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Abstract

:

When traffic collisions occur on urban expressways, the consequences, including injuries, the loss of lives, and damage to properties, are more serious. However, the existing research on the severity of expressway traffic collisions has not been deeply explored. The purpose of this research was to investigate how various factors affect the severity of urban expressway collisions. The severity of urban expressway collisions was set as the dependent variable, which could be divided into three categories: slight collisions, severe collisions, and fatal collisions. Ten variables, including individual characteristics, collision characteristics, and road environment conditions, were selected as independent factors. Based on 975 valid urban expressway collisions, an ordered logistic regression model was established to evaluate the impacts of influence factors on the severity of these crashes. The results show that gender, collision modality, road pavement conditions, road surface conditions, and visibility are significant factors that affect the severity of urban expressway collisions. Females were more likely to be involved in more severe urban expressway collisions than males. For collisions involving pedestrians and non-motorized vehicles, the risk of more severe injury was 7.508 times higher than that associated with vehicle–vehicle collisions. The probability of more severe collisions on urban expressways with poor pavement conditions and wet surface conditions is greater than that on urban expressways with good pavement conditions and dry surface conditions. In addition, as visibility increases, the probability of more severe collisions on urban expressways gradually decreases. These results provide more effective strategies to reduce casualties as a result of urban expressway collisions.
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1. Introduction


Urban expressways have become an increasingly important component in urban road systems. Compared with general urban roads, urban expressways have the characteristics of higher speed limits, dividers in the center of the road, the formation of three-dimensional intersections adopted at the intersection of roads, high road linear design requirements, and prohibited pedestrians, non-motor vehicles, and low-speed vehicles. They carry a large volume of vehicle traffic and play a pivotal role in serving medium- and long-distance travel and alleviating urban traffic congestion. Zhao et al. [1] found that the total length of second, third, and fourth ring road expressways accounts for only 8% of the length of the road network of Beijing but that they carry nearly 50% of the volumes of urban vehicle traffic. Similarly, urban expressways in Shanghai account for only 5% of the urban road area but they bear 35% of the city’s traffic. Maintaining a smooth and steady operation with respect to urban expressways is crucial to the overall the healthy operation of urban roads.



However, with the continuous increase in urban traffic demands, urban expressways have been in a gradual state of traffic overload in recent years. Heavy traffic volumes, high speeds, and frequent lane-changings are more likely to cause road traffic collisions, and compared with other roads, the severity of urban expressway collisions is often relatively serious. Traffic collisions not only aggravate traffic congestion in expressways but also may induce secondary accidents, further aggravating traffic congestion and the degree of casualties. It is of great significance to prevent the occurrence and reduce the severity of urban expressway collisions to ensure the safe and efficient operation of urban expressways. Therefore, this study aimed to identify the factors that significantly affect the severity of urban expressway collisions and then develop targeted preventive control measures to ensure travel safety on urban expressways.



A literature review on urban expressway traffic collisions is provided as follows.



To date, there have been a number of significant studies exploring the collisions that occur on urban expressways [2,3,4,5]. The literature on expressway collisions has shown that road user, collision, traffic flow, road, and environmental characteristics are the variables that are closely related to the incidence and severity of expressway collisions. In terms of road user characteristics, gender, age, and the driver’s experience were found to be variables that were strongly associated with the severity of injuries in expressway collisions [6,7]. Collision characteristics including the crash’s location, time, and season have been confirmed to have a significant correlation with the severity of injuries on expressways [8]. Collision modality has also been considered [9]. Hyodo and Todoroki [10] explored traffic collision factors on the risk of rear-ender collisions on urban expressways.



The influence of traffic flow characteristics on collision frequency and collision severity has also been extensively studied, with speed, speed variance, traffic volume, and acceleration being considered. Zhang et al. [9] found that the average speed, traffic volume, and speed limit have a significant impact on the frequency of crashes. Abdel-Aty found that the average speed is positively correlated with traffic collisions under high-speed conditions. Yu et al. [11] found that variations in volume and drops in speed increase the occurrence and likelihood of expressway collision during weekday peak hours.



In addition, the incidence rate and severity of expressway traffic collisions are also significantly different in different road environments [7]. Qu et al. [12] explored the risk impact of ramps on various types of locations across distinct traffic lanes (shoulder lane, middle lane, and median lane) and found that median lanes and sections after off-ramps have relatively lower risks compared to other lanes and sections. Fountas et al. [13] found that highway segments with long vertical curves (with lengths greater than the median of the corresponding vertical curve length distribution) and highway segments with wide shoulders (wider than 7.5 feet) are associated with injury outcomes of higher severity.



As traffic research is concerned not only with the prevention of traffic collisions but also with a reduction in the severity of traffic collisions, the severity of traffic collisions, a current major concern, has been widely studied in traffic collision research [14,15,16,17,18,19,20]. However, most studies have focused on freeway collisions or arterial collisions, and there are relatively few studies exploring the significant factors which affect the severity of expressway traffic collisions. Therefore, an ordered logistic regression model was developed to evaluate the impact of the factors that contribute to the severity of urban expressway collisions. The findings from this approach can provide a theoretical basis that supports traffic safety and decreases the severity of urban expressway collisions.



