Is speeding more likely during weekend night hours?

Evidence from sensor-collected data in Montreal
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ABSTRACT

A number of traffic safety studies have investigated temporal variations in road safety indicators
such as crash frequency, confirming that such variations exist. This paper examined whether
speeding is more likely on weekend nights relative to all other times of the day by directly
comparing speeding during weekends and weekdays. To this end, we analysed a sample of local
streets, in Montreal, for which speed data were collected automatically using traffic analyser
sensors. We found that, interestingly, weekend speeding was less likely to occur during night
hours, whereas it was more likely to occur during evening and midday hours. Among other
findings, the results indicated that one-way streets and those having a speed limit of 50 km/h were
slightly less prevalent in speeding on weekends. Our results can be useful in designing road safety
interventions, including publicity campaigns and police enforcement, which aim at reducing

speeding behaviours.
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1. Introduction

Active travel modes safety is a major concern in many urban settings. For example, more than
15% of Canadian road fatalities were pedestrians for the period 2013 to 2017, and most of
pedestrian road fatalities occurred on urban roads (Transport Canada 2017). In this regard, vehicle
operating speed and its traffic safety implications are of critical importance, especially in urban
areas, due to the high prevalence of walking and cycling. Therefore, local authorities are often

concerned about drivers’ compliance with posted speed limits since car impact speed has a



significant effect on injury severity levels sustained by pedestrians and cyclists (Hussain et al.
2019).

Some studies have examined the effect of reduced speed limits on speeding and safety (De
Pauw et al. 2013; Heydari and Miranda-Moreno 2013; Islam et al. 2014; Heydari et al. 2014; Sun
et al. 2018). These studies found that speed limit reduction is in general an effective safety
intervention resulting in reduced operating speed, crash frequency, and severity. De Pauw et al.
(2014), for instance, found that a 20 km/h reduction in speed limits, from 90 km/h to 70 km/h,
resulted in a 5% decrease in crash rates and a 33% reduction in severe injuries and fatalities. In a
similar study, Heydari et al. (2014) found that reducing speed limit from 50 km/h to 40 km/h was
effective in reducing vehicle operating speed; however, this intervention did not reduce excessive
speeding behaviours (speed > 80km/h).

Given the importance of operating speed, a number of studies have focused on modelling
vehicle operating speed (Dinh and Kubota 2013; Eluru et al. 2013). For example, Eluru et al.
(2013) modelled operating speed as a function of roadway characteristics and temporal variables.
A number of studies examined the effect of car impact speed on pedestrian fatality-injury risk
(Anderson et al. 1997; Davis 2001; Rosén and Sander 2009; Kong and Yang 2010; Tay et al. 2011;
Hoskuldur 2015; Hussain et al. 2019). Based on a comprehensive study, for example, Rosén and
Sander (2009) provided a risk function to explain the relationship between car impact speed and
adult pedestrian fatalities. The authors found that the fatality risk at a car impact speed of 50 km/h
was two times higher than the fatality risk at 40 km/h. This risk was more than three times higher
with respect to an impact speed of 30 km/h. Therefore, speed can be used as an indicator of traffic

safety, especially in urban areas. A detailed literature review of research efforts investigating



fatality-injury risk among pedestrians as a function of car impact speed can be found in Rosén et
al. (2011) and Hussain et al. (2019).

Temporal variations have been shown to influence crash frequencies and severities. Traffic
conditions and travel patterns are different between weekends and weekdays (Rakha and Van
Aerde 1995), and driving during weekends is usually considered to be associated with a higher
risk compared to weekdays (Farmer and Williams 2005; Blackman and Haworth 2013). For
instance, Pai and Saleh (2008) and Gray et al. (2008) found that crashes occurring during weekends
were more severe than those occurring during weekdays. Anowar et al. (2013) compared crashes
between statutory holidays and regular weekends and found that injury fatal crashes were more
prevalent during statutory holidays compared to weekends. Regardless of whether weekends
impose a higher or lower risk to road users, almost all studies confirm differences caused by
temporal variations (Christoforou et al. 2010; Rifaat et al. 2011).

