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Today’s ports have become an important node in the global supply chain. It is particularly important to make a scientific
assessment of the comprehensive capabilities of the port and to provide a reference for the long-term development of the port.
From the perspective of the supply chain, this article first selects the evaluation indicators that affect the port’s capabilities from
four aspects of port resource ownership, control management, comprehensive services, and innovation-driven aspect. Secondly,
we use the expert scoring method to judge the importance of the evaluation indicators and build a scientific and independent port
capacity evaluation system from the perspective of the supply chain. +en, this paper uses the analytic hierarchy process to
determine the weight coefficients of each evaluation index and uses the gray cluster analysis method of the triangular whitening
weight function based on the center point to establish a qualitative and quantitative port capacity evaluation model from the
perspective of the supply chain. Finally, we take a port in Northeast Asia as an example to conduct an empirical analysis to verify
the feasibility of the port capacity evaluation system and model from the perspective of the supply chain constructed in this paper.
+e research results of this article can well analyze the port’s resource ownership, control and management capabilities,
comprehensive service capabilities, and innovation-driven capabilities and provide a practical and effective theoretical basis for
the port’s key development directions.

1. Introduction

With the in-depth development of world economic glob-
alization and regional economic integration, trade ex-
changes between countries have continued to expand and
cargo transportation has become increasingly frequent [1].
Maritime transportation is responsible for more than 80% of
the global cargo trade. As a hub of land and water trans-
portation, ports have become an important node in the
supply chain network. +e traditional functions of loading,
unloading, handling, and storage have been unable to meet
the needs of port development.

+e current economy has gradually transformed into the
postindustrial era, and the development of modern ports has
shown some new trends. Large-scale, deep-water speciali-
zation and expansion of value-added services are the future
development directions of ports. +e rapid development of
the global supply chain integrating logistics, business flow,
information flow, and capital flow has also made customers

increasingly demanding that ports provide integrated supply
chain services and continue to use traditional growth,
profitability, and competition. Looking at the development
of ports from a competitive perspective, simply evaluating
and analyzing the capability level of the port from the
perspective of port throughput, profit, and domestic and
foreign rankings are very detrimental to the long-term
development of the port. +erefore, it is particularly im-
portant to establish a port capacity evaluation system based
on the global supply chain, to make a scientific assessment of
the port’s comprehensive capacity level, and to provide a
reference for the long-term development of the port.

Modern ports from the perspective of the supply chain
should rely on good ownership (hardware and software
facilities) to obtain the best control capabilities and rely on
ownership and control capabilities (internal and external
resources) to obtain the best service capabilities (customer
service level) and the strongest innovation capabilities
(competitiveness and adaptability).
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+e research on the port evaluation index system started
relatively early abroad, and its research focused on the analysis
and discussion of the factors affecting the port capacity level and
established a corresponding evaluation index system based on
the actual situation. Bird [2, 3] analyzed the factors that affect
the core capabilities of the port from the perspective of geog-
raphy and established a corresponding evaluation index system
based on the specific conditions of the Victoria Harbour. Bird
generalized the evaluation index system of Victoria Harbour
and derived a more general port evaluation model and index
system. Kenyon [4] and Mayer [5] expanded Bird’s research
from the perspectives of economics and sociology and analyzed
the factors that influence the port’s core capabilities in terms of
port transportation convenience, accessibility, port labor effi-
ciency, and labor costs. Yap and Lam [6] affirmed the previous
scholars’ research and evaluation, while starting from the social
environment and human geographic environment, and further
expanded research on the port core competence evaluation
system and evaluation method. Haezendonck and Notteboom
[7] believed that the important factors affecting the port capacity
are the productivity level and product quality. +e influencing
factors such as accessibility of the hinterland, port reputation,
and reliability play a vital role in enhancing the attractiveness of
the port’s sources of goods. +e service quality was evaluated
and analyzed, and seven factors including port location, port
management, port transit time, port rate, and facility availability
were selected for analysis. Banomyong [8] took Incheon Port in
Korea as an example, and a comprehensive evaluation index
system was established for Incheon Port by considering the
service level, container throughput, total container size, cargo
potential, policy transparency, supportiveness, etc. Tongzon [9]
put forward port rates, port operation efficiency and level,
adaptability to the external environment, the convenience and
reliability of the hinterland, the depth of the waterway, and the
degree of service differentiation can be used as indicators to
evaluate the level of port capabilities. Ha [10] mainly considers
the port service aspect, proposes the port location, port ex-
penses, port management, port turnaround time, facility
availability, consumer convenience, port information avail-
ability, and other indicators, and constructs the evaluation index
system.

2. Analysis of Port Development and
Influencing Factors

+e development of a port is mainly affected by four major
capability factors, namely, the port’s resource ownership,
port’s control and management capabilities, port’s com-
prehensive service capabilities, and port’s innovation-driven
capabilities.

