
Inland port ranking analysis considering port efficiency for sustainable port 
development: A case study

Yanjie Zhou , Xueqian Wang , Chenglin Hu , Tao Li *

School of Management, Zhengzhou University, Zhengzhou, China

A R T I C L E  I N F O

Keywords:
Port efficiency
Inland port
Yangtze River
Port ranking

A B S T R A C T

Inland ports are important facilities for transferring cargo to the seaport along the New Maritime Silk Road. 
Inland port ranking will affect the port development decisions. This paper explores the inland port ranking along 
the Yangtze River considering the port efficiency. Firstly, we adopt the Data Envelopment Analysis (DEA) method 
to calculate the port efficiency, which is considered one of the seventeen indicators for inland port ranking. 
Secondly, Analytic Hierarchy Process (AHP) and the entropy method are used to calculate the subjective and 
objective weights of the indicators for determining their relative importance. Finally, the technique for order 
preference by similarity to ideal solution (TOPSIS) method is developed to calculate the inland port ranking. This 
paper did a case study by adopting five major inland ports along the Yangtze River, which are Wuhan, Jiujiang, 
Yueyang, Yichang, Huangshi, and Jingzhou ports. The evaluation results were analyzed in depth to identify each 
port’s strengths and weaknesses. Based on these analyses, solutions and recommendations are proposed for ports 
with purely technical inefficiencies, input redundancy and output shortfall, as well as management insights for 
sustainable port development.

1. Introduction

Under the background of globalization and regional integration, 
ports as important nodes connecting domestic and foreign markets, have 
a significant impact on regional economic development in terms of their 
efficiency and comprehensive competitiveness (Zhen et al., 2022; Feng 
et al., 2024; Zhong et al., 2024). As an important economic belt in China, 
the competitiveness of the port cluster in the middle reaches of the 
Yangtze River is directly related to the prosperity and development of 
the regional economy. Therefore, evaluating the comprehensive 
competitiveness of port clusters in the middle reaches of the Yangtze 
River not only helps to improve the operational efficiency of ports but 
also promotes the coordinated development of the regional economy.

Inland port efficiency is an important factor for evaluating opera-
tional performance, which affects the turnaround time of the vessel. 
Inland port efficiency is not considered by previous inland port ranking 
methods (Zhou et al., 2024). To make a comprehensive competitiveness 
of inland ports, this paper studies the inland port ranking considering 
inland port efficiency. The contributions of this paper are summarized as 
follows.

Inland port efficiency is an important index for evaluating the 

comprehensive competitiveness of ports. The previous inland port 
ranking method only considered facilities, such as the number of berths, 
which has limitations for directly using these parameters. To calculate 
inland port efficiency, this paper adopts the DEA model by considering 
multiple factors. We take the comprehensive efficiency of each port 
obtained from the DEA model, which is also the port efficiency in the 
evaluation index.

The comprehensive competitiveness evaluation index system of 
major ports in the middle reaches of the Yangtze River is further con-
structed. To ensure the scientific and fairness of the evaluation, we 
combine the AHP and entropy methods to assign subjective and objec-
tive combinations to the indicators in the evaluation index system. Then, 
we adopt the TOPSIS method to rank the comprehensive competitive-
ness of ports by calculating the distance of each port from the ideal 
solution and the negative ideal solution to find out the advantages as 
well as the disadvantages of each port to evaluate the comprehensive 
competitiveness of each port in the middle reaches of the Yangtze River.

For methodology, previous studies often use DEA or AHP, entropy, 
and other methods alone or two methods for investigation. Differently, 
we integrate DEA, AHP, entropy, and TOPSIS methods, which can fully 
utilize the advantages of each method and make up for the limitations of 
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a single method. In other words, DEA can evaluate the efficiency of ports 
in the middle reaches of the Yangtze River, AHP can be used to assign 
subjective weights to the evaluation indexes, entropy can be used to 
assign objective weights to reduce the subjective bias and make the 
weight distribution more reasonable, and TOPSIS can be used for the 
comprehensive ranking and decision-making, which improves the ac-
curacy and reliability of the evaluation results.

In terms of application, this study applies this comprehensive eval-
uation model to the ports in the middle reaches of the Yangtze River to 
supplement the existing research. The middle reaches of the Yangtze 
River are an important part of the Yangtze River Economic Belt, which 
carries the east to the west, connects the south to the north, and is the 
bridge and link connecting the resource-rich regions of eastern China 
and the west, it has a very important status, but its competitiveness 
research is comparatively less (Wu and Wang, 2022; Ye et al., 2020). 
This paper reveals the advantages and disadvantages of the competi-
tiveness of the region’s ports through an in-depth analysis of the region’s 
ports, providing strong support for port managers to formulate targeted 
development strategies, helping the ports to improve their operational 
efficiency and competitiveness, thus promoting the sustainable devel-
opment of the region’s ports and the prosperity of the regional economy.

The remainder of this paper is organized as follows: Section 2 pre-
sents the literature review. Section 3 introduces the port efficiency 
evaluation methods. Section 4 introduces the proposed evaluation 
method. Section 5 shows the case study. Finally, the conclusions are 
given.

2. Literature review

Cullinane et al. (2005) used the data envelopment analysis-Banker 
Charnes Cooper (BCC) model to evaluate the efficiency of the world’s 
major ports regarding port coastline length and other input indicators. 
Wang et al. (2020) use three DEA models to assess port environmental 
efficiency under different control conditions. Innovations involve envi-
ronmental parameters, non-proportional changes, and port preferences. 
Analysis of 11 Chinese ports reveals higher efficiency in eastern ports, 
benefits of cooperation, and consistent output loss trends. Stephen et al. 
(2020) used a DEA approach to investigate the effect of relative size on 
technical efficiency in the Irish and Spanish port systems during the 
period from 2000 to 2015, and the results showed that there is a positive 
correlation between size and technical efficiency among ports in mar-
ginal areas. Hsu et al. (2023) conducted an empirical study using the 
port operator of Kaohsiung Port in Taiwan as a case study to calculate 
the operational efficiency of the port by the DEA model, which provides 
a methodological framework for port operators to assess the operational 
efficiency within the port.

Min et al. (2022) and Yeo et al. (2008) investigated the relevant 
factors affecting the inland port ranking. Tseng and Yip (2021) used a 
fuzzy analytic hierarchy process to assess the key criteria and 
sub-criteria affecting the development of the four major cruise ports in 
Taiwan. The study found that port infrastructure and facilities were most 
important, followed by port city development plans, port geography and 
climate, and port regulations and services. Wang. (2024) through liter-
ature research and expert consultation, selected five factors that affect 
port competitiveness to construct an evaluation index system for ranking 
ports in the Bohai Rim area. The study used the AHP for subjective 
weighting and the entropy method for objective weighting. The final 
weights were calculated using a game theory-based combination 
weighting formula. Finally, the technique for order of preference by 
TOPSIS was applied to analyze the rankings of the ports in the Bohai 
River. Liu et al. (2020) used the fuzzy AHP-TOPSIS method to establish a 
port attractiveness evaluation model to determine the six evaluation 
dimensions and 24 important attractiveness criteria for carriers to 
choose a port and validated the model through simulation to provide a 
basis for carrier decision-making. Wang et al. (2023) constructed a port 
competitiveness evaluation model based on Porter’s diamond model 

using the entropy-TOPSIS method to assess the competitiveness of 15 
seaports along the "Belt and Road" in China, and came up with a 
comprehensive ranking, pointing out the strengths and weaknesses of 
each port, which will provide a reference for the long-term development 
of ports.

To sum up, in the previous research, scholars only used DEA to 
analyze the port effect or used TOPSIS to evaluate the comprehensive 
competitiveness of the port alone, then in this paper’s research, we 
combine them to evaluate the comprehensive competitiveness of the 
port in an all-rounded way to give full play to their respective advan-
tages, and to provide a comprehensive, objective and practical needs of 
the research of this paper’s evaluation system.

First of all, this paper selects multiple input and output indicators. It 
treats each port as a DMU to evaluate the efficiency of major mid- 
Yangtze River ports. DEA is chosen precisely because of its unique ad-
vantages and applicability to this study, because DEA can deal with the 
complexity of multiple inputs and multiple outputs, and because of the 
nonparametric nature of not needing to make assumptions about the 
function as well as objectively determining the weights. Most impor-
tantly, DEA is particularly suitable for assessing the relative efficiency of 
decision-making units.