The majority of previous studies have explored the effect of temporal factors on crash
frequencies or injury severities. However, very limited number of studies have investigated how
weekends and weekdays differ in terms of speeding incidences, and when related issues are
discussed, the focus often is not on comparing speeding during weekends and weekdays. In this
regard, for example, Giles (2004), using a data set from Western Australia for the years 1999 to
2000, found that operating speed was slightly lower on weekends relative to weekdays. Familar et
al. (2011) found that speeding is more likely on weekend nights than weekday nights. These studies
use weekends and weekdays as explanatory variables in their statistical analysis. However, a direct
comparison would provide more detailed insights. To this end, the objective of our paper is to

directly compare speeding between weekends and weekdays, examining how the effects of various



road characteristics and time variables vary between weekends and weekdays. Specifically, with
respect to compliance with posted speed limits, we investigate whether weekend nights are riskier
than all other times of the day, including weekday nights.
2. Data

A sample of 54 randomly-selected local urban streets in Montreal was used in this paper. The data
set was collected automatically, using traffic analyser sensors installed on the road pavement,
during an important data collection campaign following the Montreal transportation plan in 2008.
This plan was partly designed to study operating speed and its determinants on local streets in
Montreal. Sites were selected randomly and included local streets with posted speed limits of 50
km/h and 40 km/h. In the site selection process, different criteria were considered to ensure drivers
would reach their maximum speed without being influenced by major external factors. For
example, sites with bicycle or bus lane, those in the proximity of schools and parks having a posted
speed limit of 30 km/h, and sites with calming measures were not considered. In addition, the
length of the selected sites was decided to be at least 200 meters to allow drivers to reach a
relatively high speed. Experts have also visited the selected sites in order to ensure the validity of
the sample.

The operating speed of vehicles was measured through a fully automated system during a
five-day period (Thursday, Friday, Saturday, Sunday, and Monday) in October 2009. Note that the
measurements correspond to traffic flow speed, not free flow speed. Speed measurements were
directly provided by data collection sensors in the form of speed categories (e.g., 0-30 km/h, 30-
40 km/h, etc.); therefore, the hourly number of vehicles related to each speed category was made

available. Since we were interested in identifying the delineation of explanatory factors between



weekends and weekdays in terms of speeding behaviours, we obtained the overall hourly number
of speeding incidences during both weekend and weekday periods. Speed data were collected at
each site during a five-day period (24*5=120 hours). For example, in the first hour (12 am to 1
am) after aggregating data from multiple days, there were 68 speeding incidences out of which 28
occurred during weekend. Besides speeding incidences, several temporal variables and roadway
characteristics were considered as described below. Descriptive statistics are reported in Table 1.

After removing missing measurements, our final data included 1,164 observations (hours),
recording 82,901 vehicles exceeding posted speed limits in total, among which 32,641 (i.e.,
39.37%) speeding incidences occurred during the weekend. With respect to total traffic volume
passing through data collection sensors, 37% and 38.5% of vehicles exceeded posted speed limits
during weekends and weekdays, respectively. The data were collected on local streets with posted
speed limits of 40 km/h and 50 km/h. Thus, a categorical variable for speed limit was introduced
in the model to account for likely variations in speeding behaviours with respect to the
aforementioned speed limits. Accounting for different speed limits is justifiable as drivers’
compliance and attitude toward different speed limits may vary. In our sample, 28 sites had a speed
limit of 50 km/h and the remaining sites had a speed limit of 40km/h.

The presence of horizontal curves, whether the street was one-way, and time variables
(evening, night, and midday) were also used in the form of categorical variables. Finally, the
number of sidewalks (a roadway can have a sidewalk on one side, two sides or neither of the sides),
as an indicator of pedestrian activity, was taken into account. In our sample, 12% of the sites had
a sidewalk on one side only, 66% had sidewalks on both sides, and the remaining 22% had no

sidewalk. Since the data were collected automatically using traffic sensors, information on drivers’



demographics (age, sex, experience, etc.) or conditions (e.g., drink-driving) was not available.
Note that this study does not investigate possible causes of speeding, but only the variation of
factors between weekend speeding and weekdays speeding.
3. Statistical analysis

Given the structure of the data explained above, a binomial regression model was used to achieve
the objective of the paper. The focus was to compare speeding incidences during weekend and
weekdays, using a series of contributing factors such as time variables and roadway characteristics.
In other words, the idea was to investigate factors that delineate between weekend speeding and
weekday speeding incidences. Therefore, we were mainly interested in interpreting regression
coefficients. The logit link function, which is convenient in terms of interpretation, was selected.
Note that the logit model is used in the crash literature to investigate temporal variations (see, e.g.
Anowar et al. 2013).

