Proceedings of the 6™ International Conference on Civil Structural and Transportation Engineering (ICCSTE'21)

Niagara-Fals,-Canada Virtual Conference — May 17-19, 2021
Paper No. 166

DOI: 10.11159/iccste21.166

A Bayesian Structural Time Series Model for Assessing Road Traffic
Accidents during COVID-19 Period

Armana Hug?, Shahrin Islam?
IAssistant Professor, Bangladesh University of Engineering and Technology (BUET), Dhaka 1000, Bangladesh
ahuq002@fiu.edu; ashug@ari.buet.ac.bd
2_ecturer, Daffodil International University (DIU), Dhaka 1207, Bangladesh
Shahrin.ce@diu.edu.bd

Abstract - This is a systematic study to understand the effect of the implementation and removal of restrictive measures on road
accidents statistics, using newspaper-based database. The time frame of data is between 1st January 2020 to 31st December 2020. In this
period, 26th of March was the first day of official lockdown and 30th of May was the day of lockdown withdrawal in Bangladesh.
However, the first COVID-19 affected case was identified on 8th of March followed by the closure of educational institutions on 18th of
March of the same year. In the selected time frame, the total number of accidents was recorded 3,069 with total injuries and fatalities
being 593 and 3,570 respectively. The new confirmed cases, death and recovered cases of Coronavirus affected people were collected
from Humanitarian Data Exchange, 2020 to understand their correlations with accident statistics. This study considered two interventions:
starting of lockdown and reopening. Results suggest that the number of daily traffic accidents and related fatalities increased by about
the same amount after the reopening as they had decreased due to the lockdown. This study also conducted the two-sample t-tests to find
variations of mean in overall incident cases, casualties, and injuries on a daily basis before, during, and after the mandatory lockdown. It
is found that there is a significant reduction in total road traffic accidents in the lockdown period than pre-lockdown period, followed by
a slight increase in the post lockdown period. In case of fatalities, before and during the lockdown, a drastic reduction has been observed
from 13.94 to 5.80 with p-value < 2.2e-16, followed by an increase. Finally, statistics of mean injuries have also experienced a steep drop
during the lowdown period and rise after the lockdown. The effect size of the obtained means is also evaluated using Cohen's d test.

Keywords: Road Accident, Time Series Model, Lockdown, COVID-19, Bangladesh.

1. Introduction

As of April 2021, COVID-19 has affected more than hundred and twenty-eight million people in 219 countries around
the world, killing approximately two million eighty thousand people. Along with our health, it has impacted nearly every
facet of life. These impacts have primarily been brought by the imposed lockdown which has been recognized as one of the
most effective techniques for preventing coronavirus transmission by imposing restrictions on intercity and country wide
transportation [1]. Mobility has been no exception in this regard and a sharp decline is observed in the lockdown areas.
Though restricted mobility has found to be having a negative impact on the economy of a country [2], [3], it has a positive
impact on the number of road accidents involving injuries and deaths.

Apart from the primary causes of accidents such as lack of law enforcement, drugs and alcohol, inexperience, distractions
etc., a significant drop has been observed in accidents and related casualties in many parts of the world with the restriction
in mobility [4], [5], [6], [7]. Unfortunately, accident rates have risen in many countries around the world since the lockdown
was lifted [8], [9], [10]. Despite the fact that traffic accidents are caused by a variety of causes, the decrease in traffic accidents
is notable due to lower traffic volumes [11].

The first COVID-19-affected case was discovered in Bangladesh on March 8th, 2020 [12]. The Government of
Bangladesh has announced the closure of educational institutions on March 18th, followed by a countrywide lockdown from
March 27th to May 30th in the year of 2020 [13], [14]. However, the lockdown was not applied to trucks, covered vans, or
vehicles transporting drugs, fuel, or perishable goods [14]. During the year, a total of 3,069 accident cases were registered
across Bangladesh, with 593 injuries and 3,570 fatalities, respectively. The total number of accidents associated with injuries
was 104 and no injuries only 12. Unfortunately, the number of accidents causing both fatalities and injuries was 2,953
(96.13% of the total accidents), among which 1,105 accidents were reported to be fatal without any casualties [15]. According
to the police, at least 4,138 people died and 4,411 were injured in 4,147 incidents in 2019, compared to 2,635 deaths and
1,920 injuries in 2,609 accidents in 2018 [16]. The figures for 2018 and 2019 are significantly higher than those for 2020,
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suggesting that the statistics for 2020 might have been higher than the previous two years if the lockdown had not occurred.
Another study shows that after COVID-19 public transportation were badly affected. People without emergency did not go
out of house, which eventually had a positive impact on roadway accidents [42].