In the remainder of this paper, the data and study method are described in Section 2 and Section 3, respectively. In Section 4, the analysis results are presented. Finally, the implications of the study and its limitation are provided in Section 5 and Section 6, respectively.




2. Data


In this paper, the traffic collisions were obtained from a traffic collision data set for a Chinese city for the years 2014 to 2016. The data cleaning criteria were as follows: (a) variables that may have a significant influence were selected based on existing references and the collision data set, (b) collisions with missing records of these variables were excluded, and (c) the severity of the collision was defined according to the assessment of the body impairment of the injured in the road traffic collision. In total, 975 traffic collisions which occurred on urban expressways with complete records were ultimately obtained. These collisions resulted in 105 deaths and 1861 people were injured. The descriptive statistics for road traffic collisions on urban expressways are summarized in Table 1. Of the 1966 casualties involved in urban expressway collisions, 1744 (88.708% of the total) were male. Furthermore, of the 105 deaths involved in urban expressway collisions, 82 (78.095% of the total) were male. The average age of the casualties involved in urban expressway collisions was 36.369 years (S.D. = 9.907). In addition, although the 60 fatal traffic collisions which occurred on urban expressways only accounted for 6.2% of the total collisions, nearly two victims were involved in each fatal traffic collision. The present analysis is based solely on 975 traffic collisions on urban expressways.



To capture the potential influencing factors on the severity of traffic collisions on urban expressways, 10 variables, including individual characteristics, collision characteristics, and road environment conditions, were selected as independent factors according to existing research and the traffic collision data set. The casualty gender (coded 0 = male, 1 = female) was collected. The collision modality was divided into two groups (coded 0 = vehicle–pedestrian/cyclists collision, 1 = vehicle–vehicle collision), and the collision time was divided into two groups (coded 0 = daytime, 1 = nighttime). The road conditions included road pavement conditions, road surface conditions, road alignment, presence of roadside protection, and traffic signs and markings. The road pavement conditions were divided into two groups (coded 0 = good and 1 = bad), road surface conditions divided into two groups (coded 0 = dry and 1 = wet) and road alignment divided into two groups (coded 0 = linear section and 1 = nonlinear section). The variable for the presence of roadside protection was divided into two groups (coded 0 = no and 1 = yes). The presence of traffic signs and traffic markings was divided into two groups (coded 0 = complete and 1 = incomplete). The environment conditions included visibility and weather conditions. The visibility (unit: metre) was divided into four groups (coded 1 = less than 50, 2 = 50–100, 3 = 100–200, 4 = more than 200). The weather was divided into three groups (coded 1 = sunny, 2 = cloudy, 3 = rainy).




3. Methodology


In our analysis, the response variable for modeling the severity of collisions on urban expressways was the multinomial and ordered classification variable: slight collisions, severity collisions, and fatal collisions. Thus, an ordered logistic regression model was selected in this study to evaluate the impacts of influence factors on the severity of these collisions. The ordered multiple classification logistic regression model was extended from binominal logistic regression, which predicts an ordered multinomial dependent variable as a function of a series of predicting variables and has been widely used in traffic safety studies [21,22,23]. In the model, according to the ‘Assessment for body impairment of the injured in road traffic collision’ [24], the traffic collisions were divided into three categories: Y = 1 denotes slight collisions in which i traffic collision on an urban expressway involves slight injuries, Y = 2 denotes severity collisions in which i traffic collision on an urban expressway involves severe injuries, and Y = 3 denotes fatal collisions in which i traffic collision on an urban expressway involves deaths. As the probabilities of the dependent variables Y contain three categories, the two logit models were established with the 3rd category as the reference object can be written as follows:


  logit  (     π 1    1 −  π 1     )  = logit  (     π 1     π  2 +    π 3     )  = −  b 1  +  ∑  i = 1  n   α i   x i   



(1)






  logit  (     π 1  +  π 2    1 −  π 1  −  π 2     )  = logit  (     π 1  +  π 2     π 3     )  = −  b 2  +  ∑  i = 1  n   α i   x i   



(2)




where P(Y ≤ j) denote the probability of an incident being at or below a certain level of consequence and πi is the probabilities of the dependent variables Y containing three categories, respectively.    α i    is the corresponding coefficient of the explanatory variable xi, and b1 and b2 are the intercepts of each regression model.



Most of the above influencing factors were dummy variables that needed a classification assignment, and the specific assignment did not represent the actual value. Among the above-mentioned influencing factors, visibility belonged to the multi-category dummy variable. The dummy variable was then transformed and assigned in the calculation process of the actual model: if the dummy variable had k categories, the dummy variable was converted to k − 1 variables, and one of them was selected as the consultative variable. The conversion assignment of the visibility variable is shown in Table 2. The other variables were binary dummy variables, which were assigned 0 and 1 without the need for dummy variable conversion.




