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Abstract 

In order to accurately evaluate port efficiency, the principal component analysis model 
was used to comprehensively evaluate the efficiency of 31 major ports along the Pearl 
River System in 2017. Finally, it is concluded that there is an obvious gap in the efficiency 
of ports along the Pearl River system, and the development is not balanced. Foshan port 
has the highest score, that is, the highest efficiency, with a score of 5.0428. Honghe Port 
has the lowest score, that is, the lowest efficiency, with a score of -1.1128, lacking 
effective regulation mechanism. 
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1. Introduction 

The Pearl River, with a total length of 2,320 kilometers, is dotted with dozens of ports, forming 
a huge port network with the country's major ports. The Pearl River system is rich in port 
shoreline resources, with a planned port shoreline of 961.2km. The Pearl River navigation is an 
important support for the development of the Pearl River system, which plays an important 
role in the development of the national economy and society as well as the comprehensive 
transportation system. Port efficiency evaluation has always been a hot research topic in the 
field of transportation economy and shipping economy. In recent years, the research methods 
of port efficiency have been enriched in domestic and foreign academic circles, among which 
principal component analysis is one of the most important methods for comprehensive 
efficiency evaluation. In 2011, Ren Chengyu evaluated the overall competitiveness of ports in 
Liaoning coastal economic zone by establishing a reasonable index system and using principal 
component analysis [1]；In 2018, Lu Jing and Zhang Xinfang proposed a three-stage DEA 
method to evaluate the technical efficiency, scale efficiency and pure technical efficiency of 
ports, and used principal component analysis (PCA) to determine the final evaluation index [2]；
In 2019, Yang Hongfeng and Zheng Bingyun used improved principal component analysis (PCA) 
and DEA model introduced game theory to measure the operational efficiency of 18 listed 
companies in China's port industry in 2017 [3]。Based on this, this paper takes 31 ports in the 
Pearl River system as the research object and uses the principal component analysis (PCA) 
model to evaluate the comprehensive efficiency of major ports in the Pearl River system in 2017, 
which provides certain construction significance for improving the port efficiency of the Pearl 
River system and better supporting the construction of the Pearl River system. 

2. Research methods and models  

Principal component analysis model is a kind of multivariate statistical method, which is widely 
used. It can transform a group of variables that may have correlation into a group of linearly 
uncorrelated variables through orthogonal transformation, which is called principal 



Scientific Journal of Intelligent Systems Research                                                                                        Volume 4 Issue 8, 2022 

ISSN: 2664-9640                

314 

component. In many cases, it is difficult to avoid the correlation between the indicator variables. 
When there is a certain correlation between two variables, it can be interpreted that these two 
variables reflect repeated information to a certain extent. Redundant repeated variables 
(variables with high correlation) should be deleted, and all previously proposed variables 
should be created as few new variables as possible to make these new variables irrelevant. And 
these new variables keep the original information as much as possible while reflecting the 
corresponding information. 

This paper use the ports of the original data correlation analysis, found that different indeed 
there is a strong correlation between indicators, and principal component analysis, and on the 
basis of the cumulative contribution rate reached 95%, selected the first three principal 
components, established the comprehensive evaluation model of port efficiency, finally 
calculate the comprehensive score of each port. 

3. Selection of evaluation index 

In the selection of input indicators, this paper focuses on the availability of combined data, 
comparability and rationality of indicators. Specific indicators include the length of wharf 
berths, the number of production berths, the comprehensive cargo passing capacity, the 
quantity of bulk cargo, the container throughput and the number of passengers. 

