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Abstract

:

The COVID-19 travel restriction orders have significantly reduced travel and generally lowered the risk of road traffic collisions, but many accounts suggest an increase in risky driving behaviors and consequent fatal crashes during the shelter-in-place period. Risky driving behaviors including failure to wear a seatbelt, speeding, and drunk driving were observed to be the leading contributing factors of the fatalities. Whereas the fatal crashes that characterized the shelter-in-place period has become a topical issue, the high number of crashes that occurred as a result of the panic shopping and increased travel activities in the weeks before the shelter-in-place order have not received much attention. In this study, we investigated the differences and similarities in the effects of the factors that were associated with crash injury severity before, during, and after the shelter-in-place order. The study used crash data from the state of Alabama for the 2020 calendar year. Preliminary data analysis revealed interesting variations in crash trends across the three periods. It was found that the highest weekly crash frequency occurred in the immediate week before the shelter-in-place order, and a higher proportion of crashes that occurred between 6 p.m. and 6 a.m. and those that occurred in residential areas happened during the shelter-in-place period while shopping area crashes, manufacturing/industrial area crashes, rear-end collisions, and crashes involving female drivers occurred mostly before the shelter-in-place period. Three injury severity models were developed using random parameters logit with heterogeneity in means and variances approach. The results showed that major injury crashes occurred mainly in rural areas and occurred due to speeding, fatigue driving, and failure to use a seatbelt. The effects of these factors on crash outcome did not vary across the year, indicating that the shelter-in-place order did not impact the driving behaviors of the driver population that got into major injury crashes. The results further revealed that the effects of some crash factors, such as road type and manner of collision, varied across the periods. The findings of the study provide a deeper, data-driven understanding of how driving behaviors and associated crash outcomes may be affected by extreme events such as the COVID-19 shelter-in-place.
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1. Introduction


COVID-19 was declared a public health emergency in January 2020 and upgraded to a pandemic in March 2020. As the coronavirus continued to be a significant threat to human health, many countries and regions advised against all but essential travel, and ultimately imposed societal restrictions in the form of stay-at-home orders, curfews, and quarantines. Indeed, by April 2020, nearly half of the global population was under some form of lockdown, with citizens asked or ordered to stay at home by their governments [1]. These travel restriction orders have significantly reduced travel activities and generally lowered the risk of road traffic collisions but increased risky driving behaviors and consequent fatal crashes throughout the shelter-in-place. It would seem logical that such restrictions would have reduced the occurrence of crashes simply due to less travel (i.e., reduced exposure), but many accounts suggest an increase in the risk of fatal crashes during these shelter-in-place periods.



Statistics of 2020 road fatalities reveal an increase in many regions and countries during the COVID-19 pandemic [2,3,4,5]. Available data for all of 2020 show that 38,680 people, representing an increase of 7.2% or nearly 2600 more than in 2019, died on U.S. roads even though Americans drove 13% fewer miles [5,6]. Thus, this highlights that the inclination for risky behaviors, situational and structural factors such as gas price changes that encouraged road trips among some section of the population, and reduced traffic law enforcement have affected road safety performance during the pandemic, while the National Highway Traffic Safety Administration further observed that risky driving behaviors including failure to wear a seatbelt, speeding, and drinking while driving were the leading contributing factors of the fatalities. In fact, in the US, many states have also reported an increase in speed-related fatalities during the shelter-in-place period compared to the same period in previous years. For instance, [7,8] observed that a higher number of speeding-related crashes and fatalities have been recorded during the pandemic shelter-in-place in North Carolina and Virginia, respectively, while [9] made a similar observation in Alabama. The pandemic has also been associated with increased alcohol sales and use [10,11] in response to increased stress, anxiety, and depression among some sections of the population (e.g., [12,13,14,15]).



Several studies have recently assessed the impact of the COVID-19 shelter-in-place order on road traffic crashes. For instance, by comparing the traffic crashes during the shelter-in-place with similar circumstances in the past where traffic volumes dropped suddenly, [16] found that vehicle fatality rates, injury accidents, and speeding increased and remained high even as traffic started returning to normal. A trend they found to contradict the post-World War II recessions where fatality rates declined with a decrease in the volume of traffic [17]. In Nepal, there were frequent media reports of road crashes resulting in injury and fatal severities despite the nationwide shelter-in-place. A daily average of 3 deaths and 22 injuries were recorded with pedestrians and motorcyclists making up the highest proportion of the crash casualties. Interestingly, it was reported that more deaths were recorded in Nepal due to road crashes during the shelter-in-place period compared to the COVID-19 pandemic [18]. Other studies reported some positive safety benefits of the shelter-in-place order. Ref. [19] found that reduced traffic volume during the COVID-19 shelter-in-place resulted in an increase in speeding, harsh braking, and use of mobile phones in Greece and the Kingdom of Saudi Arabia (KSA) although, in Greece, they reported a 41% reduction in crashes and an 81% decrease in driving in the early morning hours (00:00–05:00) (a period considered to be high risk for crashes) during the first month of the shelter-in-place order. During the period of the lockdown in Spain (16 March–26 April 2020), the number of crashes per day fell by 74.3% in comparison with those in February 14–20 (reference week) and 76% with respect to the equivalent period in 2018–2019 [20]. However, neither study emphasized the number or percentage of fatalities recorded during the period for the reduced number of crashes. Preliminary data from California on total and casualty collisions on state highways during the shelter-in-place period of non-essential businesses showed a significant reduction in total crashes and injury-related crashes from 1 March 2020 to 30 April 2020, compared to the period before the shelter-in-place and a similar time in the previous year [21]. Similarly, North Carolina data on total and casualty collisions between 15 March and 16 May 2020, showed a 50% and 10% decrease in total and fatal collisions, respectively, when compared to pre-shelter-in-place levels [7]. Interestingly, during the shelter-in-place period, casualty collisions increased by 6% due to a higher proportion of single-vehicle collisions [7]. Additionally, in the US, a 14% increase in fatal crashes in March 2020 was reported from the National Safety Council data [22].



Most of the literature reviewed by the authors focused mainly on the impact of the COVID-19 shelter-in-place on road traffic crashes without adequately accounting for severity variations during the period in comparison to pre-shelter-in-place and post-shelter-in-place thresholds. Additionally, factors such as driver demographics, roadway, and other crash contributing factors during the period have not been explored extensively. Therefore, this paper attempts to understand the temporal variations in the factors associated with crash outcomes during the shelter-in-place compared to pre-shelter-in-place and post-shelter-in-place periods for the state of Alabama.



The state of Alabama announced a stay-at-home order on 11 March 2020 (week 11). For this reason, the crash data have been grouped into crashes that occurred before March 11 as the pre-shelter-in-place period, those that occurred between week 11 and week 14 as the shelter-in-place period, and crashes that occurred after week 14 as the post-shelter-in-place period. Even though shelter-in-place order was still active by week 14, many Alabamians were able to move around (for instance, for grocery shopping). This period onward witnessed the rise in travel activities and a rise in crashes. To understand the effects of the COVID-19 pandemic on the trend of crashes in the state, the preliminary analysis included a weekly analysis of the data. Additionally, injury severity analyses were conducted to understand how various crash factors are associated with or influenced crash outcomes over the periods. A random parameters logit with heterogeneity in means and variances modeling approach was adopted to address unobserved heterogeneity in the crash data, as failure to do so could potentially bias the results and eventually countermeasure decisions. Categorization of the crash data for in-depth analyses has helped to provide an improved understanding of how the crash factors influenced crash outcomes under the different scenarios and this is expected to provide valuable insight and lessons to manage road safety challenges in future pandemics.