Secondly, this paper takes the comprehensive efficiency obtained by 
DEA as an indicator for evaluating port competitiveness. Then it selects 
other indicators to evaluate the comprehensive competitiveness of ports 
from different dimensions. Firstly, AHP is used to fully reflect the pref-
erences and experiences of decision makers through its subjective 
weighting and its hierarchical structure analysis helps to decompose and 
understand the complex decision-making problems; the entropy method 
is used to determine the weights based on data information with ob-
jectivity, providing an objective evaluation perspective that is not 
affected by subjective factors. The entropy method, with its objectivity, 
can determine the weights based on the data information, providing an 
objective evaluation perspective that is not influenced by subjective 
factors. Moreover, this paper calculates the comprehensive ranking of 
the ports by using the TOPSIS after the subjective and objective weights 
are integrated and assigned the weights, which comprehensively ana-
lyzes the comprehensive competitiveness and development potential of 
the ports in multiple dimensions, providing richer reference information 
for the management and decision-making of the ports. Table 1. sum-
marizes the previous studies related to this paper.

3. Inland port efficiency evaluation

DEA, which is capable of assessing the relative efficiencies of mul-
tiple inputs and outputs without the need to preset the specific form of 
the production function (Hong Yuan, 2021), is a nonparametric method 
to measure productive efficiency. The BCC model is a variant of the DEA 
model for assessing scale efficiency based on the assumption of the 
realized variable return to scale. It can simultaneously reflect the tech-
nical efficiency and scale efficiency of the decision-making unit (DMU), 
which is more reflective of the actual operation situation of inland ports. 
This paper adopts the BCC model to calculate the inland port efficiency. 
This paper evaluates the efficiency of major inland ports from 2018 to 
2022, considering each port as a DMU.

3.1. Indicators

In the BCC model, there are two types of indicators, including input 
and output indicators, which are used to determine the inland port ef-
ficiency. Cargo and container throughput, which correspond to bulk port 
and container port, are the primary output indicators used to measure 
port efficiency by many previous studies (Li et al., 2022; Wu and Wang, 
2022). Cargo/container throughput is mainly affected by the berths. 
More berths mean a large capability for loading and unloading on/from 
vessels, which affects cargo/container throughput. There are two types 
of berths: continuous and discrete berths. Thus, this paper adopts the 
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number and length of berths as the input indicators corresponding to 
continuous and discrete berths. Table 2. shows the port efficiency in-
dicators. The mathematical notations are introduced in the next 
subsection.

3.2. BCC model

Before introducing the BCC model, the parameters used in the model 
are introduced in Table 3.

It constructs the BCC model to analyze and assess the efficiency of 
inland ports. M denotes the set of inland ports and N denotes the set of 
length and number of berths. S denotes the set of throughput. 

Pkmin

(

θk − ε
(
∑

i∈N
x−

i +
∑

r∈S
y+

r

))

∀k ∈ M (1) 

s.t.
∑m

j=1
Bijλj + x−

i = θkbik∀i ∈ N, ∀k ∈ M (2) 

∑m

j=1
Crjλj + y+

r = crk∀r ∈ S, ∀k ∈ M (3) 

∑m

j=1
λj = 1 (4) 

λj ≥ 0∀j ∈ M (5) 

x−
i ≥ 0∀i ∈ N (6) 

y+
r ≥ 0∀r ∈ S (7) 

θk ∈ [0, 1] (8) 

Eq. (1) minimizes the efficiency score of a single DMU. Constraint (2) 
represents that the sum of the inputs of the DMU equals the expected 
input amount, indicating that the port needs to adjust the quantity of x−

i 
in a timely manner to optimize port efficiency. Constraint (3) represents 
that the sum of the outputs of the DMU equals the desired output level, 
indicating that the port needs to adjust the quantity of y+

r in a timely 
manner to optimize port efficiency; Constraint (4) represents that the 

sum of all decision variables weights equals 1. Constraints (5)-(8) are 
decision variables.

3.3. Variable analysis

Bij denotes the ith input indicator of the jth port (i ∈ N), when i = 1 
meaning that the input is the length of productive berths. When i = 2 , 
the input is the number of productive berths, and crj denotes the rth 

output of the jth port (r ∈ S). When r = 1, the output is the container 
throughput. When r = 2 , the output is the cargo throughput. 
x−

i (i ∈ N), i = 1 is the input redundancy of the length of productive 
berths and i = 2 is the input redundancy of the number of productive 
berths, respectively. y+r (r ∈ S), r = 1 is the output shortfall of container 
throughput and r = 2 is the output shortfall of cargo throughput. ε is a 
non-Archimedean infinitesimal. If the optimal value of the model, θk =

1, x−
i = 0, y+r = 0, then the current evaluation of the efficiency of the 

DMU is DEA effective, that is, the integrated efficiency value of 1, and 
the current port is the most efficient. If the optimal value of the model, 
θ = 1 and x−

i ∕= 0, y+r ∕= 0, then the current evaluation of the efficiency 
of the DMU is weakly DEA effective, for the original inputs can be 
reduced by x−

i while keeping the original output unchanged, or in the 
case of unchanged inputs can be increased by y+r output. If θk < 1, then 
the current evaluation of the efficiency of the decision unit is DEA 
ineffective.

4. A hybrid evaluation model

For inland port k, we can obtain θk for solving the corresponding 
model Pk. In the following content, the port efficiency d23 is one of the 
indicators for evaluating inland port ranking, which equals θk.

Table 1 
Summary of previous studies related to this paper.

Papers Factors Method

Length of productive berths Number of productive berths Container 
throughput

Cargo 
throughput

DEA AHP Entropy 
Method

Topsis

Cullinane et al. (2005) √  √  √   
Wang et al. (2020) √ √   √   
Stephen et al. (2020)     √   
Hsu et al. (2023) √  √ √ √   
Tseng and Yip (2021)      √  
Wang. (2024)      √ √ 
Liu et al. (2020)      √  √
Wang et al. (2023)       √ √
This paper √ √ √ √ √ √ √ √

Table 2 
Port efficiency indicators.

Indicator properties Indicator Unit

Input indicators Bij The length of productive berths B1j Meter
The Number of productive berths 
B2j



Output indicators 
crj

Container throughput c1j Ten thousand TEU
Cargo throughput c2j Hundred million 

tons

Note: TEU denotes the Twenty-feet Equivalent Unit.

Table 3 
Description of symbols in the BCC model.

Set
M The set of ports
N The set of the length and number of berths
S The set of throughput
Index
i Index of the length and number of productive berths
j,k Index of ports
r Index of container throughput and cargo throughput
Parameters
Bij The ith input of the jth port,∀i ∈ N
bik Input i of the evaluated port k,∀k ∈ M
crj The rth output of the jth port,∀r ∈ S
cik Output i of the evaluated port k,∀k ∈ M
ε Archimedean infinitesimal
Decision variables
θk Port integrated efficiency value
x−

i Input redundancy in length and number of productive berths
y+r Output shortfalls in container throughput and cargo throughput
λj Weight of port j
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4.1. Selection of factors

Based on the principles of scientificity, comprehensiveness, avail-
ability, and comparability, we construct the evaluation index system 
from five different domains including port infrastructure capacity, port 
operational capacity, hinterland capacity, port development, and natu-
ral condition, which are presented as follows. 

(1) Port infrastructure capacity is evaluated by the length of pro-
ductive berths, the number of productive berths, the container 
throughput capacity, and the cargo throughput capacity, and 
these indicators are crucial for improving the operational effi-
ciency of port infrastructure (Deng et al., 2022).

(2) Port operational capacity is assessed by container throughput, 
cargo throughput, and port efficiency, which are key indicators of 
operational efficiency and market competitiveness, and then port 
operational capacity can be evaluated (Wan et al., 2022; Wang 
et al., 2023; Peide et al., 2023).

(3) Hinterland capacity is assessed by the hinterland GDP and the 
hinterland import and export trade volume, which is one of the 
important criteria for assessing its competitiveness. The eco-
nomic vitality of the hinterland directly affects the industrial 
development of a port and the generation and absorption ca-
pacity of shipping cargo sources, thus promoting the growth of 
the port economy (Park., 2021).

(4) Port development is assessed by container throughput growth 
rate, cargo throughput growth rate, hinterland GDP growth rate, 
and hinterland foreign trade growth rate, which are growth in-
dicators indicating the recent development dynamics of the port 
and hinterland, and are also directly associated with the position 
of a port in the competition (Deng et al., 2022; Zhou et al., 2024).

