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Abstract

This paper investigates the effects of several driving factors on the severity of
accidents in the Province of Saskatchewan, Canada. The data provided by the
Saskatchewan Government Insurance (SGI) contains detailed accident information
related to driving behaviours, risky factors, vehicle and environmental features and
allows me to analyse their impact on the injury severity of accidents. | find that different
driving behaviours when comparing the performance of young and old drivers and the
whole population. | find the young and old drivers are more dangerous compared to
middle-age drivers, but the youngest female drivers are more vulnerable to suffering
severe accidents, while the oldest female drivers are not. In addition, marginal effect
analysis illustrates that the possibilities of experiencing more severe accidents increases
with drivers’ age, and decreases with the number of occupants in a vehicle for both

young and old drivers. These results also suggest some potential policy uses.
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1. Introduction

Motor vehicle fatalities and injuries have long been a global public health concern.
Although Canada has experienced a sustained downward trend for vehicle-related
deaths and injuries rates since 1979, motor vehicle crashes remain the leading cause of
fatal and non-fatal injury among children, teens and young adults, and the fifth cause of
fatal injuries among seniors in recent years (Public Health Agency of Canada 2012;
Statistics Canada 2012).

In addition, young and old drivers are continually overrepresented as victims on the
road. Only 12 percent of all licensed drivers are young drivers between the ages of 16 to
24, but they contributed to 22 percent of road fatalities and 24 percent of injuries in
2012. Correspondingly, 14 percent are old licensed drivers who account for 19 percent of
road deaths and 12 percent of road injuries. In the meantime, middle-aged drivers
experienced relatively low rates.(Transport Canada 2013). Old drivers have relatively
lower risk of injuries typically because they are more experienced than young and
middle-aged drivers. However, their driving abilities tend to be compromised by an
age-related reduction in “cognitive and physical fitness”, such as vision reduction and
increased reaction time (Transport Canada 2011).

Other types of road users were also affected by vehicle accidents which cause
enormous economic burdens. According to the Traffic Injury Research Foundation (TIRF),
the aggregate economic costs associated with vehicle accidents were estimated to be

$25 billion in 2009, when taking account of direct and indirect costs as well as the costs
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of pain and suffering.

There is a rich literature on the impact of a host of different risk driving factors on
the accident rates, and to a lesser extent on the severity of accidents. Driver
characteristics, such as age and gender, are typically the most basic determinants (e.g.
Glendon et al. 1996; Rhodes and Pivik 2011). Other risk factors, such as drinking and
driving, speeding and night driving have also been recognized (e.g. Jewell and Brown
1995; McCarthy 2003; Weiss, Kaplan and Prato 2014). Researchers also have studied a
bunch of related policies, such as the impacts of legal alcohol accessibility (Kreft and
Epling 2007; Carpenter and Dobkin 2009; Lindo, Siminski and Yerokhin 2014), safety
equipment restraint (Carpenter and Stehr 2008; Dissanayake and Ratnayake 2008),
graduated driver’s license policies (Williams and Mayhew 2004; Carpenter 2006;
Morrisey and Grabowski 2011; Ehsani, Bingham and Shope 2013), liability insurance
rules (Devlin 1992; Devlin 1999; Cummins, Phillips and Weiss 2001; Cohen and Dehejia
2004), speed limit adjustments (Kweon and Kockelman 2010), to name but a few. The
safety equipment restraint policy is always associated with endogenous seat belt use
and driving behaviour compensations (Peltzman 1975; Cohen and Einav 2003; Abay,
Paleti and Bhat 2013). It is clear that drivers could behave differently in response to
different policy incentives.

Most research on driving behaviour focuses on the driving population as a whole
(McCornac 1993; Ehsani, Bingham and Shope 2013). Often, these papers are looking at
aggregate driving outcomes: property damage only accidents, non-fatal accidents and

total fatal accidents (Garcia-ferrer, De Juan and Poncela 2007; Kreft and Epling 2007;
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Anderson 2008), or fatalities per mile or per population (Jewell and Brown 1995; Lindo,
Siminski and Yerokhin 2014). Some research uses micro-data and looks at similar
influences (e.g. Levitt and Porter 2001; Dissanayake and Ratnayake 2008), but a few are
able to exploit cross-sectional data in order to look more closely at an individual driving
behaviour(Kweon and Kockelman 2010), injury levels (Dissanayake and Ratnayake 2006)
and its dynamics over the years (Perera and Dissanayake 2010; Abay, Paleti and Bhat
2013; Weiss, Kaplan and Prato 2014). This paper is able contribute to this small group of
papers because of the nature of the dataset that is employed.

The purpose of this paper is to conduct an empirical analysis of the severity of traffic
accidents, focusing on young drivers (aged 16 - 24) and older ones (aged 65 and over).
This paper makes three contributions. First, it adds to the very few papers that focus on
the driving behaviour of these two key groups: the young and old drivers. These groups
are chosen as they are generally considered to be the “riskier” drivers on the road. It
used to be that it was the young drivers who were the most likely to get into an accident.
However, with the changing demographics and the increasing proportion of the older
drivers on the road, we are seeing a change in the riskiness of that older population as
well. Second, this paper exploits a unique data set from the province of Saskatchewan,
Canada, on motor vehicle accidents; it is the first to use this dataset to explore the
behaviour of young and old drivers. Moreover, the data set allows me to include a
number of factors that are usually not available, like the time of the day (night versus
day, rush hour versus otherwise), months of the accident, and road conditions. Finally,

the paper is one of very few that examines the impact of having passengers in the car on
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the severity of the injuries sustained.

The paper is structured as follows. Section 2 discusses the literature regarding the
major factors contributing to vehicle accidents. Section 3 describes and summarizes the
dataset and provides simple statistical descriptions. Section 4 derives the econometric
model. Section 5 discusses the empirical results from the analysis. Finally, section 6

provides some conclusions with regard to possible economic and policy uses.

2. Literature Review

Young and old drivers are overrepresented in road accidents. Quite a few studies
have evaluated the determinants of vehicle accidents among young drivers (e.g.
Carpenter 2006; Morrisey and Grabowski 2011; Weiss, Kaplan and Prato 2014) and old
drivers (e.g. Loughran, Seabury and Zakaras 2007; Perera and Dissanayake 2010)
separately. Many factors that can impact the relationship between vehicle collision and
the severity of injury have been identified, and generally, can be grouped into four
categories: personal characteristics, age and gender; risk driving factors, drinking and
driving, the number of occupants, the use of seatbelts, driving distractions; traffic safety
policies, minimum legal drinking age, speed limits, driver license classification, insurance

liability; and driving environments, road conditions, weather, driving time.

2.1.Personal characteristics

Young drivers are typically thought to be more dangerous and vulnerable among all

age groups due to a lack of driving experience (Glendon et al. 1996; Rhodes and Pivik



2011). However, elderly drivers are also being recognized as having age-related cognitive
and physical reaction problems in completing specific driving tasks, which is the main
reason that old drivers are the most dangerous at, for instance, intersections (Transport
Canada 2013). When comparing experienced young and old drivers, Brouwer et al. (1991)
suggest that old drivers have a relative lack of “ability to divide attention” on optical and
vocal signals than experienced young drivers, by using data gathered from their dynamic
simulated driving experiments. They also argue that older drivers are more dangerous
due to their slower physical responses on completing driving tasks. Wood and Mallon
(2001) find the evidence that the presence of older drivers with vision problems is highly
correlated with traffic accidents.

