is the port traffic of port i, and Tj is
the port traffic of the port with the highest container throughput. When the value of CCI
approaches 1, the port with the largest container throughput is at an absolute advantage in
a multiple port system. When it is less than 0.5, the critical role of the port decreases as the
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CClI value decreases. CCI can visually present the market share of ports with high market
share but cannot objectively reflect all market forms in a multi-port system.

3.2.2. Lerner Index (LI)

The Lerner index (LI) reflects the discretion and inequality of the multi-port system,
which varies between 0 and 1, and the value of LI is inversely proportional to the dispersion
of the market. If n ports are of the same scale, n approaches infinity, and LI tends to 0.
_P-MC 1

== ()

LI
P €]

where P is the container throughput, MC is the marginal cost, ¢ is the L price demand
elasticity.

The LI can reflect the strength of monopolistic forces in a multi-port system, but it relies
heavily on historical data and cannot predict future changes. A larger value of “L” indicates
greater competitiveness among ports, a lower likelihood of price markups, and marginal
profits for ports, reflecting a lower degree of monopoly. To determine the price elasticity of
demand for container transportation demand, the indicators “container throughput (T)”
and “market share (2)” are selected to replace the basic variables of demand and price
variables in container transportation. The logarithmic model is used to empirically analyze
the relationship between the throughput and interval proportion as follows:

T:
InT;; = a; + biln nilt + u; 3)
i—1 Tit

By differentiating Formula (3), the following formula can be obtained:
T;
pe

T:
At + T;
Z?:l Tit it

(4)

The regression coefficient b; is the demand price elasticity ¢ of the container throughput
in the i port.

3.2.3. Spatial Shift-Share Analysis (SSSA)
Notteboom, T. E. [44] employed SSA to assess the multiple port system, and the
definitions for variables S and A are elucidated as follows:

Tin Tito

LT LT

_Tio_
j=1Tj

where §; is the total shift of port j from time ¢, to t;, and m refers to the number of ports.

SSA compares and classifies ports, determines the overall structure and competitive-
ness of the region, and identifies competitive ports. The analysis is based on the assumption
that all ports in the region will grow at the same proportion. If the actual growth of ports
deviates from the assumption, it will result in significant errors.

SSA has traditionally focused on studying changes in a specific region over time.
However, the significance of spatial structures and the geographical location of a given
region as influential factors are often ignored in the analysis. However, there is a discernible
correlation between regions within the same geographical area. Isard, W. [45] emphasized
the importance of examining a particular region in the context of its neighboring regions,
as changes in neighboring regions can impact the dynamics of the target region. In fact,
no target area operates independently of other regions, and the economic performance
of a specific region can be significantly influenced by the economic environment of the
surrounding areas. By incorporating spatial geographic location and using regional GDP
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as an indicator of geographic economics, an extended spatial shift-share analysis (SSSA) is
presented as follows:

Tin = Ty G G

M X T X g K m .
S5, — =1 T, ):jzl T; X Zj:l G Zj:1 G (6)
] Tito Gito

27':1 Tj }":1 Gj

where G; represents the geographical weight indicator of port j, SS; is the geographical
shift of port j from time tg to ¢;, and m refers to the number of ports.

3.2.4. Basic Framework of the Ternary Diagram

A ternary diagram is a visualization tool. Feng et al. [46] first introduced the ternary
diagram into the field of port and shipping research. Its basic frame consists of points and
lines. Each point in the ternary graph is composed of three components: A, B, and C (see
Figure 4). A, B and C represent the market share of three major ports in the multi-port
system, with the three ports accounting for the share of the market 100%. For easier analysis,
letA+B+C=1.

C Oligopoly:

08>  A%=1/3
B%=1/3
0.8 C%=1/3

0.2 A/B/C=0/10/90
7Q(0.10.90)

A/B/C=60/40/0
0

1/0 0.1 02 03 04 05 06 07 08 09 /1

A Oligopoly P(60.40.0) B, Oligopoly

Figure 4. Definition of corners, sides, and the barycenter.