Based on this context, our primary goal was to determine the effect of the COVID-19 lockout and reopening on traffic
accidents focusing on Bangladesh. The reduction in the number of traffic incidents was investigated, as well as more detailed
data, such as: (a) variations in mean value of total daily accident cases, casualties, and injuries aiming the period of before,
during, and after the mandatory lockdown, (b) correlation of daily number of accidents, deaths, and injuries with the number
of new COVID-19 affected cases, death cases, and recoveries, and (c) Causal Impact analysis including the counterfactual
details. It is expected that this study would add to the increasing range of evidence about the effects of the COVID-19
pandemic on road safety.

2. Literature Review

During the COVID-19 outbreak, different governments have imposed different levels of restrictions in order to deter
and monitor the virus's spread. These restrictions have a major effect on people's lives, social relationships, and economic
circumstances. Fortunately, these regulations had a positive effect in a number of ways, including a reduction in air and water
emissions as a result of decreased transport volume and industrial operations, a decline in road traffic injuries and violence,
more time for people to relax with their family, enjoy sports, develop new skills, and a greater understanding of the strategies
to be practiced to stop disease transmission and maintain good health [17].

Travel behaviors, frequency and mode choice can be influenced by fear of infection and perceived danger. During the
pandemic, human transport associated with outdoor activities, in particular, has been severely impacted. The transition has
been noticed from work and school to essential shopping, and mode preference has changed from public transportation and
paratransit to private vehicles and active transportation [18], [19]. The number of daily and weekly trips also decreased
significantly throughout the pandemic specially during the lockdown and the condition remained unchanged over the
weekends as well [20]. Hence, the local traffic volumes dropped sharply, with the largest reductions occurring among
children and students [21].

According to a number of studies, there is a link between reduced mobility and fewer accidents. According to a report
conducted in the Italian province of Tarragona, total mobility decreased by 62.9 percent during COVID-19 lockout, while
traffic accidents decreased by 74.3 percent, and the occurrence of major traffic accidents showed a significant decreasing
pattern over the weekends [6]. Due to the strict law, improved residential mobility, and limitations on occupational and
leisure activities during the lockout, a decrease in crash-fatality ratio has been observed by studying fifteen countries [22].
A report in Louisiana under lockdown stated that, the stay-at-home order resulted in a 47 percent reduction in total traffic
incidents while accidents involving injury, distracted drivers, and ambulances, in particular, have decreased by 46 percent,
43 percent, and 41 percent, respectively [23]. Another study on Nepal confirmed the reduction in the number of road
accidents, fatalities and injuries during the containment period. However, motorcycles were found to be responsible for the
majority of the road deaths, accounting for 22.1 percent of all vehicles involved, accompanied by jeeps, tractors, trucks, and
ambulances. According to additional observations, due to speeding, about 52.2 percent of the overall vehicles involved in
the collisions were found to be out of the driver's control leaving the pedestrians at a vulnerable condition. [24]. The at-home
order was released in Turkey in the middle of March, resulting in a 15% decrease in on spot in only April. Accidents have
decreased by 35 percent in terms of death or disability, death by 72 percent, and deaths by 19 percent, according to further
research [25]. Apart from the accident statistics, the impact of a pandemic can also alter hotspots and the temporal distribution
of accident frequency throughout the day resulting from changes in mobility patterns [26].