Male drivers are typically found to engage in more risky driving behaviours and
more aggressive driving than female ones by age group (Rhodes and Pivik 2011). One
reason why this is the case is underscored by Glendon et al. (1996) who find that males
drive longer and more frequently. They also find that young male and female drivers
have similar safety driving behaviour and judgment performance, while old male drivers
have slightly better driving behaviour performance, but much worse judgment
performance on responding to risk signals compared to young male drivers (Kweon and

Kockelman 2010; Weiss, Kaplan and Prato 2014).

2.2.Risk Factors

One of the most dangerous risk factors is drinking and driving. According to

Saskatchewan Government Insurance (2014), 39 percent of fatal collisions and 8 percent



of injury collisions involve alcohol. There is no doubt that the probability of vehicle
accidents increases significantly when driving under the influence. Drunk drivers tend to
be overconfident and overestimate their driving abilities and their ability to handle
liguor (Simons-Morton, Lerner and Singer 2005). Levitt and Porter (2001) demonstrate
that drivers who have been drinking are at least seven times more likely to cause fatal
crashes than sober drivers in the US, when looking at accident occurences.

Only few scholars have been able to directly study the impact of the number of
occupants in the vehicle on accidents and their severity. Doherty, Andrey and
MacGregor (1998) suggest that younger drivers accompanied by young passengers are
much more likely to be involved in an accident than any other types of road users,
especially when they drive at nighttime. Notably, it is only drivers aged 16 to 19 that are
more prone to accidents when passengers are in the car. Simons-Morton, Lerner and
Singer (2005) investigate the impact of the presence of passengers in a young drivers’
vehicle and related accidents and find that teenage drivers drove faster than the general
traffic, especially in the presence of a male teenage passenger, and concluded that the
presence of male teenage passengers was associated with risky driving behaviour among
teenage drivers. Williams, Ferguson and McCartt (2007) conclude that the presence of
passenger, especially male passengers, raise the accident risk for teenage drivers due to
passenger-related distraction and driving inexperience, while female passengers do not
have the same effect. They also suggest that policy restrictions on driving, such as
graduate driver licensing policies and parental monitoring, have been effective in

reducing accident problems. Weiss, Kaplan and Prato (2014) find that severe injuries of
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young drivers are highly associated with the presence of passengers in both
single-vehicle and two-vehicle crashes, by analyzing the effects of young drivers’
characteristics in New Zealand between 2002 and 2011.

The use of seat belts can significantly reduce the severity of injuries arising from
accidents. Dissanayake and Ratnayake (2010) show this by using highway crash data in
Kansas; Kweon and Kockelman (2010) do by using 2000 national data of Motor Vehicle
Occupant Safety Survey (MVOSS) in the US. However, it has been shown that seat belt
use is also associated with changes in driving behaviour known as the “Peltzman effect”
(Peltzman 1975). This change means that “people offset the restraint benefits of seat
belts use by driving more aggressively” (Abay, Paleti and Bhat 2013, 76) and road danger
increases(offsetting behavior hypothesis) (Cohen and Einav 2003; Abay, Paleti and Bhat
2013), or dangerous drivers become safer after belt-restrained and road accidents
decrease (selective recruitment hypothesis) (Abay, Paleti and Bhat 2013).

There are many papers that show that vehicle characteristics can affect vehicle
accidents, such as: vehicle model, vehicle mass and vehicle types (White 2004; Loeb and
Clarke 2007; Anderson 2008). The increase in vehicle mass can improve traffic safety for
own drivers, but the net benefit could be alleviated when considering the extra injuries
to other road users (Anderson 2008). Similar conclusions are also found with car types
(White 2004), that bigger vehicles (e.g. SUV and pickup trucks) are safer to own drivers
but dangerous to others. Moreover, drivers of larger cars may change driving behaviours
and become more aggressive drivers (Li 2009).

Several other risk factors are reported by SGI (2014), such as driving inattentions,
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driving distractions and failure to yield right-of-way. These factors tend to have intuitive

implications of the severity of accidents, and will be discussed in the next part.

2.3.Traffic Safety Policies

The graduated driver licensing (GDL) policy became popular in Canada since it was
first introduced in Ontario in 1994 and in all Canadian provinces by the end of 2015. The
GDL program has undoubtable fundamental impacts on reducing young drivers’ deaths,
by allowing novice drivers to gain experience under supervisors and by imposing
restrictions to avoid risky environment, such as: drinking and driving, night driving and
driving with other young passengers (SGI 2014). However, few studies exist in Canada on
this policy. Carpenter (2006) concludes that the GDL program in Ontario has no
significant impact on alcohol-related traffic accidents, by using the dataset of Ontario
Student Drug Use Surveys 1983-2001. To strengthen the understanding of how the
program works, Chang, Wu and Ying (2012) study the quality of both the number of
months and hours spent on training using data derived from the Fatalities Analysis
Reporting System (FARS) from the years of 1990-2009. They conclude that besides the
supervision of experienced drivers, an at-least six-month period is necessary to reduce
the fatality rate in the US.

Alcohol control policies have long been a highly debated issue. One of the most
studied policies is the minimum legal drinking age (MLDA) of 21 in all US states after
1984. Both Carpenter and Dobkin (2009) and Lindo, Siminski and Yerokhin (2014) apply

an age-based regression discontinuity design to estimate the drinking behaviour changes



before and after 21. To be specific, Carpenter and Dobkin (2009) discover an unusually
significant increase in motor vehicle fatalities at age 21 due to the increased alcohol
consumption of newly turned 21 years old young adults in the US, and they suggest that
the age restriction on alcohol is effective in reducing drinking and driving fatalities. In
addition, Lindo, Siminski and Yerokhin (2014) reach similar conclusions using a sample
from New South Wales, Australia. They suggest that strong alcohol-related legislation
and regulations could improve drinking and driving behaviours. Kreft and Epling (2007)
suggested that the increased MLDA in Michigan could decrease teenager accident
fatalities in the long term, but evidence also suggested that this was partly due to border
crossings, since Ontario has lower MLDA.

Governments are also concerned about the usage of other intoxicating substances
and possible substitution effects, the most recognized example being marijuana
(Anderson, Hansen and Rees 2013). As early as 1994, Chaloupka and Laixuthai analyzed
data from 1982 - 1989 of high-school seniors and their alcohol consumption and
consumption of other kinds of drugs. They suggest that there may be reductions in
accidents arising from substitution away from other intoxicating substances to marijuana,
as the full price of the latter one is “lower more than offsets the increase in accidents
related to marijuana use” (Chaloupka and Laixuthai 1994, 1).

Furthermore, the legal liability regime governing vehicle accidents may also affect
drivers’ behaviour. For example, no-fault liability insurance tends to increase accident
injury rates and fatalities (Devlin 1997) due to increasing “moral hazard costs” (Cohen

and Dehejia 2004). Devlin (1992) also studied the impacts of insurance rules switching
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from a liability regime to a no-fault one on vehicle accidents by using data on Quebec.
The possibility that liability choice rules may affect behaviour was also studied using
1990-2011 data from Saskatchewan Government Insurance.