4. Results


4.1. Multicollinearity Diagnostics


To avoid the potentially serious influence of multicollinearity between the independent variables on the regression results, a multicollinearity test of the independent variables was required. The Model yielded values greater than 0.1 for tolerance and a value less than 5 for each variance inflation factor (VIF), which indicated that there was no potential multicollinearity among the selected independent variables. The results of such a multicollinearity test in Table 3 showed that the tolerance of each of the selected independent variables was much higher than 0.1 and that each variance inflation factor was less than 5. These results indicated that there was no potential multicollinearity among the selected independent variables, meaning that they could be used for an ordered logistic regression analysis.




4.2. Test of Parallel Lines


Ordered logistic regression analysis also requires the assumption of ‘proportional advantage’ that can be judged by the test of parallel lines. A significance level of 0.05 is usually the threshold for judging whether to reject the assumption of parallelism, and if the p value is greater than 0.05, this indicates that the regression equations are parallel to each other [25]. The result showed that the p-value was 0.707, which is much higher than 0.05, meaning that the ordered logistic regression model could be used for analysis.




4.3. Model Estimation


The ordered logistic regression model for traffic collision severity on urban expressways was constructed using the aforementioned methodology. The fatal collision variable was defined as the reference-dependent variable in this model. Table 4 lists the results of the modeling results.



The results in Table 4 show that four independent variables were found to be significant in the model estimates: gender, collision modality, collision time, road pavement conditions, road surface conditions and visibility. Male drivers were only 0.302 times more involved in severe injuries than female drivers on urban expressways. For collisions involving pedestrians and non-motorized vehicles, the risk of more severe injury was 7.508 times higher than for vehicle–vehicle collisions. Drivers in collisions on urban expressways with poor pavement conditions and wet surface conditions were 9.535 and 2.524 times, respectively, more likely to be more severely injured than drivers in collisions on urban expressways with good pavement conditions and dry surface conditions. As visibility increases, the probability of more severe collisions on urban expressways gradually decreases. In addition, the model intercept is 0.946 and 1.233 when all the independent variables are 0 (baseline state). This indicates that the incidence of slight collisions is 2.575 times higher than that of fatal collisions, and the incidence of non-fatal collisions (slight collision and severity collision) was 3.432 times that of fatal collisions. This also shows that there are a higher number of slight collisions on urban expressways than severe collisions and fatal collisions.




4.4. Model Validation


Goodness-of-fit statistics, such as the log-likelihood at zero, log-likelihood at convergence, Nagelkerke R2, and Akaike information criterion (AIC), were used to examine the degree of fit of the model, as shown in Table 4. The model selected five independent variables, so the degree of freedom was 4. Referring to the critical value table for the chi-square test, the chi-square threshold was 9.49 at a significance level of 0.05. In this paper, the chi-square value of the constructed model was 109.657, which was greater than 9.49, and the significance was 0.000, which was less than the significance threshold. This result means that the model had a good fit and was effective. In addition, the overall prediction accuracy of the research model is 92.205%, also indicating that the model fit is acceptable.





5. Discussion


5.1. Gender


Females were more likely to be more severely injured than male drivers on urban expressways, which is consistent with the result of previous studies [6,26,27]. Male drivers respond more quickly, and their acceptance abilities, operational abilities, and driving abilities were higher than the abilities of female drivers [28]. Compared to females, males drive more often, and with this comes more experience, and males are more attached to driving and feel more confident doing so [29,30]. Previous research has also shown that in crashes of equal severity, women are more likely than men to be injured or killed [31,32]. In addition, Segui-Gomez [33] also found that vehicle airbags cause additional injuries to drivers and passengers, especially females. Therefore, females’ driving skills and emergency response abilities should be improved, especially in high-speed driving situations. In addition, gender differences should be fully taken into account in designing vehicle safety devices to ensure that they can maximize and ensure the safety of travelers.




5.2. Collision Modality


The probability of a more severe collision between vehicle–pedestrian/cyclists is 7.508 times that of a vehicle–vehicle collision, which is consistent with the results of previous studies [34,35,36]. Pedestrians or cyclists are extremely vulnerable to injury or even death in the event of a collision because they lack protective equipment. Theofilatos et al. [37] also found that the lack of protection in powered-two-wheelers (PTWs) makes PTW occupants more likely to sustain severe injuries compared to car and heavy vehicle occupants. More attention and protection measures should therefore be implemented with respect to vulnerable pedestrians. In addition, the speed of urban expressways is fast, and pedestrians and two-wheeler users should be strictly prohibited from entering the main roads of expressways. The punitive measures for pedestrians and cyclists who illegally enter urban expressways should be strengthened.