2.1. Port Resource-Possessing Capacity. +e port’s resource
ownership refers to the port enterprise’s possession of pro-
duction resources, human resources, and financial resources.
Among them, production resources mainly include port
hardware facilities and equipment, which is an important
foundation for port production and operation [11]. +e area of
the port, the length of the shoreline, the number of berths, and

the number of machinery will directly affect the volume and
process of port operations; human resources include employees
of different functions, different types of work, and different
levels recruited by the port, which are the basics of port op-
eration and management conditions. Financial resources in-
clude fixed assets, liquidity, option shares, and other financial
assets held by the port, which are the material basis for the
operation and development of the port. A port enterprise’s
resources are not as good as possible. Excessive ownership will
result in a large amount of idle assets and slow capital turnover
and bring a heavy burden to the enterprise. However, if the scale
of ownership is too small, it will also be difficult to meet the
needs of port production and operation, and it will be difficult
for certain production and operation activities to proceed
normally. Port enterprises should pay more attention to the
quality of ownership on the basis of the quantity and scale of
ownership.

2.2. Port Control andManagement Capabilities. +e control
and management capability of a port refers to the control
and management of internal and external resources by port
enterprises, including market control, information control,
and financial control [12]. Market control is mainly re-
flected in the scale of bulk commodity sources, the scale of
global procurement and sales, the scale of industrial
linkage, and the scale of diversified operations. +e port’s
information control and management level is also an im-
portant factor affecting the port’s capabilities. As an im-
portant node in the global supply chain network, the port
has tens of thousands of data and information flows. If such
a huge information flow is improperly controlled and
managed, it will inevitably affect information transmission.
+e patency and timeliness of the port will affect the op-
eration efficiency of the entire port. A port company must
continuously strengthen its own control and management
capabilities; otherwise, even if it has large-scale resources, it
will be controlled by other upstream and downstream
companies. Port enterprises must continuously improve
their influence and voice in the supply chain system, realize
the control of the entire supply chain, and optimize the
operation of the supply chain.

2.3. Comprehensive Port Service Capabilities. +e compre-
hensive service capability of a port refers to the level of
service provided by port enterprises to customers, including
logistics services, trade services, and financial services. +e
service capability of a port is the main manifestation of the
level of port operation and management. +e service ca-
pability of a port enterprise is directly related to the cus-
tomer’s satisfaction and loyalty to the port brand and
indirectly affects the efficiency of port operations. Port
enterprises should change the traditional service model of
“receiving money by sitting on the ground,” focusing on
customers, vigorously developing a comprehensive service
model integrating logistics, trade, and finance, expanding
the development of high-end value-added services, and
further improving the ability to serve customers.
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2.4. Port Innovation-Driving Capability. +e innovation-
driven capability of the port refers to the deepening of
scientific and technological innovation, strategic innovation,
and institutional innovation by port enterprises in order to
adapt to the needs of customers under the concept of global
supply chain, with innovation awareness as the driving force.
Technological innovation has a profound impact on the
development of ports and even the development of the
country, and strategic innovation and institutional inno-
vation are also important driving forces for the transfor-
mation and development of port enterprises. +e
enhancement of the port’s innovative capabilities will not
only enable enterprises to adapt to the macroeconomic
environment at home and abroad but also actively lead the
trend of industry development and promote the enhance-
ment of port enterprises’ competitiveness.

3. Construction of the Port Capability
Evaluation System

3.1. Preliminary Construction of the Evaluation System.
Port capacity evaluation is a multiobjective decision-making
process, and there are many factors that affect the overall
decision-making and the degree of influence is also different.
+erefore, it is necessary to classify various indicators to
form a multiobjective, multilevel comprehensive evaluation
index system [13].

Relevant studies have shown that the use of a combi-
nation of subjective and objective methods to screen eval-
uation indicators will make the constructed evaluation
indicator system more scientific and more credible [14].
+erefore, this article uses subjective expert scoring method
combined with [1].

3.2. Evaluation Index Screening Steps. Because the port
capacity evaluation index system constructed in this
paper is very large, only the third-level index under the
second-level index of production resources is taken as an
example to analyze the specific selection steps of port
evaluation index. In the initial evaluation index system,
there are 7 three-level indicators at the level of pro-
duction resource indicators, namely, port area, shoreline
length, number of berths, berthing capacity, passing
capacity, number of loading and unloading machinery,
and loading and unloading of mechanical load capacity.
According to the screening process and method described
above, the initial indicators of the port capability eval-
uation system from the perspective of the supply chain
are screened. +e specific steps are as follows, and the
flowchart is shown Figure 1.

Step 1: use the average to reflect the importance of
each indicator to the entire system and calculate the
average score of 20 experts on the 7 indicators. Step 2: use
standard deviation to reflect the degree of dispersion of
expert scoring judgments, and calculate the standard
deviation of expert scoring for 7 indicators. Step 3: use the
coefficient of variation to verify the concentration of
expert opinions again, and calculate the coefficient of

variation of the 7 indicators. Step 4: use the Kendall
Harmony Coefficient to verify the credibility and con-
sistency of expert scores. Step 5: independence analysis,
which means using SPSS (Statistical Product and Service
Solutions) software, the original 7 indicators are divided
into 6 components, and get their variance contribution
rate and component matrix.