4. The empirical analysis 

4.1. Research data and data sources 

Taking 31 major ports in the Pearl River system as research samples, Including Guangdong port 
(Zhongshan Port, Dongguan port, Jiangmen port, Guangzhou inland port, Huizhou inland port, 
Foshan port, Zhaoqing Port, Yunfu port, Heyuan Port, Shaoguan Port, Qingyuan Port), Guangxi 
port (Nanning Port, Liuzhou Port, Guigang Port, Wuzhou Port, Guilin Port, Chongzuo Port, 
Laibin Port, Hezhou Port, Baise Port, Hechi Port), Guizhou port (Qiandongnan Port, Qiandinan 
Port, Anshun Port, Qiannan Port, Liupanshui Port) and Kunming port (Yuxi Port, Qujing Port, 
Wenshan Port, Honghe Port, Kunming Port). The port index data in this paper are from the 2017 
China Port Yearbook.  

4.2. Correlation analysis of different indexes 

The correlation analysis of each index is carried out, and the results are shown in Table 1. At 
the same time, Python is used to make the thermal diagram of correlation coefficient to more 
intuitively reflect the correlation degree between each index, as shown in Figure 1. 

Table 1 Correlation coefficient matrix. 

The 
correlation 
coefficient 

Length of 
wharf berth 

Number of 
production 

berths 

Comprehen
sive cargo 

passing 
capacity 

Bulk cargo, 
piece of 

groceries 

Container 
handling 
capacity 

Number of 
passengers 

Length of 
wharf berth 

1.0000 0.9676 0.9161 0.9073 0.7106 0.0947 

Length of 
wharf berth 

0.9676 1.0000 0.8564 0.8190 0.7504 0.1383 

Length of 
wharf berth 

0.9161 0.8564 1.0000 0.9751 0.7974 -0.0463 

Length of 
wharf berth 

0.9073 0.8190 0.9751 1.0000 0.6447 -0.0514 
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Length of 
wharf berth 

0.7106 0.7504 0.7974 0.6447 1.0000 -0.0159 

Length of 
wharf berth 

0.0947 0.1383 -0.0463 -0.0514 -0.0159 1.0000 

 

 
Figure1 Correlation coefficient thermogram. 

As can be seen, all indicators have varying degrees of correlation, resulting in overlapping 
information provided by each indicator. Therefore, it is necessary to use principal component 
analysis to select representative evaluation indicators. Eliminate correlations between 
variables. 

4.3. Principal component analysis 

Using MATLAB software to 31 port the six indexes of principal component analysis, the 
eigenvalues of the correlation coefficient matrix, the contribution rate and cumulative 
contribution rate are shown in Table 2, and according to the data from map gravel as shown in 
Figure 2, can be seen from the results, the first two characteristic value of the cumulative 
contribution rate to reach 90%, on the basis of the cumulative contribution rate of 95%. Three 
principal components F1, F2 and F3 are extracted. As can be seen from Table 3, the eigenvalues 
of the first principal component, the second principal component and the third principal 
component are 4.3518, 1.0365 and 0.4028, respectively, and their cumulative contribution 
rates are 72.5297%, 89.805% and 96.5179%, respectively. The information loss is less and the 
original information composed of port efficiency indicators can be fully reflected [4]。 

Table 2 Eigenvalue, contribution rate and cumulative contribution rate 

The serial number The eigenvalue Contribution Cumulative contribution rate 

1 4.3518 72.5297 72.5297 

2 1.0365 17.2753 89.805 

3 0.4028 6.7129 96.5179 

4 0.1953 3.2547 99.7726 

5 0.0135 0.2254 99.998 

6 0.0001 0.002 100 
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Figure 2 Lithotripsy. 

In order to eliminate the influence of different unit and data dimensions, it is necessary to carry 
out each index of the original data standardization, into the mean to 0, the standard deviation 
of 1 dimensionless data, after standardization of berth length, number of berths production, 
comprehensive capacity, bulk cargo of goods number, container throughput, and passenger 
number data as X1 ~ X6. MATLAB is used to obtain the principal component feature vector, and 
the formula is as follows: 

 

F1=0.4649X1+0.0764X2-0.2274X3+0.3537X4+0.7754X5+0.0090X6                           (1) 

 

F2=0.4531X1+0.1309X2-0.0156X3+0.6562X4-0.5886X5+0.0161X6                            (2) 