2. Materials and Methods


2.1. Data


Crashes that occurred in 2020 in Alabama were used for this study. The crash data were obtained from the Critical Analysis Reporting Environment (CARE) system developed by the Center for Advanced Public Safety (CAPS) at the University of Alabama. This database serves as the primary source of historical crash data for research and policy decision-making in the state of Alabama. After data cleaning efforts, a total of 113,102 crash observations were available for analysis. The severity of a crash in the CARE database, categorized into five levels (fatal, incapacitating, non-incapacitating, possible injuries, and property damage only/no injury), is based on the most severe injury to any person involved in the crash. A trained crash reporting officer makes a determination of the severity as follows:




	
Fatal injury: A crash is fatal if a victim is pronounced dead at the scene or before the report is completed. If not, one of the other codes will apply. However, if a victim dies later as a result of the crash this code will need to be updated according to the following directions. The Department of Public Safety uses a thirty (30) day counting period for traffic fatalities. If a person dies as a result of injuries received in a traffic crash within thirty days of the date of the crash, that victim is considered to be a traffic fatality.



	
Incapacitating injury: This means that the victim with the most severe injury must be carried or otherwise helped from the scene.



	
Non-Incapacitating injury: This code is assigned if the victim has visible signs of injury, either in a physical or mental sense (e.g., had passed out), but is judged able to walk away from the scene without help. The difference between this code and code possible injury is strictly in the external evidence of injury.



	
Possible injury: This code is assigned if the victim complains of pain, but there are no visible signs of it, and he or she is able to walk away from the scene of the crash.



	
Property damage only: No one is injured.








In this study, the crash outcomes were divided into three: major injury (fatal or incapacitating injury), minor injury (non-incapacitating or possible injury), no injury. For ease of comparison, the crash data were divided into three: first 10 weeks of the year (before shelter-in-place order), week 11–14 (shelter-in-place period), and week 15–53 (after shelter-in-place period). It should be noted that due to the differences in the duration and traffic conditions of each period, the likelihood of crash occurrence is different across the periods. Table 1 shows the distribution of crashes by period and injury outcomes.



Table 1 revealed that while 2.6% of the crashes that occurred before the shelter-in-place order resulted in major injury outcome, 3.7% and 3.8% of the crashes that occurred during the shelter-in-place period and after the shelter-in-place, respectively, recorded major injury. Similarly, a higher proportion of the shelter-in-place period crashes resulted in minor injury compared to the pre-shelter-in-place period.



Figure 1 and Figure 2 present the distribution of total crashes and fatal crashes by location, respectively. Figure 1 shows that the shelter-in-place period recorded a significant decrease in the number of total crashes particularly in the urban areas and Figure 2 reveals that most of the fatal crashes occurred in rural areas. The trend seen in Figure 1 reveals that the total number of crashes reduced significantly after week 10 and then began to increase after week 14—recall that shelter-in-place began in week 11. Interestingly, week 10 (the week before the statewide shelter-in-place order was issued) recorded the highest number of crashes in the year and the highest number of fatal crashes in rural areas in the year. The pattern of fatal crashes shown in Figure 2 indicates that there was a significant decrease in fatal crashes between week 10 and week 14, but the trend has been similar for both rural and urban areas for the greater part of the year.



Figure 3 and Figure 4 show the distributions of total crashes and fatal crashes throughout the calendar year 2020 by some of the major primary contributing factors. Speeding was identified as the leading contributing factor responsible for all crashes and the highest number of fatal crashes. The peak of fatal crashes due to speeding was recorded in the week before the shelter-in-place order went into effect. Distracted driving recorded a high number of crashes, but the fatal crashes were minimal even in the week preceding the shelter-in-place order. The figures indicate that the shelter-in-place order had very minimal effect on crashes and fatalities resulting from speeding, driving under the influence of alcohol or drug (DUI), fatigue driving, and distracted driving. Aggressive driving-related fatal crashes were however observed to increase after the shelter-in-place.



Table 2 presents the descriptive statistics of the variables found to be significant during the development of the models. The descriptive statistics reveal that by proportion, a higher proportion of crashes that occurred between 6 p.m. and 6 a.m. and those that occurred in residential areas happened during the shelter-in-place period while shopping area crashes, manufacturing/industrial area crashes, rear-end collisions, and crashes involving female drivers occurred mostly before the shelter-in-place period. A higher proportion of speed-related crashes occurred before the shelter-in-place order while the proportion of DUI, aggressive driving, distracted driving, failure to use a seatbelt, and fatigue driving-related crashes occurred more during the shelter-in-place period. The highest proportion of motorcycle crashes also occurred during the shelter-in-place period while more sideswipe crashes and those involving drivers with invalid licenses occurred after the shelter-in-place. The proportion of unemployed driver crashes was also found to be highest during the shelter-in-place.




2.2. Method


Road crash occurrence is complex and so are the factors associated with resulting injury outcomes. In crash injury severity analysis, unobserved heterogeneity (see [23] for a detailed discussion) may arise due to limitations in the amount and quality of information gathered at the crash scene. It is also possible that the information gathered may only be moderating factors for other important crash contributing factors. Failing to account for this in crash severity analysis can lead to biased parameter estimates such that countermeasure development may be premised on the wrong inferences. This is a primary limitation that can affect the accuracy of results from traditional statistical analyses of crash data and may eventually affect the accuracy of decisions made from such crash models. Many different statistical methods have previously been used to address this inherent problem in crash data and analysis. For instance, some recent studies have used various forms of random parameters (mixed logit) models [24,25,26,27] and latent class (finite mixture) models [28,29,30] to capture unobserved heterogeneity in data analysis by allowing parameters to differ across crash observations and segments of the data [23,31]. The major difference between the two approaches is that, whereas the random parameters approach uses continuous mixing distributions (for example, normal, lognormal, uniform, triangular, etc.) to capture unobserved heterogeneity, latent class identifies unobserved classes using discrete distribution in which unobserved heterogeneity is captured by the membership of variables in distinct classes [32]. Other methods such as Markov switching models [33], Markov switching with random parameters [34], and bivariate/multivariate models with random parameters [35,36] have also been used to account for unobserved heterogeneity in crash injury severity analysis.



This study used random parameters logit with heterogeneity in mean and variance models [25,26,37,38] to account for unobserved heterogeneity across the crash observations. This method allows the analyst the freedom to test various probability distributions and decide on the best distribution for the random parameters that may be found. Three discrete crash severity categories are considered in this study: major injury, minor injury, and no injury. To obtain an estimable model, we define a crash severity function    S  in     that determines the probability that crash  n  will result in injury severity  i  as [39]:


   S  in   =  β i   X  in   +  ε  in    



(1)




where    β i    is a vector of parameter estimates to be determined for crash outcome  i  (major injury, minor injury, or no injury),    X  in     is a vector of explanatory variables that affect the likelihood of injury outcome  i  in crash    n  ,   and    ε  in     is the stochastic error term. If    ε  in     is assumed to follow an independent and identically distributed extreme value Type I distribution [39], and parameter variations across observations are allowed for by introducing a mixing distribution [40] the resulting mixed logit model is:


   P n   i  = ∫   exp    β i   X  in        Σ   exp     β i   X  in       f   β | φ    d β   



(2)




where   f   β | φ     is the density of  β  and    φ    corresponding to a vector of parameters of the density function (mean and variance), and    P n   i    is the probability of crash severity  i  in crash    n    conditional on    f    β | φ    . With this formulation,    β    can now account for observation-specific variations in the effect of  X  on crash outcome probabilities, with   f   β | φ     used to determine    β   . The mixed-logit probabilities then become the weighted average for different values of  β  across observations where some elements of  β  may be fixed across observations and some may vary across observations (known as random parameters). Due to the difficulty in estimating the parameters of the mixed logit model, the model is often estimated by simulated maximum likelihood estimation with the logit probabilities (shown in Equation (3)) approximated by drawing values of  β  from   f   β | φ     for given values of  φ , using Halton draws [41,42,43]. Halton draws has previously been shown to do a better job than random draws. Heterogeneity in means and variances of random parameters is accounted for by allowing    β i    to vary across crashes as [44]:


   β i  =    β  +      Θ   i   Z i  +      σ   i  exp    ω i   W i     υ i   



(3)




where    β    is the mean parameter estimate across all crashes,      Z   i    is a vector of attributes that capture heterogeneity in the mean,      Θ   i    is a corresponding vector of estimable parameters,      W   i    is a vector of attributes that capture heterogeneity in standard deviation    σ i    with corresponding parameter vector    ω i    and a disturbance term    υ i   , and      Z   i    and    W i    may contain crash attributes or other sources of heterogeneity that may not be captured by variables recorded in the crash database.