5.3. Road Pavement and Road Surface Conditions


Both road pavement conditions and road surface conditions have a significant negative impact on the severity of traffic collisions on urban expressways, which is consistent with a previous study [38]. Drivers in collisions on urban expressways with poor pavement conditions were more likely to be more severely injured than drivers in collisions on urban expressways with good pavement conditions. As we know, drivers’ driving speeds are usually faster on urban expressways, and they typically have insufficient time to react when they observe poor pavement conditions ahead. At this time, they usually choose emergency braking or steering, which are more likely to cause a severe traffic collision [39]. Therefore, it is very necessary to carry out regular inspections and maintenance of urban expressway pavements. At the same time, when the road pavement is damaged, warning signs or facilities should be added in time to remind drivers to slow down.



The probability of traffic collisions on urban expressways resulting in more severe driver injuries on roads with wet road surface conditions was higher than that on roads with dry road surface conditions, and this result is consistent with the relevant research [38,40,41]. In fact, driving speed has the most dominant effect on injury severity, and fatal collisions occurred more frequently on roads with higher speed limits [42,43]. The braking distance on wet road surfaces increases, and the probability of losing control of the vehicle after emergency braking increases on wet roads. It is particularly important to ensure driving safety on wet roads by reducing road speed limits and setting up warning signs.




5.4. Visibility


Visibility has a significant positive impact on the severity of traffic collisions on urban expressways. As the visibility increases, the probability of more severity collisions on urban expressways gradually decreases, which is consistent with the results of a previous study [44]. Speed and speed variance are the two important indicators that affect the severity of collisions [45,46,47]. Drivers do not tend to slow down substantially until the visibility distance is drastically reduced by fog [48]. Once a collision occurs, high speeds do not provide drivers with enough time to react, resulting in more serious consequences. Gao et al. [49] found that the standard deviation of speeds under hazy weather conditions is 30% higher than that under clear weather conditions and the difference is significant at the 5% level. Therefore, under low-visibility conditions, a reduction in the speed limits can greatly reduce the severity of collisions on urban expressways. Warning drivers to maintain an adequate distance under low-visibility conditions also can be implemented on urban expressways.





6. Conclusions and Limitations


The severity of road traffic collisions has become an important factor in traffic safety research. Many studies have explored the factors which affect the severity of traffic collisions, but most of these studies focus on freeway collisions or arterial collisions. The severity of expressway traffic collisions has not been deeply explored. Therefore, as this study’s main contribution, we developed an ordered logistic regression model to explore the factors which affect the severity of urban expressway collisions. A comparison between the findings of this study and previous studies is provided in Table 5.



More specifically, the variables gender, collision modality, collision time, road pavement conditions, road surface conditions, and visibility were found to be significantly correlated with the injury severity of expressway collisions. This indicated that particular road users (e.g., pedestrians, cyclists, and motorcyclists) and traffic situations should be the focus of road safety interventions in the context urban expressways. The finding that vehicle–pedestrian/cyclist collisions lead to more severe injuries than vehicle–vehicle collisions is noteworthy. In China, neither pedestrians nor cyclists have the right to enter urban expressways, and even motorcycles are not allowed to drive on them in some cities. However, some pedestrians and cyclists choose to enter urban expressways illegally for convenience, especially electric cyclists and motorcyclists. Therefore, a stricter regulation that prohibits pedestrians/cyclists from entering urban expressways should be developed to reduce or prevent the occurrence of serious crashes on urban expressways in China. Taken together, these findings provide useful guidance for stricter regulations and more efficient technical countermeasures to reduce or prevent the occurrence of serious collisions on urban expressways in China.



This study also has several limitations. Although the ordered logistic modeling approach used in this paper is a traditional method used when addressing nonlinear problems, it is comprised of fixed parameters, which restrict the effects of explanatory variables so that they are the same across individual injury observations. While the reasons behind the occurrence of road traffic collisions can be complicated, it is not practical to incorporate all of the potential factors into the crash frequency/occurrence model. In addition, there may be unknown interactions between the observed factors, leading to the fact that the influence of each factor on the severity of different collisions is not fixed. The above two situations can cause the same influencing factor to have different effects on the severity of different collisions, which is collectively referred to as unobserved heterogeneity. Therefore, compared to the ordered logistic model, recent advanced applications in the form of random parameter and multi-state models are a feasible way to address the effect of unobserved heterogeneity and obtain more generalizable conclusions [19,38,51]. In addition, the collision data in this study was taken from a single city, and future research could analyze and model urban expressway traffic collisions in other cities to validate the findings of our study. More variables such as road user characteristics, vehicle attributes, traffic flow characteristics, collision sites, and other exposure variables should be also considered in the study of factors affecting the severity of urban expressway collisions.







Author Contributions


Conceptualization, K.W.; Data curation, X.F. and H.L.; Investigation, K.W. and Y.R.; Writing—original draft, K.W. All authors have read and agreed to the published version of the manuscript.




Funding


This work was supported by the China Postdoctoral Science Foundation (Grant No. 2021M690296) and the National Natural Science Foundation of China (Grant No. 51878236 and U1964206).