+rough the calculation and analysis of the above five
steps, it can be seen that under the production resource
index as the secondary evaluation index, the three-level
evaluation index of loading and unloading machinery
load capacity can be eliminated and the remaining
simplified three-level evaluation indicators are port area
and shoreline length, number of berths, berthing ca-
pacity, passing capacity, and number of loading and
unloading machinery. Under this step, the screening of
other three-level evaluation indicators can be completed,
and a more streamlined and scientific port capacity
evaluation system can be established.

4. Construction of the Port Capability
Evaluation Model

4.1. Determination of theWeights of Port Capacity Evaluation
Indicators. +rough the analytic hierarchy process method
[15], the judgment matrix, relative weight coefficient,
maximum eigenvalue, and consistency ratio of each eval-
uation index can be calculated, and finally, the weight co-
efficients of each port capacity evaluation index are shown in
Table 1.

4.2. Construction of the Port Capability Evaluation Model.
Gray clustering refers to the method of dividing some
observation indicators or observation objects into several
definable categories according to the gray incidence
matrix [16]. At the same time, it is also a method that
combines quantitative analysis and qualitative analysis,
which improves the accuracy and completeness of the
evaluation process to a certain extent. Gray whitening
weight function clustering is mainly used to analyze
whether the evaluation object belongs to different cate-
gories set in advance, so as to obtain the ability level of the
evaluation object [17]. +e advantage of gray whitening
weight function cluster analysis method is that it has a
small demand for sample data in the analysis process and
does not have strict requirements for the statistical dis-
tribution of data [18]. It is suitable for dealing with the
problems of missing data or difficult-to-quantify
statistics.

However, the traditional whitening weight function has a
large amount of calculation and can only calculate the gray
interval of the object to be evaluated. When the objects to be
evaluated belong to the same gray interval at the same time,
it is impossible to accurately judge which is better and which
is not conducive to subsequent evaluation and analysis [19].
+erefore, this paper uses the triangular whitening weight
function based on the center point for gray cluster analysis
[20].
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5. Empirical Analysis

5.1. Status of Port A Development. Port A is located in
Northeast Asia, with a port area of 10.4 square kilometers. It
has 94 modern professional production berths for con-
tainers, crude oil, automobiles, bulkmines, grain, coal, ro-ro,
etc., of which 73 berths are above 10,000 tons. +e com-
prehensive throughput capacity reaches 280 million tons per
year, and the maximum berthing capacity reaches 400,000
tons. In 2016, the cargo throughput of Port A was ap-
proximately 370 million tons, an increase of 17.6% over
2010.

As of the end of 2015, Port A has opened 108 container
liner routes, including 83 foreign trade routes and 15 trunk
routes, ocean trunk routes directly to major trade areas in
the world and the route network covers more than 300 ports
in 160 countries and regions at home and abroad. +ere are
13 internal branch line service networks covering 13 ports
around the Bohai Sea and the Yellow Sea, which has greatly
improved the cargo transfer and distribution capacity of
Port A.

5.2. Evaluation of Port A Capacity

5.2.1. Determination of the Evaluation Index Value and Gray
Interval. According to the relevant data provided by the
research team of Port A, the actual values of the evaluation
indicators established for Port A are shown in Table 2.
According to the gray clustering model built in Section 4.2,
the port’s capability level is divided into four gray categories:
poor, medium, good, and excellent. By consulting each
year’s China Port Yearbook, browsing the financial state-
ments of each port, looking up relevant domestic and foreign

research documents, and consulting port industry experts,
we can determine the value of each gray range, as shown in
Table 3.

5.2.2. WhiteningWeight Function Calculation. According to
Table 3, the center point of each gray class interval can be
determined as the turning point, the triangular whitening
weight function based on the center point can be con-
structed, and the whitening weight function of each quan-
titative index can be obtained, as shown in Table 4.

5.2.3. Membership Calculation. For quantitative indicators,
the membership degree of each evaluation indicator is the
whitening coefficient of each indicator corresponding to
each gray category. For example, the port area of Port A is
10.4 square kilometers, and substituting it into the whitening
weight function of each gray category corresponding to the
port area index obtained in Section 5.2.2, four gray scales of
the evaluation index of port area can be obtained. +e
membership degrees of the classes are, respectively, 0, 0.65,
0.35, and 0; for qualitative indicators, the membership de-
gree is obtained by dividing the number of votes of experts
by the total number of experts. For example, in terms of the
reproducibility of the last indicator innovation system,
among the 20 experts, there are 0 people who voted poorly, 1
person who voted, 15 people who voted well, and 4 people
who voted excellently. +e membership degrees of the four
gray categories of the evaluation index of the replicability of
the innovation system are, respectively, 0, 0.05, 0.75, and
0.20.

In the same way, the membership degrees of other three-
level evaluation indicators can be obtained. Due to the
complex calculation and large amount of calculation, this

Step 1: Calculate the importance of each indicator

Step 2: Judge the degree of dispersion of expert 
scoring judgments.

Step 3: Verify the concentration of expert opinions 
again.

Step 4: Verify the credibility and consistency of 
expert scores.

Step5: Get the variance contribution rate and 
component matrix table.