Note that the data set used in this paper is in the form of panel data in which each site
comprises multiple measurements collected during different hours of observations. For panel data,
usually a random effects model is used. However, we discuss our findings based on a fixed effects
model because of the following reasons. First, the variance of the random effects was found to be
very small (i.e., 0.014[0.007, 0.026]), thus being negligible. Second, the main focus of this study
is on the interpretation of the odds ratios and their general increasing or decreasing effect on the
outcome of interest, speeding during weekends versus weekdays. Also, note that in a fixed effects
logistic regression, the interpretation of odds ratios is straightforward, whereas odds ratios in

random effects logistic models are given the random effects.



Suppose j denotes hourly observations and r; denotes the number of vehicles exceeding
posted speed limits (i.e., speeding incidences) in each hour during weekend among the total
number of speeding incidences vj that occur in each hour during both weekend and weekday
periods. Given the probability p; of speeding incidences occurring during a weekend, the binomial
regression model can be defined as in (1). The aim is to model p; as a function of explanatory

variables Xj, with a corresponding vector of regression coefficients a = (oo, 01,..., 0m).

rj|pj ~ Binomial (pj,vj) M
logit(p]-) = log(pj/(l —p]-)) = Ay + a1 Xjp + -+ ApXjm

4. Results and Discussion

The results (regression coefficient estimates and their associated odds ratios) are reported in Table
2. We used Stata 13 software (StataCorp, 2013) for analysing the data. The results indicate that in
general roadway characteristics do not have a strong impact on weekend speeding. In other words,
the effects of roadway characteristics delineate slightly between speeding incidences that occur
during weekend and those occurring during weekdays. On the other hand, there is a relatively large
variation in terms of time variables. The major difference can be seen between night time hours
(12:00 am — 6:00 am) and all other times of the day. Travel patterns are often different during
weekends and weekdays. In fact, most weekend trips are of discretionary nature, involving a higher
rate of drunk-driving (Anowar et al. 2013). Therefore, temporal variations in speeding are
expected.

It can be implied from the estimated odds ratios that, as the number of sidewalks increases,

the likelihood of speeding during weekend increases marginally. Specifically, for one unit increase



in the number of sidewalks, the odds of speeding during weekends increases by a factor of 1.07;
i.e. 7%. As lane width increases, the likelihood of speeding during weekends decreases. Note that
this does not imply causality; instead, some sort of hidden association could play a role here. In
effect, this finding might be an indication of the fact that perhaps travel patterns and/or other
factors, which are similar among sites with wider lanes, reduce the likelihood of speeding during
weekends. To draw conclusive conclusions an in-depth study would be necessary. We also found
that speeding incidences were less likely to occur on one-way streets, on streets where the speed
limit was 50 km/h, and on streets with at least one horizontal curve. For example, the odds of
speeding on weekends is on average 6% (100*(0.94-1)) lower among sites with a speed limit of
50 km/h compared to sites with a speed limit of 40 km/h.

With respect to time variables, speeding behaviours on weekends were less likely to occur
during night hours compared to evening or midday hours. Specifically, weekend speeding was on
average 22.5% ((0.775-1)*100) lower during night hours compared to rush hours, the reference
category. We can also infer from the results that the likelihood of speeding is lower during
weekend nights relative to weekday nights, and it is the lowest during weekend night times
compared to all other time periods in weekend and weekdays. This contradicts the general belief
that night hours during weekends are more risky in terms of speeding, for example, due to the fact
that driving under the influence of drugs/alcohol and reckless driving behaviours are expected to
be more prevalent. Further in-depth investigation is needed to understand the reason(s) behind this
finding. One possible explanation is that, for instance, drivers who drink may travel at lower speeds
during weekend night hours to avoid being caught by the police since police enforcement is often

more frequent during weekend nights.
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One limitation of our data was that drivers’ information (e.g., drunk-driving, age, etc.) was
not available since data were collected automatically using traffic analyser sensors. Had such data
been available, we would have been able to undertake a more comprehensive analysis providing
detailed insights on explanatory factors associated with speeding during weekends.

5. Conclusions

Pedestrians and cyclists are extremely vulnerable to car impact speed. Therefore, in urban areas
such as Montreal, where walking and cycling are frequent, speeding is of a major concern. To this
end, municipalities aim to make urban streets as risk-free as possible. Time variables (e.g., days of
the week, hours of the day, etc.) often affect road safety indicators such as crash frequency and
speeding, and weekends or holiday periods are usually considered to be more dangerous than
weekdays. In accordance with previous research, our study confirms that temporal variations (e.g.,
weekend versus weekday) affect traffic safety. While most previous studies have investigated the
effect of temporal variations on crash frequencies and/or injury severity propensities, we examined
how such variations influence speeding behaviours by directly comparing factors that delineate
between speeding incidences during weekends and weekdays. Specifically, relying on data
collected automatically using traffic analyser sensors, this paper examined whether weekend night
hours pose a higher risk to road users compared to all other times of the day in terms of speeding
behaviours.