Data Availability Statement


Data will be made available on reasonable request from the corresponding author.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Zhao, N.; Yu, L.; Zhao, H.; Guo, J.; Wen, H. Analysis of Traffic Flow Characteristics on Ring Road Expressways in Beijing. Transp. Res. Rec. J. Transp. Res. Board 2009, 2124, 178–185. [Google Scholar] [CrossRef]

	



Hossain, M.; Muromachi, Y. Understanding crash mechanism on urban expressways using high-resolution traffic data. Accid. Anal. Prev. 2013, 57, 17–29. [Google Scholar] [CrossRef] [PubMed]

	



Wu, Y.; Nakamura, H.; Iryo-Asano, M. A comparative study on crash-influencing factors by facility types on urban expressway. J. Mod. Transp. 2013, 21, 224–235. [Google Scholar] [CrossRef]

	



Sun, J.; Li, T.; Li, F.; Chen, F. Analysis of safety factors for urban expressways considering the effect of congestion in Shanghai, China. Accid. Anal. Prev. 2016, 95, 503–511. [Google Scholar] [CrossRef]

	



Yu, R.; Zheng, Y.; Qin, Y.; Peng, Y. Utilizing Partial Least-Squares Path Modeling to Analyze Crash Risk Contributing Factors for Shanghai Urban Expressway System. ASCE-ASME J. Risk Uncertain. Eng. Syst. Part A Civ. Eng. 2019, 5, 1–9. [Google Scholar] [CrossRef]

	



Carter, P.M.; Flannagan, C.A.C.; Reed, M.P.; Cunningham, R.M.; Rupp, J.D. Comparing the effects of age, BMI and gender on severe injury (AIS 3+) in motor-vehicle crashes. Accid. Anal. Prev. 2014, 72, 146–160. [Google Scholar] [CrossRef] [PubMed]

	



Ye, F.; Cheng, W.; Wang, C.; Liu, H.; Bai, J. Investigating the severity of expressway crash based on the random parameter logit model accounting for unobserved heterogeneity. Adv. Mech. Eng. 2021, 13, 1–13. [Google Scholar] [CrossRef]

	



Yuan, Q.; Xu, X.; Zhao, J.; Zeng, Q. Investigation of injury severity in urban expressway crashes: A case study from Beijing. PLoS ONE 2020, 15, e0236911. [Google Scholar] [CrossRef]

	



Zhang, H.; Li, S.; Wu, C.; Zhang, Q.; Wang, Y. Predicting Crash Frequency for Urban Expressway considering Collision Types Using Real-Time Traffic Data. J. Adv. Transp. 2020, 1–8. [Google Scholar] [CrossRef]

	



Hyodo, S.; Todoroki, T. An Analysis of Risk Factors for Rear-Ender Accident on Urban Expressway Considering Accident Severity. Transp. Res. Procedia 2018, 34, 203–210. [Google Scholar] [CrossRef]

	



Yu, R.; Wang, X.; Yang, K.; Abdel-Aty, M. Crash risk analysis for Shanghai urban expressways: A Bayesian semi-parametric modeling approach. Accid. Anal. Prev. 2016, 95, 495–502. [Google Scholar] [CrossRef] [PubMed]

	



Qu, X.; Yang, Y.; Liu, Z.; Jin, S.; Weng, J. Potential crash risks of expressway on-ramps and off-ramps: A case study in Beijing, China. Saf. Sci. 2014, 70, 58–62. [Google Scholar] [CrossRef]

	



Fountas, G.; Anastasopoulos, P.C.; Mannering, F.L. Analysis of vehicle accident-injury severities: A comparison of segment- versus accident-based latent class ordered probit models with class-probability functions. Anal. Methods Accid. Res. 2018, 18, 15–32. [Google Scholar] [CrossRef]

	



Lee, J.; Chae, J.; Yoon, T.; Yang, H. Traffic accident severity analysis with rain-related factors using structural equation modeling—A case study of Seoul City. Accid. Anal. Prev. 2018, 112, 1–10. [Google Scholar] [CrossRef]

	



Xie, Y.; Zhang, Y.; Liang, F. Crash Injury Severity Analysis Using Bayesian Ordered Probit Models. J. Transp. Eng. 2009, 135, 18–25. [Google Scholar] [CrossRef]

	



Anarkooli, A.J.; Hosseinpour, M.; Kardar, A. Investigation of factors affecting the injury severity of single-vehicle rollover crashes: A random-effects generalized ordered probit model. Accid. Anal. Prev. 2017, 106, 399–410. [Google Scholar] [CrossRef] [PubMed]

	



Ma, Z.; Lu, X.; Chien, S.I.-J.; Hu, D.W. Investigating factors influencing pedestrian injury severity at intersections. Traffic Inj. Prev. 2018, 19, 159–164. [Google Scholar] [CrossRef]

	



Jung, S.; Qin, X.; Noyce, D.A. Injury Severity of Multivehicle Crash in Rainy Weather. J. Transp. Eng. 2012, 138, 50–59. [Google Scholar] [CrossRef]

	



Savolainen, P.T.; Mannering, F.L.; Lord, D.; Quddus, M.A. The statistical analysis of highway crash-injury severities: A review and assessment of methodological alternatives. Accid. Anal. Prev. 2011, 43, 1666–1676. [Google Scholar] [CrossRef]