Mean value

Standard deviation

Coefficient of variation

Kendall harmony
coefficient 

Independence analysis

Figure 1: Calculation steps of each index component.
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Table 1: Port capacity evaluation index weight.

First-level indicator Weight
coefficient Secondary indicators Weight

coefficient +ird-level indicators Weight
coefficient

Resource possession
A1 1

Production resources B1 0.4000

Port area C1 0.0638
Shoreline length C2 0.0248
Number of berths C3 0.0405
Berthing capacity C4 0.0992
Passing ability C5 0.1257

Number of loading and unloading machinery C6 0.0461

Human resources B2 0.2000
Proportion of ordinary workers C7 0.0193
Proportion of compound talents C8 0.0568

Overall labor productivity C9 0.1239

Financial resources B3 0.4000

Operating income C10 0.1984
Operating costs C11 0.1155

Financing amount C12 0.0343
Financial license ownership C13 0.0518

Control management
A2 1

Market control B4 0.5889

Cargo throughput C14 0.2498
Proportion of international supply C15 0.0452

Commodity supply scale C16 0.1025
Global procurement and sales scale C17 0.0905

Diversified business scale C18 0.0684
Number of cooperative institutions C19 0.0324

Information control B5 0.1593
Proportion of online business C20 0.0859

Information acquisition channels C21 0.0261
Access to information quality C22 0.0474

Financial control B6 0.2519

Net asset yield C23 0.0969
Net profit growth rate C24 0.0969
Assets and liabilities C25 0.0361
Asset turnover rate C26 0.0221

General service A3 1

Logistics services B7 0.5485

Logistics service price C27 0.0681
Logistics service quality C28 0.2574
Logistics cargo loss rate C29 0.1544
Logistics punctuality C30 0.0686

Trade service B8 0.2409 Trade volume growth rate C31 0.0803
Trade service quality C32 0.1606

Financial services B9 0.2106
Supply chain financial service level C33 0.1312
Customer financing business amount C34 0.0289
Customer financing service satisfaction C35 0.0504

Innovation-driven A4 1

Technological innovation
B10 0.539

Proportion of scientific research investment C36 0.0538
Technology judgment and tracking ability C37 0.0967

Maturity of R&D tools and methods C38 0.1586
New technology promotion and application

ability C39 0.1706

Number of special plans C40 0.0592

Strategic innovation B11 0.2973

Industry intelligence analysis investment
accounted for C41 0.0285

Industry situation judgment accuracy C42 0.0479
Operability of strategic planning C43 0.1385
Sustainability of strategic planning C44 0.0824

System innovation B12 0.1638

+e marketization process of the innovation
system C45 0.0480

Administrative efficiency of the innovation
system C46 0.0675

International compliance of the innovation
system C47 0.0177

Reproducibility of the innovation system C48 0.0307
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article uses Matlab programming to achieve the membership
degree matrix of each evaluation index as shown in Table 5.

5.2.4. Clustering Coefficient Calculation. Taking the par-
ticipating vector V � (1 2 3 4)T and combining the mem-
bership matrix Uj obtained in Table 6, the clustering
coefficient of each evaluation index yj can be calculated, as
shown in Table 6.

+erefore, combining the weight coefficients of each
evaluation index obtained in Section 4.2, the clustering
coefficients of Port A’s own capabilities, control capa-
bilities, service capabilities, and innovation capabilities
can be calculated, as well as the comprehensive clustering
coefficients reflecting the overall capability of Port A. +e
clustering coefficient of Port A’s resource holding ca-
pacity can be calculated as shown in Table 7.

Table 2: Values for each indicator of Port A.

Index Value Unit Nature
Port area C1 10.4 Square kilometers Quantitative
Shoreline length C2 61.2 Kilometer Quantitative
Number of berths C3 94 Individual Quantitative
Berthing capacity C4 40 Ten thousand tons Quantitative
Passing ability C5 2.8 Billion tons Quantitative
Number of loading and unloading machinery C6 241 Tower Quantitative
Proportion of ordinary workers C7 62 % Quantitative
Proportion of compound talents C8 33 % Quantitative
Overall labor productivity C9 9.8 Ten thousand CNY/person Quantitative
Operating income C10 87.6 Hundred million CNY Quantitative
Operating costs C11 72.4 Hundred million CNY Quantitative
Financing amount C12 54 Hundred million CNY Quantitative
Financial license ownership C13 43 Leaf Quantitative
Cargo throughput C14 3.7 Billion tons Quantitative
Proportion of international supply C15 39.1 % Quantitative
Commodity supply scale C16 — — Qualitative
Global procurement and sales scale C17 — — Qualitative
Diversified business scale C18 — — Qualitative
Number of cooperative institutions C19 518 — Quantitative
Proportion of online business C20 64 % Quantitative
Information acquisition channels C21 — — Qualitative
Access to information quality C22 — — Qualitative
Net asset yield C23 3.47 % Quantitative
Net profit growth rate C24 1.16 % Quantitative
Assets and liabilities C25 45.53 % Quantitative
Asset turnover rate C26 30.9 % Quantitative
Logistics service price C27 380 CNY/TEU Quantitative
Logistics service quality C28 — — Qualitative
Logistics cargo loss rate C29 0.08 % Quantitative
Logistics punctuality C30 98.6 % Quantitative
Trade volume growth rate C31 23.6 % Quantitative
Trade service quality C32 — — Qualitative
Supply chain financial service level C33 — — Qualitative
Customer financing business amount C34 635 Ten thousand CNY Quantitative
Customer financing service satisfaction C35 — — Qualitative
Proportion of scientific research investment C36 21 % Quantitative
Technology judgment and tracking ability C37 — — Qualitative
Maturity of R&D tools and methods C38 — — Qualitative
New technology promotion and application ability C39 — — Qualitative
Number of special plans C40 42 — Quantitative
Industry intelligence analysis investment accounted for C41 8 % Quantitative
Industry situation judgment accuracy C42 — — Qualitative
Operability of strategic planning C43 — — Qualitative
Sustainability of strategic planning C44 — — Qualitative
+e marketization process of the innovation system C45 — — Qualitative
Administrative efficiency of innovation system C46 — — Qualitative
International compliance of the innovation system C47 — — Qualitative
Reproducibility of the innovation system C48 — — Qualitative
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In the same way, the clustering coefficients of other
secondary evaluation indicators can be obtained, as shown
in Table 8.