Marginal effects were further estimated to assess the effect of the crash-contributing factors on the likelihood of crash severity outcomes [45]. In this study, all the explanatory variables are coded as indicator variables. As such, the marginal effects are calculated as:


    ME    X  ijk      P  ij     =  P  ij      X  ijk   = 1   −  P  ij      X  ijk   = 0    



(4)







The marginal effect for the    k  th     indicator variable,      X    ijk     is the difference in probabilities when      X    ijk     changes from 0 to 1 while all other variables remain constant. For variables with random parameter across all observations, only the estimated mean value of the coefficients is used in the utility function to calculate the marginal effects. The marginal effect for each parameter is calculated by averaging the marginal effects overall crash observations.





3. Results


Table 3, Table 4 and Table 5 present the injury severity model estimation results for all the three scenarios considered and Table 6 presents a comparative summary of how the variables influence the likelihood of the injury outcomes. The random parameters multinomial logit with heterogeneity in the mean and variance models were estimated by simulated maximum likelihood with 500 Halton draws [40]. The normal probability density function was used for random parameters [46,47]. Transferability tests were conducted to investigate whether separate models were needed to understand the effects of various crash factors on crash outcomes across the year. For assessing parameter transferability, the test statistic used is:


   X 2  = − 2 [  L L    β T      −   ∑   k = 1  K  L L    β k     ]  



(5)




where   L L    β T      is the log-likelihood at convergence of the model estimated with all the data,   L L    β k      is the log-likelihood at convergence of the model using subset k data (before, during shelter-in-place, and after), and K is the total number of data subsets used. The    X 2    statistic is chi-squared distributed with degrees of freedom equal to the sum of the number of estimated parameters in all subset models minus the number of estimated parameters in the full-sample model. The resulting    X 2    statistic indicates whether the model for the subset data is significantly different than the model for the full-sample data. Log-likelihood test was further performed to determine whether the subset models have parameters that are statistically different. The test statistic used is given by:


   X 2  = − 2   L L    β T      − L L    β k         



(6)




where   L L    β T      is the log-likelihood at convergence of the model estimated with all the data and   L L    β k      is the log-likelihood at convergence of the model using subset k data. The results obtained justify the development of three separate models for the time periods at 95% confidence level.



The intersection variable was found to be random in all three models with the employed driver and failed to yield right of way indicator variables producing significant heterogeneity in the mean of the random parameter and the Caucasian and Black and African American driver indicator variables producing heterogeneity in the variance of the random parameter in the before shelter-in-place order model. The random intersection variable for the before shelter-in-place model defined for the minor injury outcome function had a mean of −20.32 and standard deviation of 13.81, indicating that for 7.1% of intersection crashes that occurred before the shelter-in-place order, there was a higher probability of minor injury and for the majority of intersection crashes (92.9%), the probability of minor injury was low. For the intersection random variable, the employed drivers had a decrease in their mean making minor injury less likely (relative to drivers who were not identified as being employed) and failed to yield right of way crashes had an increase in their mean making minor injury more likely. Concerning heterogeneity in the variance of the random parameter, Caucasian drivers and Black/African American drivers were found to increase the variance of the intersection indicator variable. The marginal effects show that the intersection indicator increased the likelihood of minor injury by 0.0099 and decreased the likelihood of major and no injury outcomes by 0.0002 and 0.0097, respectively. The intersection indicator variable also produced random parameter that is normally distributed in the shelter-in-place period model with mean of −3.36 and variance of 3.60. This implies that for 17.5% of the observations, this variable increases the likelihood of minor injuries (decreasing the likelihood of no injuries and major injuries) and for 82.5% of the observation, this variable decreased the likelihood of minor injuries. For the intersection random variable in the shelter-in-place period model, failure to yield right of way crashes increased their mean making minor injury more likely and crashes that occurred between midday and 6 p.m. had a decrease in their mean making minor injury less likely (relative to other times of the day). The employed driver indicator variable was found to decrease the variance of the intersection indicator variable in the shelter-in-place period model. The intersection variable in the shelter-in-place period model increased the probability of minor injury by 0.015. Finally, the intersection indicator variable in the after shelter-in-place period model was also found to be random and normally distributed with mean of −3.58 and variance of 3.69. This indicates that for 16.6% of the observations, this variable increases the likelihood of minor injuries (decreasing the likelihood of no injuries and major injuries) and for 83.4% of the observation, this variable decreased the likelihood of minor injuries. The heterogeneity in the mean and variance variables in the after shelter-in-place models had similar effects on injury outcomes as they did in the shelter-in-place period model. The marginal effects for the after shelter-in-place period shows that the intersection variable decreased the probability of major injury by 0.0006 and increased the probability of minor injury by 0.019.



To better understand the variations in the association among various crash factors and injury outcomes across the three periods, Table 6 was developed to compare the marginal effects. From Table 6, it can be observed that the effects of some of the variables did not vary across the year. An upward arrow indicates that the variable increases the probability of that crash severity and a downward arrow indicates that the variable decreases the probability of the crash severity. For instance, it was found that crashes that occurred between 6 p.m. and midnight and those that occurred on weekends were more likely to record major injury throughout the year. This means that the COVID-19 pandemic did not have any impact on the outcome of these crashes. For residential area crashes, those that occurred before the announcement of the statewide shelter-in-place order were more likely to lead to major injury but the chance of recording major injury in residential areas decreased during the immediate weeks all through to the end of the year. Similarly, crashes that occurred in the open country had higher probability to result in major injury before the shelter-in-place order, but those crashes were less likely to result in injury after the shelter-in-place order. Rural areas were more associated with major injury throughout the year. This finding is consistent with annual safety performance in the state, indicating that although traffic volumes decreased significantly during the immediate weeks after the shelter-in-place order, rural areas continued to record major injury crashes. Interestingly, manufacturing/industrial area crashes and interstate highway crashes that occurred after the shelter-in-place order were more likely to record major injury. Whereas head-on collisions were generally more likely to lead to major injury throughout the year, single-vehicle crashes and side impact collisions had increased probability to result in major injury after the shelter-in-place order. Rear-end collisions were also found to have higher likelihood to lead to minor injury before the shelter-in-place order but lower probability to record any other form of injury after the shelter-in-place order. Female drivers and drivers less than 25 years were less likely to be involved in major injury crashes. Crashes involving drivers aged between 20 and 60 years, on the other hand, were more likely to result in major injury before the shelter-in-place order but not after shelter-in-place. While this finding in itself may not be very informative, an in-depth view of the other human-centered variables will help to throw more light on the risky driver population responsible for the major injury crashes. For instance, while unemployed drivers and drivers with no or invalid license were more likely to be involved in major injury crashes in general throughout the year, unemployed drivers were less likely to be involved in major injury crashes during the immediate weeks after the shelter-in-place order. Additionally, whereas Black and African American drivers were less likely to be involved in major injury crashes after the shelter-in-place order, Caucasian drivers were more likely to be involved in major injury crashes. Motorcycle-involved crashes had higher chance of resulting in major injury regardless of the period of the year. Similarly, crashes involving SUVs were also more likely to record major injury and those that involved CMVs had higher probability to result in major injury before and during the immediate weeks of the shelter-in-place order. Speeding crashes, fatigue-related crashes, and crashes involving the non-use of a seatbelt were significantly associated with major injury outcome throughout the year while aggressive driving crashes and DUI crashes were only more likely to result in major injury outcome before the shelter-in-place order.