Several methods of analysis have been used to study the pattern of injuries and deaths during the mandatory shutdown.
Based on the focus of this study, we would like to review a number of papers that analyzed accident statistics based on time
series techniques. Qureshi et al. (2020), used Interrupted Time Series (ITS) and revealed that societal lockout policies
impacted road traffic accidents that result in minor or no injuries, but not those that result in severe or fatal injuries [27].
Another ITS study by J.C. et al. (2021) found that the most significant change in the post-lockdown timeframe was in road
crash mortality, with a decrease of 12.22 deaths per million men and 3.55 deaths per million women for every month [28].
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From an ARIMA (Autoregressive Integrated Moving Average) time series analysis on speed-related fatalities undertaken by
Inada et al. (2021), the reported ratio of speed-related fatalities to non-speed-related fatalities in case of motor vehicle
accident was greater than the forecasted value in April 2020, suggesting that drivers who kept driving in the middle of the
lockdown were more likely to violate traffic safety rules [29]. We were unable to locate any additional research on this topic
to review. As a consequence, there is a void in the literature due to the absence of research on accident rates using time series
methods, which could have assisted in assessing the trend, seasonality, and pattern variance of road accidents during the
pandemic.

3. Methods

We performed an extensive analysis of the road accident data of Bangladesh collected from the Accident Research
Institute of Bangladesh [15]. Bangladesh is an overly populated country with 1.26 thousand people per square kilometer [3].
According to the statistics of 2019, there are approximately 504,130.000 registered motor vehicles as authorized in the whole
country [30]. The latest confirmed cases, death cases, and recovered cases of Coronavirus-affected people obtained from the
Humanitarian Data Exchange, 2020, were used to figure out how they relate to accident statistics [31].

The study period is taken as 1st January 2020 to 31st December 2020. In this time frame, lockdown was imposed on
26th March to 30th May of the same year. This study aims at understanding the effect of lockdown and withdrawal of
lockdown on the accident statistics separately. Hence, the selected time frame is divided into two main sections i.e., first
intervention and second intervention.

3.1. Bayesian Time Series Analysis

Bayesian time series models are well-known for their ability to handle uncertainty with small sample sizes, which helps
with future planning and decision-making. However, in some case, other conventional models i.e. ARIMA can outperform
BSTS [32].

The “Causallmpact” package is used in RStudio software to carry out the numerical analysis [33]. This package is
introduced by Google in 2015 that deals with the understanding of causal influence of a particular action within a time frame
and assumes that finding a single causal effect is more powerful than a number of correlations. The statistical properties of
the approach on synthetic data are demonstrated using a Markov chain Monte Carlo algorithm for model inversion. Causal
impact can be referred to as anything that interacts with the natural environment [34].

The accident statistics is broken into three main categories such as total accidents, total fatalities and total injuries on a
daily basis. While analysing the causal impact, the lockdown is considered as the first intervention with pre period between
1st January to 25th of March (the day before lockdown) and post period between 26th March (first day of lockdown) to 30th
May (last day of lockdown). After that, the impact of lockdown withdrawal is considered as the second intervention with pre
period between 26th of March (the first day of lockdown) to 30th May (last day of lockdown) and post period between 31th
May (first day of reopening) to 31st December.

3.2. Statistical Analysis

The correlation tests are conducted between six variables of this study i.e. daily total accidents, total fatalities, total
injuries, new cases, death cases and recovered cases of COVID-19 affected people. For this test, “GGally" package is used
in RStudio. The significance level is determined by Peason’s significance level. We also used two-sample t-tests to look for
differences in the mean of overall incident cases, casualties, and injuries on a daily basis before, during, and after the
mandatory lockdown. For this test, the time period is divided into pre lockdown, during lockdown and after lockdown period.
Cohen's d test is used to evaluate the effect size of the obtained mean [35]. The effect size can be classified as follows based
on the Cohen's d concept: small = 0.2 to less than 0.5, medium = 0.5 to less than 0.8, large = equal or greater than 0.8.

4. Results and Analysis

Total road traffic accidents decreased significantly during the lockdown period compared to the pre-lockdown period
(mean 12.01 versus 5.02, p-value 2.2e-16, effect size 1.80), followed by a marginal rise in the post-lockdown period (mean
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5.02 versus 7.99, p-value 1.256e-09, effect size 0.77). Again, in the case of fatalities, a significant drop from 13.94 to 5.80
with p-value 2.2e-16 and effect size 1.55 was observed before and during the lockout, followed by a rise (5.80 versus 9.31
with p-value = 1.002e-07, effect size 0.65) after lifting the lockdown.

