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Abstract. As intelligent transportation continues to advance dramatically, the
port competition situation is becoming increasingly complex and changeable.
As an important shipping hub, the Pearl River Delta Port Group's coordinated
development and competitiveness promotion are very important. To enhance
the comprehensive competitiveness of ports in the Pearl River Delta, this paper
constructs an index system for evaluating the competitiveness of intelligent port
construction, production and operation ability, port infrastructure, and port hin-
terland support, and quantitatively evaluates the competitiveness of major ports
in the Pearl River Delta by using the entropy weight-TOPSIS method. Accord-
ing to the evaluation results, this paper puts forward some measures to heighten
the competitive capabilities of ports in the Pearl River Delta, to lay the ground-
work for decision—making for promoting the optimal allocation of resources
and reaching the harmonious development of ports in the Pearl River Delta.
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1 Introduction

Under the environment of intelligent transportation, as an important node of a com-
prehensive transportation system, the port management concept, business model, and
service efficiency will face unprecedented changes. With the change of international
economic development mode, the port development environment has become more
complex and diversified, and the competition within China's coastal port groups is
fierce, so the optimal allocation of resources within the port groups is becoming more
and more important. Introducing the competitiveness evaluation of port groups under
the background of intelligent transportation into the development of port groups in the
Pearl River Delta can play multiple roles. The first is to provide service support for
promoting the optimal allocation of resources of port groups in the Pearl River Delta.
By evaluating the competitiveness of ports, the advantages and disadvantages of ports
are clarified, which provides support for the coordinated development of port groups.
It can strengthen the coordinated division of labor, optimize the allocation of re-
sources, reduce homogenization competition, and realize the complementary func-
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tions and dislocation of ports. The second is to promote the international competitive-
ness of the Pearl River Delta port group and make it occupy a more favorable position
in the international shipping market. Therefore, it can meet the challenges of globali-
zation, enhance the external anti-risk ability and adaptability of port groups, improve
the overall serviceability of port groups, enhance international competitiveness, estab-
lish a modern comprehensive transportation system, and provide a guarantee for sup-
porting the economic and social development and opening up of the Pearl River Del-
ta.

2 Literature Review

With the continuous development of intelligent transportation, scholars at home and
abroad have conducted extensive research on the intelligent transformation and com-
petitiveness improvement of ports. MANSOURI KALEIBAR et al. [1] made a com-
parative study on the efficiency of major European shipping container ports, calculat-
ed the overall efficiency of ports by an improved data envelopment analysis (DEA)
method, and analyzed the differences in port performance. MINH et al. [2] analyzed
the competitive relationship between ports using a two-stage non-cooperative game
theory model, and applied this model to analyze the competition between the ports of
Tauranga and Auckland in New Zealand. They explored the impact of the number of
shipping companies on port charges and profits.

On the issue of constructing the evaluation system of port competitiveness, LI[3]
inspected the current situation of intelligent port development, and based on the cur-
rent situation, demand and enterprise practice of intelligent port construction, made a
more in-depth investigation on the influencing factors affecting the core competitive-
ness of port enterprises. Delphi method is used to modify and test these factors, and
finally the influencing factors of port enterprises' core competitiveness are deter-
mined. XIE [4] studied the antagonistic interpretation structure model of intelligent
port competitiveness, modeled by the TOPSIS approximation principle, and obtained
the ranking results of port competitiveness by calculating index distance, sample dis-
tance, and closeness degree step by step. YU [5] used the fuzzy matter-element meth-
od to construct a comprehensive evaluation method of port intelligence. Based on
three dimensions: port facilities and equipment, port production management process,
and port personnel, he studied in detail the paradigm path and specific content of how
to improve port intelligence. BAN[6] established an evaluation index system for the
competitiveness of smart ports within the context of a free trade zone, utilizing a
combination of principal component analysis and BP neural networks to conduct a
quantitative evaluation of the Port of Dalian.
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3 The Evaluation Index System of Port Competitiveness
in the Pearl River Delta

Under the background of intelligent transportation, many factors affect the port com-
petitiveness. To evaluate the port competitiveness in the Pearl River Delta effectively,
the selected indexes should follow the principles of scientific rationality, comprehen-
siveness, objectivity, and comparability. Based on referring to the relevant literatures
[3-6] and consulting the opinions of port experts, indexes in four aspects with a strong
correlation with the port competitiveness evaluation are selected and shown in Table
1. Against the background of globalization and informatization, the evaluation system
of port competitiveness is gradually evolving to adapt to the rapid development of the
shipping industry and the complex needs of the market. Against the background of
intelligent transportation, in addition to traditional port competitiveness indicators,
such as geographical advantages, infrastructure perfection, cargo throughput, shipping
service industry, etc., modern ports pay more and more attention to the contribution of
intelligent factors to enhance overall competitiveness. Wisdom has become one of the
important indicators to measure the comprehensive competitiveness of ports.