The points in a ternary diagram that are located at angles, sides, and barycenters have
special meanings. The coordinates of the three corners in the ternary diagram are (0, 0, 1),
(1,0, 0), and (0, 1, 0), which means that the point is composed of only one component, that
is, the market of the multi-port system is completely monopolized by port A, port B, or
port C (see Figure 4).

The point on the side of the ternary diagram means that the point is composed of
two components, that is, the market share of the port group is composed of two ports.
For instance, when the point is on the side of AB, the market share of the port group only
consists of ports A and B.

When the point O is at the center of the barycenter, the coordinate is (1/3, 1/3,
1/3), which means that the market share of the multi-port system is equally divided
among the three ports; that is, there is absolute balance and maximum competition in the
multi-port system.

3.3. Ternary Diagram

The evolution index of the multi-port system was proposed by researchers [46—48],
that is, the concentration calculated by the CCI and the maximum value of the component
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(MVC), the inequality computed using the LI and distance of a point to the barycenter
(DPB), and the SSSA adding the change of the three components (CTC) are proposed to
describe the competition of the multi-port system.

The MVC calculation formula is:

MVC = max(A, B,C) (7)

where A, B, and C are the market shares of ports A, B, and C, respectively. When the value
of Port A exceeds 0.5, it means that the port has the largest market share, exceeding 50%.
Therefore, the market is expected to be dominated by Port A. When the market share of
each port is less than 50%, it is in the “Efficiency Competition” area, which means that no
port can absolutely dominate the market [46].

The DPB calculation formula is:

DPB = {/(A—1/3) + (B—1/3)2 + (C — 1/3)? ®)

where A, B, and C are the market shares of the three ports, respectively. The normalized
DPB (NDPB) is introduced more intuitively to see the change in the inequality of the
multi-port system. The NDPB is calculated according to the following formula:

NDPB = ? « DPB )

The value range of the NDPB is [0, 1]. When the NDPB is greater than 0.5, it means
that the inequality of the multi-port system is high; otherwise, it is low [47].
The CTC calculation formula is:

CTC = (CTC,,CTCp, CTC¢) = (AA, AB, AC) (10)

where AAj, AB, and AC reflect the change of market shares of port A, port B, and port C,
respectively. AA, AB, and AC are obtained by the following formula [48]:

AA = Ap1 — A
AB = B;11 — B (11)
AC=Ci1 —C

where t is the time; A;, By, and C; are the market shares of ports A, B, and C at time f,
respectively; and Ay,q, Bi41, and Cyyq are the market shares of ports A, B, and C at time
t + 1, respectively.

4. Results

This section presents the analysis results of the ternary graph indicators, namely MVC,
DPB, and CTC, as well as three methods including CCI, LI, and SSSA. The effectiveness of
the method is verified by comparing MVC and CCI, DPB and LI, and CTC and SSSA.

4.1. MVC and CCI

As shown in Figure 2, from 1981 to 1996, the container throughput of Tianjin Port
was the largest in the Bohai Rim multi-port system; the container throughput of Qingdao
Port surpassed that of Tianjin Port in 1997, making Qingdao Port the port with the largest
container market share among the Bohai Rim multi-port system. Figure 5 (right) shows that
the MVCs from 1981 to 1990 fell in line with or were close to the “Tianjin Port Dominating”
area; since 1991, Qingdao Port’s share of the container market has steadily increased year
after year. In 1991-1996, the value of MVCs was in the “Efficiency Competition” area.
Therefore, this study divides the evolution stage of the Bohai Rim multi-port system
into “the stage of Tianjin’s leading (1981-1990)”, “the stage of efficiency competition
(1991-1996)”, and “the stage of Qingdao’s rising (1997-2023)".



J. Mar. Sci. Eng. 2024, 12,1225 90f17

e  1981-1990

0.65 T T T T T T 1991 - 1996

1997 - 2023
0.6

0451

0.4

P
-
Yoy,

0.35 . . . . . .
1981 1987 1993 1999 2005 2011 2017 2023
Year

Tianjin Port

Figure 5. CCI (left) and MVC (right) of the Bohai Rim multi-port system during 1981-2023.