4. Discussion


The rate of road crashes significantly correlates with traffic characteristics such as traffic volume and vehicle miles traveled (VMT). Indeed, there is enough evidence that an increase in VMT leads to an increase in road traffic crashes. However, the observed increase in fatalities recorded in many regions of the world during the COVID-19 pandemic has opened the door to re-examine the factors responsible for crashes and crash outcomes, beyond traffic characteristics, considering that the shelter-in-place order that had been issued across the world during the COVID-19 global pandemic had caused a decline in travel activities. It may therefore be argued that while the COVID-19 shelter-in-place order had led to a reduction in overall travel activities, with road, vehicle, and environmental factors remaining fairly constant, driver-centered characteristics have been the major drivers of crashes and crash outcomes during the pandemic. This observation may perhaps be due to the reduced traffic law enforcement. Indeed, [6] found personal factors such as propensity for risky behaviors as a potential factor that affected the road safety performance of regions during the pandemic. Additionally, [10] observed that the pandemic has been characterized by increased alcohol sales and use as a response to increase in stress, anxiety, and depression among certain population groups (e.g., [12,48]. The reduced law enforcement has further allowed other risky driving behaviors such as failure to use a seatbelt and aggressive driving during the shelter-in-place, as has been observed in this study (see Table 2). In fact, while the propensity of certain road user groups to engage in risky driving behaviors has been linked to many factors such as age [49,50], gender [51,52], socioeconomic status [53], personality [54,55], type of vehicle being driven [56], and even regional culture and systems [57,58,59], the shelter-in-place order had little to no effect on the driving behaviors of these risky drivers. The findings of this study further detail some other nuanced crash factors that may be associated with risky driving behaviors in a way that may help in identifying appropriate and effective countermeasures. For instance, it was found that a higher proportion of crashes associated with risky driving behaviors such as DUI, failure to use a seatbelt, distracted driving, and drowsy driving occurred during the shelter-in-place while speed-related crashes occurred more frequently before the shelter-in-place order. Additionally, a higher proportion of rural area crashes occurred during the shelter-in-place period, and a higher proportion of shopping area crashes occurred before the shelter-in-place. Additionally, open country and residential areas accounted for higher percentages of shelter-in-place period crashes. Motorcyclists, unemployed, and Black/African American drivers were involved in a higher proportion of crashes during the shelter-in-place period. The model estimation results also revealed that crashes that occurred in rural areas, between 6 p.m. and midnight and those that occurred on weekends were more likely to record major injury throughout the year (i.e., even during the shelter-in-place period). Female drivers and drivers younger than 25 years old were also found to have lower probability of being involved in major injury crashes. Furthermore, whereas Black/African American drivers were less likely to be involved in major injury crashes after the shelter-in-place order, Caucasian drivers were more likely to be involved in major injury crashes.



It has previously been observed that risky drivers often engage in multiple traffic violations [60,61,62,63]. For instance, ref. [64] found that a higher proportion of alcohol impaired drivers were less likely to use a seatbelt and more likely to speed. They also found that a large proportion of drivers who engage in drunk or drugged driving are repeat offenders. Findings from this study showed that speeding crashes, fatigue-related crashes, and crashes involving the non-use of a seatbelt were significantly associated with major injury outcome throughout the year, meaning that the shelter-in-place order did not impact the driving behaviors of risky drivers.



Although traffic volumes and VMT had significantly dropped during the shelter-in-place period, there has been an increase in major injury crashes compared to the period before the shelter-in-place order, with speeding, DUI, and weekends accounting for a significant proportion of these crashes. These findings provide very important data-driven evidence for road safety improvements during extreme events that may require statewide shelter-in-place, as has been the case for the COVID-19 pandemic. Traffic management around shopping areas and other areas that have been identified to experience increased traffic provide opportunities for road safety stakeholders to reduce the occurrence of crashes in the weeks leading to an announcement of any future statewide or local shelter-in-place. Week 10 (the immediate week preceding the shelter-in-place order) recorded the highest number of weekly crashes and major injury outcomes throughout the year. It would also be useful to identify and target road safety messages to road users that are known to exhibit risky behaviors. This could involve media campaigns and public education through which the majority of these road users could be reached efficiently and effectively. Additionally, traffic enforcement could be intensified during weekends and between 6 p.m. and 6 a.m. to reduce risky driving behaviors. Considering that law enforcement efforts are likely to be impacted during future shelter-in-place orders, the adoption of technology-driven traffic law enforcement strategies across the state such as red light running and automated speed enforcement cameras, particularly at high-risk locations, would ensure continuous enforcement in times when it would be difficult to deploy law enforcement personnel.



Although the findings of this study are interesting and may be applicable to many regions with characteristics similar to Alabama, it should be noted that these findings and recommendations are specific to the state of Alabama. As such, a similar study should be carried out in these regions to understand how the shelter-in-place order has affected traffic safety. It should also be noted that the results of the study may be bias towards the injury outcome categories as evidence points to a high likelihood of underreporting of non-injury crashes.




5. Conclusions


The shelter-in-place order that has been issued as part of measures to reduce the spread of the coronavirus has led to a reduction in travel activities. However, multiple states have reported that despite the low vehicle miles traveled over the shelter-in-place period, traffic fatalities had increased. This observation has been attributed to risky driving behaviors as traffic law enforcement efforts were negatively impacted by the COVID-19 pandemic. This study was carried out to understand the crash factors that influenced crash outcomes and how their effects varied before, during, and after the shelter-in-place order. The study used crash data obtained from the Critical Analysis Reporting Environment (CARE) for the state of Alabama for the year 2020. The data were divided into pre-shelter-in-place period, shelter-in-place, and post-shelter-in-place order. Preliminary analysis of the data revealed that the highest weekly crash frequency occurred in the immediate week before the shelter-in-place order, and a higher proportion of crashes that occurred between 6 p.m. and 6 a.m. and those that occurred in residential areas happened during the shelter-in-place period while shopping area crashes, manufacturing/industrial area crashes, rear-end collisions, and crashes involving female drivers occurred mostly before the shelter-in-place period.



Three injury severity models for the periods were developed using random parameters logit with heterogeneity in means and variances. Marginal effects were estimated and compared to understand the effects of the crash factors on crash outcomes. The results showed that major injury crashes occurred mainly in rural areas and occurred due to speeding, fatigue driving, and failure to use a seatbelt. The effects of these factors on crash outcome did not vary across the year, indicating that the shelter-in-place order did not impact the driving behaviors and styles of the driver population that got into major injury crashes. The results further revealed that the effects of some crash factors varied across the periods. For instance, it was revealed that crashes that occurred on interstates were less likely to record major injuries before the shelter-in-place, but the probability of major injury crash outcome was higher during and after the shelter-in-place order. Similarly, single-vehicle crashes and side-impact collisions became more dangerous after the shelter-in-place order was issued.



The findings of the study provide a deeper, data-driven understanding of how driving behaviors and associated crash outcomes may be affected by extreme events such as the COVID-19 shelter-in-place. Lessons learned from the COVID-19 pandemic should inform how and when future shelter-in-place should be announced, considering the potential road safety implications that characterize panic shopping and travel decisions. Furthermore, the pandemic has provided enough justification for investment in technologically driven traffic enforcement strategies as these are less likely to be adversely affected by future pandemics.
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Figure 1. Distribution of total crashes by week of the year. 
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Figure 2. Distribution of fatal crashes by week of the year. 
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Figure 3. Distribution of total crashes by some primary contributing factors. 
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Figure 4. Distribution of fatal crashes by primary contributing factors. 
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Table 1. Distribution of crashes by injury outcomes.
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	Period
	Major Injury
	Minor Injury
	No Injury
	Total





	Before shelter-in-place
	631 (2.6%)
	1940 (8.1%)
	21,436 (89.3%)
	24,007 (21.2%)



	Shelter-in-place period
	249 (3.7%)
	629 (9.4%)
	5846 (86.9%)
	6724 (5.9%)



	After shelter-in-place
	3124 (3.8%)
	7869 (9.6%)
	71,378 (86.7%)
	82,371 (72.8%)



	Total
	4004 (3.5%)
	10,438 (9.2%)
	98,660 (87.2%)
	113,102 (100.0%)
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Table 2. Descriptive statistics of variables available for model estimation.
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Variables

	
Before

	
Shelter-in-Place

	
After




	
Number

	
Percentage

	
Number

	
Percentage

	
Number

	
Percentage






	
Temporal Characteristics

	

	

	

	

	

	




	
Between midnight and 6 a.m.