	



Theofilatos, A.; Graham, D.; Yannis, G. Factors Affecting Accident Severity Inside and Outside Urban Areas in Greece. Traffic Inj. Prev. 2012, 13, 458–467. [Google Scholar] [CrossRef]

	



Michalaki, P.; Quddus, M.A.; Pitfield, D.; Huetson, A. Exploring the factors affecting motorway accident severity in England using the generalised ordered logistic regression model. J. Saf. Res. 2015, 55, 89–97. [Google Scholar] [CrossRef] [PubMed]

	



Chen, H.; Chen, Q.; Chen, L.; Zhang, G. Analysis of risk factors affecting driver injury and crash injury with drivers under the influence of alcohol (DUI) and non-DUI. Traffic Inj. Prev. 2016, 17, 796–802. [Google Scholar] [CrossRef]

	



Dabbour, E.; Easa, S.; Haider, M. Using fixed-parameter and random-parameter ordered regression models to identify significant factors that affect the severity of drivers’ injuries in vehicle-train collisions. Accid. Anal. Prev. 2017, 107, 20–30. [Google Scholar] [CrossRef] [PubMed]

	



GB 18667–2002; Assessment for Body Impairment of the Injured in Road Traffic Accident. National Standards of the People’s Republic of China: Beijing, China, 2002.

	



Wu, X.G.; Hou, L.; Wen, Y.C.; Liu, W.Y.; Wu, Z. Research on the relationship between causal factors and consequences of incidents occurred in tank farm using ordered logistic regression. J. Loss Prevent Proc. 2019, 61, 287–297. [Google Scholar] [CrossRef]

	



Evans, L.; Gerrish, P.H. Gender and Age Influence on Fatality Risk from the Same Physical Impact Determined using Two-Car Crashes. In Proceedings of the SAE 2001 World Congress, Detroit, MI, USA, 5–8 March 2001. [Google Scholar] [CrossRef]

	



Fountas, G.; Anastasopoulos, P.C.; Abdel-Aty, M. Analysis of accident injury-severities using a correlated random parameters ordered probit approach with time variant covariates. Anal. Methods Accid. Res. 2018, 18, 57–68. [Google Scholar] [CrossRef]

	



Wang, K.; Zhang, W.; Liu, J.; Feng, Z.; Wang, C.; Hu, Z.; Huang, W. Exploring the factors affecting myopic drivers’ driving skills and risk perception in nighttime driving. Cogn. Technol. Work 2018, 21, 275–285. [Google Scholar] [CrossRef]

	



Harré, N.; Field, J.; Kirkwood, B. Gender differences and areas of common concern in the driving behaviors and attitudes of adolescents. J. Saf. Res. 1996, 27, 163–173. [Google Scholar] [CrossRef]

	



DeJoy, D.M. An examination of gender differences in traffic accident risk perception. Accid. Anal. Prev. 1992, 24, 237–246. [Google Scholar] [CrossRef]

	



Evans, L. Age and fatality risk from similar severity impacts. J. Traffic Med. 2001, 29, 10–19. [Google Scholar]

	



Bédard, M.; Guyatt, G.H.; Stones, M.J.; Hirdes, J.P. The independent contribution of driver, crash, and vehicle characteristics to driver fatalities. Accid. Anal. Prev. 2002, 34, 717–727. [Google Scholar] [CrossRef]

	



Segui-Gomez, M. Driver airbag effectiveness by severity of crash. Am. Public Health 2000, 90, 1575–1581. [Google Scholar]

	



Sullivan, J.M.; Flannagan, M.J. The role of ambient light level in fatal crashes: Inferences from daylight saving time transitions. Accid. Anal. Prev. 2002, 34, 487–498. [Google Scholar] [CrossRef]

	



Sivak, M.; Schoettle, B.; Tsimhoni, O. Moon Phases and Night-time Road Crashes Involving Pedestrians. Leukos 2007, 4, 129–131. [Google Scholar] [CrossRef]

	



Liu, J.; Li, J.; Wang, K.; Zhao, J.; Cong, H.; He, P. Exploring factors affecting the severity of night-time vehicle accidents under low illumination conditions. Adv. Mech. Eng. 2019, 11. [Google Scholar] [CrossRef]

	



Theofilatos, A.; Antoniou, C.; Yannis, G. Exploring injury severity of children and adolescents involved in traffic crashes in Greece. J. Traffic Transp. Eng. 2021, 8, 596–604. [Google Scholar] [CrossRef]

	



Wang, K.; Zhang, W.; Jin, L.; Feng, Z.; Zhu, D.; Cong, H.; Yu, H. Diagnostic analysis of environmental factors affecting the severity of traffic crashes: From the perspective of pedestrian–vehicle and vehicle–vehicle collisions. Traffic Inj. Prev. 2022, 23, 17–22. [Google Scholar] [CrossRef]

	



Lee, J.; Nam, B.; Abdel-Aty, M. Effects of Pavement Surface Conditions on Traffic Crash Severity. J. Transp. Eng. 2015, 141, 04015020. [Google Scholar] [CrossRef]