(5) Natural condition is assessed by the standard water depth of the 
channel, distance to the seaport, the total mileage of the channel 
network, and the port water quality to assess the port water 
quality scoring using a percentage system method: Class I water 
for 100 points, Class II water 80 points, Class III water 60 points, 
Class IV water 40 points, Class V water 20 points, inferior Class V 
water 0 points (Yeo et al., 2008). These indicators have an 
important impact on the accessibility and sustainable develop-
ment of the harbor.

In summary, this paper constructs a comprehensive competitiveness 
evaluation system for inland ports. The specific evaluation index system 
is shown in Table 4.

4.2. Proposed framework

To show more intuitively the construction process of the compre-
hensive competitiveness evaluation model of inland ports, the flowchart 
of inland port ranking evaluation is shown in Fig. 1.

To evaluate the comprehensive competitiveness of inland ports, we 
use a combination of the AHP and entropy methods to assign weights to 
each indicator. This method integrates subjective and objective judg-
ments to ensure that each indicator is given appropriate weights. After 
determining the weights of each indicator, we further apply the TOPSIS 
method to evaluate the comprehensive competitiveness of each port. 
Through this evaluation model, we can analyze the competitiveness of 
each port in-depth, reveal their respective advantages and shortcomings, 
and provide a scientific basis for the development planning and 
competitiveness enhancement of the ports.

4.3. Ranking scores calculation

This paper applies the TOPSIS method to the calculation of the 
comprehensive competitiveness score. The TOPSIS method determines 
the distance of the evaluated ports’ evaluation indexes relative to the 

positive and negative ideal solutions. The following is a detailed intro-
duction to the TOPSIS process.

Firstly, 17 s-level indicators are constructed into the original matrix 
d, where dij denotes the jth second-level evaluation indicator of the ith 

port. 

d =

⎛

⎝
d11 ⋯ d1n
⋮ ⋱ ⋮

dm1 ⋯ dmn

⎞

⎠ (9) 

To make the second-level indicators of each port can be changed into 
positive indicators, it is necessary to normalize each second-level indi-
cator affecting the comprehensive competitiveness of the 
port.min(d1j, d2j, ..., dij) is the minimum value of the indicator in the jth 

column and max(d1j, d2j, ..., dij) is the maximum value of the indicator in 
the jth column, respectively. 

dʹ
ij =

dij − min(d1j, d2j,…, dij)

max(d1j, d2j,…, dij) − min(d1j, d2j,…, dij)
, i = 1, 2,…,m; j = 1, 2,…n

(10) 

The processed normalized matrix is R: 

R =

⎡

⎢
⎢
⎣

dʹ
11 ⋯ dʹ

1n

⋮ ⋱ ⋮
dʹ

m1 ⋯ dʹ
mn

⎤

⎥
⎥
⎦ (11) 

After the standardization of Eqs. (10) and (11) carried out above, the 
matrix of evaluation indicators after the standardization is multiplied 
with the final weights of the combination weighting obtained from Eq. 
(13) to calculate the weighting matrix, as shown in Eq. (12): 

V = R × Wj =

⎡

⎣
v11 ⋯ v1n
⋮ ⋱ ⋮

vm1 ⋯ vmn

⎤

⎦ (12) 

Where Wj represents the final weight, which is defined as follows. 

Wj = σW1
j +(1 − σ)W2

j (13) 

Table 4 
Evaluation index system of comprehensive competitiveness of inland ports.

First level indicator The secondary indicators Unit

Logistics infrastructure 
capacity D1

The length of productive berths 
d11

Meter

The Number of productive berths 
d12



Container throughput capacity 
d13

Ten thousand 
TEU

Cargo throughput capacity d14 Hundred million 
tons

Port operations capacity 
D2

Container throughput d21 Ten thousand 
TEU

Cargo throughput d22 Hundred million 
tons

Port efficiency d23 
Hinterland support 

capacity D3

Hinterland GDP d31 100 million RMB
Hinterland import and export 
trade volume d32

100 million RMB

Port development 
potential D4

Container throughput growth 
rate d41

%

Cargo throughput growth rate 
d42

%

Hinterland GDP growth rate d43 %
Hinterland foreign trade growth 
rate d44

%

Port natural conditions 
capacity D5

Standard water depth of the 
channel d51

Meter

Distance to the seaport d52 Kilo meter
Total mileage of the channel 
network d53

Kilo meter

Port water quality d54 
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W1
j represents the subjective weights of each indicator obtained by 

AHP, W2
j represents the objective weights of each indicator obtained by 

the entropy method. σ represents how much weight is taken by each of 
the two methods, with reference to previous literature and in the study 
of this paper, it is set that σ = 0.5. Sections 4.4 and 4.5 will provide a 
detailed description of the acquisition of subjective and objective 
weights.

As shown in Eqs. (14) and (15), V+ represents a positive ideal solu-
tion consisting of the maximum values of the 17 evaluation indicators 
and V− represents a negative ideal solution consisting of the minimum 
values of the 17 indicators. 

V+ =
(
v+1 , v

+
2 ,…, v+n

)
=
{
maxvij|j ∈ 1……n|

}
(14) 

V− =
(
v−1 , v

−
2 ,…, v−n

)
=
{
minvij|j ∈ 1……n|

}
(15) 

Next, the distance of each port indicator from the positive and 
negative ideal solutions is calculated as shown in Eqs. (16) and (17). 

S+
i =

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
∑n

j=1

(
vij − v+j

)2
√

(16) 

S−
i =

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
∑n

j=1

(
vij − v−j

)2
√

(17) 

Calculating the score of the port as shown in Eq. (18) is to assess the 
final score of the port. It can be clearly seen that the score and the larger 
mean that the port is closer to the optimal value. That is, the larger the 
score, the better the overall competitiveness of the port. 

δi =
S−

i

S+
i + S−

i
, i = 1, 2,…,m (18) 

4.4. Subjective weighting W1
j

The method used in this paper for the subjective assignment of in-
dicators is the AHP. The first step is to construct a judgment matrix and 
then find the weight of each indicator. According to the port compre-
hensive competitiveness evaluation index table, we used D =

(
Dij
)

n×n 
denotes the first-level indicator set and d = (dkl)m×m denotes the 
second-level indicator set. n and m are the number of first and second- 
level indicators, Dij represents the relative importance of indicator i to 
indicator j, dkl represents the relative importance of indicator k to in-
dicator l. The first-level indicator and second-level indicator matrix 
judgment matrix are shown in Table 5. and Table 6., respectively.

In the judgment matrix 
(
Dij
)

n×n of the first-level indicators, for 

example, when i = 1, j = 1, the value of the indicator is 1 meaning that 
logistics infrastructure capacity and logistics infrastructure capacity are 
equally important. When i = 2, j = 1, the value of the indicator is 3 
meaning that the port operation capacity is slightly more important than 
the logistics infrastructure capacity, and so on. The level of importance 
among the indicators is described below.

The degree of importance between indicators in the matrix uses a 
scale of 1–9, with the specific element 

(
Dij
)

n×n and the principles for 
assessment of (dkl)m×m shown in Table 7.

In the actual evaluation of port competitiveness, the scoring of ex-
perts is likely not a consistency matrix. If the deviation is too large, it is 
not conducive to the determination of the weight of the evaluation in-
dicators. Therefore, it is necessary to calculate the size of the CR value to 
determine whether the experts’ scores for each evaluation index of the 
port are reasonable. If the CR< 1, it means that the consistency test is 

Fig. 1. Flowchart of inland port ranking evaluation.

Table 5 
Judgment matrix for first-level indicator.

First-level indicator D1 ⋯ Dn

D1 D11 ⋯ D1j

⋮ ⋮ ⋯ ⋮
Dn Di1 ⋯ Dij

Table 6 
Judgment matrix for second-level indicators.

Second-level indicator d1 ⋯ dm

d1 d11 ⋯ d1l
⋮ ⋮ ⋯ ⋮
dm dk1 ⋯ dkl

Table 7 
Scale of the importance of indicators.