5.3. Capacity Analysis and Suggestions for Port A

5.3.1. Evaluation and Analysis of Port A Capacity.
According to the calculation of the various evaluation in-
dicators of Port A using the gray clustering method in

Section 5.2, the comprehensive evaluation map of port ca-
pacity level of Port A can be obtained as shown in Figure 2
and Figure 3. +e ability-level distribution and ranking
diagram of various secondary indicators, as shown in Fig-
ure 4, denote the diagram of the proportion of ability levels
of each three-level indicator in Port A.

It can be seen from Figure 2 that the overall capability
level of Port A is relatively good and the four major ca-
pability levels are more evenly distributed. Among them,
Port A has the most excellent comprehensive service

Table 3: Gray ranges for each indicator.

Index Type Gray range (poor) Gray range (middle) Gray range 3 (good) Gray range 4 (excellent)
C1 Benefit 3≤ x≤ 7 7≤ x≤ 11 11≤ x≤ 15 15≤ x≤ 19
C2 Benefit 5≤ x≤ 25 25≤ x≤ 45 45≤ x≤ 65 65≤ x≤ 85
C3 Benefit 40≤ x≤ 60 60≤ x≤ 80 80≤ x≤ 100 100≤ x≤ 120
C4 Benefit 10≤ x≤ 20 20≤ x≤ 30 30≤ x≤ 40 40≤ x≤ 50
C5 Benefit 0.5≤ x≤ 1.5 1.5≤ x≤ 2.5 2.5≤ x≤ 3.5 3.5≤ x≤ 4.5
C6 Benefit 100≤ x≤ 150 150≤ x≤ 200 200≤ x≤ 250 250≤ x≤ 300
C7 Benefit 80≥ x≥ 70 70≥ x≥ 60 60≥ x≥ 50 50≥ x≥ 40
C8 Benefit 20≤ x≤ 30 30≤ x≤ 40 40≤ x≤ 50 50≤ x≤ 60
C9 Benefit 5≤ x≤ 7 7≤ x≤ 9 9≤ x≤ 11 11≤ x≤ 13
C10 Benefit 60≤ x≤ 70 70≤ x≤ 80 80≤ x≤ 90 90≤ x≤ 100
C11 Benefit 100≥ x≥ 90 90≥ x≥ 80 80≥ x≥ 70 70≥ x≥ 60
C12 Benefit 20≤ x≤ 40 40≤ x≤ 60 60≤ x≤ 80 80≤ x≤ 100
C13 Benefit 5≤ x≤ 20 20≤ x≤ 35 35≤ x≤ 50 50≤ x≤ 65
C14 Benefit 1≤ x≤ 2 2≤ x≤ 3 3≤ x≤ 4 4≤ x≤ 5
C15 Benefit 10≤ x≤ 20 20≤ x≤ 30 30≤ x≤ 40 40≤ x≤ 50
C16 Benefit Qualitative Qualitative Qualitative Qualitative
C17 Benefit Qualitative Qualitative Qualitative Qualitative
C18 Benefit Qualitative Qualitative Qualitative Qualitative
C19 Benefit 100≤ x≤ 300 300≤ x≤ 500 500≤ x≤ 700 700≤ x≤ 900
C20 Benefit 40≤ x≤ 50 50≤ x≤ 60 60≤ x≤ 70 70≤ x≤ 80
C21 Benefit Qualitative Qualitative Qualitative Qualitative
C22 Benefit Qualitative Qualitative Qualitative Qualitative
C23 Benefit 0≤ x≤ 1.5 1.5≤ x≤ 3 3≤ x≤ 4.5 4.5≤ x≤ 6
C24 Benefit 0≤ x≤ 1 1≤ x≤ 2 2≤ x≤ 3 3≤ x≤ 4
C25 Benefit 60≥ x≥ 50 50≥ x≥ 40 40≥ x≥ 30 30≥ x≥ 20
C26 Benefit 15≤ x≤ 20 20≤ x≤ 25 25≤ x≤ 30 30≤ x≤ 35
C27 Benefit 450≥ x≥ 420 420≥ x≥ 390 390≥ x≥ 360 360≥ x≥ 330
C28 Benefit Qualitative Qualitative Qualitative Qualitative
C29 Benefit 0.2≥ x≥ 0.15 0.15≥ x≥ 0.1 0.1≥x≥ 0.05 0.05≥ x≥ 0
C30 Benefit 96≤ x≤ 97 97≤ x≤ 98 98≤ x≤ 99 99≤ x≤ 100
C31 Benefit 5≤ x≤ 15 15≤ x≤ 25 25≤ x≤ 35 35≤ x≤ 45
C32 Benefit Qualitative Qualitative Qualitative Qualitative
C33 Benefit Qualitative Qualitative Qualitative Qualitative
C34 Benefit 100≤ x≤ 300 300≤ x≤ 500 500≤ x≤ 700 700≤ x≤ 900
C35 Benefit Qualitative Qualitative Qualitative Qualitative
C36 Benefit 5≤ x≤ 10 10≤ x≤ 15 15≤ x≤ 20 20≤ x≤ 25
C37 Benefit Qualitative Qualitative Qualitative Qualitative
C38 Benefit Qualitative Qualitative Qualitative Qualitative
C39 Benefit Qualitative Qualitative Qualitative Qualitative
C40 Benefit 10≤ x≤ 20 20≤ x≤ 30 30≤ x≤ 40 40≤ x≤ 50
C41 Benefit 3≤ x≤ 6 6≤ x≤ 9 9≤ x≤ 12 12≤ x≤ 15
C42 Benefit Qualitative Qualitative Qualitative Qualitative
C43 Benefit Qualitative Qualitative Qualitative Qualitative
C44 Benefit Qualitative Qualitative Qualitative Qualitative
C45 Benefit Qualitative Qualitative Qualitative Qualitative
C46 Benefit Qualitative Qualitative Qualitative Qualitative
C47 Benefit Qualitative Qualitative Qualitative Qualitative
C48 Benefit Qualitative Qualitative Qualitative Qualitative
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capabilities, middle level of control and management ca-
pabilities, and relatively poor resource ownership and in-
novation drive capabilities. +is shows that although Port A
has achieved a good foundation for development in terms of
services, the construction of infrastructure resources needs
to be strengthened, the scale and level of human resources in
line with supply chain transformation and innovation need
to be improved, and the innovation-driven development
strategy needs to be implemented urgently.