Driving speeds are highly correlated with the severity of vehicle accidents. Clearly,
the actual driving speed choice can be influenced by a lot of factors (Kweon and
Kockelman 2010). Chipman et al. (1992) study the impacts of traveling time and distance
on the injury severity of accidents by using the sample of Ontario licensed-drivers. They
illustrate that old drivers generally drive slowly, which led to less severe vehicle
accidents. Haglund and Aberg (2000) find that one of the most influenced speed-related
factors is the driver’s relative speed to others by using the Swedish data with a 90 km/h
highway speed limit. They also conclude that drivers tend to slightly overestimate other
drivers’ speed and largely overestimate the proportion of high-speed drivers. To this end,
the increase of 4-lane highway speed limits in Saskatchewan since 2003 has general
considerable impacts of the overall incidence of vehicle accidents and the injury severity
level.

The mandatory use of seatbelts has also been the subject of much discussion (Dee
1998; Cohen and Einav 2003; Carpenter and Stehr 2008; Traynor 2009). The effects of
safety equipment policies on accidents have revealed surprising results. In particular,
Cohen and Einav (2003) examined a panel dataset from the US from 1983 to 1997, with
findings that are consistent with the offsetting behaviour hypothesis, that the
mandatory seat belt laws mildly decrease accident fatalities. However, Carpenter and

Stehr (2008) combine several datasets from the years 1991 to 2005, studying state
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seatbelt law amendments and find that a 50 percent increase in seatbelt use among
high school age youths caused by the state mandatory seatbelt laws, and a resulting
reduction of more than eight percent of traffic fatalities and serious injuries. It has also
been found that the impact of seat belt use differs across age groups (Williams and

Shabanova 2002).

2.4.Driving environments

Doherty, Andrey and MacGregor (1998) investigate the effect of temporal factors on
accidents, namely the time of day and the day of the week, by combining two datasets
derived from the Ontario Ministry of Transportation. They demonstrate that more
accidents happen on weekends among all age groups, while drivers with passengers
have slightly higher risks.

Factors, like the month of year, help to pick up seasonal effects. Ramage-Morin
(2008) has described the statistical fact that warmer months (summer, and if possible,
relatively warmer winter months) experience more motor vehicle accidents and
increasing injury levels, compared to colder months, based on data on vehicle accidents
in Canada spanning 1979-2004.

Other aggregate factors have been shown to affect accidents, such as economic
growth (Kopits and Cropper 2005) and income levels and inequality (Anbarci, Escaleras
and Register 2009). These factors will not be emphasized here because of data

limitations.
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3. Data

The primary data source on motor vehicle accidents used in this paper is the Traffic
Accident Information System (TAIS) database of the Saskatchewan Government
Insurance (SGI) agency, which is the compulsory automobile insurer in Saskatchewan.
This database collects information on all vehicle accidents reported through the SGI’s
claims process, and hence represents an ideal database for studying driving behaviour in
Saskatchewan. The initial database contains 612,387 observations from 1988 to 2012,
providing detailed information about the characteristics of drivers, occupants and
accidents. It includes one record for each individual involved in the vehicle accidents
occurring on Saskatchewan roads. Since the factors influencing the severity of injuries
sustained by occupants and pedestrians are different from those of drivers — especially
behavioural factors (like speed and distracted driving), | focus on the data of the injuries
of drivers only in this paper. | thus extract data on the drivers of cars, pickup trucks, or
vans less than 4,500 kilograms gross weight who were involved in accidents over this
period (1988 to 2012). For the same reason, | also exclude the few drivers who were
under the minimum legal driving age of 16 or had missing or incomplete data about age.
Thus, the final dataset used in this paper contains 136,731 records, spanning the years
of 1991-2012%, with 37 percent of the whole group being young drivers from 16 to 25
years old (50,285 observations) and nine percent being older drivers of 65 years and

more (11,614 observations).

! The dataset available is from1988 to 2012, but no level 4(major unconsciousness) injuries were record in 1988-1990,
so | drop out those years.
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The variables used in this analysis are based on the availability of data in the TAIS
database and the literatures discussed. Many of the variables included in the empirical
model follow the work of Devlin, Ghazal and Barham (2012). In order to examine the
factors influencing the severity of accidents, more than 20 basic factors and some
derived variables are included as independent variables. Table 1 defines all of the
variables used in the regression analysis.

The severity of motor vehicle accident injuries is the dependent variable. The TAIS
database records the severity of injuries in six levels: no injuries (only property damages,
no obvious physical damages), minor injuries (visible damages and pains), moderate
non-incapacitating injuries (apparent body damages which can be seen from the scene
of accidents but not incapacitating), major incapacitating injuries (injuries that make
victims incapable of walking, driving, or other activities which the victims undertook
before the injury), and major unconscious injuries (the victim are unconscious at, or
when taken from, the scene of accidents) and fatal injuries (within 30 days) (SGI 2014).

Figure 1 describes the number of collisions by victim’s injury severity of accidents
each year for the final dataset we used in this paper. Generally speaking, the aggregate
injury level has experienced a gradual downward trend since 1990. Before 2008, the
most general and least severe injury levels, no injuries and minor injuries, remain roughly
at the same level, accounting for the largest proportions of all injury levels. Although the
level of minor injury stays in a relatively stable range all these years, it fluctuates more
than that of no injury. Moderate and incapacitating injuries decrease progressively,

while fatal injuries remain steady at approximately 100 per year, with a peak of 133 in
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1999. One should notice here the sharp decline of accidents involving no injuries in 2010,
this was a direct consequence of a policy change that altered the dollar threshold below
which property-damage only accidents were to be reported: from $1,000 to $5,000.*

Statistical evidence shows that male drivers at their young age also tend to be
involved in speeding, aggressive driving and driving under the influence (DUI), leading to
higher accident risks (SIRC 2004). Thus, several dummy age groups are included in my
analysis in order to track the effects of age on injury severity.

The exact time of the accident, as well as its date and location, is available in the
data set. Given that these are factors that have been shown to matter, they are also
included in the regression. Drivers may be more likely to exceed speed limits when
driving on highways at night or very early in the morning. Dummy variables for the
month of the accident, as well as a year trend variable (and its square) are included.
Furthermore, | calculate a variable to pick up whether the accident occurred at night
(10pm to 4am®) or during rush hour (3pm to 6pm) to see how these factors might
influence accident severity. | also note if the accident occurred on a major highway, as
speed is always associated with more severe accidents.

The relationship between safety restraints, such as seat belts and air bags, and the
prevention of traffic accidents is disputable. Statistical evidence shows that “vehicle
occupants who did not fasten their seatbelts were 10 times more likely to be killed than

those who wore ones.” in Saskatchewan 2012 (SGI 2014, v). About 20 percent of

2
“Effective Jan.1, 2010, the damage threshold for recording property damage only collisions from SGl's claims
system into TAIS was increased from $1,000 to $5,000.”(SGI 2010)
3 Other thresholds, e.g., 12a.m. to 4.a.m, do not alter the value of coefficients.
14



accidents in my dataset involved drivers with improperly worn safety equipment. Based
on the dataset, | thus generate 2 dummy variables; one is seatbelt (drivers who wear
seatbelts properly while driving), and the other is airbag (drivers who wear seat belts
and were in a vehicle with air bags). Even considering the possible endogeneity of safety
restraints (the Peltzman effect), one would expect such equipment to mitigate the
severity of injuries — even though the wearing of such equipment may lead to riskier
other behaviours®.