Quantitative 
indicators

Implication

1 i(k) evaluation indicator and j(l) evaluation indicator are equally 
important

3 i(k) evaluation indicator is slightly more important than j(l)
evaluation indicator

5 i(k) evaluation indicator is obviously more important than j(l)
evaluation indicator

7 i(k) evaluation indicator is intensively more important than j(l)
evaluation indicator

9 i(k) evaluation indicator is extremely more important than j(l)
evaluation indicator

2, 4, 6, 8 Importance is between quota bases
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passed and the expert scoring is reasonable, and the process can 
continue.

The size of CR = CI/RI, CI = λmax − n/n − 1, RI can be obtained 
according to Table 8., and the size of RI value is only determined by the 
number of evaluation indicators of the judgment matrix being 
evaluated.

Next, the judgment matrix obtained according to the expert’s scoring 
is normalized. Then, each row in the matrix after normalization is added 
and divided by the number of comprehensive competitiveness evalua-
tion indexes to obtain the index weights of each first-level indicator and 
second-level indicator index. The specific formulas are as shown in the 
following Eqs. (19) and (20), respectively. 

wid =

∑n
j=1

dij∑n
i=1

dij

n
, i, j = 1, 2,…, n (19) 

wiD =

∑n
j=1

Dij∑n
i=1

Dij

n
, i, j = 1,2,…, n (20) 

The final weights of the indicators are obtained by multiplying the 
obtained weights of the primary indicators by the weights of the sec-
ondary indicators, as shown in the following Eq. (21). 

W1
j = wid × wiD (21) 

4.5. Objective weighting W2
j

This paper uses the entropy method to assign weights to the in-
dicators objectively, which gives corresponding weights to the in-
dicators. This can reflect the information size of the indicators. In this 
paper, 17 s-level indicators.

Using the results of the normalization process above, the weight of 
the indicator of the jth port under the second-level evaluation indicator is 
calculated, and the entropy value Ej of the second-level indicator of each 
port can be obtained from Eq. (22). 

Ej = −
1

ln(m)

∑m

i=1
pijlnpij, i = 1, 2,…,m; j = 1, 2,…n (22) 

Where pij is defined as follows. 

pij =
dʹ

ij
∑m

i=1dʹ
ij
, i = 1, 2,…,m; j = 1, 2,…n (23) 

Finally, the entropy weights of the second-level indicators of the 
evaluated ports are obtained for each year of the evaluation of the 
comprehensive competitiveness of ports, which are calculated as shown 
in Eq. (24): 

W2
j =

1 − Ej
∑n

j=11 − Ej
, j = 1,2,…n (24) 

5. Case study

This paper conducts a case study. The detail of the case study is 
presented as follows.

5.1. Inland port along the Yangtze river

In this paper, six inland ports, which are Yichang Port, Jingzhou Port, 
Yueyang Port, Wuhan Port, Huangshi Port, and Jiujiang Port in the 

middle reaches of the Yangtze River are adopted as a case study. The 
data is obtained from "Annual Waterway Plan Depth of the Yangtze 
River Waterway Bureau", "China Port Yearbook", "Yichang Statistical 
Yearbook", "Jingzhou Statistical Yearbook", "Wuhan Statistical Year-
book", "Yueyang Statistical Yearbook", "Jiujiang Statistical Yearbook", 
"Report on the Quality of Surface Water" by the Ministry of Ecology and 
Environment of the People’s Republic of China, the database of the 
National Bureau of Statistics, and the China Economic and Social Big 
Data Statistical Platform of China Knowledge Network. We collected five 
year’s data from 2018 to 2022. The five-year data of the inland ports are 
shown in Appendix A.

5.2. Port efficiency analysis

By using the source data shown in Appendix A, we solved the model 
Pk for each inland port k. The following contents analyze the inland port 
efficiency by using the results obtained by model Pk.

5.2.1. Efficiency analysis
Table 9. shows the results obtained by the BCC model. "irs" indicates 

increasing scale effects, "-" indicates constant scale effects, and "drs" 
indicates decreasing scale effects.PTE denotes Pure Technical Efficiency. 
SE represents Scale Efficiency. TE denotes Technical Efficiency and RS 
means Return to Scale.

Yueyang and Wuhan Port both have an individual efficiency of 1, 
which is relatively optimal, indicating that these two ports have certain 
advantages in both management and technology. Moreover, their scale 
compensation coefficients equal 1 and the port scale has also reached the 
optimal state, indicating that the ability to adjust the port scale ac-
cording to the demand of the hinterland is also very excellent. The 
technical efficiency and pure technical efficiency of the Yichang port are 
the lowest among all inland ports. However, its scale efficiency is better, 
which indicates that Yichang Port is not good at management and 
technology. However, it has done a better job of controlling its scale, and 
it should strengthen its internal management and technology level to 
improve the input-output ratio. Jingzhou Port, Huangshi Port and Jiu-
jiang Port have better technical efficiency, but their scale efficiency and 
pure technical efficiency are lower for five consecutive years. There is a 
lack of scale adjustment and there should be an appropriate increase in 
the number of productive berths and the length of productive berths to 
increase the output efficiency of the port significantly. Jiujiang Port’s 
coefficient of return to scale is greater than 1 for five consecutive years, 
which suggests that its expansion has not resulted in increased output 
and that measures need to be taken to attract more sources of goods or to 
reduce the size appropriately.

The average value of pure technical efficiency, scale efficiency, and 
technical efficiency of each port were made into a radar chart for 
analysis, which is shown in Fig. 2.

5.2.2. Analysis of input-output results
The input redundancy rate and output shortfall rate of each indicator 

for six ports in the middle reaches of the Yangtze River for the five years 
from 2018 to 2022 are analyzed, in which the input redundancy rate 
refers to the ratio of excessive inputs to current inputs. The input 
redundancy rate equals (current inputs - optimal inputs)/current inputs. 
When the current inputs are smaller than the optimal inputs, the input 
redundancy rate is noted as 0. The output shortfall rate refers to the ratio 
of output shortfall to current output. The output shortfall rate equals 
(optimal output - current output)/current output. When the current 
output is greater than the optimal output, the output shortfall rate is 0. 
The specific results are shown in Table 10.

The ports of Wuhan and Yueyang have zero redundancy in both 
length and number of productive berth inputs, which are consistent with 
their high efficiency. Yichang Port, Jingzhou Port, and Huangshi Port 
have some redundancy in the length of berths but not in the number of 
berths. Moreover, from the previous analysis, it is concluded that they 

Table 8 
RI values corresponding to different n.

n 1 2 3 4 5 6

RI 0 0 0.52 0.89 1.12 1.26
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are still in the stage of incremental scale payoffs and the ports should 
make an appropriate increase in the number of berths to enhance effi-
ciency. Jiujiang Port has redundancy in the length and number of berths. 
In the previous analysis. Jiujiang Port is in the stage of diminishing 
returns to scale, which means that it needs to reduce the inputs or in-
crease the sources of cargo to improve efficiency. Wuhan and Yueyang 
Ports have no output shortfalls in container and cargo throughput. In 
contrast, Yichang, Huangshi, Jingzhou, and Jiujiang Ports have output 
shortfalls in container throughput, especially Yichang and Huangshi 
Ports, which have output shortfalls averaging 2.24 and 3.64, respec-
tively. This suggests that they need to upgrade their container-handling 
capacity. They may need to increase export orders and improve loading 
and unloading efficiencies to achieve this.

5.3. Inland port ranking analysis

5.3.1. Subjective weighting calculation
Based on the AHP, the problem of evaluating the comprehensive 

competitiveness of the ports is decomposed into first-level and second- 
level indicators. Experts in the field are invited to fill in the judgment 
matrices for the five first-level and each second-level indicators. The 
judgment matrices of each expert are calculated according to Eqs. (19) 
and (20) to get the corresponding weights of the indicators. The 

consistency test is carried out. If the CR< 0.1, it means that the experts’ 
scores on the subjective weights of the indicators pass the consistency 
test. Table 11. shows the obtained subjective weights of the indicators 
and the CR value.

From Table 10, we can see that all the CR< 0.1, which means that 
each judgment matrix is reasonable and the indicator weights are 
available. The weight of each second-level indicator is multiplied by the 
weight of the first-level indicator to get the final subjective weight of the 
hierarchical analysis method. The results are shown in Table 12.

5.3.2. Objective weighting calculation
After the AHP finds the subjective weights of the evaluation index 

system of the ports in the middle reaches of the Yangtze River, the 
objective weights of the evaluation index system of the ports are found 
according to the entropy method. The obtained results are shown in 
Table 13.