 

F3=0.4678X1-0.0956X2-0.0856X3-0.4243X4-0.1113X5+0.7565X6                                    (3) 

                    

As can be seen from the coefficient of principal component, the first principal component 
mainly reflects the comprehensive cargo transit capacity and container throughput, the second 
principal component mainly reflects the number of production berths and the number of bulk 
cargo groceries, and the third principal component reflects the length of wharf berths and the 
number of passengers [5]. The principal component scores of each port were calculated and the 
three-dimensional scatter plot of principal component analysis was drawn as shown in Figure 
3. 
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Figure 3 Principal component analysis 3D scatter plot 

Taking the contribution rate of the first, second and third principal components as weights, the 
comprehensive evaluation model of port efficiency can be obtained as follows: 

 

F=0.7253F1+0.1728F2+0.0671F3                                                               (4) 

 

According to Equation (4), the comprehensive score of the efficiency of each port can be 
obtained. The higher the comprehensive score, the higher the port efficiency, as shown in Table 
3. 

Table 3 Ranking and comprehensive score of each port 

Port 
Foshan 

Port 
Dongguan 

Port 
Jiangmen 

Port 
Zhongshan 

port 
Guigang 

port 
Guangzhou 
Inland port 

Yunfu 
Port 

Guilin 
Port 

Qingyuan 
Port 

Zhaoqing 
Port 

Ranking 1 2 3 4 5 6 7 8 9 10 

The 
comprehe

nsive 
score 

5.0428 4.1131 2.7992 1.3136 1.0188 0.7303 0.62 0.463 0.3182 0.2725 

Port 
Nanning 

port 
Wuzhou 

port 
Heyuan 

port 
Laibin port 

Baise 
port 

Liuzhou Port 

Huizhou 
Inner 
River 
port 

Qianxina
n port 

Shaoguan 
port 

Qiandon
gnan 
port 

Ranking 11 12 13 14 15 16 17 18 19 20 

The 
comprehe

nsive 
score 

0.0046 -0.088 0.3856 -0.5558 -0.5566 -0.6474 -0.68 -0.6787 0.8928 -0.918 

Port 
Qiann

an 
port 

Hezhou 
port 

Chongzuo 
port 

Qujing 
port 

Anshun 
port 

Wenshan 
port 

Kunming 
port 

Yuxi 
port 

Hechi 
port 

Liupansh
ui port 

Hong
he 

Port 

Rankin
g 

21 22 23 24 25 26 27 28 29 30 31 

The 
compr
ehensi

ve 
score 

-
0.926

3 
-0.9368 -0.9386 -0.9635 -1.02 -1.0651 -1.0682 -1.0708 -1.0816 -1.1127 

-
1.112

8 

 

The results showed that: (1) The efficiency gap among the ports in the Pearl River system is 
obvious, among which Foshan port has the highest score, namely the highest efficiency, with a 
score of 5.0428; Red River Port scored the lowest, or the least efficient, with a score of -1.1128. 
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(2) From the perspective of the division of ports in different provinces, the average 
comprehensive efficiency of ports in Guangdong is higher than that in the other three provinces. 
The comprehensive efficiency scores of most ports in Guangdong are greater than zero, while 
those of Guizhou and Yunnan are less than zero. 

5. Conclusion  

In this paper, PCA model was used to analyze the comprehensive efficiency of 31 major ports 
in the Pearl River system in 2018. The results show that: (1) the comprehensive efficiency of 
major ports in the Pearl River system, especially in Guizhou and Yunnan provinces, is relatively 
low, which fails to make full and effective use of port shoreline resources; (2) The development 
of most ports in the Pearl River system is not balanced and there is no effective regulation 
mechanism [6]。 

The comprehensive evaluation model of port efficiency based on principal component method 
can simplify the multi-dimensional problems, and has certain guiding significance to improve 
different evaluation methods of port efficiency. 
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