The dataset records two measurements of weather conditions and another two for
road conditions. The first is the actual weather conditions, such as clear, cloudy, raining,
snowing and winds. The second one is a category based on whether the weather
conditions are stated as a major contributing factor (MCF) of accidents or a disturbance
of driving behaviour. Since one of the purposes of this paper is identifying the factors
contributing to the severity of injuries from accidents, only actual weather conditions
are included in the regression analysis.

Independent variables are grouped into the same four categories as in the literature
review: drivers’ characteristics, risky factors, policies and environments. In order to
better understand the demographic characteristics of the sample, Table 2 provides
descriptions about these variables for three samples: all drivers who are involved in

accidents (n =136,731); young drivers aged 16-24> (n = 50,285); and those older drivers

* The “selective recruitment hypothesis” is people offset the restraint benefits of seat belts use by driving more
aggressively, and hence they remain dangerous or even at more risk.
® These kind of age group classifications are consistent with most research and the statistical report of SGI (2014).
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aged 65 and over (n = 11,614).6 In the following analysis, the whole sample with all
licensed drivers will be the baseline, and | will compare the different performance
between young and old drivers and the whole sample, in order to see the over- or
under-representation on key factors.

In my dataset, male drivers are involved in more accidents than female drivers; this
is especially true in the older driver sample (67 percent against 33 percent). Young
drivers tended to have more passengers when they had accidents, while old driver did
not. Across all three samples, drivers are more likely to be involved in double-vehicle
accidents; the difference between single- and double-car accident occurrences of young
people are small (three percent more), but quite large for old people (50 percent more).

Sixty percent of all accidents are minor accident in the full sample, which is the most
among all injury categories, followed by moderate injuries (26 percent). Old drivers
trend to suffer more severe accidents compared to young. Both young and old males
have more fatal accidents than average, compared to females. Especially, old male
drivers were reported to suffer more fatal accidents with three percent against 1.2
percent on average and 1.6 percent for the young driver sample.

Even though the mandatory use of seat belt laws has been legislated since 1977,
there are still seven percent of men and three percent of women who did not wear seat
belts properly, but this rate goes down with age: young drivers, 15 percent; old drivers,

nine percent. One possible explanation is that this kind of drivers feels “they can beat

® Since the data in this paper varies from hours to years and almost all of them are binary, standard deviations,
minimums and maximums do not have particular implications.
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the odds”(Solof 2010).

Other risk factors are listed by SGI (2014). Old drivers are more likely to be involved
in accidents caused by inattention and failure to yield, while young drivers not. On the
contrary, driving after alcohol consumption is a much more popular problem among
young drivers, while only a small proportion of older drivers engage in this sort of
behaviour. In the summer, male drivers tend to have more accidents than females across
all three samples. Interestingly, weather conditions do not seem to alter accidents too
much; indeed a dominant proportion of accidents happened with good road conditions.

Finally, driving at night seems to be a challenge for young drivers but not for others.

4. Model

The dependent variable can take on one of six values, representing no injuries to
fatal injuries. It is thus a categorical variable, and the order of the categories makes
sense — i.e., they go from no injury to the severest of injuries (death). Therefore, it is
appropriate to use an empirical procedure that can deal with the categorical and
ordered nature of the data. To this end, the ordered probit (OP) model is a good
candidate for exploring the relationship between crash severity and influence factors.

The structural model for the ordered probit can be described as follows (Long and

Freese 2006):
Y, =Xf+¢ (1)
where yi* represents the injury risk, a latent variable ranging from -co to oo; and

17



the measurement model can be expressed as,
yy=m ifr ,<y*<r form=1..1J (2)
where Y, represents the severity level of injury, an ordinal discrete observation

ranging from 1 to 6 in this paper. The observed variable y is categorized according to the threshold t,

which can be measured after estimating the coefficients of B. Clearly,J=6,Tp = ->° and T, = oo,

To be specific, Y, is described as follows,

1 (not injured) if 7,=—0<y <7,=0
2 (minor) if 7, <y <z,
3 (moderate) if 7, <y, <z,
yi = . . . . * (3)
4 (incapacitating) if 7,<y, <z,
5 (unconscious) if 7, <y, <t,
6 (fatal) if 15£y7<16:oo

According to (3), the probability that victim i is involved in an injury severity level of

m is the probability that the injury propensity yi* takes a value between the threshold
7., and z,,. Thatis,
Pr (yi:m|xi):Pr(Tm—lgyi*<rmlxi) (4)
The error term g; of the ordered probit model is assumed to be normally distributed
with a mean of 0 and variance of 1. After substituting (1) into (4), the associated
probability of suffering level m injury depends on the value between two respective

thresholds, given a specific set of x, such as:

Pr(y, =1| %) = ¢(z, — X, 8)
B =1Pr(y, =m|x)=¢(r, —x0)-#(r,,—xp) if2<m<6 (5)
Pr(y,=6]x)=1-¢(z; — x,5)

18



where @denotes the cumulative distribution function of the error term & So,

based on a set of samples, the log-likelihood function is,
InL(B. 71y, X)= Y In[R(y)] = X n[#(zn - XA - Hzo s~ %B)]  (6)
] J

Since the probit model is highly non-linear, it is useful to report the marginal effects
of the independent variables on the dependent variable, rather than the estimated

coefficients per se. The marginal effects of changes in X; on the probability of suffering

level m injury, is evaluated as:

aPr(yi =m | Xi) _
axij

|:¢(Tm_xij )_¢(fm-1_xij )]ﬂj (7)
The ordered probit model is an appropriate estimation method when the
dependent variable is both categorical and ordered. As the final dataset includes
136,731 observations with the ages from 16 to 100, the ordered probit model is also
preferred over other types of choice models. For instance, Ye and Lord (2014)
emphasized that the OP model performed better in terms of goodness-of-fit and
required a smaller sample size (at least 1,000) when compared to the mixed logit model

and the multinomial logit model (Ye and Lord 2014). The normally distributed error term

could be one limitation for regression.

5. Results

The ordered probit was estimated using the econometric package STATA 13. Since

the parameter estimation in the ordered probit model assumes a linear relationship
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between the severity of the injury and independent variables, a positive value of a
parameter indicates that the relevant variable increases the severity of the injury, while
a negative value indicates the opposite. The bigger the value of the estimated parameter
is, the larger its impact on the severity of the injury. | also present the estimated
parameters in table form (tables 4) as well as in several figures (figures 2 to 4) that help
to illustrate the marginal impact of two variables of particular interest to this paper —
age and the presence of occupants in the car — on the predicted probability of an injury
of a given type.

Columns (1) and (2) of table 4 present the estimation results for the full sample
(drivers of all ages): the first column presents the estimation when age and age squared
are included as regressors, whereas column (2) presents the specification when age is
included as groups. Columns (3) and (4) present the estimated coefficients for the young
sample (under 25 years of age), and the old driver sample (65 years and older). Several
parameters share the same signs and significant levels across the four specifications. |
now turn to a discussion of the influences on injury severity, organized by the four main
categories of determinants previously described: personal characteristics; driving risk

factors; traffic safety policies; and driving environments.