5.3.3. Calculation of Wj
Eq. (21) is used to calculate the combined weights of the subjective 

and objective weights. The subjective weights derived from the AHP and 
the objective weights from the entropy method are averaged after 
summing up the weights at a ratio of 50 % each, which is shown in 
Table 14.

As shown in Table 14., it can be found that the difference between 
the indicator weights derived from the AHP and the entropy method is 
not significant, indicating that the robustness of the indicator weights is 
good. The final weights are analyzed for the importance of the indicator 
weights, as shown in Fig. 3.

From Fig. 3, it can be found that the indicator with the highest weight 
is hinterland import and export trade volume, with a weight of 12.91 %, 
followed by five other indicators that basically reach more than 8 %, 
namely, port efficiency, container throughput, cargo throughput, GDP of 
the hinterland and cargo throughput. If we want to improve the 
comprehensive competitiveness of the port, we should focus on the 
improvement of these indicators.

5.3.4. Inland port ranking
According to the TOPSIS method, the comprehensive competitive-

ness scores of the six major inland ports in the middle reaches of the 
Yangtze River for 2018–2022 are obtained. The comprehensive 
competitiveness rankings are made based on the scores, which are 

Table 9 
Analysis of port efficiency in the middle reaches of the Yangtze river.

Year Attributes Yichang Jingzhou Yueyang Wuhan Huangshi Jiujiang

2018 PTE 0.28 1.00 1.00 1.00 0.87 1.00
SE 0.66 0.44 1.00 1.00 0.40 0.50
TE 0.19 0.44 1.00 1.00 0.35 0.50
RS irs irs - - irs drs

2019 PTE 0.34 0.88 1.00 1.00 1.00 1.00
SE 1.00 0.61 1.00 1.00 1.00 0.84
TE 0.34 0.54 1.00 1.00 1.00 0.84
RS irs irs - - irs drs

2020 PTE 0.41 1.00 1.00 1.00 1.00 1.00
SE 0.91 0.59 1.00 1.00 0.75 0.91
TE 0.37 0.59 1.00 1.00 0.75 0.91
RS irs irs - - irs drs

2021 PTE 0.36 0.89 1.00 1.00 1.00 1.00
SE 0.97 0.44 1.00 1.00 0.61 0.60
TE 0.35 0.39 1.00 1.00 0.61 0.60
RS irs irs - - irs drs

2022 PTE 0.33 0.67 1.00 1.00 1.00 1.00
SE 0.96 0.66 1.00 1.00 0.72 0.43
TE 0.32 0.44 1.00 1.00 0.72 0.43
RS irs irs - - irs drs

AVG PTE 0.34 0.89 1.00 1.00 0.97 1.00
SE 0.90 0.55 1.00 1.00 0.69 0.66
TE 0.31 0.48 1.00 1.00 0.68 0.66
RS irs irs - - irs drs

Fig. 2. Radar chart of average values for each efficiency.
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shown in Table 15.
To better analyze each port’s positive and negative aspects, we also 

calculate and rank its scores in the first-level indicators: logistics infra-
structure capacity, port operations capacity, hinterland support capac-
ity, port development potential, and port natural conditions capacity, as 
shown in Table 16.

According to Table 16, we analyze each port’s comprehensive 
competitiveness, find out the positive and negative of each port, and 
provide a basis for proposing port development suggestions.

5.4. Management insights

The comprehensive competitiveness of Yichang Port ranks fourth 
among the ports, and its rankings in all level indicators are backward, 
with no obvious strong points. Even though the length and number of 
productive berths are ranked high, the port efficiency is only 0.31, which 
is the lowest in the whole port. This results in general container and 

cargo throughput capacity and general logistics infrastructure capacity. 
So, it is necessary to focus on improving the port efficiency.

The comprehensive competitiveness of Jingzhou Port ranks sixth 
among the ports, and except for the port development potential, which 
ranks first, all other first-level indexes are in a relatively low position. 
This shows that the development potential of Jingzhou Port is very 
great. However, the scale of the port itself is small. It is known from the 
previous article that Jingzhou Port is the port with a significant incre-
mental effect on scale efficiency. Therefore, to improve the compre-
hensive competitiveness of Jingzhou Port, the focus should be on 
improving the logistics infrastructure capacity, port operation capacity, 
and hinterland support capacity.

The comprehensive competitiveness of Yueyang Port is firmly ranked 
third, with balanced performance and high rankings in all its first-level 
indicator capacities. Even though the length and number of productive 
berths are ranked fifth, the logistics infrastructure capacity performs 
well due to the strong container and cargo throughput capacity, which 

Table 10 
Input-output results.

Attributes Indicators Year Yichang Jingzhou Yueyang Wuhan Huangshi Jiujiang

Input redundancy rate(%) x−
i The length of productive berths x−

1 2018 0.01 0.08 0.00 0.00 0.00 0.05
2019 0.05 0.06 0.00 0.00 0.26 0.05
2020 0.06 0.07 0.00 0.00 0.18 0.06
2021 0.06 0.04 0.00 0.00 0.16 0.00
2022 0.11 0.05 0.00 0.00 0.04 0.00
AVG 0.06 0.06 0.00 0.00 0.13 0.03

The number of productive berths x−
2 2018 0.00 0.00 0.00 0.00 0.02 0.00

2019 0.00 0.00 0.00 0.00 0.00 0.00
2020 0.00 0.00 0.00 0.00 0.00 0.00
2021 0.00 0.00 0.00 0.00 0.00 0.35
2022 0.00 0.00 0.00 0.00 0.00 0.17
AVG 0.00 0.00 0.00 0.00 0.00 0.10

Output shortfall rate(%) y+r Container throughput y+1 2018 1.05 0.33 0.00 0.00 2.82 0.24
2019 0.98 0.28 0.00 0.00 1.52 0.31
2020 1.84 0.41 0.00 0.00 3.17 0.10
2021 2.70 0.41 0.00 0.00 5.04 0.27
2022 4.64 1.74 0.00 0.00 5.65 0.71
AVG 2.24 0.63 0.00 0.00 3.64 0.32

Cargo throughput y+2 2018 0.00 0.00 0.00 0.00 0.00 0.00
2019 0.00 0.00 0.00 0.00 0.00 0.00
2020 0.00 0.00 0.00 0.00 0.00 0.00
2021 0.00 0.00 0.00 0.00 0.00 0.00
2022 0.00 0.00 0.00 0.00 0.00 0.00
AVG 0.00 0.00 0.00 0.00 0.00 0.00

Table 11 
Indicator weights and CR values.

Indicator name Weight(%) CR value

First level indicator Logistics infrastructure capacity D1 22.1 0.020
Port operations capacity D2 33.9

Hinterland support capacity D3 22.1
Port development potential D4 13.7

Port natural conditions capacity D5 8.10
Logistics infrastructure capacity D1 The length of productive berths d11 15.4 0.008

The Number of productive berthsd12 8.10
Container throughput capacity d13 28.8

Cargo throughput capacity d14 47.6
Port operations capacity D2 Container throughput d21 26.1 0.052

Cargo throughput d22 32.8
Port efficiency d23 41.1

Hinterland support capacity D3 Hinterland GDP d31 33.3 0
Hinterland import and export trade volume d32 66.7

Port development potential D4 Container throughput growth rated41 27.7 0.012
Cargo throughput growth rate d42 46.6

Hinterland GDP growth rate d43 1.00
Hinterland foreign trade growth rate d44 16.1

Port natural conditions capacity D5 Standard water depth of the channel d51 16.1 0.012
Distance to the sea port d52 46.6

Total mileage of the channel network d53 27.7
Port water quality d54 9.60
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belongs to the port’s strong management and technical capacity. The 
standard water depth of Yueyang Harbor Channel is only 3.8 m, ranking 
fifth. Therefore, to enhance the comprehensive competitiveness of 
Yueyang Port, the focus should be on improving the berth construction 
and deepening the standard water depth of the channel.

The overall competitiveness of the Wuhan Port is first and far ahead 
of all six ports, ranking first in terms of logistics infrastructure capacity, 
port operation capacity, and hinterland support capacity, which comes 
from the strong support of the Wuhan economy, especially Wuhan’s 
leading GDP and import and export trade volume. Even though the port 
development potential is ranked lower because the port’s current size 
and output are already high, resulting in lower growth rates for each, the 
absolute value of the increase is not low. Furthermore, its natural con-
dition capability is weak, mainly affected by the water quality of Wuhan 
harbor. Therefore, the improvement of the comprehensive competi-
tiveness of Wuhan Port should focus on improving the water quality of 
the port above.