	



Lee, C.; Li, X. Analysis of injury severity of drivers involved in single- and two-vehicle crashes on highways in Ontario. Accid. Anal. Prev. 2014, 71, 286–295. [Google Scholar] [CrossRef]

	



Fountas, G.; Anastasopoulos, P.C. A random thresholds random parameters hierarchical ordered probit analysis of highway accident injury-severities. Anal. Methods Accid. Res. 2007, 15, 1–16. [Google Scholar] [CrossRef]

	



Watanabe, R.; Katsuhara, T.; Miyazaki, H.; Kitagawa, Y.; Yasuki, T. Research of the Relationship of Pedestrian Injury to Collision Speed, Car-type, Impact Location and Pedestrian Sizes using Human FE model (THUMS Version 4). In Proceedings of the 56th Stapp Car Crash Conference, Savannah, GA, USA, 29–31 October 2012. [Google Scholar] [CrossRef]

	



Stigson, H.; Kullgren, A.; Krafft, M. Use of car crashes resulting in injuries to identify system weakenesses. In Proceedings of the 22nd International Technical Conference on the ESV, Washington, DC, USA, 13–16 June 2011. [Google Scholar]

	



Shi, C.; Deng, Y. Analysis of factors influencing severity of urban expressway accidents in Guangdong province. In Proceedings of the 2019 5th International Conference on Transportation Information and Safety (ICTIS), Liverpool, UK, 14–17 July 2019; pp. 243–246. [Google Scholar] [CrossRef]

	



Wang, X.; Zhou, Q.; Quddus, M.; Fan, T.; Fang, S. Speed, speed variation and crash relationships for urban arterials. Accid. Anal. Prev. 2018, 113, 236–243. [Google Scholar] [CrossRef]

	



Huang, H.; Zhou, H.; Wang, J.; Chang, F.; Ma, M. A multivariate spatial model of crash frequency by transportation modes for urban intersections. Anal. Methods Accid. Res. 2017, 14, 10–21. [Google Scholar] [CrossRef]

	



Yang, K.; Wang, X.; Yu, R. A Bayesian dynamic updating approach for urban expressway real-time crash risk evaluation. Transp. Res. Part C Emerg. Technol. 2018, 96, 192–207. [Google Scholar] [CrossRef]

	



Brooks, J.O.; Crisler, M.C.; Klein, N.; Goodenough, R.; Beeco, R.W.; Guirl, C.; Tyler, P.J.; Hilpert, A.; Miller, Y.; Grygier, J.; et al. Speed choice and driving performance in simulated foggy conditions. Accid. Anal. Prev. 2011, 43, 698–705. [Google Scholar] [CrossRef] [PubMed]

	



Gao, K.; Tu, H.; Sun, L.; Sze, N.; Song, Z.; Shi, H. Impacts of reduced visibility under hazy weather condition on collision risk and car-following behavior: Implications for traffic control and management. Int. J. Sustain. Transp. 2019, 14, 635–642. [Google Scholar] [CrossRef]

	



Zhu, X.; Srinivasan, S. A comprehensive analysis of factors influencing the injury severity of large-truck crashes. Accid. Anal. Prev. 2011, 43, 49–57. [Google Scholar] [CrossRef]

	



Sekiguchi, Y.; Tanishita, M.; Sunaga, D. Characteristics of Cyclist Crashes Using Polytomous Latent Class Analysis and Bias-Reduced Logistic Regression. Sustainability 2022, 14, 5497. [Google Scholar] [CrossRef]








[image: Table] 





Table 1. Sample characteristics.






Table 1. Sample characteristics.





	
Attribute

	
Range

	
Traffic Collision

	
Percent of

Traffic

Collision (%)

	
Death

	
Percent of Death (%)






	
Gender

	
male

	
903

	
92.615

	
82

	
78.095




	
female

	
72

	
7.385

	
23

	
21.905




	
Collision modality

	
vehicle–pedestrian/cyclist collision

	
101

	
10.359

	
39

	
37.143




	
vehicle–vehicle collision

	
874

	
89.641

	
66

	
62.857




	
Collision time

	
daytime

	
622

	
63.795

	
41

	
39.048




	
nighttime

	
353

	
36.205

	
64

	
60.952




	
Road pavement conditions

	
good

	
959

	
98.359

	
99

	
94.286




	
bad

	
16

	
1.641

	
6

	
5.714




	
Road surface conditions

	
dry

	
887

	
90.974

	
85

	
80.952




	
wet

	
88

	
9.026

	
20

	
19.048




	
Road alignment

	
linear section

	
810

	
83.077

	
85

	
80.952




	
nonlinear section

	
165

	
16.923

	
20

	
19.048




	
Presence of roadside protection

	
no

	
173

	
17.744

	
12

	
11.429




	
yes

	
802

	
82.256

	
93

	
88.571




	
Traffic sign and marking

	
complete

	
936

	
96.000

	
93

	
88.571




	
incomplete

	
39

	
4.000

	
12

	
11.429




	
Visibility (meter)

	
<50

	
62

	
6.359

	
5

	
4.762




	
50–100

	
113

	
11.590

	
31

	
29.524




	
100–200

	
297

	
30.462

	
32

	
30.476




	
>200

	
503

	
51.590

	
37

	
35.238




	
Weather

	
sunny

	
754

	
77.333

	
82

	
78.095




	
cloudy

	
72

	
7.385

	
7

	
6.667




	
rainy

	
149

	
15.282

	
16

	
15.238
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Table 2. Example of coding profession variable.