	
1520

	
6.3

	
484

	
7.2

	
5502

	
6.7




	
Between 6 a.m. and noon

	
7039

	
29.3

	
1794

	
26.7

	
20,039

	
24.3




	
Between noon and 6 p.m.

	
10,701

	
44.6

	
3067

	
45.6

	
40,418

	
49.1




	
Between 6 p.m.–midnight

	
4747

	
19.8

	
1379

	
20.5

	
16,412

	
19.9




	
Total

	
24,007

	
100

	
6724

	
100

	
82,371

	
100




	
Weekend

	
4585

	
19.1

	
1547

	
23.0

	
18,959

	
23.0




	
Weekday

	
19,428

	
80.9

	
5177

	
77.0

	
63,412

	
77.0




	
Total

	
24,007

	
100

	
6724

	
100

	
82,371

	
100




	
Location Characteristics

	

	

	

	

	

	




	
Residence less than 25 mi

	
18,003

	
75

	
5061

	
75.3

	
60,623

	
73.6




	
Residence more than 25 mi

	
5158

	
21.5

	
1429

	
21.3

	
18,805

	
22.8




	
Unknown

	
846

	
3.5

	
234

	
3.4

	
2943

	
3.6




	
Total

	
24,007

	
100

	
6724

	
100

	
82,371

	
100




	
Rural

	
5964

	
24.8

	
1889

	
28.1

	
22,179

	
26.9




	
Urban

	
18,043

	
75.2

	
4835

	
71.9

	
60,192

	
73.1




	
Total

	
24,007

	
100

	
6724

	
100

	
82,371

	
100




	
Residential area

	
4684

	
19.5

	
1417

	
21.1

	
17,078

	
20.7




	
Shopping area

	
10,984

	
45.8

	
2828

	
42.1

	
35,324

	
42.9




	
Open country

	
7201

	
30.0

	
2261

	
33.6

	
26,990

	
32.8




	
Manufacturing/Industrial area

	
1138

	
4.7

	
218

	
3.2

	
2979

	
3.6




	
Total

	
24,007

	
100

	
6724

	
100

	
82,371

	
100




	
Interstate

	
2750

	
11.5

	
706

	
10.5

	
8980

	
10.9




	
County road

	
3541

	
14.7

	
1131

	
16.8

	
12,757

	
15.5




	
Others

	
17,716

	
73.8

	
4887

	
72.7

	
60,634

	
73.6




	
Total

	
24,007

	
100

	
6724

	
100

	
82,371

	
100




	
Intersection

	
14,049

	
58.5

	
3767

	
56.0

	
47,370

	
57.5




	
Non-intersection

	
9958

	
41.5

	
2957

	
44.0

	
35,001

	
42.5




	
Total

	
24,007

	
100

	
6724

	
100

	
82,371

	
100




	
Manner of Collision

	

	

	

	

	

	




	
Rear-end

	
8538

	
35.6

	
2032

	
30.2

	
27,418

	
33.3




	
Head-on

	
1040

	
4.3

	
297

	
4.4

	
3847

	
4.7




	
Single-Vehicle

	
5324

	
22.2

	
1697

	
25.2

	
19,062

	
23.1




	
Sideswipe

	
2239

	
9.3

	
636

	
9.5

	
7877

	
9.6




	
Side impact

	
4382

	
18.3

	
1255

	
18.7

	
15,051

	
18.3




	
Others

	
2484

	
10.3

	
807

	
12.0

	
9116

	
11.0




	
Total

	
24,007

	
100

	
6724

	
100

	
82,371

	
100




	
Driver Characteristics

	

	

	

	

	

	




	
Female

	
10,473

	
43.6

	
2722

	
40.5

	
33,939

	
41.2




	
Male

	
13,534

	
56.4

	
4002

	
59.5

	
48,432

	
58.8




	
Total

	
24,007

	
100

	
6724

	
100

	
82,371

	
100




	
Less than 20 years

	
3199

	
13.3

	
815

	
12.1

	
10,949

	
13.3




	
Between 20 and 40 years

	
11,159

	
46.5

	
3199

	
47.6

	
39,253

	
47.7




	
Between 40 and 60 years

	
5880

	
24.5

	
1719

	
25.6

	
20,028

	
24.3




	
More than 60 years

	
3769

	
15.7

	
991

	
14.7

	
12,141

	
14.7




	
Total

	
24,007

	
100

	
6724

	
100

	
82,371

	
100




	
Black/African American

	
7753

	
32.3

	
2283

	
34.0

	
27,726

	
33.7




	
Caucasian

	
14,829

	
61.8

	
4038

	
60.0

	
49,640

	
60.3




	
Others

	
1425

	
5.9

	
403

	
6.0

	
5005

	
6.0




	
Total

	
24,007

	
100

	
6724

	
100

	
82,371

	
100




	
Unemployed

	
2994

	
12.5

	
993

	
14.8

	
11,636

	
14.1




	
Employed

	
12,986

	
54.1

	
3542

	
52.6

	
42,999

	
52.2




	
Self employed

	
909

	
3.8

	
254

	
3.8

	
3546

	
4.3




	
Others

	
7118

	
29.6

	
1935

	
28.8

	
24,217

	
29.4




	
Total

	
24,007

	
100

	
6724

	
100

	
82,371

	
100




	
Invalid license

	
2489

	
10.4

	
865

	
12.9

	
11,122

	
13.5




	
Valid license

	
43,036

	
89.6

	
5859

	
87.1

	
71,249

	
86.5




	
Total

	
24,007

	
100

	
6724

	
100

	
82,371

	
100




	
Vehicle Characteristics

	

	

	

	

	

	




	
CMV

	
1241

	
5.2

	
377

	
5.6

	
4576

	
5.6




	
Non-CMV

	
22,766

	
94.8

	
6347

	
94.4

	
77,795

	
94.4




	
Total

	
24,007

	
100

	
6724

	
100

	
82,371

	
100




	
Motorcycle

	
97

	
0.4

	
81

	
1.2

	
733

	
0.9




	
SUV

	
5609

	
23.4

	
1475

	
21.9

	
18,687

	
22.7




	
Passenger car

	
12,195

	
50.8

	
3218

	
47.9

	
40,507

	
49.2




	
Truck

	
442

	
1.8

	
156

	
2.3

	
1738

	
2.1




	
Tractor

	
490

	
2.0

	
155

	
2.3

	
1761

	
2.1




	
Others

	
5185

	
21.6

	
1639

	
24.4

	
18,945

	
23.0




	
Total

	
24,007

	
100

	
6724

	
100

	
82,371

	
100




	
Contributing Factors

	

	

	

	

	

	




	
Speeding

	
1665

	
6.9

	
393

	
5.8

	
5000

	
6.1




	
Aggressive driving

	
1143

	
4.8

	
411

	
6.1

	
4740

	
5.8




	
DUI

	
695

	
2.9

	
248

	
3.7

	
2801

	
3.4




	
Fatigue

	
373

	
1.6

	
163

	
2.4

	
1650

	
2.0




	
Distracted

	
1502

	
6.3

	
473

	
7.0

	
5461

	
6.6




	
Others

	
18,629

	
77.5

	
5036

	
74.9

	
62,684

	
76.1




	
Total

	
24,007

	
100

	
6724

	
100

	
82,371

	
100




	
Seatbelt used

	
23,263

	
96.9

	
6421

	
95.5

	
79,076

	
96.0




	
No seatbelt

	
744

	
3.1

	
303

	
4.5

	
3295

	
4.0




	
Total

	
24,007

	
100

	
6724

	
100

	
82,371

	
100
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Table 3. Severity model results and averaged marginal effects before shelter-in-place period.
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Marginal Effects




	
Variables

	
In Injury Function of:

	
Parameter Estimate

	
t-Statistics

	
Major Injury

	
Minor Injury

	
No Injury






	
Constant

	
Major injury

	
−3.578

	
−29.61

	

	

	




	
Random parameter

	

	

	

	

	

	




	
Intersection

	
Minor injury

	
−20.315

	
−2.76

	
−0.0002

	
0.0099

	
−0.0097




	
Std. dev. of “Intersection” (normally distributed)

	
13.813

	
3.01

	

	

	




	
Heterogeneity in means

	

	

	

	

	

	




	
Intersection: Employed driver

	

	
−1.938

	
−2.33

	

	

	




	
Intersection: Failure to yield

	

	
4.210

	
2.83

	

	

	




	
Heterogeneity in variances

	

	

	

	

	

	




	
Intersection: Caucasian

	

	
0.095

	
2.00

	

	

	




	
Intersection: Black

	

	
0.115

	
2.36

	

	

	




	
Temporal Characteristics

	

	

	

	

	

	




	
Between midnight and 6 a.m.