It can be seen from Figure 3 that the ability level of
each secondary index of Port A is in a good state. Among
them, although Port A’s ability to provide customers with
financial services is the best among all ability levels, its
own financial control ability is the worst among all ability
levels. +is sharp contrast shows that Port A lacks the
means to “control” customers with financial instruments.
Capital ties are the most effective means to “control”
customers. +e port’s effective financial control is fun-
damental, and excellent financial services are only an aid.

As can be seen from Figure 4, more than half of the
third-level indicators of Port A have excellent capabil-
ities, accounting for 54.17% of the total. 39.58% of the
third-level indicators are in good condition, and for the
remaining 6.25%, the level of ability of the three indi-
cators is medium, which are the proportions of
compound talents, the growth rate of net profit, and the
debt-to-asset ratio. +is once again reflects that Port A
has poor financial control over its own financial

capabilities and weaker ability to own resources, espe-
cially human resources.

+rough comparison with the actual situation of Port A,
it is found that the evaluation result is consistent with the
actual situation of the port, which reflects the rationality and
feasibility of the establishment of the evaluation index
system and proves that the port capacity evaluation system
constructed in this article is relatively scientific from the
perspective of the supply chain. +is can be used in practice
to provide a reference for the operation and development of
the port.

5.3.2. Suggestions for Port A Development. (1) Resource
Ownership. Port A should adhere to the concept of sus-
tainable development, further improve the construction of
port infrastructure, construct an efficient port infrastructure
research and development system, increase investment in
the training of high-end compound talents, and build an
advanced talent management mechanism. As for production
resources, it is important to introduce international ad-
vanced equipment and technology, accelerate the applica-
tion of new production resources, and increase the
universality of new production resources. In terms of human
resources, Port A should take advantage of its rich financial
resources, actively introduce high-end professionals, in-
crease investment in training compound talents, accelerate
the construction of talent selection and training, use

Table 4: Albino functions for each quantitative indicator.