Table 2. Example of coding profession variable.





	
Visibility

Conditions (Meter)

	
Parameter Coding




	
Visibility 1 (<50)

	
Visibility 2 (50~100)

	
Visibility 3 (100~200)






	
Visibility 1 (<50)

	
0

	
0

	
0




	
Visibility 2 (50~100)

	
1

	
0

	
0




	
Visibility 3 (100~200)

	
0

	
1

	
0




	
Visibility 4 (>200)

	
0

	
0

	
1
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Table 3. Result of multicollinearity test.






Table 3. Result of multicollinearity test.





	
Attribute

	
Collinear Statistics

	
Attribute

	
Collinear

Statistics




	
Tolerance

	
VIF

	
Tolerance

	
VIF






	
Gender

	
0.985

	
1.016

	
Road alignment

	
0.520

	
1.923




	
Collision modality

	
0.910

	
1.098

	
Presence of a roadside protection

	
0.542

	
1.846




	
Collision time

	
0.883

	
1.132

	
Traffic sign and marking

	
0.945

	
1.058




	
Road pavement conditions

	
0.959

	
1.043

	
Visibility

	
0.784

	
1.276




	
Road surface conditions

	
0.671

	
1.491

	
Weather

	
0.692

	
1.445
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Table 4. Parameter estimation result.






Table 4. Parameter estimation result.





	
Independent Variables

	
B

	
Exp (B)

	
Sig.

	
95% Confidence Interval




	
Lower

	
Upper






	
Gender (base: female)

	
−1.197

	
0.302

	
0.002

	
−1.938

	
−0.456




	
Collision modality (base: vehicle–vehicle collision)

	
2.016

	
7.508

	
<0.000

	
1.384

	
2.648




	
Collision time (base: nighttime)

	
−0.210

	
0.811

	
0.459

	
−0.767

	
0.346




	
Road pavement conditions (base: bad)

	
−2.255

	
0.105

	
<0.000

	
−3.479

	
−1.03




	
Road surface conditions (base: wet)

	
−0.926

	
0.396

	
0.009

	
−1.619

	
−0.233




	
Road alignment (base: nonlinear section)

	
0.935

	
2.547

	
0.067

	
−0.065

	
1.936




	
Presence of a roadside protection (base: yes)

	
−0.89

	
0.411

	
0.085

	
−1.902

	
0.122




	
Traffic sign and marking (base: incomplete)

	
0.957

	
2.604

	
0.156

	
−0.364

	
2.279




	
Visibility (base: >200 m. unit: meters)

	

	

	

	

	




	
<50

	
1.535

	
4.641

	
0.005

	
0.455

	
2.615




	
50–100

	
1.282

	
3.604

	
0.001

	
0.492

	
2.071




	
100–200

	
0.813

	
2.255

	
0.013

	
0.168

	
1.458




	
Weather (base: rainy)

	

	

	

	

	




	
Sunny

	
0.476

	
1.610

	
0.357

	
−0.538

	
1.490




	
Cloudy

	
−0.666

	
1.514

	
0.366

	
−2.111

	
0.779




	
Intercepts (base: fatal collision)

	

	

	

	

	




	
Slight collisions

	
0.946

	
2.575

	
0.431

	
−1.409

	
3.302




	
Severity collisions

	
1.233

	
3.432

	
0.305

	
−1.124

	
3.59




	
Fitting indexes

	




	
Log-likelihood at zero

	
603.880




	
Log-likelihood at convergence

	
494.223




	
Nagelkerke R2

	
0.230




	
AIC

	
518.223




	
Overall prediction accuracy

	
92.205%
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Table 5. Comparison between the findings of this study and previous studies.
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Factor Attribute

	
This Study

	
Previous Studies on the Severity of Urban Expressway Collision






	
Gender (reference: female)

	
−

	
−

	
Ye et al., 2021 [7]




	
Collision modality (reference: vehicle–vehicle collision)

	
+

	
Rarely attempted




	
Road pavement conditions (reference: bad)

	
−

	
Rarely attempted




	
Road surface conditions (reference: wet)

	
−

	
−

	
Lee and Li, 2014 [40]




	
+

	
Zhu and Srinivasan, 2011 [50]




	
Visibility

	
−

	
−

	
Shi and Deng, 2019 [44]








Notes: + indicates that variables are positively correlated with the severity of traffic collisions; − indicates that variables are negatively correlated with the severity of traffic collisions.
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