Finally, mean injury figures showed a sharp decrease during the lowdown era (mean 22.86 versus 4.20, p-value = 5.631e-
1, effect size 1.22) and a increase after the lockdown (mean 4.2 versus 10.33, p-value = 6.506e-07, effect size 0.52). In the
correlation analysis, significant correlations are only evident among the accident statistics (significance level 0.001) and
among the COVID-9 case statistics (significance level 0.001) separately. All the correlations between accidents and virus
affected data did not surpass 10%. From this result, we choose not to use new cases, death cases and recovered cases of
COVID-19 as the covariates in the causal impact analysis of accident, fatalities and death statistics.

Daily Accidents Daily Fatalities Daily Injuries New Cases Death Cases Recovered Cases
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Fig. 1: Correlation Plot.
4.1. Lockdown Impact Analysis

The overall number of daily traffic accidents per day ranged from 0 to 25 during the first intervention period and 0 to
31 in the second intervention period. The fatalities ranged between 0 to 32 (first intervention) and 0 to 53 (second
intervention) per day. Again, daily injuries varied between 0 to 92 and O to 65 during first and second intervention
respectively. In Figure 1 and 2, the top graph named as “original” is showing the observed value in the zigzag pattern and
the expected values in the dotted pattern.

The expected values which are also known as the counterfactual values, actually represents the condition without the
impact. The second graph named as “pointwise” shows the difference between the observed and expected values which is
helpful to understand the impact effect. The last graph which is the “cumulative” graph represents the total impacted value
up to the last point of the dataset [36].
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Fig. 2: Causal Impact Analysis of a) Total Daily Accident, b) Total Daily Fatalities and c) Total Daily Injuries during the first
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intervention period (Effects of Imposing Lockdown).
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During the post-intervention period, which is the lockdown period in this case, the daily accident is approximately 5.02
whereas in the absence of an intervention, we would have expected an average response of 11.98 (with 95% confidence
interval 10.35 and 13.51). The causal effect of lockdown is -6.96 with a 95% interval of -8.50, -5.34. Adding all data points
during the lockdown period, the total daily accidents had an overall estimate of 331.00 whereas had the intervention not
taken place, we would have expected a sum of 790.49 which yields a decrease of -58% (95% interval is -71%, -45%).

In case of daily fatalities, the estimate of with and without lockdown is 5.80 and 13.98 respectively 95% interval of this
counterfactual prediction is 11.57 and 16.02. The causal effect is -8.18 with a 95% interval of -10.22, -5.77. During the
lockdown, the sum of fatalities is 383 and the expected sum is 922.64 without the lockdown effect which results in -58%
(95% interval of this percentage is -73%, -41%) reductions in total fatalities.

Finally, while evaluating the injury data, we found that the approximate amount is 4.2 under the lockdown effect which
is much lower than that of 22.84 (95% interval 15.86, 30.04) in the normal environment and the causal effect is -18.64. The
cumulative values are 227 and 1,507.42 with and without the lockdown effect which shows large differences than the accident
and fatality estimates. Injury estimates decreased by -82% in relative terms (95% interval of this percentage is -113%, -51%).

The negative effects found during the intervention phase in all the cases of total accidents, fatalities and injuries are
statistically significant considering Bayesian one-sided tail-area probability p = 0.001.

4.2. Reopening Impact Analysis

The daily accident is approximately 7.99 during the reopened period while we would have predicted an average response
of 5.04 in the absence of a closure (with 95 percent confidence interval 4.01 and 6.07). Reopening has a causal effect of 2.94,
with a 95 percent confidence interval of 1.92 and 3.98. After combining all data points after the lockdown-free span, the total
daily incidents were estimated to be 1,720, while we would have predicted a total of 1080 if the intervention had not occurred,
resulting in a +58 percent increase (95 percent interval +38 percent and +79 percent).

The figure 3 without and with lockout for regular casualties are 9.31 and 5.82, respectively, with a 95 percent interval
of 4.52 and 7.26. With a 95% confidence interval of 2.05 to 4.79, the causal effect is 3.49. Without the reopening effect, the
total number of fatalities is 2000, while the estimated total is 1,250 (the 95 percent interval for this forecast is 970 and 1,560)
due to the lockdown withdrawal. The overall increase is +60% with the 95% interval +35% and +82%.

