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Abstract 
In order to explore the action mechanism of safety vulnerability in traffic intensive 
waters and promote the establishment of water safety early warning system, firstly, the 
influencing factors of safety vulnerability in traffic intensive waters were identified 
through interview records; Then, the influence model of safety vulnerability factors in 
traffic intensive waters was proposed; Finally, structural equation model (SEM) was 
used to verify the vulnerability impact path. The results show that the influencing factors 
of safety vulnerability in traffic intensive waters include 21 specific factors, such as ship 
characteristics, natural environment, traffic environment and traffic management; The 
natural environment has a significant positive impact on traffic management, traffic 
environment and ship characteristics. At the same time, traffic management has a 
significant positive impact on traffic environment and ship characteristics. 
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1. Introduction 

At present, the concept of traffic intensive water area has not been clearly defined. It usually refers to 
the water area with a large ratio of ship traffic flow to channel navigation capacity, including port, 
fishing area, inland river dam area, cross water area, narrow water area and canal section. As the 
bearing area of huge ship traffic flow, the density of ships in dense traffic waters is large, the spacing 
between ships is small, and the routes are complex. Small interference may have a great impact on 
the safety of waters, making it a high accident area [1]. Therefore, the safety of water areas with dense 
traffic has great vulnerability. 

The concept of vulnerability began in the field of natural disasters [2], and then was introduced into 
the field of water transportation. In the field of water transportation, "vulnerability of water 
transportation network" is often used to represent the performance degradation of water transportation 
network due to random or selective removal of nodes or edges [3]. Using complex network theory, 
ports and other traffic intensive waters are abstracted into nodes to study the topology of marine 
transportation network. It is found that the marine transportation network is a small world network 
with power-law behavior [4]. The research on the vulnerability of water transportation network 
highlights the importance of traffic intensive waters in the transportation network, but it can not 
improve its own safety. 

It can be seen from the above research that there are few studies on the safety of water transportation 
system, especially in dense waters, from the perspective of vulnerability. The concealment and 
fuzziness of vulnerability, the complexity of vulnerability factors, and the lack of in-depth elaboration 
and empirical analysis of their interaction. Structural equation model (SEM) can better deal with 
complex multi-dimensional variable data and is suitable for complex water area safety research [5]. 
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In view of this, it is proposed to take the Yangtze River Estuary as an example to identify the 
influencing factors of Safety Vulnerability in traffic intensive waters, and use SEM to empirically 
study the interaction mechanism of vulnerability factors. 

2. Identification of Influencing Factors of Safety Vulnerability in Traffic 
Intensive Waters 

Table 1. Influencing factors of safety vulnerability in Yangtze River estuary 

Primary index Secondary index Tertiary indicators 
Supporting 

literature 

Ship 

characteristics (A) 

Ship dynamic 

characteristics 

Ship speed (A1) [7][8] 

Ship seaworthiness (A2) [9][10][11] 

Ship static 

characteristics 

Ship age (A3) [7][8] 

Ship tonnage (A4) [10][11][12] 

Ship type (A5) [10][11][12] 

Natural 

environment (B) 

Meteorological 

environment 

Wind (B1) [10][12][13] 

Visibility (B2) [10][12][13] 

Hydrological 

environment 

Current (B3) [10][12][13] 

Wave height (B4) [14] 

Tide (B5) [14] 

Traffic 

environment (C) 

Navigation aid 

environment 

Navigation aids (C1) [15] 

Berth (C2) [7] 

Anchorage (C3) [15] 

Obstacles (C4) [7] 

Channel 

characteristics 

Channel depth (C5)  [10][14] 

Channel width (C6)  [12][15] 

Traffic flow 
Ship density (C7) [1][16][17] 

Vessel traffic flow (C8) [14][15][18] 

Traffic 

management (D) 

Daily supervision 

Perfection of supervision 

system (D1) 
[7][8] 

Navigation rules specification 

(D2) 
[8] 

Emergency 

Supervision 

Early warning and emergency 

management (D3) 
[5] 

 

1) Collection of literature. Collect 12 documents related to the safety vulnerability of traffic intensive 
waters, study the areas involving ports, inland waterways, Straits, etc., and sort out the influencing 
factors of vulnerability. Since literature [6] has discussed the relationship between the influencing 
factors of "people" in navigation safety, based on the perspective of ship cluster, the influencing 
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factors of vulnerability are collected from three aspects of ship-environment-management, which is 
the same as the collection of interview data. 

2) Collection of interview data. On the basis of literature research, an interview outline about the 
safety vulnerability of traffic intensive waters was designed. Select 25 relevant management and 
researchers from institutions of higher learning, shipping companies, maritime safety administration 
and other institutions to conduct interviews through an open and structural combination, and 
specifically record the contents of the discussion and interview. Finally, the safety vulnerability index 
system of traffic intensive waters was formed, as shown in Table 1. 

3. Questionnaire Survey and Analysis 

3.1 Questionnaire Investigation 

The questionnaire takes 21 influencing factors as items and adopts the evaluation standard of Likert 
scale five point scale. The respondents mainly come from shipping enterprises. The questionnaire 
was collected by filling in the Internet, and a total of 120 questionnaires were recovered. After 
excluding the invalid questionnaires, 98 valid questionnaires were obtained. 