5.1.Personal characteristics
Looking first at the specification in column (1), one sees that the effect of age is not
statistically significant, but its square is both positive and significant, similarly to

Kockelman and Kweon (2002). In order to see what was going on with age, | estimated
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its effect using a series of dummy variables instead, with age 35-44 being the reference
group. Here, my findings are consistent with some of the previous research (e.g. Turcotte
2012; Abay, Paleti and Bhat 2013) that the estimated coefficients of the younger groups
are all negative, suggesting that the young have less severe accidents relative to the
middle group; the estimated coefficients of the older groups, by contrast, is positive,
suggesting that the older groups have more severe accidents.

The estimated coefficient on the female variable is positive, but in specifications
with interactive terms, its significance is reduced. Interaction terms with gender and age
groups are created to illustrate the combined effects of gender and age. Again, from
column (2) | find that it is the youngest female age group (the interaction term of being
female and aged of 16 to 20)that has a statistically significant and positive sign —
indicating that they have more severe accidents relative to the representative group, a
driver who is female and aged of 35 to 44 (female*age3544); senior female drivers
aged 65 to 74 also have a positive coefficient and hence the same interpretation. The
oldest female age group has a statistically significant and negative impact on severity. In
addition, considering the interaction performance of drivers’ age in both columns,
females are more dangerous when calculating the effects of ages on injury levels
compared to males. These findings are consistent with Al-Balbissi (2003) and SINC
(2014).

Turning to column (3), one sees that for the young driving group, age (within that
group) has a positive impact on severity, and its square is negative, suggesting a concave

relationship. The older group (65 and older) displays the same pattern. Given that it is
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not statistically significant for the sample as a whole, my results suggest that the impact
of age is much more pronounced for the tails of the age distribution rather than for the
middle-aged group.

Another way to present the findings on age is to look at how age affects the
predicted probability of having an injury of type i, ceteris paribus. Figure 2 presents six
line graphs of the marginal effect of age by different injury levels (based on the results of
the full sample). One can clearly see that, as drivers’ age increase, only the marginal
probability of having no injury or minor injury decreases (figures (a) and (b)), whereas all
other more severe injuries clearly increase with age. The relationship between the age
and probability of an injury of type minor (figure 2 (b)) has a concave shape that
suggests the marginal effect of age is much larger for young drivers than otherwise. For
example, a 16-years-old driver is very likely to get involved in a minor injury relative to
someone a bit older. Indeed, when this driver becomes one year older, the possibility of
suffering a level 2 injury decreases more quickly than that of other injury levels, holding
other factor constants.

Finally, | note that the estimated coefficient of being female is positive for all three
samples. At first glance, this result seems a bit counterintuitive, especially since the most
literature is pretty clear that male drivers behave in a more risky manner. In order to
better understanding what is going on, table 3 presents the number of accidents by each
category by males and females. Across the board, males have more accidents. However,
one can see clearly that males have proportionately more accidents with minor or with

moderate injuries. It would seem that when one looks more closely at the types of
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injuries that occur, the fact that males have disproportionate minor accidents than

female affects the results.

5.2.Risk Factors

Alcohol and drunk driving affect accident severity. In spite of being at the forefront
of policy debates over recent decades, driving under the influence is still a social
problem. Across all three samples, one finds that those drivers who had some alcohol
(but not drunk), where more likely to have a severe injury. And if the driver were drunk,
the likelihood of having a more severe accident doubles when compared to individuals
who had consumed some alcohol. Interestingly, the effect of alcohol is more important
for the older group than the younger group. In terms of numbers, the young are still
more prone to both drink and drive (eight percent of the sample), and drive when drunk
(seven percent of the sample) when compared to older drivers (one percent of the
sample for both the presence of alcohol and being drunk), but when older people have
an accident under the influence, they are much more likely to have a more severe injury
when compared to the younger group.

Another relevant factor is the number of occupants in a vehicle (occupants). The
idea here is that occupants may either unduly distract the driver, thus causing a more
severe accident, or, they may be an extra set of eyes on the road, thus averting more
serious accidents. My results suggest that the number of occupants has a negative
impact on the severity of accidents; but the square of this number has the opposite

effect. However, when one looks only at the young and old drivers, we find that it is only
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the squared term that matters — and for the young drivers it is positive but for the older
drivers it is negative. Thus, the probability of a more severe accident is weakened by the
number of people in the car when a young person is behind the wheel, but it is
mitigated when an older person is behind the wheel. This result seems sensible, given
two possible influences and consistent with the findings of Simons-Morton, Lerner and
Singer (2005) and Weiss, Kaplan and Prato (2014).

| also interacted the age of the driver with the number of passengers to see the
extent to which these two factors mattered together. Some interaction terms are
statistically significant (for the age 16-20, 45-54, 65-74 and 75-84 groups) while the rest
are not.

Finally, Figures 3 and 4 illustrate the marginal effect of adding one more occupant in
the car on the likelihood of an injury of type i for the samples of young and senior
drivers. What is remarkable to see right away, is the fact that for both groups, the
likelihood of having either a fender bender (no injury) or a minor injury increases with
the number of passengers which could be explained by driving distraction. However,
once injuries before more severe, their likelihood falls with the number of occupants
which could be explain by more eyes on the road or the slowing down of driving speed
due to pressure from passengers. The confidence intervals for these figures are much
smaller for the young groups (more precise estimates) when compared to the older
groups.

The wearing of seatbelt has a negative and strong impact on the severity of an injury.

Similarly, wearing a seatbelt and being in a vehicle with an air bag help to mitigate the
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severity of an injury. It is possible that the number of accident increases with seatbelt
use because of the “Peltzman effect”, but the severity is clearly smaller with use.

Four driving factors (inattention, inexperience, failure to yield and being distracted)
are important causes of accidents and reflect various aspects of distraction and driving
failure (SGI 2014), but they are not always associated with more severe injuries. The first
two factors that only matters for young drivers — with inattention being associated with
more fender-bender type accidents (at the 10% level of significance) and inexperience
associated with more severe injuries, but not older ones. Although “failure to yield” is
one of the more common contributing factors reported in the data set (SGI 2014), this
dummy variable does not have a statistical impact on injury type. Finally, being
distracted is associated with less severe accidents for all but the older group — again
suggesting an increasing likelihood of property-damage only accidents when distracted.

The type of vehicle that is driven affects the type of injury sustained. When
compared to small trucks and SUVs, people who drive a passenger car are more likely to
have more severe accidents. This finding is consistent with previous studies (White 2004;

Li 2009).

5.3.Traffic Safety Policies

Several changes in policies affecting driver safety were implemented over the period
of the data used in this paper. These include, graduated drivers’ licenses, driving under
the influence rules, speed limit changes, and liability regulations.