Figure 5(left) shows that the CCI of the Bohai Rim terminal system has steadily declined
from 0.486 to 0.401 between 1981 and 1996, indicating that the market moved from having
an absolute advantage in ports to a loss in core key ports. After a period of stable increase
from 1996 to 2003, the CCI gradually declined from below 0.403. Since 2013, the CCI value
has been rapidly approaching the value of 0.544 in 2023, indicating that the development
trend of a certain port that is on the verge of having an absolute advantage is becoming
more and more obvious.

Figure 5(right) plots the evolutionary pathways of container throughput in Dalian,
Tianjin, and Qingdao from 1981 to 2023. From 1981 to 1990, the values of MVCs slowly
decreased from 0.49 to 0.46. During 1991-1996, the MV Cs declined rapidly from 0.48 to
0.40. Since 1997, the MV Cs have been slowly increasing from 0.43 to 0.52 in 2023.

As shown, the values of MVCs were close to or equal to 0.5 in 1981-1983, indicating
that Tianjin Port was in a dominant position during this period. The MVCs began to slowly
decline in 1984 to 0.46 in 1990, indicating that although Tianjin Port is no longer in the
leading position, its market share is still the largest. During the years 1991 to 1996, the
MVCs were always below 0.5, meaning that the competition of the Bohai Rim multi-port
system was in the “Efficiency Competition” area during this period. Figure 2 shows that
in 1997, the container throughput of Qingdao Port surpassed that of Tianjin Port for the
first time. Since then, Tianjin Port has been lagging behind Qingdao Port. The MV Cs have
gradually increased since 1997 to 0.52 in 2023, meaning that Qingdao Port has become the
new leading port of the Bohai Rim multi-port system. Comparing the two figures, it was
found that the MVC in the ternary graph is consistent with the CCIL.

4.2. DPB Analysis

Figure 6 shows that the values of the NDPB were below 0.4 during the period of
1981-2023, and the change in values is relatively stable. This indicates that the Bohai Rim
multi-port system was equal and stable during this period. The NDPB fluctuated by 0.23
between 1981 and 1996, with a small fluctuation range. From 1997 to 2023, the NDPB
rose slowly from 0.22 to 0.41. From 1981 to 2023, the overall values of the NDPB showed
an increasing trend, which means that the degree of decentralization in the Bohai Rim
multi-port system was in a decreasing state, was stable in the initial stage, and gradually
decreased in the latter stage.
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Figure 6. The LI, DPB, and NDPB (left) and the value of the DPB and NDPB in the ternary diagram
(right) of the Bohai Rim multi-port system, 1981-2023.

The continuous decline in LI from 1980 to 2023 is presented in Figure 6. The LI
fluctuated slightly around 0.36 and began to grow rapidly in 2019, reaching a peak of 0.49
in 2023. The closer LI tends toward zero, the closer the market share of all ports is to equal.
It was preliminarily inferred that there are significant inequalities in container throughput
in the multi-port system around Bohai Bay and that one certain port is gradually evolving
into a northern shipping center. In Figure 6, we can observe the visual consistency between
the DPB and LI curves. In this case, the correlation coefficient between the NDPB and LI is
0.9946, indicating the validity of the verified hypothesis.

4.3. CTC Analysis

The above results have shown an evident evolution of the traffic composition in the
Bohai Rim multi-port system. As exhibited in Section 3.1, although the change range of
the MVCs is small, the MVCs of 1990 and 1997 in the Bohai Rim multi-port system were
0.46 and 0.43, respectively. The maximum market share was Tianjin Port and Qingdao Port
in 1990 and 1997, which means that the leading ports of the Bohai Rim port group have
changed. The years 1990 and 1997 can be regarded as two significant points in the ternary
diagram (see Figure 5). Therefore, the evolution of the Bohai Rim multi-port system is
divided into three stages: from 1981 to 1990, from 1991 to 1996, and from 1997 to 2023.