Index Gray range 1 (poor) Gray range 2 (middle) Gray range 3 (good) Gray range 4 (excellent)
C1 f (-,-,5,9) f (5,9,-,13) f (9,13,-,17) f (13,17,-,-)
C2 f (-,-,15,35) f (15,35,-,55) f (35,55,-,75) f (55,75,-,-)
C3 f (-,-,50,70) f (50,70,-,90) f (70,90,-,110) f (90,110,-,-)
C4 f (-,-,15,25) f (15,25,-,35) f (25,35,-,45) f (35,45,-,-)
C5 f (-,-,1,2) f (1,2,-,3) f (2,3,-,4) f (3,4,-,-)
C6 f (-,-,125,175) f (125,175,-,225) f (175,225,-,275) f (225,275,-,-)
C7 f (65,75,-,-) f (55,65,-,75) f (45,55,-,65) f (-,-,45,55)
C8 f (-,-,25,35) f (25,35,-,45) f (35,45,-,55) f (45,55,-,-)
C9 f (-,-,6,8) f (6,8,-,10) f (8,10,-,12) f (10,12,-,-)
C10 f (-,-,65,75) f (65,75,-,85) f (75,85,-,95) f (85,95,-,-)
C11 f (85,95,-,-) f (75,85,-,95) f (65,75,-,85) f (-,-,65,75)
C12 f (-,-,30,50) f (30,50,-,70) f (50,70,-,90) f (70,90,-,-)
C13 f (-,-,12.5,27.5) f (12.5,27.5,-,42.5) f (27.5,42.5,-,57.5) f (42.5,57.5,-,-)
C14 f (-,-,1.5,2.5) f (1.5,2.5,-,3.5) f (2.5,3.5,-,4.5) f (3.5,4.5,-,-)
C15 f (-,-,15,25) f (15,25,-,35) f (25,35,-,45) f (35,45,-,-)
C19 f (-,-,200,400) f (200,400,-,600) f (400,600,-,800) f (600,800,-,-)
C20 f (-,-,45,55) f (45,55,-,65) f (55,65,-,75) f (65,75,-,-)
C23 f (-,-,0.75,2.25) f (0.75,2.25,-,3.75) f (2.25,3.75,-,5.25) f (3.75,5.25,-,-)
C24 f (-,-,0.5,1.5) f (0.5,1.5,-,2.5) f (1.5,2.5,-,3.5) f (2.5,3.5,-,-)
C25 f (45,55,-,-) f (35,45,-,55) f (25,35,-,45) f (-,-,25,35)
C26 f (-,-,17.5,22.5) f (17.5,22.5,-,27.5) f (22.5,27.5,-,32.5) f (27.5,32.5,-,-)
C27 f (405,435,-,-) f (375,405,-,435) f (345,375,-,405) f (-,-,345,375)
C29 f (0.125,0.175,-,-) f (0.075,0.125,-,0.175) f (0.025,0.075,-,0.125) f (-,-,0.025,0.075)
C30 f (-,-,96.5,97.5) f (96.5,97.5,-,98.5) f (97.5,98.5,-,99.5) f (98.5,99.5,-,-)
C31 f (-,-,10,20) f (10,20,-,30) f (20,30,-,40) f (30,40,-,-)
C34 f (-,-,200,400) f (200,400,-,600) f (400,600,-,800) f (600,800,-,-)
C36 f (-,-,7.5,12.5) f (7.5,12.5,-,17.5) f (12.5,17.5,-,22.5) f (17.5,22.5,-,-)
C40 f (-,-,15,25) f (15,25,-,35) f (25,35,-,45) f (35,45,-,-)
C41 f (-,-,4.5,7.5) f (4.5,7.5,-,10.5) f (7.5,10.5,-,13.5) f (10.5,13.5,-,-)
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incentive mechanisms, and create a modern high-end
professional talent system.

(2) Control Management. Port A should take the world-
class port’s operating standards and management control
system as a benchmark, strengthen financial control, and
focus on information management. For financial control,
Port A should establish a supply chain financial management
company and financing platform, plan the top-level design
of the supply chain financial business, and expand the
sources of funds. It should establish a big data risk control

platform for supply chain finance, based on financing
platforms and third-party payment platforms, through real-
time analysis and processing of transaction information, and
fully implement the four-in-one analysis of capital flow,
logistics, information flow, and business flow, and improve
risk control rating and risk control management. For in-
formation management, Port A should use the “Internet +”
thinking to realize the information interconnection between
the upstream and downstream of port logistics, enhance the
comprehensive information management and control

Table 5: Degree of the membership matrix for each indicator.

Index Gray range 1 (poor) Gray range 2 (middle) Gray range 3 (good) Gray range 4 (excellent)
C1 0 0.65 0.35 0
C2 0 0 0.69 0.31
C3 0 0 0.80 0.20
C4 0 0 0.50 0.50
C5 0 0.20 0.80 0
C6 0 0 0.68 0.32
C7 0 0.70 0.30 0
C8 0.20 0.80 0 0
C9 0 0.10 0.90 0
C10 0 0 0.74 0.26
C11 0 0 0.74 0.26
C12 0 0.80 0.20 0
C13 0 0 0.96 0.03
C14 0 0 0.80 0.2
C15 0 0 0.59 0.41
C16 0 0 0.25 0.75
C17 0 0.05 0.25 0.70
C18 0 0.10 0.25 0.65
C19 0 0.41 0.59 0
C20 0 0.10 0.90 0
C21 0 0.10 0.65 0.25
C22 0 0.60 0.35 0.05
C23 0 0.19 0.81 0
C24 0.34 0.66 0 0
C25 0.05 0.95 0 0
C26 0 0 0.32 0.68
C27 0 0.16 0.83 0
C28 0 0 0.15 0.85
C29 0 0.10 0.90 0
C30 0 0 0.90 0.10
C31 0 0.64 0.36 0
C32 0 0 0.10 0.90
C33 0 0 0.25 0.75
C34 0 0 0.83 0.18
C35 0 0 0.20 0.80
C36 0 0 0.30 0.70
C37 0 0.05 0.55 0.40
C38 0 0.30 0.70 0
C39 0 0.10 0.85 0.05
C40 0 0 0.30 0.70
C41 0 0.83 0.16 0
C42 0 0.20 0.70 0.10
C43 0.15 0.25 0.60 0
C44 0 0 0.45 0.55
C45 0.05 0.80 0.15 0
C46 0 0.10 0.65 0.25
C47 0 0.85 0.10 0.05
C48 0 0.05 0.75 0.200
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Table 6: Clustering coefficients for each of the three levels of indicators.