The competitiveness of ports can be comprehensively evaluated from four dimen-
sions: First, it is the construction of port intelligence, which can be further divided
into the investment in information technology construction, the average port stay time
of ships, and the unit consumption of comprehensive energy in the port. Secondly, the
production and operation capacity, which reflects the operation status of ports in dif-
ferent cargo categories, in which the scale of throughput is the key index to measure
their cargo distribution competitiveness, and specific indicators include cargo
throughput and container throughput. The development potential of the port shows the
growth momentum of the port and the space for improving the comprehensive opera-
tion capacity, involving the growth rate of cargo throughput and container throughput.
The third is the port infrastructure, which reflects the infrastructure construction and
operation capacity required by the port to handle all kinds of goods, including the
number of berths and the length of the berth shoreline. The fourth is the support of the
port hinterland, which shows that the development of the port depends on the expan-
sion of the hinterland and economic growth, and the hinterland is the key to the sur-
vival and development of the port. Relevant indicators include the GDP of the city
where the port is located, the total foreign trade import and export volume of the city,
the growth rate of GDP of the port city, the growth rate of the total foreign trade im-
port and export volume of the city, etc.

Table 1. Evaluation index system of port competitiveness

Evaluation content First-level evaluation | Secondary evaluation index
index

Investment in information technology
construction

Intelligent construction of | Average time of ship in port

port
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Unit consumption of port comprehensive

energy

Container throughput

Evaluation of port com- | Port production and opera- | The growth rate of port container through-

petitiveness tion capacity put

Cargo throughput

The growth rate of port cargo throughput

Port infrastructure Number of berths
Length of berth shoreline
GDP of port cities

Port hinterland support The GDP growth rate of port cities

Import and export volume of foreign trade
in port cities

Growth rate of foreign trade import and

export volume of port cities

4 The Entropy Weight-TOPSIS Method is used to
Evaluate

The entropy weight-TOPSIS model is an analytical tool for comprehensive evalua-
tion. It firstly determines the weights of evaluation indexes by the entropy method,
then applies these weights to the evaluation index data, and then evaluates the ad-
vantages and disadvantages of each scheme by the TOPSIS method. Information the-
ory defines entropy as a way to measure the extent of disorderliness and irregularity
in a system. If the information entropy of the index is smaller, the greater the variation
degree, the greater the amount of information provided and the role played in the
comprehensive evaluation, so the greater the weight. Therefore, the entropy method
can judge the degree of dispersion of an index. If the degree of dispersion of this in-
dex is greater, it will affect the comprehensive evaluation results, and the weight will
be higher. The entropy weight method can objectively determine the weight based on
the information provided by each evaluation index, to truly reflect the essence of in-
dex information. Compared with those methods that rely on subjective judgment, this
methodology demonstrates enhanced levels of accuracy and objectivity, and can ex-
plain the evaluation results more accurately. The TOPSIS method sorts and selects the
best by studying the proximity with the ideal scheme, specifically, the numerical val-
ue is good or bad, finds the positive ideal solution and negative ideal solution through
the index data, determines the distance between the index data and them, calculates
the proximity value and sorts the advantages and disadvantages. This method can
make full use of information, which is not only easy to operate, intuitive, and easy to
understand, but also has strong practicality and a wide application range. Therefore,
this study chooses the entropy weight TOPSIS model to evaluate the competitiveness
of ports. Using this method, the general idea is to calculate the index weight by the
entropy weight method first, and then calculate the port score by the TOPSIS method,
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to sort the port competitiveness. The establishment and implementation steps of this
evaluation model are as follows.