Figure 7 shows the values of CTC and Table 1 shows the value of SSSA during the
periods 1981-1990, 1991-1996, and 1997-2023. According to the results of the CTC analysis,
from 1981 to 1990, the market shares of Tianjin Port and Qingdao Port were —0.03 and
—0.02, respectively, which were in a negative growth state, while the market shares of
Dalian Port continued to grow positively and were 0.06. From 1991 to 1996, the shares of
Dalian Port and Tianjin Port increased by —0.09 and —0.08, respectively, while the market
share of Qingdao Port expanded by 0.17 during this period. From 1997 to 2023, the shares
of Tianjin Port and Qingdao Port both grew positively by 0.05 and 0.09, respectively, while
Dalian Port grew negatively. Obviously, Dalian Port was the biggest winner and Tianjin
Port was the main loser from 1981 to 1990. After 1991, Qingdao Port was the main winner,
while Dalian Port was the biggest loser.

As shown by SSSA, Dalian Port has lost the competitive advantage position that
it enjoyed before 1990. Since 1991, it has been at the bottom of the competition with
corresponding SSSA values of —0.0112 from 1991 to 1996 and —0.1492 from 1997 to 2023.
On the contrary, Qingdao Port has strengthened its competitiveness and has been in the
most competitive position since 1991, with values of 0.0002 and 0.0632, respectively. Tianjin
Port has transitioned from its worst competitive state before 1990 to a strong competitive
status after 1991, with values of —0.0086 and 0.0101.
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Figure 7. CTC of the Bohai Rim multi-port system, 1981-2023.
Table 1. CTC of the Bohai Rim multi-port system, 1981-2023.
CTC 1981-1990 1991-1996 1997-2023

Dalian Port 0.06 —0.09 —0.14
Tianjin Port —0.04 —0.08 0.05

Qingdao Port —0.02 0.17 0.09

Major winner Dalian Port Qingdao Port Qingdao Port
Major loser Tianjin Port Dalian Port Dalian Port

SSSA 1981-1990 1991-1996 1997-2023

Dalian Port 0.7957 —0.0114 —0.1492
Tianjin Port 0.0188 —0.0086 0.0101

Qingdao Port 0.0215 0.0002 0.0632

Major winner Dalian Port Qingdao Port Qingdao Port
Major loser Tianjin Port Dalian Port Dalian Port

5. Discussion

To analyze the evolution of the Bohai Rim multi-port system, we calculated the values
of the MVC, DPB, and CTC of the Bohai Rim multi-port system during the period of
1981-2023 and found that its concentration, inequality, and competition had changed
significantly.

5.1. Period I: The Dominant Stage of Tianjin Port (1981-1990)

In Figure 5, the data points from 1981 to 1985 almost fell on the side of the “Efficiency
Competition” area close to the leading area of Tianjin Port, and the values of the MV Cs
and CCI were close to or equal to 0.5, which means that Tianjin Port was in the leading
position of the Bohai Rim multi-port system during this period. The main reason for this is
that the construction of the port is ahead of other ports in the Bohai Rim region. Tianjin
Port is the first port engaged in container transport in mainland China [49]. Tianjin Port
began unloading international containers in 1973, and in 1981, a professional container
terminal in Tianjin Port was completed and put into operation, the first dedicated special
container terminal designed and constructed by the mainland of China. In 1984, Tianjin
Port took the lead in implementing the port system reform, and construction of a container
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terminal for the expressway began. Since 1986, the MV Cs have gradually decreased to 0.47
in 1990, indicating that the competitiveness of Tianjin Port has gradually decreased, while
the competitiveness of Dalian Port and Qingdao Port has gradually increased. The reason
for breaking the stranglehold of Tianjin Port is that Qingdao Port and Dalian Port started
container operations in 1980. After a period of development, they gradually divided the
market with Tianjin Port in the Bohai Rim region.

The overall fluctuation of the NDPBs and LI decreased slightly, and the values were
small, with the fluctuation range of the NDPB between 1981 and 1990 was 0.19 to 0.26, and
the fluctuation range of LI was 0.36 to 0.38, indicating that the inequality of the Bohai Rim
multi-port system was small during this period. On the whole, the development trend of
the three ports was relatively equal.