Saskatchewan implemented a GDL policy in September, 2005. | include a dummy
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variable for this period forward. Not surprisingly, this policy is associated with a
reduction in the severity of accident for young people in my sample. Similarly, the SAS
policy (license suspension if driving under the influence) is associated with a reduction in
the severity of accidents. The speed limit on major highways was increased from 100
kilometres an hour to 110 in June, 2003 — and is associated with more severe accidents.
There is a large literature that looks at the impact of liability rules on driving
behaviour. | include a dummy variable for the switch to no-fault insurance in 1995 and
find that this is associated with less severe accidents — a result which is at odds with
most of the literature on this matter (e.g. Devlin 1999). However, because Saskatchewan
was a public insurance regime even before it switched to a no-fault insurance, this may
account for my result. Besides, people’s response tends to vary according to the impact
of policies and from period to period (Solof 2010). This question is worth looking at in

more detail.

5.4.Driving Environments

Among all road conditions reported, only the ice-covered road is significantly
positively correlated with severity of accidents for all samples, but it became
insignificant for young and old drivers. With respect to other environment factors,
various degrees of weather were found to be significantly correlated with the severity of
accidents among all three samples; with the worst weather (reference group) leading to
the most severe injuries. Old drivers do not seem to be as affected by bad weather when

compared to the young sample, likely because of their driving experience.

26



Temporal variables are almost always significantly correlated with injury levels.
Generally speaking, the year-specific trend has a slightly positive impact on accident
injury severity for all drivers except old ones. A small positive number indicates the
severity of accidents generally increased over the years.

Only the three beginning months of the year are associated with less severe injuries
relative to December, while the other months tend to have severe accidents than
December. In April, the probability of suffering severe accidents slightly increases for
old drivers. July is the only insignificant month for all drivers, but it positively and
statistically significantly increases the probability of severe accidents for both young
and old drivers. The estimation results seem to suggest that summer months are
associated with more severe injuries than winter ones. Of course, it is during the
summer when one finds more leisure driving, which may account for this finding.

Driving at night tends to increase the injury level. Driving in rush hour tends to
decrease the injury level, possibly because of the effect of slow speeds due to
congestion. Older drivers are not affected by the time of the accident.

The dramatic effect of the property damage reporting threshold increase from
$1,000 to $5,000 in 2010 is shown in Figure 1. Thus, it is possible that parameters in the
regression are affected by a decrease in the aggregate number of accidents (because
many fewer property-damage only accidents were then reported). Hence, | separately
estimated the models with and without data after 2010 in order to test coefficient
stabilities. Ideally, the coefficients of the two specifications are statistically the same

with each other due because | had controlled for the 2010 reporting change with a
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dummy variable. Regression results support this assumption, with little alterations of
most coefficients for key characteristics when comparing the 1990-2009 results with the
1990-2012 results. | use a non-linear t-test to test the significance of differences. Most
coefficients have similar parameter values and significant levels before and after 2010,
apart from a few pairs of coefficients such as inattention and distraction, which already

differ in coefficient values and, especially, significance levels.

6. Conclusion and limitation

This paper uses detailed data on accidents on Saskatchewan roads in order to
analyze the determinants of the severity of injuries to drivers. In contrast to previous
work, this paper separately analyzes the severity of accidents for different age groups, in
order to examine the different driving behaviors across young and old drivers. As a result,
most of my findings are consistent with expectations from previous works but some are
not.

This paper was mainly concerned with two questions: one pertaining to the riskiness
of the young and old drivers, and the other on the impact of occupants in the vehicle on
accident severity. My results suggest that the severity of accidents decreases with age;
moreover, the impact of occupants in the vehicle is different for the young and the old. |
found that the presence of passengers has a clearly adverse impact on minor accidents
for the young, while this effect is much less significant for the older population. For both
types of drivers, the probability of having a severe injury is lessened when passengers

are in the car. Thus, the presence of passengers alters driver’s behaviours.
28



There are several other important findings from the research. First, most of my
findings concerning female drivers are contrary to previous research. | find that female
drivers are more dangerous than male drivers, but male drivers have more accidents,
which could alter the results. Second, driving after alcohol consumption is still a big
problem of both young and old drivers. Considering the relative much less drinking and
driving proportion of old drivers, sober and drunk old drivers are more dangerous
because they tend to suffer more severe accidents than others. Third, | roughly prove
the “offsetting behavior hypothesis” of safety equipment use among Saskatchewan
drivers. Fourth, even SGI (2014) emphasized some prevalent factors, such as inattention,
inexperience, distraction, these factors have insignificant impacts on old drivers. Finally,
environments have less impact on old drivers. The last two findings imply us that old
drivers have relative robust driving behaviours which need to be considered when
policy-making.

My work enables me to identify and measure the effect of various accident factors
on the severity of accident, and | especially illustrate precise pictures about how each
number of age and occupant can affect the severity of accidents by marginal effect
analysis. It is clear that young and old drivers have different driving behaviours and
age-specific traffic safety policies could works better on target age groups: for example,
different alcohol thresholds and different number of passenger limitations for young and
old drivers. Besides, people’s preferences and behaviours tend to vary over years (Solof
2010), it is necessary to examine the policy effects from time to time.

Although the data set includes detail information of accidents so as | can analysis
29



the determinants of accident severity, there are still some limitations stop me to look
more precisely. First, the absence of damage cost of accidents makes me incapable of
exact the pure effects of factors before and after property damage threshold changes.
Second, the estimation results might be not that precisely without exact numbers of key
factors. For example, actual speed and actual blood alcohol content (BAC) when
accidents are usually reported together; even a lot of drivers claim whether they use
safety restraints or not, there are still a large proportion of drivers and victims did not

commit, estimation could be changed by those not reporting uses.
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Figures

Figure 1 Numbers of accidents by injury level: 1991-2012 Saskatchewan
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Tables

Table 1 Variable names and definitions

Variable Description
Dependent variable
Injury level 6 categories: 1 = Not injured; 2 = minor injuries; 3 = moderate

non-incapacitating injuries; 4 = major incapacitating injuries; and
5 = major unconscious injuries; 6 = fatal injuries sustained by
drivers.

Independent variables

Driver’s characteristics

Age Driver’s age

Agesq Driver’s age squared

Agel620 1 =if the driver is 16-20 years old, 0 = otherwise
Age2124 1 =if the driver is 21-24 years old, 0 = otherwise
Age2534 1 =if the driver is 25-34 years old, 0 = otherwise
Age3544 1 = if the driver is 35-44 years old, 0 = otherwise, reference group
Aged554 1 =if the driver is 45-54 years old, 0 = otherwise
Age5564 1 =if the driver is 55-64 years old, 0 = otherwise
Age6574 1 =if the driver is 65-74 years old, 0 = otherwise
Age7584 1 =if the driver is 75-84 years old, 0 = otherwise
Age85 1 =if the driver is over 85 years old, 0 = otherwise
Female Driver is a female.