Index C1 C2 C3 C4 C5 C6
Clustering coefficient 2.35 3.31 3.20 3.50 2.80 3.32
Index C7 C8 C9 C10 C11 C12
Clustering coefficient 2.3 1.80 2.90 3.26 3.26 2.20
Index C13 C14 C15 C16 C17 C18
Clustering coefficient 3.03 3.20 3.41 3.75 3.65 3.55
Index C19 C20 C21 C22 C23 C24
Clustering coefficient 2.59 2.90 3.15 2.45 2.81 1.66
Index C25 C26 C27 C28 C29 C30
Clustering coefficient 1.947 3.68 2.83 3.85 2.9 3.10
Index C31 C32 C33 C34 C35 C36
Clustering coefficient 2.36 3.90 3.75 3.18 3.8 3.70
Index C37 C38 C39 C40 C41 C42
Clustering coefficient 3.35 2.70 2.95 3.70 2.17 2.90
Index C43 C44 C45 C46 C47 C48
Clustering coefficient 2.45 3.55 2.10 3.15 2.20 3.15

Table 7: Clustering coefficients for each level of Port A.

Index A1 A2 A3 A4 A5
Clustering coefficient 2.975 3.027 3.436 2.955 3.098

Table 8: Clustering coefficients for each secondary indicator.

Index B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12
Clustering coefficient 3.034 2.530 3.140 3.388 2.807 2.322 3.362 3.387 3.683 3.106 2.800 2.740
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Figure 2: Capacity-level evaluation of Port A.
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Figure 3: Capacity-level distribution and ranking chart of secondary indicators of Port A.
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capabilities of Port A, and accelerate the use of advanced
technologies such as the Internet of +ings, big data, and
cloud computing in the field of port operations. +e ap-
plication layout of the company promotes the construction
of smart ports and smart port information application
systems.

(3) Comprehensive Services. Relying on the advantages of
Port A’s strong service capabilities, Port A should continue
to enhance the port’s comprehensive service capabilities,
expand its service functions, improve the basic service level
of port logistics based on loading, unloading, and ware-
housing, accelerate the development of port logistics value-
added services, and build a port service industry chain. It
should promote the development of the upstream and
downstream linkages of the industrial chain and provide
global target customers with professional, fast, efficient,
convenient, high-quality, low-cost, and customizable full
logistics services.

(4) Innovation-Driven Aspects. Port A should combine with
the new economic normal, based on technological innovation,
strengthen strategic innovation and institutional innovation,
and lead the development of the port through innovation. In
terms of strategic innovation, Port A should closely focus on the
national “One Belt One Road” development strategy and
promote the regional cooperation strategy of coastal ports in
Northeast Asia. Regarding institutional innovation, Port A
should seize the important opportunity in the construction of
the national pilot free trade zone, take the development of the
port trade facilitation zone as the starting point, face the
Northeast Asian region, dock the pilot free trade zone system
and platform, and serve free trade. It will become the hub of the
free trade supply chain in Northeast Asia and realize the co-
ordinated development of trade, logistics, finance, and economy
at all ports of Port A.

6. Conclusions

+is article is mainly a research on port capacity evaluation
from the perspective of supply chain. In the process of
constructing the evaluation system, although all relevant

evaluation indicators are listed as much as possible
according to domestic and foreign literature reports and the
suggestions of teachers and experts, but it is still difficult to
ensure complete exhaustion, resulting in some indicators
affecting port capacity not being included in the evaluation
system.+erefore, it is necessary to continuously modify and
improve the index system in future research.

In addition, although the analytic hierarchy process is a
combination of qualitative and quantitative methods, its
assignment of evaluation indicators still has a strong sub-
jectivity. At the same time, the quantification of qualitative
indicators in this article is mainly based on the method of
scoring by experts. Although mathematical statistics such as
coefficient of variation and reliability analysis are used to
verify it, it is still difficult to reduce the influence of sub-
jective factors. +erefore, how to effectively weaken the
subjectivity of weight assignment and quantification of
qualitative indicators and make the weight coefficients of
evaluation indicators and the quantified data of qualitative
indicators more reasonable and objective is the focus of
follow-up research.
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