In 1981-1990, the CTC of Tianjin Port, Dalian Port, and Qingdao Port were —0.03,
0.06, and —0.02, respectively. The container market shares of Tianjin Port and Qingdao
Port showed negative growth, indicating that Dalian Port was the main winner in the
competition of the Bohai Rim multi-port system during this period. The SSSA values
including spatial factors were 0.07957, 0.0188, and 0.0215, showing growth. Considering
that this period represented the rapid development stage of China’s reform and opening
up, the economy in each region experienced explosive growth, resulting in positive SSSA
values. Among them, the change in Dalian’s GDP had the largest share in the value of
SSSA, while Tianjin Port had the smallest share.

Overall, during the specified period, the inequality within the Bohai Rim multi-port
system remained minimal, with Tianjin Port maintaining a prominent position prior to
1986. Since 1986, while the competitiveness of Dalian Port and Qingdao Port has exhibited
significant growth, Tianjin Port has consistently retained the largest share of the container
market and has sustained the highest degree of competitiveness.

5.2. Period 1I: The Stage of Efficiency Competition (1991-1996)

As shown in Figure 5, the data points from 1991 to 1996 were in the “Efficiency
Competition” area, and the MVCs declined rapidly from 0.47 in 1991 to 0.40 in 1996, along
with the CCI value also decreasing from 0.48 to 0.4, indicating that the competition between
the Bohai Rim multi-port system is intensifying. The three ports have all passed the
construction period and have entered into a mature development phase, with competition
entering a white-hot stage. The LI fluctuated slightly and was always maintained at 0.36.
The NDPBs were stable at around 0.2 and fluctuated slightly, meaning that the degree of
decentralization of the Bohai Rim multi-port system was high and stable during this period.
In the period of 1991-1996, the CTCs of Tianjin Port, Qingdao Port, and Dalian Port were
—0.08, 0.17, and —0.09, respectively, with corresponding SSSA values of —0.0112, —0.0086,
and 0.0002, respectively. The results show that Qingdao Port is the main winner in the
competition of the Bohai Rim multi-port system and that Qingdao Port has become the
most competitive port in the Bohai Rim multi-port system. Despite the rapid development
of container transport in Qingdao Port, the overall development of Tianjin Port, Dalian Port,
and Qingdao Port in this period is still relatively balanced, and the Bohai Rim multi-port
system is in the situation of a “Tripartite confrontation” of Tianjin Port, Dalian Port, and
Qingdao Port.

During this period, Qingdao Port was in an advantageous position, which was closely
related to its vigorous development. After 1991, the construction of the Qingdao Port
Container Terminal began, and Qingdao Port opened the first international container
shipping route—the direct trunk line of container transport to East America. In 1994,
Qingdao had successively opened container routes to Japan and the West Coast of the
United States. In 1995, the overseas container business operated by COSCO headquarters
was relocated to Qingdao Port, making Qingdao Port the first international container
transshipment port in mainland coastal ports [50]. Qingdao Port has developed from a
domestic container feeder port to an international container trunk port and an international
container transshipment port. At the same time, Qingdao Port accelerated scientific and
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technological innovation and opened the electronic data interchange (EDI) system for
container transportation in 1996 to achieve the integration of container transportation
information management with international standards.

Meanwhile, the construction of Dalian Port commenced more than a decade after
Tianjin and Qingdao. Furthermore, although the economy maintained a stable develop-
ment, the overall growth rate during this period was 3% lower than the national average,
impeding the growth of foreign trade in Dalian Port and resulting in sluggish container
throughput expansion [51].

5.3. Period 11I: The Rising Stage of Qingdao Port (1997-2023)

In Figure 5, the values of CCI and MVCs in the Bohai Rim multi-port system from 1997
to 2023 were in the “Efficiency Competition” area. The MVCs reached their maximum in
2020 and 2023, close to 0.5, and the same situation also occurred with CCI, which means
that Qingdao Port experienced rapid container shipping development during this period,
with the largest market share, and has occupied a leading position since 2020. The NDPBs
were less than 0.5 from 1997 to 2023 (see Figure 6) and remained stable at 0.2 from 1997 to
2010. The fluctuation began to increase in 2011 and began to increase after dropping to a
minimum of 0.12 in 2013, until approaching 0.41 in 2023. Consequently, from 1997 to 2013,
the LI fluctuated around 0.36 and reached its lowest point of 0.34 in 2013, followed by a
slight increase to 0.37 in 2019 and a significant increase to 0.41 and 0.49 in 2020 and 2023,
respectively. This means that the degree of decentralization of the Bohai Rim multi-port
system is relatively high. Due to the growth of Qingdao Port, the concentration of the Bohai
Rim multi-port system will reach the maximum in 2023. From 1997 to 2023, the market
shares of Tianjin Port, Dalian Port, and Qingdao Port were 0.05, —0.14, and 0.09 in CTC and
—0.1492, 0.0101, and 0.0632 in SSSA, respectively, indicating that Qingdao Port was the
most competitive port in the Bohai Rim multi-port system during this period and was the
main winner, while Dalian Port was the biggest loser.