The comprehensive competitiveness of Huangshi Port ranks fifth, 
which is at a weak level. Even though the development potential and 
natural conditions rank second, indicating a huge development poten-
tial, the operation capacity ranks fourth, and the logistics infrastructure 
capacity and hinterland infrastructure capacity rank fifth, reflecting the 
small scale of export itself, and the influence of geographically close to 
the Wuhan Port. Its source of cargo has been absorbed too much, so the 
enhancement of the comprehensive competitiveness of Jingzhou Port 
should be focused on the differentiation of the development of the port 
of Wuhan and its gradual growth.

The comprehensive competitiveness of Jiujiang Port is ranked sec-
ond, and its overall comprehensive competitiveness is strong. Even 
though the port operation capacity is weak, the cargo and container 
throughput rank third and first, respectively, so the reason for the weak 
port operation capacity is the low efficiency of the port; the average 
value of the efficiency is 0.66, ranked fourth of all ports. Jiujiang Port 
indicates decreasing scale effects, so the enhancement of the compre-
hensive competitiveness of the Jiujiang Port should be focused on the 
improvement of the efficiency of the port and the reduction of the size of 
the port.

6. Conclusions

This paper studied the ranking of inland ports considering their ef-
ficiency. Furthermore, a case study on five inland ports was conducted, 
including Yichang Port, Jingzhou Port, Yueyang Port, Wuhan Port, 
Huangshi Port, and Jiujiang Port, which are along the Yangtze River. 

Table 12 
Analytic hierarchy process final weighting.

First level indicator Weight 
(%)

Second level indicator Weight(%)

Relative Final

Logistics 
infrastructure 
capacity D1

22.14 The length of productive 
berths d11

15.44 3.42

The Number of 
productive berths d12

8.13 1.80

Container throughput 
capacity d13

28.84 6.39

Cargo throughput 
capacity d14

47.58 10.53

Port operations 
capacity D2

33.94 Container throughput 
d21

26.11 8.86

Cargo throughput d22 32.78 11.13
Port efficiency d23 41.11 13.95

Hinterland support 
capacity D3

22.14 Hinterland GDP d31 33.33 7.38
Hinterland import and 
export trade volume d32

66.67 14.76

Port development 
potential D4

13.67 Container throughput 
growth rate d41

27.71 3.79

Cargo throughput 
growth rate d42

46.58 6.37

Hinterland GDP growth 
rate d43

9.60 1.31

Hinterland foreign trade 
growth rate d44

16.11 2.20

Port natural 
conditions 
capacityD5

8.11 Standard water depth of 
the channel d51

16.11 1.31

Distance to the sea port 
d52

46.58 3.78

Total mileage of the 
channel network d53

27.71 2.25

Port water quality d54 9.60 0.78

Table 13 
Final weights of the entropy method.

Indicator Weight(%)

2018 2019 2020 2021 2022 Average

The length of productive 
berths d11

7.79 5.19 6.36 6.76 5.40 6.30

The Number of 
productive berths d12

5.68 4.24 5.30 7.00 6.28 5.70

Container throughput 
capacity d13

9.31 8.33 5.97 7.21 6.25 7.42

Cargo throughput 
capacity d14

5.16 6.09 5.71 7.21 7.65 6.36

Container throughput 
d21

8.23 8.42 9.31 8.80 8.16 8.58

Cargo throughput d22 4.83 4.36 5.17 4.52 4.83 4.74
Port efficiency d23 4.60 2.96 3.15 5.14 4.70 4.11
Hinterland GDP d31 9.69 8.90 9.03 8.42 8.02 8.81
Hinterland import and 

export trade volume 
d32

12.77 12.00 11.83 9.98 8.73 11.06

Container throughput 
growth rate d41

3.51 4.66 4.01 2.39 7.55 4.42

Cargo throughput 
growth rate d42

2.84 5.21 7.06 10.76 7.38 6.65

Hinterland GDP growth 
rate d43

2.30 10.83 4.91 2.72 3.97 4.95

Hinterland foreign trade 
growth rate d44

6.83 3.84 5.13 3.18 3.10 4.42

Standard water depth of 
the channel d51

3.82 3.61 3.96 3.69 3.55 3.73

Distance to the sea port 
d52

5.75 5.44 5.96 5.56 3.72 5.28

Total mileage of the 
channel network d53

2.89 2.16 3.00 2.80 5.35 3.24

Port water quality d54 4.00 3.79 4.15 3.87 5.35 4.23

Table 14 
Final weights for combination weighting.

Indicator Weight(%)
AHP 
method

Entropy 
method

Final

The length of productive berths d11 3.42 6.30 4.86
The Number of productive berths d12 1.80 5.70 3.75
Container throughput capacity d13 6.39 7.42 6.90
Cargo throughput capacity d14 10.53 6.36 8.45
Container throughput d21 8.86 8.58 8.72
Cargo throughput d22 11.13 4.74 7.93
Port efficiency d23 13.95 4.11 9.03
Hinterland GDP d31 7.38 8.81 8.10
Hinterland import and export trade 

volume d32

14.76 11.06 12.91

Container throughput growth rate d41 3.79 4.42 4.10
Cargo throughput growth rate d42 6.37 6.65 6.51
Hinterland GDP growth rate d43 1.31 4.95 3.13
Hinterland foreign trade growth rate d44 2.20 4.42 3.31
Standard water depth of the channel d51 1.31 3.73 2.52
Distance to the sea port d52 3.78 5.28 4.53
Total mileage of the channel network d53 2.25 3.24 2.74
Port water quality d54 0.78 4.23 2.51
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The contributions are summarized as follows. 

(1) This paper proposed a framework to evaluate the inland port 
ranking considering the port efficiency. To calculate the port ef-
ficiency, this paper adopted the DEA to calculate the technical 
efficiency, scale efficiency, and pure technical efficiency of inland 
ports. From the data analysis, this paper found that most of the 
pure technical efficiencies of the ports could not reach the opti-
mum. There are some ports suffering input redundancy and 
output shortfall.

(2) By using the port efficiency obtained by the DEA model, this 
paper adopted 17 indicators, which are divided into two levels. 
We employed the AHP integrated with the entropy method to 
obtain the weights of each indicator. The developed approach 
allowed us to evaluate the relative importance of each factor in 
determining the ports’ performance. Finally, we utilized the 
TOPSIS method to rank the ports’ comprehensive competitive-
ness. The ranking results provide an in-depth analysis of the 
competitiveness of ports in different domains, revealing the 
performance of ports in terms of logistics infrastructure capacity, 
port operations, hinterland support, development potential, and 
natural conditions. It promotes the improvement of ports’ effi-
ciency and comprehensive competitiveness.

(3) From above analysis, it can be summarized why the purely 
technical efficiency of ports is not optimal because port efficiency 
is limited by poor operation and management, infrastructure 
shortcomings, and insufficient regional synergies. Yichang Port 
has low efficiency due to operation and management problems, 
Jingzhou port is constrained by its small scale and weak infra-
structure, Yueyang Port is affected by the lack of channel depth, 
Wuhan Port is economically strong but its potential is hampered 

by ecological and environmental problems, Huangshi port’s 
operational capacity is limited due to the competition for cargo 
sources with Wuhan Port and its own small scale, and Jiujiang 
Port is inefficient due to the irrationality of its operation, man-
agement, and allocation of resources. These results show that to 
enhance the comprehensive competitiveness of ports, it is 
necessary to optimize operation and management, make up for 
the shortcomings of infrastructure, and strengthen regional syn-
ergistic development, to help ports break through the bottleneck 
of efficiency and achieve efficient synergy of the port group in the 
middle reaches of the Yangtze River as well as prosperous 
development of the regional economy.

(4) Yichang Port, Jingzhou Port and Huangshi Port production berth 
length redundancy, the number of moderate, reflecting the berth 
planning is unreasonable, the scale of expansion strategy is 
inappropriate, reflecting the strategic planning is not scientific, 
the market demand forecast is not allowed and other systemic 
issues; Jiujiang Port berth number of redundancy, the scale of the 
payoff diminishing, suggesting that the allocation of resources is 
unreasonable, and the infrastructure of the blind expansion, cost 
control is not effective, and so on. In terms of output, the 
container throughput of each port is insufficient, but the cargo 
throughput is normal, reflecting the bottleneck of container 
business development, which is closely related to external factors 
such as the single regional industrial structure, the low efficiency 
of port operation, and the poor transportation between the port 
and the hinterland restricting the efficiency of container delivery. 
Therefore, to enhance the competitiveness of our ports, we need 
to optimize planning, strengthen industrial synergy, improve the 
logistics system, actively respond to changes in the external 
environment, and achieve efficient and sustainable development.