Female*agel1620 1 =if the driver is female and 16-20 year olds, 0 = otherwise
Female*age2124 1 =if the driver is female and 21-24 year olds, 0 = otherwise
Female*age2534 1 =if the driver is female and 25-34 year olds, 0 = otherwise
Female*age3544 1 = if the driver is female and 35-44 year olds, 0 = otherwise,
reference group

Female*age4554 1 =if the driver is female and 45-54 year olds, 0 = otherwise
Female*age5564 1 =if the driver is female and 55-64 year olds, 0 = otherwise
Female*age6574 1 =if the driver is female and 65-74 year olds, 0 = otherwise
Female*age7584 1 =if the driver is female and 75-84 year olds, 0 = otherwise
Female*age85 1 = if the driver is female and over 85 year olds, 0 = otherwise
Driver’s behavior

Alcohol 1 = the driver consumed alcohol but under legal limitation,
0 = otherwise
Drunk 1 = the driver consumed alcohol and over legal limitation,

0 = otherwise
Occupants Number of occupants including the driver in the driver’s car



Occupantssq Number of occupants squared

Occ*age The interaction variable of occupant and driver’s age
Occ*agel620 Number of occupants in car when the driver is 16-20 years old
Occ*age2124 Number of occupants in car when the driver is 21-24 year olds,
Occ*age2534 Number of occupants in car when the driver is 25-34 year olds,
Occ*age3544 Number of occupants in car when the driver is 35-44 year olds,
reference group
Occ*age4554 Number of occupants in car when the driver is 45-54 year olds
Occ*age5564 Number of occupants in car when the driver is 55-64 year olds,
Occ*ageb6574 Number of occupants in car when the driver is 65-74 year olds,
Occ*age7584 Number of occupants in car when the driver is 75-84 year olds,
Occ*age85 Number of occupants in car when the driver is over 85 year olds,
Seatbelt 1 = seatbelt is properly used, 0= otherwise
Airbag 1 = seatbelt and air bag are properly used, 0= otherwise
Inattention 1 = the driver didn’t pay enough attention to driving task,
0 = otherwise
Distract 1=the driver was distracted by any condition or activity inside or
outside the vehicle, O=otherwise
Inexperience 1=accident caused due to driver's lack of traffic experience in this
situation, O=otherwise
Fail to yield 1=the driver failed to yield the right-of-way, O=otherwise
Speeding 1=driving too fast for that specific road condition, O=otherwise
Vehicle characteristics
Car 1 =driver is driving a car when accident, 0 = otherwise.
Trucks 1 =driver is driving a truck or pickup or SUV when accident,
0 = otherwise, reference group
Highway Increase in speed limit for rural four-lane highways,

1 = highway accidents after June 1* 2003, 0 = otherwise
Traffic Policies

GDL Graduate driver licensing system,
1 = accident happened in2005-2011, 0 = otherwise
SAS Short-term administrative suspension program,
1 = accidents from August 1996, 0 = otherwise
Choice No-fault insurance system, 1 = 1995-2002, 0 = other years
No fault Choice insurance system, 1 = 2003-2011, O = other years

Dumreporting93 SGI increased property damage threshold ($500 t0$1,000),
1=1993-2002, 0 = otherwise

Dumreporting02 SGI removed property damage threshold and implemented a
choice system, 1 = 2002-2009, 0 = otherwise

Dumreportingl0 SGIl increased property damage threshold (S1,000 to $5,000),
1=2010-2012, 0 = otherwise



Actual Road characteristics

Dry 1 = the road surface was dry, 0 = otherwise
Ice 1 = the road surface was covered by ice or solid snow,
0 = otherwise
Wet 1 = the road surface was wet, 0 = otherwise
Actual Road characteristics
Clear 1 = the weather was clear, 0 = otherwise
Cloudy 1 = the weather was cloudy 0 = otherwise
Snow 1 =it was snowing when accident happened, 0 = otherwise
Rain 1 =it was raining when accident happened, 0 = otherwise
Temporal characteristics
Year The 4-digit year of accident happened from 1990-2012, trend
Yearsq Year squared
Month The month of accident happened from January to December (12
categories) Dec is the reference group
Night 1 =time between 10 p.m. to 6 a.m., 0 = otherwise
Rush hour 1 = time between 4 p.m. to 6 p.m., 0 = otherwise

42



Table 2 Means of Variables

Variables All Young (age<24) Old (age=65)
Male Female Total Male Female Total Male Female Total

Personal characteristics

N 74,086 62,645 136,731 27,372 22,913 50,285 7,780 3834 11,614
Gender (%) 54 46 -- 54 46 -- 67 33 --
Average age 36.86 35.08 36.04 19.66 19.49 19.58 74.01 73.03 73.69
Average occupants 2.20 2.04 2.16 2.48 2.18 2.34 1.87 1.59 1.78
Number of vehicle involved in the accidents
Average 1.77 1.83 1.80 1.61 1.74 1.67 1.94 1.88 1.92
Single (%) 19 13 32 26 17 43 13 7 20
Double (%) 31 28 59 25 25 50 47 23 70
Severity of injury
Average level 2.44 2.36 2.40 2.41 2.34 2.38 2.56 2.51 2.54
Not injured (%) 4 2 6 4 3 7 5 1 6
Minor (%) 31 29 60 31 29 60 35 19 54
Moderate (%) 14 12 26 13 11 24 18 8 26
Incapacitating (%) 4 2 6 4 2 6 6 3 9
Unconscious (%) 0.6 0.2 0.8 0.7 0.3 1 0.6 0.2 0.8
Fatal (%) 1.2 0.5 1.7 1.6 0.4 2 3 1 4

Types of vehicles
Car (%) 32 33 65 31 33 64 31 33 64



Trucks (%)

Use of Safety equipment
Proper use (%)

Seatbelt (%)
Seatbelt + airbag (%)
Improper use (%)

Major risky factors
Inattentiveness (%)

Fail to yield (%)
Inexperience (%)

Reason by legally drunk (%)
Reason by alcohol (%)
Distraction (%)

Most accidents happened in
Rush hour (4-6p.m.) (%)
Summer (Jun, Jul, Aug) (%)

Environment conditions
Good weather (%)

Good road condition (%)
Night (10p.m.-4a.m.)
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Table 3 Distribution of injury level on gender

Injury levels
Gender No Minor Moderate Incapacitating Unconscious Fatal Total
Male 5,438 42,420 18,918 4,839 770 1,701 74,086
(%) 4 31 14 4 0.6 1.2 54
Female 3,197 39,554 16,007 2,905 328 654 62,645
(%) 2 29 12 2 0.2 0.5 46
Total 8,635 81,974 34,925 7,744 1,098 2,355 136,731
(%) 6 60 26 6 0.8 1.7 100
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Table 4 Ordered probit model results for three age groups: all, young and old

Variables Full sample (1) Full sample (2) age<=25 (3) age>=65 (4)
Injury level coef t-stat coef t-stat coef t-stat coef t-stat
Personal Characteristics
Driver’s age
Age 1.24e-3 (1.17) 0.11%** (3.54) 0.09** (2.46)
Agesq 3.34e-5***  (3.23) -2.18e-3***  (-2.99) -4.85e-4**  (-2.06)
Agel620 -0.16*** (-7.59)
Age2124 -0.05** (-2.05)
Age2534 -0.05** (-2.52)
Aged554 -0.01 (-0.50)
Age5564 0.03 (1.06)
Age6574 -0.01 (-0.24)
Age7584 0.10* (1.79)
Age85 0.49%** (4.16)
Driver’s gender and interaction variables
Female 0.05%** (3.58) 0.01 (0.36) 0.13* (1.88) 0.77%** (3.03)
Female*age -9.47e-4**  (-2.56) -4,57e-3 (-1.27) -0.01*** (-2.88)

Female*age1620
Female*age2124
Female*age2534
Female*age4554
Female*age5564
Female*age6574

0.05%** (2.73)