The container throughput of Tianjin Port has grown at an average annual growth rate
of 13.7% since 1997, although the growth rate was slightly slower compared with the 14%
of Qingdao Port. The main reason is that the handling capacity of the container terminal
is seriously insufficient. In this context, Tianjin Port has increased its investments in port
construction. In 2010, Tianjin Port achieved a container throughput of 10.086 million TEU,
exceeding the 10 million TEU mark for the first time, making it one of the largest container
ports in the world. At the same time, the berth utilization rate reached 84.8%, which shows
that the container terminal supply in Tianjin Port is basically consistent with the import
and export demand. After 2010, the negative effects of the CNY 4 trillion stimulus package
completely emerged [52]. Tianjin’s GDP growth rate from 2012 to 2015 was 11.3%, 10.1%,
7.5%, and 6.9%, respectively. The economic slowdown led to a decline in the import and
export volumes. Correspondingly, the growth rate of container throughput at Tianjin Port
decreased to 6.1%, 5.8%, 8.1%, and 0.4%, respectively. The period of rapid development of
Tianjin Port came to an end. In 2023, the container throughput of Tianjin Port will reach
22.19 million TEU. The average annual growth rate during this period was 5.5%, and the
containers in Tianjin Port entered a period of moderate growth.

Since 1997, Qingdao Port has successively opened scheduled international express
boutique routes with fully refrigerated containers, exceeding 1 million TEU for the first
time and having an annual growth rate of 28%. At the end of 2002, 18 new routes were
added with the opening of the Huangdao Port area of Qingdao Port. The economic
hinterland of Qingdao Port continued to expand, and the number of containers rapidly
increased. By the end of 2010, the container throughput of Qingdao Port had reached
12.01 million TEU. This period represents the period of rapid development in Qingdao Port,
with an average annual growth rate of 20.7%. In 2019, China (Shandong) Pilot Free Trade
Zone Qingdao was launched, promoting the development of container transportation in
Qingdao Port by simplifying the transport process and reducing costs [2]. The Pilot Free
Trade Zone delivered rapid growth in 2020 and 2023, causing Qingdao Port to now become
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the real shipping center of Northeast Asia. During this period, the average annual growth
rate of Qingdao Port was 11.9%, and the containers in Qingdao Port entered a stage of
moderate growth.

Due to the Asian financial crisis, the GDP growth rate of Dalian Port dropped to 10.1%
in 1997, which led to the container throughput of Dalian Port being 453,000 TEU with an
annual growth rate of 7.6%, a new historical low point. The government implemented a
series of measures to quickly restore the economy. With the commissioning of the new
container berths in 1999 and 2000, the annual handling capacity of Dalian Port has a growth
rate of 37.2%, exceeding the growth rate of 31.2% of Tianjin Port and almost equal to the
growth rate of 37.5% of Qingdao Port. In 2007, the Dayaowan Bonded Port area of Dalian
Port was officially put into operation. At the end of 2010, the container throughput of
Dalian Port was 5.262 million TEU. This period represents the stage of rapid development
of Dalian Port, with an average annual growth rate of 20.8%. Since 2011, the GDP growth
of the three northeastern provinces of China has declined. In 2015, the GDP growth of
Heilongjiang Province, Jilin Province, and Liaoning Province had dropped to 5.7%, 6.5%,
and 3.0%, respectively, which is 6.5, 7.2 and 9.1 percentage points lower than that of 2011.
As the direct hinterland of Dalian Port, the GDP growth rate fell to 5.5% and 4.1% in 2014
and 2015, respectively. The economic downturn led to a reduction in the import and export
of container goods. In 2015, Dalian Port completed a container throughput of 9.583 million
TEU, with a growth rate of —1.4%, showing negative growth for the first time. At the
same time, the rapid development of Yingkou Port also brings pressure to Dalian Port.
Dalian Port and Yingkou Port have the same hinterland, but compared with Dalian Port,
the distance from the northeast inland of China to Yingkou Port has been shortened by
190 km, greatly reducing land logistics costs. By 2023, the container throughput of Dalian
Port was only 3.67 million TEU, 18% and 15.5% of the container throughput of Tianjin Port
and Qingdao Port, respectively. During this period, the average annual growth rate of
Dalian Port was —5.4%. As a result, the container traffic at Dalian Port has entered a period
of negative growth.