We found that speeding on weekends was more likely to occur during evening and midday
hours whereas it was less likely to occur during night hours. Interestingly, the results also imply
that the odds of speeding are lower during weekend nights compared to weekday nights. The

likelihood of speeding was slightly lower on one-way streets and those having a speed limit of 50
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km/h. Note that the assumption here is that the one-week period observed is representative of the
other weeks. Hence, a more conclusive conclusion can be reached by conducting a sensitivity
analysis considering other data collection periods across the year.

In terms of practical implications, knowing where and when speeding risk is higher could
be useful in designing safety improvement programs, including engineering interventions,
planning enforcement, and designing publicity campaigns with the aim of raising road users’
awareness about speeding. In fact, our results can help decision makers in reviewing current traffic
safety interventions, including traffic enforcement strategies. Considering the case study analysed
in this paper, for example, we found that speeding during night hours were over-represented on
weekdays; therefore, to be more effective, police enforcement programs should consider the fact
that night hours speeding during weekdays are more likely than night hours speeding during
weekends. The results also showed that evening and midday speeding were over-represented on
weekends. Thus, traffic enforcement strategies should be programmed to reflect such temporal
variations on weekends.

Relative to geometry of the sites, speeding on one-way streets was found to be less likely
during weekends. Therefore, decision makers might not want to select one-way streets (over two-
way streets) for traffic enforcement activities on weekends, provided that both types of streets have
similar traffic volumes. Similarly, urban streets with a posted speed limit of 50 km/h should not
be of a major concern during weekends since these streets were found to be less prevalent with
respect to speeding on weekends compared to weekdays. Another useful practical implication
relates, for example, to publicity campaigns. In fact, our results can help decision makers to plan

publicity campaigns to provide an effective strategy towards promoting behavioural change with
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respect to speeding. This can raise road users’ awareness regarding where and when the likelihood

of speeding is higher than usual.
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TABLE 1 Descriptive Statistics of Data

Variable Frequency  Percent
Night hours (12 AM to 6 AM) 258 22.16 - -
Midday hours (10 AM to 3 PM) 321 27.58 - -
Evening hours (7 PM to 12 AM) 266 22.85 - -
Rush hours (6 AM to 10 AM, 3 PM to 7 PM) 319 27.40 - -
Speed limit: 1 if 50 km/h, 0 otherwise 612 52.58 - -
One-way (1 if one way street, 0 otherwise) 399 34.28 - -
Horizontal curve (1 if horizontal curve is present, 0 otherwise) 137 11.77 - -
Mean Std. Dev.  Min Max
Lane width (meters) 5.09 1.26 3 9.25
Sidewalk (number of sidewalks) 1.43 0.83 0 2
N (total hourly traffic volume exceeding speed limit) 71.22 118.26 1 892
Y (hourly traffic volume exceeding speed limit on weekend) 28.04 43.46 0 240

Note: The reference group for Midday, Evening, and Night hours is rush hours.

TABLE 2 Analysis Results

Model coefficient estimates Odds ratio estimates
Variable Mean Std. Err. 95% ClI Mean  Z-statistic  p-value
Night hours -0.255 0.025 -0.305 -0.206 | 0.775 -10.150 0.000
Evening hours 0.080 0.021 0.038 0.121 1.083 3.790 0.000
Midday hours! 0.031 0.018 0.001 0.060 1.031 1.730 0.084
One-way -0.052 0.019 -0.090 -0.014 | 0.949 -2.690 0.007
Horizontal curve -0.076 0.019 -0.114 -0.037 | 0.927 -3.880 0.000
Sidewalks 0.068 0.017 0.035 0.101 1.070 4.050 0.000
Speed limit -0.062 0.016 -0.094  -0.030 | 0.940 -3.820 0.000
Lane width -0.013 0.006 -0.024 -0.002 | 0.987 -2.230 0.026
Constant -0.385 0.035 -0.454 -0.317 - -11.010 0.000

! Significant at a 90% level of confidence

15