	
Major injury

	
0.213

	
1.60

	
0.0006

	
−0.0001

	
−0.0006




	
Between 6 p.m. and midnight

	
Minor injury

	
−0.110

	
−1.44

	
0.001

	
−0.001

	
0.001




	
Weekend

	
Minor injury

	
−0.163

	
−2.05

	
0.0001

	
−0.0014

	
0.0013




	
Location Characteristics

	

	

	

	

	

	




	
Residence less than 25 mi

	
Minor injury

	
−0.854

	
−13.37

	
0.001

	
−0.0253

	
0.0243




	
Residence more than 25 mi

	
Major injury

	
0.140

	
1.32

	
0.0008

	
−0.0001

	
−0.0007




	
Residential area

	
Minor injury

	
−0.606

	
−6.64

	
0.0001

	
−0.0041

	
0.004




	
Rural

	
Major injury

	
0.614

	
5.13

	
0.0074

	
−0.0009

	
−0.0065




	
Shopping area

	
No injury

	
1.029

	
14.51

	
−0.0035

	
−0.0129

	
0.0164




	
Open country

	
Major injury

	
0.274

	
2.20

	
0.0036

	
−0.0004

	
−0.0031




	
Manufacturing/Industrial area

	
Minor injury

	
−1.008

	
−5.44

	
−0.0001

	
−0.0014

	
0.0014




	
Interstate

	
Major injury

	
−0.293

	
−1.98

	
−0.0007

	
0.0001

	
0.0006




	
Manner of Collision

	

	

	

	

	

	




	
Rear-end

	
Major injury

	
−1.105

	
−7.76

	
−0.0032

	
0.0003

	
0.003




	
Head-on

	
Major injury

	
1.101

	
7.99

	
0.0034

	
−0.0003

	
−0.0031




	
Single-Vehicle

	
No injury

	
0.516

	
8.19

	
−0.0043

	
−0.0082

	
0.0126




	
Sideswipe

	
No injury

	
1.937

	
12.73

	
−0.0009

	
−0.0032

	
0.0042




	
Side impact

	
No injury

	
0.153

	
1.68

	
−0.0006

	
−0.0008

	
0.0014




	
Driver Characteristics

	

	

	

	

	

	




	
Female

	
Major injury

	
−0.183

	
−1.94

	
−0.0014

	
0.0001

	
0.0013




	
Less than 20 years

	
No injury

	
0.613

	
7.20

	
−0.0011

	
−0.0034

	
0.0045




	
Between 20 and 40 years

	
Minor injury

	
−0.813

	
−12.74

	
0.0007

	
−0.0149

	
0.0142




	
Between 40 and 60 years

	
Major injury

	
0.123

	
1.25

	
0.0008

	
−0.0001

	
−0.0007




	
Unemployed

	
Major injury

	
0.201

	
1.80

	
0.0009

	
−0.0001

	
−0.0008




	
Invalid license

	
Major injury

	
0.278

	
2.33

	
0.0011

	
−0.0001

	
−0.001




	
Vehicle Characteristics

	

	

	

	

	

	




	
Motorcycle

	
Major injury

	
1.912

	
7.01

	
0.0009

	
−0.0001

	
−0.0009




	
SUV

	
Minor injury

	
−0.553

	
−6.91

	
0.0002

	
−0.0046

	
0.0045




	
CMV

	
Major injury

	
0.802

	
5.05

	
0.0017

	
−0.0002

	
−0.0015




	
Contributing Factors

	

	

	

	

	

	




	
Speeding

	
Major injury

	
0.491

	
3.74

	
0.0016

	
−0.0002

	
−0.0015




	
Aggressive driving

	
Major injury

	
0.933

	
6.64

	
0.0023

	
−0.0001

	
−0.0022




	
No seatbelt

	
Major injury

	
2.254

	
20.99

	
0.0114

	
−0.0011

	
−0.0103




	
DUI

	
Major injury

	
0.347

	
2.07

	
0.0006

	
−0.0001

	
−0.0006




	
Fatigue

	
No injury

	
−0.329

	
−2.18

	
0.0002

	
0.0004

	
−0.0007




	
Model fit statistics

	

	

	

	

	

	




	
Number of observations

	

	
24007

	

	

	

	




	
Log-likelihood at zero

	

	
−26,374.385

	

	

	

	




	
Log-likelihood at convergence

	

	
−9190.568

	

	

	

	




	
McFadden Pseudo-R-Sq

	

	
0.65
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Table 4. Severity model results and averaged marginal effects during shelter-in-place period.






Table 4. Severity model results and averaged marginal effects during shelter-in-place period.





	

	

	

	

	
Marginal Effects




	
Variables

	
In Injury Function of:

	
Parameter Estimate

	
t-Statistics

	
Major Injury

	
Minor Injury

	
No Injury






	
Constant

	
Major injury

	
−2.927

	
−15.28

	

	

	




	
Random parameter

	

	

	

	

	

	




	
Intersection

	
Minor injury

	
−3.358

	
−3.38

	
−0.0004

	
0.015

	
−0.0146




	
Std. dev. of “Intersection” (normally distributed)

	
3.595

	
3.595

	

	

	




	
Heterogeneity in means

	

	

	

	

	

	




	
Intersection: Failure to yield

	

	
1.241

	
3.34

	

	

	




	
Intersection: Midday to 6 p.m.

	

	
−0.783

	
−2.76

	

	

	




	
Heterogeneity in variances

	

	

	

	

	

	




	
Intersection: Employed driver

	

	
−0.120

	
−2.04

	

	

	




	
Temporal Characteristics

	

	

	

	

	

	




	
Between 6 p.m.–midnight

	
Major injury

	
0.523

	
3.42

	
0.0051

	
−0.0007

	
−0.0044




	
Weekend

	
Major injury

	
0.297

	
1.94

	
0.0029

	
−0.0004

	
−0.0025




	
Location and Roadway Characteristics

	

	

	

	

	

	




	
Residential area

	
Major injury

	
−0.508

	
−2.31

	
−0.0031

	
0.0004

	
0.0027




	
Rural

	
Major injury

	
0.652

	
3.84

	
0.0104

	
−0.0015

	
−0.0089




	
Shopping area

	
No injury

	
0.913

	
6.46

	
−0.005

	
−0.0166

	
0.0216




	
Open country

	
No injury

	
0.316

	
2.37

	
−0.0047

	
−0.0084

	
0.0131




	
Manufacturing/Industrial area

	
Minor injury

	
−0.764

	
−2.01

	
0.0001

	
−0.0011

	
0.001




	
Interstate

	
Minor injury

	
−0.578

	
−3.19

	
0.0002

	
−0.0036

	
0.0034




	
County road

	
No injury

	
0.288

	
2.46

	
−0.0022

	
−0.0037

	
0.0059




	
Manner of Collision

	

	

	

	

	

	




	
Rear-end

	
No injury

	
1.019

	
7.33

	
−0.0031

	
−0.0125

	
0.0155




	
Head-on

	
Major injury

	
1.235

	
5.74

	
0.0042

	
−0.0006

	
−0.0036




	
Single-Vehicle

	
Minor injury

	
−0.268

	
−1.97

	
0.0006

	
−0.0071

	
0.0065




	
Sideswipe

	
No injury

	
2.049

	
7.62

	
−0.0011

	
−0.0045

	
0.0056




	
Side impact

	
Minor injury

	
−0.405

	
−2.28

	
0.0002

	
−0.0048

	
0.0047




	
Driver Characteristics

	