Fig. 3. Ranking of final indicator weights.

Table 15 
Comprehensive competitiveness score and ranking.

Yichang Jingzhou Yueyang Wuhan Huangshi Jiujiang

Year Score Rank Score Score Rank Score Rank Score Rank Score Rank Score

2018 0.33 4 0.32 6 0.46 3 0.68 1 0.32 5 0.49 2
2019 0.36 4 0.22 6 0.46 3 0.61 1 0.35 5 0.52 2
2020 0.30 5 0.31 4 0.48 3 0.70 1 0.26 6 0.54 2
2021 0.41 4 0.24 5 0.43 3 0.62 1 0.24 6 0.49 2
2022 0.30 6 0.32 5 0.44 3 0.57 1 0.32 4 0.48 2
AVG 0.34 4 0.28 6 0.46 3 0.63 1 0.30 5 0.50 2
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This study provides an in-depth understanding of the efficiency and 
competitiveness of ports in the middle reaches of the Yangtze River. It 
also provides strategic recommendations for their future development, 
thus promoting their sustainable development and competitiveness.

There are many factors that affect inland port ranking. Besides that, 
the inland port ranking methods also affect inland port ranking. Future 
studies could be considered to develop a universal inland port ranking 
method by using large language models.
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Table 16 
Scores and ranking of ports on first-level indicators.

D1 Yichang Jingzhou Yueyang Wuhan Huangshi Jiujiang

Year Score Rank Score Rank Score Rank Score Rank Score Rank Score Rank

2018 0.50 3 0.06 6 0.47 4 0.56 1 0.09 5 0.52 2
2019 0.49 4 0.07 5 0.51 3 0.58 1 0.01 6 0.56 2
2020 0.50 4 0.08 5 0.52 3 0.66 1 0.04 6 0.61 2
2021 0.40 4 0.07 5 0.46 3 0.56 2 0.24 6 0.49 2
2022 0.41 4 0.10 5 0.46 3 0.51 2 0.01 6 0.61 1
AVG 0.46 4 0.08 6 0.49 3 0.57 1 0.08 5 0.56 2
D2 Yichang Jingzhou Yueyang Wuhan Huangshi Jiujiang
Year Score Rank Score Rank Score Rank Score Rank Score Rank Score Rank
2018 0.20 4 0.17 5 0.66 2 0.91 1 0.12 6 0.52 3
2019 0.20 5 0.17 6 0.61 3 0.75 1 0.43 4 0.62 2
2020 0.18 6 0.19 5 0.60 3 0.79 1 0.30 4 0.65 2
2021 0.27 4 0.05 6 0.59 2 0.79 1 0.22 5 0.52 3
2022 0.24 5 0.11 6 0.63 2 0.78 1 0.29 4 0.47 3
AVG 0.22 5 0.14 6 0.62 2 0.80 1 0.27 4 0.56 3
D3 Yichang Jingzhou Yueyang Wuhan Huangshi Jiujiang
Year Score Rank Score Rank Score Rank Score Rank Score Rank Score Rank
2018 0.11 2 0.03 6 0.08 4 1.00 1 0.05 5 0.11 3
2019 0.12 2 0.03 5 0.11 3 1.00 1 0.02 6 0.10 4
2020 0.12 4 0.03 6 0.14 2 1.00 1 0.04 5 0.13 3
2021 0.13 4 0.03 6 0.15 2 1.00 1 0.04 5 0.14 3
2022 0.13 4 0.04 6 0.16 3 1.00 1 0.04 5 0.19 2
AVG 0.12 4 0.03 6 0.13 3 1.00 1 0.04 5 0.13 2
D4 Yichang Jingzhou Yueyang Wuhan Huangshi Jiujiang
Year Score Rank Score Rank Score Rank Score Rank Score Rank Score Rank
2018 0.34 6 0.70 1 0.45 5 0.57 3 0.66 2 0.52 4
2019 0.46 3 0.11 6 0.52 2 0.21 5 0.44 4 0.53 1
2020 0.12 6 0.58 2 0.53 4 0.62 1 0.37 5 0.54 3
2021 0.93 1 0.41 4 0.38 5 0.42 3 0.28 6 0.43 2
2022 0.30 5 0.66 2 0.37 3 0.07 6 0.69 1 0.35 4
AVG 0.43 6 0.49 1 0.45 4 0.38 5 0.49 2 0.47 3
D5 Yichang Jingzhou Yueyang Wuhan Huangshi Jiujiang
Year Score Rank Score Rank Score Rank Score Rank Score Rank Score Rank
2018 0.33 6 0.42 5 0.44 3 0.48 2 0.43 4 0.74 1
2019 0.43 5 0.49 4 0.36 6 0.55 3 0.56 2 0.74 1
2020 0.33 6 0.42 5 0.44 3 0.44 3 0.43 4 0.74 1
2021 0.33 6 0.42 4 0.44 3 0.41 5 0.49 2 0.74 1
2022 0.33 6 0.42 4 0.44 2 0.41 5 0.43 3 0.74 1
AVG 0.35 6 0.44 4 0.42 5 0.46 3 0.47 2 0.74 1
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Appendix A. source data

Table A1 
Raw data of inland port efficiency evaluation index in 2018–2022

Year Inland 
port

The length of productive berths 
(Meter)

The number of productive 
berths

Container throughput(Ten thousand 
TEU)

Cargo throughput (Hundred million 
tons)

2018 Yichang 23175 231 15.20 0.687
Jingzhou 6441 55 13.00 0.380
Yueyang 6652 70 50.46 1.112
Wuhan 14114 135 157.40 1.030
Huangshi 7463 83 5.11 0.430
Jiujiang 15311 146 42.93 1.169

2019 Yichang 22685 184 18.00 0.797
Jingzhou 5856 50 12.00 0.345
Yueyang 9128 88 50.66 1.135
Wuhan 13906 134 170.00 0.918
Huangshi 4904 35 8.00 0.451
Jiujiang 15600 141 52.14 1.527

2020 Yichang 22924 185 12.55 0.812
Jingzhou 7028 60 13.00 0.417
Yueyang 10269 99 50.90 1.160
Wuhan 18078 163 196.40 1.050
Huangshi 7336 54 5.00 0.475
Jiujiang 15963 144 61.04 1.530

2021 Yichang 22609 182 15.00 1.147
Jingzhou 7263 62 15.00 0.438
Yueyang 7054 68 60.10 1.242
Wuhan 19695 177 248.00 1.168
Huangshi 6310 45 4.00 0.499
Jiujiang 16204 375 65.10 1.710

2022 Yichang 29633 191 16.00 1.239
Jingzhou 8548 74 17.70 0.666
Yueyang 7054 68 100.96 1.387
Wuhan 18037 144 270.00 1.300
Huangshi 5145 47 7.50 0.685
Jiujiang 21400 339 76.90 1.806

Table A2 
Raw data of inland port indicators in 2018

Indicator Yichang Jingzhou Yueyang Wuhan Huangshi Jiujiang

The length of productive berths(Meter) 23175 6441 6652 14114 7463 15311
The Number of productive berths 231 55 70 135 83 146
Container throughput capacity(Ten thousand TEU) 50 55 120 350 20 33.5
Cargo throughput capacity(Hundred million tons) 0.97 0.43 2.24 1.05 0.63 2.08
Container throughput(Ten thousand TEU) 15.20 13.00 50.46 157.40 5.11 42.93
Cargo throughput(Hundred million tons) 0.69 0.38 1.11 1.03 0.43 1.17
Port efficiency 0.19 0.44 1.00 1.00 0.35 0.50
Hinterland GDP(100 million RMB) 4039.29 2310.60 3173.67 14928.72 1610.97 2860.07
Hinterland import and export trade volume(100 million RMB) 202.20 120.00 206.51 2146.00 238.08 357.70
Container throughput growth rate(%) 10.59 % 21.61 % 19.32 % 15.99 % 70.05 % 28.26 %
Cargo throughput growth rate(%) 16.86 % 9.17 % − 6.81 % 2.81 % 6.46 % − 0.24 %
Hinterland GDP growth rate(%) 14.19 % 11.08 % − 2.59 % 14.04 % 12.67 % 12.36 %
Hinterland foreign trade growth rate(%) 9.77 % 24.61 % 34.56 % 10.86 % 4.54 % 3.58 %
Standard water depth of the channel(Meter) 4.5 3.5 3.8 4.2 4.1 5
Distance to the sea port(Kilo meter) 1751 1621 1356 1125 1005 856
Total mileage of the channel network(Kilo meter) 678.4 1744.4 1200 555.3 443.5 888
Port water quality 80 80 80 80 60 100

