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Abstract: In order to predict the severity of accidents when water traffic accidents are sudden and 

the information is limited, a predictive model of water traffic severity based on naive Bayes is 

proposed, combined with water transportation published by Shanghai, Zhejiang, Shandong and other 

maritime bureaus. The accident investigation report defines the severity of the accident as serious 

and non-critical. The nine influencing factors such as ship type and accident type are selected as data 

features and their attributes are coded. The water traffic accident data set is constructed, and the 

prediction model is established based on Python language. 267 accidents were trained and predicted. 

The results show that the accuracy prediction model of the water traffic accident severity based on 

Naïve Bayes has an accuracy rate of 82%, which has good predictive performance and can provide 

theoretical guidance for the emergency rescue department to carry out actions. 
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__________________________________________________________________________________________ 

 

1. INTRODUCTION 

With the continuous exchanges between countries in the world, the water transportation industry has 

developed rapidly, but it has been followed by water traffic accidents, resulting in a large number of 

casualties and economic losses. Therefore, water traffic safety has always been the focus of research 

in the water transportation industry [1]. The seriousness of water traffic accidents is the basic 

component of maritime traffic risk analysis technology [2]. Regarding the research on the seriousness 

of water traffic accidents, most scholars at home and abroad focus on the seriousness of accidents and 

its influencing factors, which has great theoretical value and practical significance for preventing 

accidents and improving the safety of water transportation [3]. At the same time, when a traffic 

accident occurs on the water, the emergency rescue personnel who are not present need to roughly 

judge the accident level under the limited information, so as to take the corresponding emergency 

rescue operation. At this time, the importance of the seriousness of the water traffic accident severity 

is not It goes without saying. 

For many years, many scholars at home and abroad have used various algorithms and models to study 

the severity of water traffic accidents. On the basis of the accident investigation report issued by 

Shanghai, Zhejiang and Jiangsu Maritime Safety Administration, Wu Qin et al. [4] established an 

ordered Logit model and an ordered Probit model to identify the influencing factors and the degree 

of impact of maritime accident severity. Wu et al. [5] used the 419 ship collision accident reports in 
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the Yangtze River inland waterway as text mining corpus, and used R language and text mining 

algorithm to determine the cause of ship collision risk, and combined Bayesian network to risk the 

inland river collision accident. prediction. Wang Feixiang et al [6] divided the severity of the accident 

into three levels according to the consequences of the water traffic accident, and established a 

classification model based on the support vector machine, and then used the SVM-REF algorithm to 

find out the influencing factors of the severity of the accident. Weight and sort. Weng et al. [7] 

established a zero-expansion negative binomial regression model, and combined with the ship 

accident data of the South China Sea for 10 years, analyzed and evaluated the factors affecting the 

casualties in the accident. On the basis of the historical water traffic accident investigation report, 

Zhang Lili et al [8] proposed the extreme learning machine (ELM) as the classifier of the severity of 

the accident, and combined with the genetic algorithm (GA) to establish the GA-ELM factor 

identification model. Zhang Xiaodong et al. [9] compared the prediction results of two probability 

distribution models of Poisson and negative binomial based on statistical data of accident causality, 

and finally determined the accident prediction model based on negative binomial distribution. Liu 

Hong et al [10] used 100 domestic and foreign maritime accident reports as research samples, and 

used rough set theory to study the membership relationship between accident influencing factors and 

accident levels from the perspective of people, ship and environment. Although appeal research 

mostly uses advanced mathematical models to predict the severity of accidents, the set of accident 

impact factors they establish is too dense, not targeted, and does not meet the limited information 

under sudden accidents. Therefore, the research object of this paper is to use the limited information 

to predict the severity of the accident when the water traffic accident is sudden. 

Bayesian learning is an important branch of machine learning, including Gibbs algorithm, naive 

Bayes classifier and EM algorithm. Among them, the Naive Bayes classifier is one of the most 

practical methods to solve the classification prediction problem [11]. Numerous studies have shown 

that the naive Bayes classifier is comparable in performance to machine learning algorithms such as 

neural networks and support vector machines in most cases, and is superior to other learning 

algorithms in some scenarios [12]. In summary, this study takes the severity of the accident as a 

dependent variable, and selects 10 independent variables such as ship type, accident type, and total 

tonnage from the perspective of ship and environment. The data comes from the water released by 

the Chinese Maritime Safety Administration. Traffic accident investigation report, according to the 

latest water traffic accident statistics method of the Ministry of Transport of China [13], the accident 

severity is divided into non-severe accidents and serious accidents, and the prediction model of water 

traffic accident severity based on naive Bayesian classifier is constructed.  

2. NAIVE BAYESIAN PREDICTION MODEL 

The Naive Bayes Classifier (NBC) is a simple probability classifier based on Bayes' theorem. It has 

a solid mathematical foundation and stable classification efficiency. In practical applications, it has 

high precision and high efficiency. The classification error rate is small and time-consuming is small 

[14]. Therefore, this study chooses NBC as the prediction algorithm. Referring to the literature [15-

16], the naive Bayesian prediction model is derived as follows: set as an accident sample containing 

different feature attributes, which is a set of different accident severity categories, indicating the 

probability that the samples belong to different categories, and making decisions based on the 
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minimum error rate. In principle, the category corresponding to the maximum probability value is the 

category to which the sample belongs. This probability can be obtained by the Bayesian formula: 

 

Where P(X), P(Y) are the prior probabilities of X and Y, P(X|Y) is the posterior probability of X under 

Y condition, and P(Y|X) is the posterior of Y under X condition. Probability. The prior probability 

can be obtained from the training data set, and the training data set is set as follows: 

 