4.1 Determine the Weight of the Index by the Entropy Weight Method
There are m items to be evaluated and 7 evaluation indexes, which constitute a data
matrix R = (ry‘)mxn : I;is the evaluation value of the i item under the j index. The

original data matrix corresponding to the evaluation index of port competitiveness is as
follows:

o ha Un
. 12 R ¥
21 22 2
R=| T " (1
rml sz an

Calculate the proportion D of the index value of the i item under the ;j index:

by =1 /le”g )

Determine the information entropy of each index:

e, ==k p;Inp,
i=1

Among them:

k=1/Inm A3)
Calculate the difference coefficient of the j index:

d =1-e, )
Calculate the index weight:

T (5)

J m

2.4,
j=1

The sample data are the economic data of five major ports and their hinterland in
the Pearl River Delta. The statistical time of the data is 2022, and the data sources are

the China Port Yearbook, China Statistical Yearbook, China Transportation Statistical
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Yearbook, Guangdong Statistical Yearbook, the website of the Ministry of Communi-
cations, China Port Container Network, Port Authority, Port Group, and Terminal
official website, etc. In the collection of port data, some individual data is inconsistent
for divergent statistical criteria. For such data, it was processed through on-site inves-
tigations at the port. After consulting with experts, the consistency of these data has
been confirmed.

The entropy weight-TOPSIS method is used to evaluate the competitiveness of five
ports. The weight of each index is obtained as shown in Table 2:

Table 2. The weight of indicators evaluation index

First-level  evaluation | Weight Second-level evaluation index Combination
index Weight
Investment in information technology construction 0.0962
Intelligent construction of Average time of ship in port 0.1105
port 0.2523
Unit consumption of port comprehensive energy 0.0456
Container throughput 0.1079
Port production and The growth rate of port container throughput 0.0408
operation capacity 0.2839
Cargo throughput 0.0988
The growth rate of port cargo throughput 0.0364
Port infrastructure 0.1841 Number of berths 0.0983
Length of berth shoreline 0.0858
GDP of port cities 0.0588
Port hinterland support 0.2797 The GDP growth rate of port cities 0.0658
Import and export volume of foreign trade in port 0.0821
cities
Growth rate of foreign trade import and export 0.0730
volume of port cities

It can be seen from the table that in the evaluation of port competitiveness, the in-
dex weights of port production and operation capacity, port hinterland support, port
intelligent construction, and port infrastructure are 0.2839, 0.2797, 0.2523, and
0.1841 respectively. Among them, the index weight of port production and operation
capacity is the highest, reaching 0.2839, which highlights the core position of port
production and operation capacity in port competitiveness. Followed by the support of
the hinterland of the port, with a weight of 0.2797, which shows that the vitality and
development potential of the hinterland economy are also very important to the com-
petitiveness of the port.

To enhance the competitiveness of ports, the first task is to enhance the production
and operation capacity of ports. Optimization in this field can not only directly im-
prove the service efficiency and quality of ports, but also attract more shipping busi-
nesses, thus enhancing the market attraction and economic vitality of ports. In addi-
tion, the coordinated development between ports and hinterland cities is also indis-
pensable. The economic prosperity of hinterland cities can provide a stable supply of



Evaluation of Port Competitiveness in Pearl River Delta under the ... 179

goods and a broad market for ports, and the promotion of port competitiveness can in
turn promote the economic growth of hinterland cities, forming a benign interaction.

4.2  Measurement of Port Competitiveness by TOPSIS Method

1) Set the Scheme of the Multi-Objective Decision Matrix.
LetM =M, M,,---\M,), If the index set isC:(Cl,Cz,.--Cn), and the value of

the index is recorded as x, (i =1,2,---,m; j =1,2,---,n), the multi-objective decision

matrix X can be formed:

Cl CZ Cn
M, x, x, - x, ©)
X=M, x, X, - X
L Mm xml xm 2 xmn |

2)Constructing a Decision Matrix to Deal with Positive and Negative Indexes
Dimensionless.

To eliminate the influence of different index dimensions on scheme decision-
making, it is necessary to carry out dimensionless treatment on the formed decision
matrix and build a standardized decision matrix j = V) mn Dimensionless treatment

mx,
can be expressed as:
Positive indicators:

v, =(x; —minx;)/(max x; —minx,) @)
Negative indicators:

v, =(max x; —x,)/(max x; —min x,) (3)

The formula is the normalized value of the index eigenvalue; min X ~Max x, are
the minimum and maximum of the j evaluation index in the scheme set. Where: i
represents the year, j represents the measurement index, and V,; represents the

measurement index value of the standardized evaluation level.
After dimensionless processing, the corresponding value is translated by one unit.
Translate the dimensionless data as a whole, let & = 0.001, so that v, =v,Ta.