3.2 Questionnaire Analysis 

1) Reliability analysis. SPSS 20.0 was used to test the effective data collected. The Cronbachα 
coefficient of questionnaire is 0.913, which is greater than the statistical standard of 0.6 [19], 
indicating that the questionnaire meets the reliability standard. 

2) Validity analysis. The KMO value of the questionnaire is 0.875, which is greater than the statistical 
standard of 0.7 [19], and the significance level of the statistical value of Bartlett spherical test is 0, 
which is less than the statistical standard of 0.05 [19], indicating that the questionnaire meets the 
validity standard. 

3) Deviation inspection. Using Harman single factor test, exploratory factor analysis was carried out 
on all items, and five factors with eigenvalues greater than 1 were obtained. Among them, the variance 
interpretation rate of the largest factor was 38.959%, which was less than the critical standard of 40%, 
indicating that there was no significant common method deviation in the questionnaire. 

4. SEM Modeling and Analysis 

4.1 Research Hypothesis 

According to the relevant research on the safety vulnerability of the Yangtze River Estuary [7], in the 
driving force dependence diagram, the natural environmental factors and traffic management factors 
are mostly at the independent level and have a great impact on other factors; There are many traffic 
environmental factors and ship characteristic factors, which are located in other layers and are greatly 
affected by natural factors and traffic management. Based on this research and safety practice, an 
impact model of safety vulnerability factors in traffic intensive waters is proposed, including: 

Hypothesis H1: there is a significant positive correlation between natural environment and traffic 
environment; 

Hypothesis H2: there is a significant positive correlation between natural environment and traffic 
management; 

Hypothesis H3: there is a significant positive correlation between traffic management and traffic 
environment; 

Hypothesis H4: there is a significant positive correlation between traffic management and ship 
characteristics; 

Hypothesis H5: there is a significant positive correlation between natural environment and ship 
characteristics. 
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4.2 Model Identification and Evaluation 

In order to verify the correctness of the hypothetical model, Amos 23.0 software was used to build 
the initial model. Combined with the existing research in the field of SEM [20], 9 matching indexes 
such as 2/df, GFI, AGFI, NFI, IFI, TLI, CFI, RMSEA and SRMR were selected for fitting test and 
evaluation. The acceptable range of matching indexes comes from the literature [19]. See Table 2 for 
the initial fitting of the model. 
 

Table 2. Initial fitting parameter of SEM 
Indicator name Reference range Statistical value 

2/df ≤3.00 3.378 
GFI >0.80 0.770 

AGFI >0.80 0.711 
NFI >0.90 0.733 
IFI >0.90 0.796 
TLI >0.90 0.764 
CFI >0.90 0.794 

RMSEA <0.08 0.109 
SRMR <0.08 0.101 

4.3 Model Modification 

The fitting degree of the initial model is poor. Model modification mainly includes two methods: 
deleting the correlation between low load factors and correcting error terms. For the former, the factor 
with load less than 0.45 is ship type (A5), which needs to be deleted in theory [19]. However, since 
ship type is a very important vulnerability factor in safety practice, it is not deleted, that is, all 
vulnerability factors are effective. In practice, the safety vulnerability of traffic intensive waters is 
affected by multiple factors, and there is mutual influence among the factors. Therefore, the second 
modification method is adopted, that is, add a correlation line between the two error terms, and correct 
from the point where the value of the model modification indexes (MI) is the largest until a better 
fitting effect is obtained. After several revisions, the fitting indexes 2/df, GFI, AGFI, NFI, IFI, TLI, 
CFI, RMSEA and SRMR of the model are 1.865, 0.868, 0.828, 0.857, 0.928, 0.914, 0.927, 0.066 and 
0.061 respectively. Therefore, the modified model has good fitting effect. 

4.4 Modified Model Analysis 

Table 3. Path parameter estimation of modified model 

Path direction 
Non standardized 
path coefficient 

S.E. C.R. 
Standardized path 

coefficient 
P 

traffic control  
natural 

environment 
0.595 0.087 6.807 0.571 *** 

Traffic 
environment  

natural 
environment 

0.471 0.075 6.253 0.511 *** 

Ship 
characteristics  traffic control 0.223 0.077 2.875 0.276 0.004 

Ship 
characteristics  

natural 
environment 

0.406 0.100 4.052 0.483 *** 

Traffic 
environment  traffic control 0.454 0.068 6.666 0.514 *** 

 

The maximum likelihood method is used to estimate the modified model, and the results are shown 
in Table 3. The analysis shows that the absolute values of critical ratio (CR) of non standardized path 
coefficients of H1, H2, H3, H4 and H5 are greater than 1.96, and the statistical critical standards of 
H1, H2, H3 and H5 are significant at the level of 0.001 and H4 are significant at the level of 0.004, 
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which are less than 0.05. From the fitting effect and confidence level, the hypothetical model is 
acceptable. 

5. Conclusion 

(1) Taking the Yangtze River Estuary as an example, the safety vulnerability factors of traffic 
intensive waters include 21 specific factors, such as ship characteristics, natural environment, traffic 
environment, traffic management and so on. 

(2) The influence model of safety vulnerability factors in traffic intensive waters was proposed. The 
analysis shows that the natural environment has a significant positive impact on traffic management, 
traffic environment and ship characteristics, and traffic management has a significant positive impact 
on traffic environment and ship characteristics. 
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