Finally, we discovered that the approximate number under the lockdown free effect is 10.33, which is significantly
higher than the value 4.45 (95 percent interval 2.29 and 6.73) throughout the controlled environment. The causal effect is
5.88, with a 95 percent interval of 3.60 and 8.04. After and before the reopening, the cumulative values are 2,200 and 960
(95 percent interval of this prediction is 490 and 1450) respectively with a relative increase of +132 percent (95 percent
interval of this percentage is +81 percent and +181 percent).

Considering Bayesian one-sided tail-area likelihood p = 0.001, the positive results observed during the intervention
process in all cases of total incidents, deaths, and injuries are statistically significant. They're also unlikely to be due to
spontaneous fluctuations, according to the report. No residuals are found in these time series analyses.
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5. Discussion

We have observed that the total number of injuries and fatalities have declined alongside the total number of accidents
during the lockdown period than the pre lockdown period. The exemptions provided for transporting necessary goods can
be seen as the reason for the low number of accidents found during lockout. Although the figures increased after the mobility
restrictions were lifted, they did not reach the levels observed prior to the lockdown, as evidenced by the mean analysis.
Injury figures show the most variation, with the number of injuries after lockdown being less than half of what it was before
lockdown. Although the actual reason behind the lesser non-fatal injuries after the lockdown is unclear, it may be attributed
to the closing of educational institutions, which accounts for a significant portion of the total trip.

The coronavirus affected cases, death cases, and recovery cases have little effect on the regular statistics of total fatalities,
mortalities, and injuries during the pandemic period, despite the fact that average mean values have shown variations as a
result of the lockdown. There was no substantial link between incidents and virus-affected data in any of the correlations.

Peaks were observed shortly after the lockdown began, as people rushed back to their families in their hometowns [37].
This situation did not last long and the lockdown period has experienced a massive road incident declination which is evident
from the counterfactual analysis [6]. However, the numbers did not reach zero because drivers have a tendency to speed up
in the zones of lower traffic volumes and law enforcement and violate traffic legislation in order to save time and resources
[24], [29]. Another research concluded that during the lockdown period, traffic volumes do not have a total effect on
collisions and deaths, but that road configuration and driving habits do [38]. Apart from speeding up, drivers are also seen
to use mobile phones during the peak of pandemic [39]. Also, the significant increase in traffic speed during the COVID-19
period is more noticeable on urban highways than on rural highways [7]. Hence, implementation of new speed as per the
requirement should be useful to tackle this situation [39]. The daily traffic accident and fatalities statistics increased
approximately by the same amount as they had decreased due to the lockdown. As a result, these incident rates can be
anticipated to rebound to pre-pandemic peaks and patterns at some stage in the future. However, the injury statistics increased
by a much higher amount than it had decreased.

6. Conclusion

Containment strategies for the COVID-19 pandemic have had huge ramifications in the transportation sector. The
current research explores the influence of the COVID-19 pandemic on traffic accident figures. Both lockdown and lockdown-
free phases have been considered in order to get a clear view. The trend of changes in road accidents before and after COVID-
19 is analyzed, as well as the impact of COVID-related cases. From the study, it is certain that reduced mobility due to
lockdown has a positive impact on traffic accidents. However, this is not for a longer duration. Suspending the lockdown
can restore things to the previous situation within a period of time. In Bangladesh, as an accident-prone country, the number
of accidents can be reduced by implementing infrastructure that facilitates lower-density traffic conditions. Although less
congestion may encourage drivers to break traffic laws, so an optimal situation is required to establish. The information
gained from this study could be used by government officials to reschedule transportation operations with the intention of
minimising accidents.

This study is only focused on the overall number of accidents occurred in the pre, during and post lockdown period.
However, the lockdown is not strictly followed in many parts of the country especially in the small towns and villages which
rely on unauthorized local vehicles [40]. Also, people tend to use a more non-motorized mode of transport especially in the
less densely populated regions [41]. Hence, the contribution of unauthorized vehicles and non-motorized vehicles can be
evaluated in the future studies. Also, the estimates of vehicle associations exempted from countrywide restrictions can also
be considered. Due to COVID-19, we are experiencing a world that is never seen before. As a result, the findings of the study
based on the pandemic situation may differ from those of previous research and generalization with the other contemporary
studies is desired.
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