Table A3 
Raw data of inland port indicators in 2019

Indicator Yichang Jingzhou Yueyang Wuhan Huangshi Jiujiang

The length of productive berths(Meter) 22685 5856 9128 13906 4904 15600
The Number of productive berths 184 50 88 134 35 141
Container throughput capacity(Ten thousand TEU) 50 52 120 350 15.5 33.5
Cargo throughput capacity(Hundred million tons) 0.97 0.43 2.24 1.05 0.48 2.46
Container throughput(Ten thousand TEU) 18.00 12.00 50.66 170.00 8.00 52.14
Cargo throughput(Hundred million tons) 0.80 0.35 1.13 0.92 0.45 1.53

(continued on next page)
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Table A3 (continued )

Indicator Yichang Jingzhou Yueyang Wuhan Huangshi Jiujiang

Port efficiency 0.34 0.54 1.00 1.00 1.00 0.84
Hinterland GDP(100 million RMB) 4460.82 2516.48 3778.10 16223.21 1767.19 3123.06
Hinterland import and export trade volume(100 million RMB) 220.60 115.80 329.95 2441.40 178.40 349.71
Container throughput growth rate(%) 18.42 % − 7.69 % 0.40 % 8.01 % 56.71 % 21.45 %
Cargo throughput growth rate(%) 16.06 % − 9.09 % 2.06 % − 10.90 % 4.86 % 30.67 %
Hinterland GDP growth rate(%) 10.44 % 8.91 % 19.04 % 8.67 % 9.70 % 9.19 %
Hinterland foreign trade growth rate(%) 9.10 % − 3.50 % 59.77 % 13.77 % − 25.07 % − 2.23 %
Standard water depth of the channel(Meter) 4.5 3.5 3.8 4.2 4.1 5
Distance to the sea port(Kilo meter) 1751 1621 1356 1125 1005 856
Total mileage of the channel network(Kilo meter) 678.4 1744.4 1200 555.3 443.5 888
Port water quality 80 80 60 80 80 80

Table A4 
Raw data of inland port indicators in 2020

Indicator Yichang Jingzhou Yueyang Wuhan Huangshi Jiujiang

The length of productive berths(Meter) 22924 7028 10269 18078 7336 15963
The Number of productive berths 185 60 99 163 54 144
Container throughput capacity(Ten thousand TEU) 65.8 67.5 150 325 20.6 98.5
Cargo throughput capacity(Hundred million tons) 0.97 0.43 2.24 1.23 0.57 2.46
Container throughput(Ten thousand TEU) 12.55 13.00 50.90 196.40 5.00 61.04
Cargo throughput(Hundred million tons) 0.81 0.42 1.16 1.05 0.48 1.53
Port efficiency 0.37 0.59 1.00 1.00 0.75 0.91
Hinterland GDP(100 million RMB) 4184.56 2361.00 4001.04 15516.07 1597.84 3235.02
Hinterland import and export trade volume(100 million RMB) 206.20 110.12 419.84 2704.30 238.50 448.69
Container throughput growth rate(%) 30.28 % 8.33 % 0.48 % 15.53 % − 37.50 % 17.07 %
Cargo throughput growth rate(%) 1.86 % 20.65 % 2.25 % 14.42 % 5.43 % 0.17 %
Hinterland GDP growth rate(%) − 6.19 % − 6.18 % 5.90 % − 4.36 % − 9.58 % 3.58 %
Hinterland foreign trade growth rate(%) − 6.53 % − 4.91 % 27.24 % 10.77 % 33.69 % 28.30 %
Standard water depth of the channel(Meter) 4.5 3.5 3.8 4.2 4.1 5
Distance to the sea port(Kilo meter) 1751 1621 1356 1125 1005 856
Total mileage of the channel network(Kilo meter) 678.4 1744.4 1200 555.3 443.5 888
Port water quality 80 80 80 80 60 100

Table A5 
Raw data of inland port indicators in 2021

Indicator Yichang Jingzhou Yueyang Wuhan Huangshi Jiujiang

The length of productive berths(Meter) 22609 7263 7054 19695 6310 16204
The Number of productive berths 182 62 68 177 45 375
Container throughput capacity(Ten thousand TEU) 65.8 67.5 90 325 33.8 101
Cargo throughput capacity(Hundred million tons) 0.94 0.40 4.43 1.23 0.56 3.57
Container throughput(Ten thousand TEU) 15.00 15.00 60.10 248.00 4.00 65.10
Cargo throughput(Hundred million tons) 1.15 0.44 1.24 1.17 0.50 1.71
Port efficiency 0.35 0.39 1.00 1.00 0.61 0.60
Hinterland GDP(100 million RMB) 5044.87 2733.93 4384.05 17688.03 1873.86 3753.68
Hinterland import and export trade volume(100 million RMB) 338.50 157.40 612.06 3359.40 323.80 651.57
Container throughput growth rate(%) 19.52 % 15.38 % 18.07 % 26.27 % − 20.00 % 6.65 %
Cargo throughput growth rate(%) 41.27 % 5.04 % 7.00 % 11.23 % 5.01 % 11.76 %
Hinterland GDP growth rate(%) 20.56 % 15.80 % 9.57 % 14.00 % 17.27 % 16.03 %
Hinterland foreign trade growth rate(%) 64.16 % 42.94 % 45.78 % 24.22 % 35.77 % 45.21 %
Standard water depth of the channel(Meter) 4.5 3.5 3.8 4.2 4.1 5
Distance to the sea port(Kilo meter) 1751 1621 1356 1125 1005 856
Total mileage of the channel network(Kilo meter) 678.4 1744.4 1200 555.3 443.5 888
Port water quality 80 80 80 60 80 100

Table A6 
Raw data of inland port indicators in 2022

Indicator Yichang Jingzhou Yueyang Wuhan Huangshi Jiujiang

The length of productive berths(Meter) 29633 8548 7054 18037 5145 21400
The Number of productive berths 191 74 68 144 47 339
Container throughput capacity(Ten thousand TEU) 65.8 67.5 90 402 9.8 101
Cargo throughput capacity(Hundred million tons) 1.16 0.60 4.44 1.31 0.63 3.83
Container throughput(Ten thousand TEU) 16.00 17.70 100.96 270.00 7.50 76.90

(continued on next page)
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Table A6 (continued )

Indicator Yichang Jingzhou Yueyang Wuhan Huangshi Jiujiang

Cargo throughput(Hundred million tons) 1.24 0.67 1.39 1.30 0.69 1.81
Port efficiency 0.32 0.44 1.00 1.00 0.72 0.43
Hinterland GDP(100 million RMB) 5502.69 3008.61 4710.67 18866.43 2041.51 4026.60
Hinterland import and export trade volume(100 million RMB) 414.70 221.74 736.57 3532.20 412.00 972.34
Container throughput growth rate(%) 6.67 % 18.00 % 67.99 % 8.87 % 87.50 % 18.13 %
Cargo throughput growth rate(%) 8.02 % 52.23 % 11.66 % 11.31 % 37.22 % 5.62 %
Hinterland GDP growth rate(%) 9.07 % 10.05 % 7.45 % 6.66 % 8.95 % 7.27 %
Hinterland foreign trade growth rate(%) 22.51 % 40.88 % 20.34 % 5.14 % 27.24 % 49.23 %
Standard water depth of the channel(Meter) 4.5 3.5 3.8 4.2 4.1 5
Distance to the sea port(Kilo meter) 1751 1621 1356 1125 1005 856
Total mileage of the channel network(Kilo meter) 678.4 1744.4 1200 555.3 443.5 888
Port water quality 80 80 80 60 60 100

Data availability statement

Data of this study can be obtained by request.
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