0.01 (0.61)
-0.01 (-0.55)
0.02 (0.69)
-0.01 (-0.45)
0.06* (1.80)
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Variables Full sample (1) Full sample (2) age<=25 (3) age>=65 (4)

Injury level coef t-stat coef t-stat coef t-stat coef t-stat
Female*age7584 -0.04 (-0.89)
Female*age85 -0.28*** (-2.64)

Risk Factors
Alcohol 0.23%** (13.11) 0.23%** (12.96) 0.21%** (9.67) 0.36** (2.38)
Drunk 0.42%** (26.07) 0.42%** (25.87) 0.41%** (18.03) 0.55%** (4.42)
Occupants -0.11%%** (-13.84) -0.10*** (-14.60) -0.03 (-1.10) 0.17 (0.99)
Occupantssq 0.01%*** (8.00) 4.40e-3*** (7.36) 3.06e-3***  (4.76) -0.02* (-1.90)
Occ*age 0.6e-3*** (3.51) -2.00e-3 (-1.40) -1.25e-3 (-0.58)
Occ*agel620 0.01* (2.77)
Occ*age2124 -0.01 (-0.53)
Occ*age2534 0.01 (0.72)
Occ*aged554 0.02%** (2.28)
Occ*age5564 0.01 (1.14)
Occ*age6574 0.07%** (3.98)
Occ*age7584 0.11*** (4.21)
Occ*age85 -0.08 (-1.30)
Seat belt -0.69*** (-54.72) -0.69*** (-54.63) -0.65%** (-37.58) -0.94*** (-15.55)
Seatbelt + Airbag  -0.50*** (-32.53) -0.50*** (-32.46) -0.50*** (-21.54) -0.73*** (-10.99)
Car 0.03*** (3.73) 0.02%** (3.58) 0.01 (0.88) 0.03 (1.34)
Highway 0.35%** (32.57) 0.35%** (32.58) 0.32%** (17.29) 0.43%** (12.55)
Inattention 0.01 (0.67) 0.01 (0.70) -0.02* (-1.67) 0.03 (1.12)
Inexperience 0.01 (1.127) 0.02 (1.212) 0.03** (2.04) 0.02 (0.38)

Fail to yield 0.01 (0.69) 0.01 (0.54) 4.32e-3 (0.21) 0.04 (1.20)




Variables Full sample (1) Full sample (2) age<=25 (3) age>=65 (4)
Injury level coef t-stat coef t-stat coef t-stat coef t-stat
Speeding 0.09*** (7.92) 0.09*** (7.93) 0.07*** (4.23) 0.27%** (4.60)
Distract -0.05*** (-2.80) -0.05%** (-2.81) -0.09*** (-3.62) -0.02 (-0.30)
Traffic Safety Policies
GDL -0.24%** (-16.51) -0.24*** (-16.43) -0.27*** (-10.96)
SAS -0.22%** (-13.45) -0.22%** (-13.41) -0.27%** (-10.12) -0.04 (-0.86)
Choice 0.29%** (12.71) 0.29%** (12.65) 0.35%** (9.03) -0.06 (-1.11)
No fault -0.14%** (-8.51) -0.14*** (-8.46) -0.15%** (-5.82) -0.04 (-0.71)
Dumreportingd3  0.13*** (11.83) 0.12%** (11.80) 0.09%*** (5.27) 0.10%** (2.69)
Dumreporting02  -0.64*** (-17.72) -0.63*** (-17.65) -0.74%** (-12.38) -0.27*** (-2.74)
Dumreportingl0  -0.60*** (-14.61) -0.59*** (-14.54) -0.69*** (-10.33) -0.27** (-2.29)
Driving Environment
Actual road condition
Dry 0.02 (1.20) 0.02 (1.23) 0.03 (1.02) 0.02 (0.34)
Ice 0.09** (2.52) 0.09** (2.56) 0.05 (0.91) -0.04 (-0.32)
Wet -5.58e-4 (-0.03) -2.10e-5 (-1.15e-3)  -0.03 (-0.83) 0.06 (0.91)
Actual weather condition
Clear -0.08*** (-6.18) -0.08%*** (-6.21) -0.06*** (-2.88) -0.09%** (-2.08)
Cloudy -0.10*** (-6.93) -0.10%** (-6.95) -0.08*** (-3.36) -0.10** (-2.22)
Snow -0.10%** (-5.68) -0.10%*** (-5.72) “0.11%%* (-3.59) -0.11* (-1.74)
Rain -0.10*** (-5.19) -0.10%** (-5.23) -0.17%** (-3.56) -0.09 (-1.40)
Temporal conditions
Year 0.04*** (18.38) 0.04*** (18.31) 0.05%** (13.12) 0.01 (1.48)
Jan -0.06*** (-4.01) -0.06%** (-3.99) -0.03 (-1.08) -0.08 (-1.55)
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Variables Full sample (1) Full sample (2) age<=25 (3) age>=65 (4)
Injury level coef t-stat coef t-stat coef t-stat coef t-stat
Feb -0.08*** (-5.37) -0.08*** (-5.40) -0.09*** (-3.56) -0.06 (-1.25)
Mar -0.05*** (-3.22) -0.05%** (-3.25) -0.02 (-0.72) -0.06 (-1.10)
Apr 0.06*** (4.02) 0.06*** (4.07) 0.06** (2.43) 0.16*** (3.04)
May 0.06*** (4.06) 0.06*** (4.06) 0.06** (2.37) 0.11%** (2.16)
Jun 0.04** (2.48) 0.04** (2.47) 0.07*** (2.83) 0.04 (0.92)
Jul 0.02 (1.55) 0.02 (1.60) 0.04* (2.79) 0.09* (1.86)
Aug 0.07*** (5.17) 0.07*** (5.17) 0.10%*** (4.19) 0.07 (1.39)
Sep 0.10*** (6.75) 0.10*** (6.76) 0.12%%** (4.82) 0.10** (2.17)
Oct 0.12%** (8.99) 0.12%*** (9.04) 0.15%** (6.12) 0.13*** (2.86)
Nov 0.04*** (2.86) 0.04*** (2.83) 0.07*** (2.80) 0.09** (1.97)
Night 0.05%** (5.16) 0.05*** (5.01) 0.02* (1.70) -0.02 (-0.37)
Rush hour -0.03*** (-3.04) -0.02*** (-3.00) -0.05*** (-3.32) -0.03 (-1.23)
Constant cutl 84.22*** (17.91) 83.78*** (17.81) 99.18*** (12.99) 20.36 (1.59)
Constant cut2 86.24*** (18.34) 85.81*** (18.25) 101.18***  (13.25) 22.26* (1.74)
Constant cut3 87.27*** (18.56) 86.84*** (18.46) 102.20***  (13.38) 23.19* (1.81)
Constant cut4 87.89*** (18.69) 87.46*** (18.60) 102.81***  (13.46) 23.81* (1.86)
Constant cut5 88.07*** (18.73) 87.64*** (18.63) 103.05***  (13.49) 23.91* (1.86)
Observations 136,731 136,731 50,285 11,614

Notes:

Robust t-statistics are in parentheses

1,5 and 10% levels of significance are denoted by***, ** and *, respectively.

Constant cuts are the thresholds in equation (3), respectively.

Identification Risk Driving Characteristics of the Young and Old: Evidence from Saskatchewan 1991-2012
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