	

	

	

	

	




	
Female

	
Major injury

	
−0.369

	
−2.3

	
−0.0031

	
0.0003

	
0.0027




	
Between 20 and 40 years

	
No injury

	
0.118

	
1.93

	
−0.0025

	
−0.0057

	
0.0083




	
Between 40 and 60 years

	
No injury

	
0.197

	
1.81

	
−0.0008

	
−0.0018

	
0.0026




	
Black/African American

	
No injury

	
0.672

	
5.6

	
−0.0042

	
−0.0141

	
0.0183




	
Caucasian

	
Minor injury

	
−0.710

	
−5.51

	
0.0018

	
−0.028

	
0.0262




	
Unemployed

	
Major injury

	
−0.290

	
−1.82

	
−0.0015

	
0.0002

	
0.0013




	
Invalid license

	
Major injury

	
0.583

	
3.29

	
0.0036

	
−0.0005

	
−0.0031




	
Vehicle Characteristics

	

	

	

	

	

	




	
Motorcycle

	
Major injury

	
2.268

	
8.27

	
0.0045

	
−0.0007

	
−0.0038




	
SUV

	
Minor injury

	
−0.394

	
−2.92

	
0.0002

	
−0.0047

	
0.0045




	
CMV

	
Minor injury

	
−0.186

	
−1.75

	
0.0001

	
−0.0006

	
0.0005




	
Truck

	
Minor injury

	
−0.783

	
−1.64

	
0.0001

	
−0.0007

	
0.0006




	
Contributing Factors

	

	

	

	

	

	




	
Speeding

	
Major injury

	
0.513

	
2.62

	
0.0023

	
−0.0003

	
−0.002




	
Aggressive driving

	
Minor injury

	
0.975

	
3.88

	
−0.0003

	
0.0043

	
−0.004




	
No seatbelt

	
Major injury

	
2.327

	
14.71

	
0.0182

	
−0.0027

	
−0.0155




	
DUI

	
Minor injury

	
0.314

	
1.84

	
−0.0001

	
0.0011

	
−0.001




	
Fatigue

	
No injury

	
−0.347

	
−1.62

	
0.0004

	
0.0009

	
−0.0013




	
Model fit statistics

	

	

	

	

	

	




	
Number of observations

	

	
6724

	

	

	

	




	
Log-likelihood at zero

	

	
−7387.069

	

	

	




	
Log-likelihood at convergence

	

	
−2837.149

	

	

	




	
McFadden Pseudo-R-Sq

	

	
0.62
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Table 5. Severity model results and averaged marginal effects after shelter-in-place period.
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Marginal Effects




	
Variables

	
In Injury Function of:

	
Parameter Estimate

	
t-Statistics

	
Major Injury

	
Minor Injury

	
No Injury






	
Constant

	
Major injury

	
−2.601

	
−48.50

	

	

	




	
Random parameter

	

	

	

	

	

	




	
Intersection

	
Minor injury

	
−3.578

	
−12.26

	
−0.0006

	
0.0191

	
−0.0186




	
Std. dev. of “Intersection” (normally distributed)

	
3.693

	
15.32

	

	

	




	
Heterogeneity in means

	

	

	

	

	

	




	
Intersection: Failed to yield right of way

	
1.058

	
10.32

	

	

	




	
Intersection: Between midday and 6 p.m.

	
−0.397

	
−5.50

	

	

	




	
Intersection: State route

	

	
0.463

	
5.36

	

	

	




	
Heterogeneity in variances

	

	

	

	

	

	




	
Intersection: Employed driver

	

	
−0.057

	
−3.64

	

	

	




	
Temporal Characteristics

	

	

	

	

	

	




	
Between 6 p.m.–midnight

	
Major injury

	
0.198

	
4.54

	
0.0017

	
−0.0002

	
−0.0015




	
Weekend

	
Major injury

	
0.212

	
5.03

	
0.0021

	
−0.0003

	
−0.0018




	
Location and Roadway Characteristics

	

	

	

	

	




	
Residential area

	
Major injury

	
−0.581

	
−9.57

	
−0.0032

	
0.0004

	
0.0028




	
Rural

	
Major injury

	
0.560

	
12.41

	
0.0094

	
−0.0013

	
−0.0081




	
Shopping area

	
No injury

	
0.848

	
20.76

	
−0.0052

	
−0.0154

	
0.0206




	
Open country

	
No injury

	
0.151

	
3.89

	
−0.0024

	
−0.0039

	
0.0063




	
Manufacturing/Industrial area

	
Minor injury

	
−0.398

	
−4.25

	
0.0001

	
−0.0008

	
0.0007




	
Interstate

	
Minor injury

	
−0.456

	
−9.01

	
0.0002

	
−0.003

	
0.0028




	
County road

	
No injury

	
0.228

	
6.74

	
−0.0017

	
−0.0027

	
0.0044




	
Manner of Collision

	

	

	

	

	

	




	
Rear-end

	
No injury

	
1.101

	
28.27

	
−0.0041

	
−0.0154

	
0.0195




	
Head-on

	
Major injury

	
0.986

	
15.52

	
0.0033

	
−0.0004

	
−0.0029




	
Single-Vehicle

	
Minor injury

	
−0.406

	
−10.19

	
0.0009

	
−0.0093

	
0.0085




	
Sideswipe

	
No injury

	
1.702

	
26.14

	
−0.0012

	
−0.0052

	
0.0064




	
Side impact

	
Minor injury

	
−0.460

	
−8.82

	
0.0002

	
−0.0053

	
0.0051




	
Driver Characteristics

	

	

	

	

	

	




	
Female

	
Major injury

	
−0.138

	
−3.26

	
−0.0015

	
0.0002

	
0.0013




	
Less than 20 years

	
Major injury

	
−0.453

	
−7.11

	
−0.0017

	
0.0002

	
0.0014




	
Between 20 and 40 years

	
No injury

	
0.409

	
13.00

	
−0.0055

	
−0.0113

	
0.0168




	
Between 40 and 60 years

	
No injury

	
0.356

	
9.86

	
−0.0025

	
−0.005

	
0.0075




	
Black or African American

	
No injury

	
0.553

	
16.87

	
−0.0038

	
−0.0117

	
0.0154




	
Caucasian

	
Minor injury

	
−0.746

	
−20.37

	
0.0018

	
−0.028

	
0.0262




	
Unemployed

	
No injury

	
−0.055

	
−1.66

	
0.0003

	
0.0006

	
−0.0009




	
Invalid license

	
Major injury

	
0.426

	
8.80

	
0.0027

	
−0.0004

	
−0.0023




	
Vehicle Characteristics

	

	

	

	

	

	




	
Motorcycle

	
Major injury

	
2.522

	
29.70

	
0.0043

	
−0.0006

	
−0.0037




	
SUV

	
Minor injury

	
−0.223

	
−5.98

	
0.0002

	
−0.0029

	
0.0028




	
CMV

	
Minor injury

	
0.201

	
2.43

	
−0.0001

	
0.0007

	
−0.0006




	
Truck

	
Minor injury

	
−0.537

	
−4.40

	
0.0001

	
−0.0006

	
0.0005




	
Tractor

	
Minor injury

	
−0.758

	
−5.60

	
0.0001

	
−0.0008

	
0.0008




	
Contributing Factors

	

	

	

	

	

	




	
Speeding

	
Major injury

	
0.277

	
4.71

	
0.0011

	
−0.0001

	
−0.001




	
Aggressive driving

	
Minor injury

	
0.930

	
13.24

	
−0.0003

	
0.004

	
−0.0037




	
No seatbelt

	
Major injury

	
2.195

	
47.10

	
0.0156

	
−0.0023

	
−0.0133




	
DUI

	
Minor injury

	
0.447

	
6.85

	
−0.0002

	
0.0015

	
−0.0013




	
Fatigue

	
No injury

	
−0.464

	
−7.13

	
0.0006

	
0.001

	
−0.0015




	
Distracted

	
Minor injury

	
0.176

	
2.95

	
0.0001

	
0.0007

	
−0.0007




	
Model fit statistics

	

	

	

	

	

	




	
Number of observations

	

	
82371

	

	

	

	




	
Log-likelihood at zero

	

	
−90,493.79283

	

	

	




	
Log-likelihood at convergence

	

	
−35,860.57065

	

	

	




	
McFadden Pseudo-R-Sq

	

	
0.60
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Table 6. Comparison of marginal effects of significant variables across the three periods.
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Variables

	
Major Injury

	
Minor Injury

	
No Injury




	
Before

	
During

	
After

	
Before

	
During

	
After

	
Before

	
During

	
After






	
Temporal Characteristics

	

	

	

	

	

	

	

	

	




	
Between midnight and 6 a.m.