According to the independence hypothesis in the naive Bayesian algorithm, the feature attributes of 

the accident feature set are independent of each other. Therefore, the posterior probability calculation 

formula is: 

 

Where P(xj|yi) can be obtained by the maximum likelihood estimation method. Let the possible 

values of xj be Sj(j=1, 2,...n). After Laplacian smoothing, the formula is as follows: 

 

The role of  is to assign a positive number (  usually takes 1) to the frequency of each value of the 

random variable. Similarly, P(Y) can also be obtained by maximum likelihood   estimation: 

 

Then the calculation method of P(X) is: 

 

Therefore, given an accident sample, P(Y|X) can be calculated by the above formula, and the accident 

performance degree category corresponding to the sample X is the category yi corresponding to the 

maximum probability value, namely: 

                                                             (1) 

3. WATER TRAFFIC ACCIDENT DATA DESCRIPTION 

3.1 Data collection 

The data used in this paper comes from the water traffic accident investigation report released by 

Shanghai, Zhejiang, Shandong and other maritime bureaus. In order to obtain reliable data, accident 

investigation reports must follow the principles of integrity, authority, randomness, and timeliness 

[17]. According to the above principles, 267 incident reports were selected as data sources. 
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3.2 Data set construction 

According to the latest “Statistical Measures for Water Traffic Accidents” issued by the Ministry of 

Transport, the consequences are based on the casualties, direct economic losses and environmental 

pollution of the waters in the accident, but only based on one of them, it is too absolute and 

inconvenient to calculate and Description [18]. Therefore, in order to improve the accuracy of 

prediction, the accident severity is defined as serious accidents and non-severe accidents in the 

reference [3, 19]. The former includes large, major and special accidents, and the latter includes 

general accidents and minor accidents. 

From the perspective of the severity of accidents, this paper is based on the research on the influencing 

factors of the severity of previous water traffic accidents. Under the premise of limited information 

during the accident, combined with the accident investigation report, the ship type, type of accident, 

time period and total tonnage of the ship are selected. There are 9 influencing factors, power, age, 

meteorological conditions, seasons and navigation environment as the characteristics of the accident. 

The characteristic attributes are described according to the professional knowledge of the navigation 

field. The specific attribute coding information is shown in Table1. 

Table 1 Data characteristics and their attributes 

Number Feature Attribute coding 

1 Severity (Y) Non-rious:1, serious:2 

2 Ship type (x1) 
bulk cargo:1, General dry goods:2Fishing boat:3, 

container:4, Dangerous goods:5, other:6 

3 Type of accident (x2) collision:1, Self-sink:2, other:3 

4 Time slot (x3) day;1, night:2 

5 Total tons (x4) <500t:1, [500-3000t]:2 , >3000t:3 

6 Pwer (x5) <750kw:1,[750-3000kw]:2,>3000kw:3 

7 Ship age (x6) <10years:1,[10-20 years]:2,>20 years:3 

8 Meteorological sea state (x7) good:1, bad:2 

9 Sason (x8) spring:1, summer:2, autumn:3, winter:4 

10 Navigation environment (x9) normal:1, complex:2 

 

The time period covered during the day is 6:00-18:00, and the night is the rest of the time. If the type 

of accident is a collision accident, each ship involved is one sample. By reading the accident report, 

the accident-related features and attributes are extracted, and the water traffic accident data set is 

constructed according to the corresponding code. 

4. CONCLUSION 

This paper establishes a naive Bayesian prediction model based on Python language. Randomly draws 

75% of the collected data from the collected traffic accident data as training data, and the remaining 

25% is the forecast data. After training the model through training data, the predicted data is 

substituted into the forecast data. Data such as the confusion matrix, ROC curve, accuracy, accuracy, 

and recall rate can clearly reflect the effect of the naive Bayesian prediction model. Confusion matrix, 

also known as probability table or error matrix. It is a specific matrix used to visualize the 

performance of the algorithm [20]. The confusion matrix A of the model is as follows: 
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Figure 1 confusion matrix A 

Among them, 1 is non-serious, 2 is serious, A11, A12 represents the correct number of samples for 

two types of prediction, A21 represents the number of samples predicted as 1 for Class 1, and A12 is 

the same. A more detailed model evaluation report is shown in Table 2. 

Table 2 Model evaluation report 

category 
Accuracy 

rate 
Recall rate F1-value 

Number of test 

samples 

Non-serious 0.81 0.86 0.83 35 

serious 0.83 0.78 0.81 32 

Model accuracy 0.82 

As can be seen from Table 2, the accuracy rate of the model is as high as 82%, and the evaluation 

parameters of the two categories are above 80%. Only the recall rate of the serious category is 78%. 

This is because the number of samples in the serious category of the training concentration is higher. 

Small, resulting in a small prior probability, which affects the number of successful predictions of 

serious category samples in the test set. Through the ROC curve and AUC value, the predictive 

performance of the model can be more intuitively reflected. 

 

Figure 2 Receiver Operating Characteristic 
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The Receiver Operating Characteristic and its AUC (Area Under Curve) value are a major classifier 

performance evaluation method [21]. In the figure, the FPR (False Positive Rate) represents the recall 

rate of the non-serious category, and the TPR (True Positive Rate) represents the recall rate of the 

severe category. Each sample prediction result or each instance in the confusion matrix represents a 

point in the ROC curve. The AUC value is the area enclosed by the ROC curve, the horizontal axis 

and the straight line FPR=1, between 0.1 and 1. The AUC can be used as a numerical value to directly 

evaluate the quality of the classifier. The larger the value, the better. The AUC value of this classifier 

is 0.8942, which indicates that the Naive Bayes-based water traffic accident prediction model has a 

good effect and can accurately predict the severity of sudden water traffic accidents. 
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