3) Constructing a Weighted Decision Matrix.
By multiplying the dimensionless matrix and the weights of each index, a weighted
decision matrix can be obtained:
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R = (I/;j )mxn
)

}’;j :a)ivij(l.zl’z,-..,m;j:1,2’...,’/1)

4) Calculate the Ideal Solution and the Negative Ideal Solution.

mini7; ¢, j=12,---,n
max{ij.j},j:l,Z,---,n lsigm{ }

1<i=m ' C is an indicator for which the larger (10)
Cis an indicator for which the larger /
} the value, the better.

§ = the value, the better. S = )
min{n }.j=1.2.m max{n =120
Cis an indicator for which the smaller Cjis an indicator for which the smaller
the value, the better. the value, the better.

5)Calculate Euclidean Distance.

S = 28] =) i =12 ms f=1,2,0m
= (11)
S(;z = Z(S;_’;'j)zai=1525"'am;j=192,”'n
V J=1

6)Calculation of Relative Proximity Degree (Proximity Degree).
S;

= —d 12
S, +S (12

n;
The value of 77,is between 0 and 1, and the closer it is to 1, the closer it is to the

ideal solution. So that it is possible to rank according to the magnitude of 77,. The

larger this value is, the better the scheme is.
The competitiveness of each port is scored according to the closeness degree, as
shown in Table 3:

Table 3. Competitiveness scores of major ports in the Pearl River Delta

Port score rank
Guangzhou Port 0.7052 1
Shenzhen port 0.6360 2
Foshan Port 0.3760 3
Port of Dongguan 0.1803 4
Port of Zhuhai 0.1253 5
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5 Conclusions

Guangzhou Port ranks first with a score of 0.7052, which shows that it has an excel-
lent performance in various evaluation indicators, especially in throughput, service
efficiency, and infrastructure. Guangzhou Port plays an important role in regional
logistics and trade, and has a good performance in inland connection and hinterland
economy. Shenzhen Port scored 0.6360, ranking second, while Foshan Port,
Dongguan Port, and Zhuhai Port ranked third to fifth. There are obvious gaps between
these ports and the top two ports in terms of scale, facilities, and services, but they
still have their specific market positioning and development potential.

The research results of competitiveness can provide a strong basis for development
strategies for the Pearl River Delta, especially in optimizing port cluster cooperation,
determining infrastructure investment priorities, formulating industrial policies, and
promoting the development of intelligent transportation. The research can help to
clarify the strategic positioning of each port. Through analysis, it can promote coop-
eration between ports in route sharing, source distribution, logistics resource integra-
tion, and so on, and reduce disorderly competition. Ports in the Pearl River Delta still
have considerable room for improvement in port infrastructure, especially in automa-
tion and intelligence. Therefore, we should focus on the shortcomings of key infra-
structure and give priority to investing in the construction of smart ports and green
ports, such as automated terminals, shore power facilities, and clean energy. By ana-
lyzing the impact of ports on the hinterland economy, industrial policies are formulat-
ed to promote the coordinated development of ports and the regional economy. In
addition, the government should promote the industrial division of labor and coopera-
tion within the port cluster through policy guidance and coordination, such as formu-
lating preferential tax policies and providing financial subsidies, to encourage port
enterprises to carry out technological innovation and resource integration. Intelligent
transportation is the key field to enhance the competitiveness of port groups. There-
fore, we should increase investment in intelligent transportation systems, including
intelligent shipping, intelligent logistics, and traffic management. At the level of intel-
ligent upgrade, we should accelerate the in-depth application of cutting-edge technol-
ogies such as 5G, Internet of Things (IoT), and big data, and build an intelligent dis-
patching hub system, 5G and IoT are of great significance for improving the opera-
tional efficiency of ports. The IoT enables the interconnection of devices and data
collection. Combined with the high-speed and stable transmission of 5G, it optimizes
the operation process. These two technologies jointly facilitate automated and intelli-
gent operations, enhancing the efficiency of transportation and equipment mainte-
nance. They can also achieve intelligent dispatching through big data, ensuring the
efficient coordination of all links and improving the efficiency of resource utilization.
At the same time, they play a role in safety monitoring and emergency rescue, reduc-
ing operation interruptions and ensuring stable operation, thus comprehensively im-
proving the operational efficiency of ports.
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