	
  ↑  

	

	

	
  ↓  

	

	

	
  ↓  

	

	




	
Between 6 p.m.–midnight

	
  ↑  

	
  ↑  

	
  ↑  

	
  ↓  

	
  ↓  

	
  ↓  

	
  ↑  

	
  ↓  

	
  ↓  




	
Weekend

	
  ↑  

	
  ↑  

	
  ↑  

	
  ↓  

	
  ↓  

	
  ↓  

	
  ↑  

	
  ↓  

	
  ↓  




	
Location Characteristics

	

	

	

	

	

	

	

	

	




	
Intersection

	
  ↓  

	
  ↓  

	
  ↓  

	
  ↑  

	
  ↑  

	
  ↑  

	
  ↓  

	
  ↓  

	
  ↓  




	
Residence less than 25 min

	
  ↑  

	

	

	
  ↓  

	

	

	
  ↑  

	

	




	
Residence more than 25 min

	
  ↑  

	

	

	
  ↓  

	

	

	
  ↓  

	

	




	
Residential area

	
  ↑  

	
  ↓  

	
  ↓  

	
  ↓  

	
  ↑  

	
  ↑  

	
  ↑  

	
  ↑  

	
  ↑  




	
Rural

	
  ↑  

	
  ↑  

	
  ↑  

	
  ↓  

	
  ↓  

	
  ↓  

	
  ↓  

	
  ↓  

	
  ↓  




	
Shopping area

	
  ↓  

	
  ↓  

	
  ↓  

	
  ↓  

	
  ↓  

	
  ↓  

	
  ↑  

	
  ↑  

	
  ↑  




	
Open country

	
  ↑  

	
  ↓  

	
  ↓  

	
  ↓  

	
  ↓  

	
  ↓  

	
  ↑  

	
  ↑  

	
  ↑  




	
Manufacturing/Industrial area

	
  ↓  

	
  ↑  

	
  ↑  

	
  ↓  

	
  ↓  

	
  ↓  

	
  ↑  

	
  ↑  

	
  ↑  




	
Interstate

	
  ↓  

	
  ↑  

	
  ↑  

	
  ↑  

	
  ↓  

	
  ↓  

	
  ↑  

	
  ↑  

	
  ↑  




	
County road

	

	
  ↓  

	
  ↓  

	

	
  ↓  

	
  ↓  

	

	
  ↑  

	
  ↑  




	
Manner of Collision

	

	

	

	

	

	

	

	

	




	
Rear-end

	
  ↓  

	
  ↓  

	
  ↓  

	
  ↑  

	
  ↓  

	
  ↓  

	
  ↑  

	
  ↑  

	
  ↑  




	
Head-on

	
  ↑  

	
  ↑  

	
  ↑  

	
  ↓  

	
  ↓  

	
  ↓  

	
  ↓  

	
  ↓  

	
  ↓  




	
Single-Vehicle

	
  ↓  

	
  ↑  

	
  ↑  

	
  ↓  

	
  ↓  

	
  ↓  

	
  ↑  

	
  ↑  

	
  ↑  




	
Sideswipe

	
  ↓  

	
  ↓  

	
  ↓  

	
  ↓  

	
  ↓  

	
  ↓  

	
  ↑  

	
  ↑  

	
  ↑  




	
Side impact

	
  ↓  

	
  ↑  

	
  ↑  

	
  ↓  

	
  ↓  

	
  ↓  

	
  ↑  

	
  ↑  

	
  ↑  




	
Driver Characteristics

	

	

	

	

	

	

	

	

	




	
Female

	
  ↓  

	
  ↓  

	
  ↓  

	
  ↑  

	
  ↑  

	
  ↑  

	
  ↑  

	
  ↑  

	
  ↑  




	
Less than 20 years

	
  ↓  

	

	
  ↓  

	
  ↓  

	

	
  ↑  

	
  ↑  

	

	
  ↑  




	
Between 20 and 40 years

	
  ↑  

	
  ↓  

	
  ↓  

	
  ↓  

	
  ↓  

	
  ↓  

	
  ↑  

	
  ↑  

	
  ↑  




	
Between 40 and 60 years

	
  ↑  

	
  ↓  

	
  ↓  

	
  ↓  

	
  ↓  

	
  ↓  

	
  ↓  

	
  ↑  

	
  ↑  




	
Black or African American

	

	
  ↓  

	
  ↓  

	

	
  ↓  

	
  ↓  

	

	
  ↑  

	
  ↑  




	
Caucasian

	

	
  ↑  

	
  ↑  

	

	
  ↓  

	
  ↓  

	

	
  ↑  

	
  ↑  




	
Unemployed

	
  ↑  

	
  ↓  

	
  ↑  

	
  ↓  

	
  ↑  

	
  ↑  

	
  ↓  

	
  ↑  

	
  ↓  




	
Invalid license

	
  ↑  

	
  ↑  

	
  ↑  

	
  ↓  

	
  ↓  

	
  ↓  

	
  ↓  

	
  ↓  

	
  ↓  




	
Vehicle Characteristics

	

	

	

	

	

	

	

	

	




	
Motorcycle

	
  ↑  

	
  ↑  

	
  ↑  

	
  ↓  

	
  ↓  

	
  ↓  

	
  ↓  

	
  ↓  

	
  ↓  




	
SUV

	
  ↑  

	
  ↑  

	
  ↑  

	
  ↓  

	
  ↓  

	
  ↓  

	
  ↑  

	
  ↑  

	
  ↑  




	
CMV

	
  ↑  

	
  ↑  

	
  ↓  

	
  ↓  

	
  ↓  

	
  ↑  

	
  ↓  

	
  ↑  

	
  ↓  




	
Truck

	

	
  ↑  

	
  ↑  

	

	
  ↓  

	
  ↓  

	

	
  ↑  

	
  ↑  




	
Tractor

	

	

	
  ↑  

	

	

	
  ↓  

	

	

	
  ↑  




	
Contributing Factors

	

	

	

	

	

	

	

	

	




	
Speeding

	
  ↑  

	
  ↑  

	
  ↑  

	
  ↓  

	
  ↓  

	
  ↓  

	
  ↓  

	
  ↓  

	
  ↓  




	
Aggressive driving

	
  ↑  

	
  ↓  

	
  ↓  

	
  ↓  

	
  ↑  

	
  ↑  

	
  ↓  

	
  ↓  

	
  ↓  




	
No seatbelt

	
  ↑  

	
  ↑  

	
  ↑  

	
  ↓  

	
  ↓  

	
  ↓  

	
  ↓  

	
  ↓  

	
  ↓  




	
DUI

	
  ↑  

	
  ↓  

	
  ↓  

	
  ↓  

	
  ↑  

	
  ↑  

	
  ↓  

	
  ↓  

	
  ↓  




	
Fatigue

	
  ↑  

	
  ↑  

	
  ↑  

	
  ↑  

	
  ↑  

	
  ↑  

	
  ↓  

	
  ↓  

	
  ↓  




	
Distracted

	

	

	
  ↑  

	

	

	
  ↑  

	

	

	
  ↓  








The arrows represent up and down.
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