6. Conclusions

Tianjin Port, Dalian Port, and Qingdao Port in the Bohai Rim multi-port system
have been ranked among the top ten ports in terms of national throughput for many
years, with each port possessing its own advantages and disadvantages as well as fierce
competition. This paper explores the concentration, inequality, and competition of the
Bohai Rim multi-port system from 1981 to 2023, highlights the evolution of the Bohai Rim
multi-port system, and provides recommendations for the establishment of the northern
China shipping center.

The findings are shown in Table 2 and indicate a significant shift in the dominance of
the Bohai Rim multi-port system from Tianjin Port to Qingdao Port. In addition, the con-
centration of the system development has remained relatively low, and the three ports have
not been fully monopolized. The Chinese government is guiding the integration of port
resources and the development of port groups while also planning to establish the northern
economic center. Tianjin Port, Dalian Port, and Qingdao Port are competing fiercely for the
position of the northern China shipping center. In particular, Dalian Port has experienced
sluggish container shipping growth with declining throughput for several years, indicating
weak competitiveness and a challenging domestic and international environment.

Table 2. The evolution of the Bohai Rim multi-port system, 1981-2023.

Indicator 1981-1990 1991-1996 1997-2023
Concentration Low Low Low
Inequality High Medium-high High
Competition High High High
Major winner Dalian Port Qingdao Port Qingdao Port

Major loser Tianjin Port Dalian Port Dalian Port
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At present, container transportation in Dalian Port is slowly developing, with container
throughput declining for several years. This weak competitiveness, coupled with the
serious domestic and international challenges faced by the port, suggests that the future
prospects for Dalian Port remain unimpressive. Dalian Port should break the existing
pattern and seek new development, such as upgrading its transportation network and port
infrastructure, strengthening cooperation with inland areas, and developing into a regional
key international trade docking window to enhance the port’s international competitiveness.
In contrast, as the first port to introduce container transport in mainland China, Tianjin
Port has experienced a period of sluggish development since being overtaken by Qingdao
Port in container throughput in 1997. Qingdao Port, as a rising port, has full momentum
in development and is at the peak of development. In order to promote the coordinated
development of port clusters, the Dalian, Tianjin, and Qingdao ports need to establish a
division of labor and cooperation mechanism to reduce vicious competition. Rather than
blindly expanding their transportation capacity and increasing container throughput in
search of breakthroughs, the three ports should collaborate and divide the market according
to customer market, vessel type, load capacity, and cargo type and establish a northern
shipping center. The shipping center is responsible for unified scheduling and plays a
leading role in the northern shipping market.

After analyzing the concentration, inequality, and competition of the Bohai Rim
multi-port system from the perspective of the ternary diagram compared with the other
three well-known indicators, we conclude that the northern China shipping center should
be located in Qingdao Port. This strategic positioning aims to maximize the utilization
of social resources and foster seamless integration among regional ports, thereby better
driving the development of the Bohai Rim multi-port system and the role of stimulating
the regional economy.

The ternary diagram method proposed in this study is obviously more suitable for
multi-port systems with only three ports. It can also be applied to analyze similar three-port
systems, but it lacks the versatility required to address systems with two ports, four ports,
and other quantities of ports and is highly sensitive to the number of variables. Future
research will aim to develop more widely applicable analytical methods.
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