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IntroductionIntroductionIntroductionIntroduction
The number of people killed or injured in roadThe number of people killed or injured in road 
crashes depends basically on the three factors 
(Nilsson 2002):(Nilsson 2002): 
◦ Exposure 

C h t◦ Crash rate
◦ Injury severity



IntroductionIntroductionIntroductionIntroduction
Exposure: the amount of activity in whichExposure: the amount of activity in which 
crashes may occur.

I d t ffi th t f ti it f t th◦ In road traffic, the amount of activity refers to the 
amount of travel, that is the number of person 
kilometres of travel performed.kilometres of travel performed.
◦ There are various ways to travel by road: as a 

pedestrian, by cycling, by driving a car, by taking the p , y y g, y g , y g
bus, etc. Not all of these ways involve the same level of 
crash risk. 
◦ The risk to which one is exposed as a road user is not 

independent of the combination of various means of 
t t i t ffitransport in traffic.



IntroductionIntroductionIntroductionIntroduction
Crash rate: the risk of crash per unit of exposureCrash rate: the risk of crash per unit of exposure.

A useful indicator of the probability of crash 
occurrence.
◦ The higher the crash rate, the higher the probability of a g g p y

crash on a given trip of a given length.
◦ Sometimes also called crash risk, risk of crash, level of 

risk.



IntroductionIntroductionIntroductionIntroduction
The probability of crash occurrence is affected byThe probability of crash occurrence is affected by 
a very large number of risk factors related to the 
elements of the traffic system:elements of the traffic system: 
◦ Road users,

V hi l◦ Vehicles,
◦ Infrastructure.
A i k f f h i f hA risk factor for crashes is any factor that 
increases the probability of crash occurrence. 
Risk factors are statistically related to the 
probability of crashes, but not all risk factors can 
be regarded as causes of crashes.



IntroductionIntroductionIntroductionIntroduction
Injury severity: refers to the outcome of crashesInjury severity: refers to the outcome of crashes 
in terms of injuries to people or damage to 
propertyproperty.
◦ In theory, the severity of the consequences of a crash is 

a continuous variablea continuous variable.
◦ In practice, simple scales that take on just a few discrete 

values are often used to indicate crash or injury severityvalues are often used to indicate crash or injury severity, 
such as the KABCO scale.

The outcome of a crash in terms of injury toThe outcome of a crash in terms of injury to 
people or damage to property is also affected by a 
very large number of factors.very large number of factors.



IntroductionIntroductionIntroductionIntroduction

A taxonomy of factors affecting road safety



IntroductionIntroductionIntroductionIntroduction
In principle there are four ways of reducing theIn principle, there are four ways of reducing the 
number of persons killed or injured in road 
crashes:crashes:
◦ By reducing exposure to the risk of crashes, that is, by 

reducing the amount of travel;reducing the amount of travel;
◦ By shifting travel to means of transport that have a 

lower level of risk;lower level of risk;
◦ By reducing the crash rate for a given amount of travel;
◦ By reducing crash severity that is by protecting peopleBy reducing crash severity, that is, by protecting people 

better from injury.



ExposureExposureExposureExposure
When travelling by road the main means ofWhen travelling by road, the main means of 
transport available are walking, cycling, riding a 
moped or motorcycle driving a car being amoped or motorcycle, driving a car, being a 
passenger in a car and going by bus.
St di f th l ti hi b t dStudies of the relationship between exposure and 
crashes usually refer to traffic volume: 
◦ defined as the number of motor vehicles using a road 

per unit of time. 
Th l f t l i l d i dditi t◦ The volume of travel includes passengers in addition to 
drivers.
◦ Pedestrians and cyclists tend not to be included usually◦ Pedestrians and cyclists tend not to be included, usually 

because there are no reliable counts of their numbers. 



ExposureExposureExposureExposure
The effects of the amount of travel on the numberThe effects of the amount of travel on the number 
of crashes can be expressed in many ways. Two 
of the most informative are toof the most informative are to
◦ describe, by means of a mathematical function, the 

shape of the relationship between traffic volume andshape of the relationship between traffic volume and 
crashes
◦ indicate the contribution that traffic volume makes toindicate the contribution that traffic volume makes to 

explaining systematic variation of the number of 
crashes



ExposureExposureExposureExposure
The relationship between traffic volume andThe relationship between traffic volume and 
crashes

I i t ffi l ll l t d t◦ Increasing traffic volumes are usually related to 
increasing numbers of crashes;
◦ The number of crashes is not linearly related to traffic◦ The number of crashes is not linearly related to traffic 

volume.
◦ Usually the percentage increase of the number ofUsually, the percentage increase of the number of 

crashes is less than the percentage increase of traffic 
volume

increasing traffic volumes are often related to better road 
standards
drivers may pay more attention at high volumes than at lowdrivers may pay more attention at high volumes than at low 
volumes



ExposureExposureExposureExposure

When traffic volume 
increases by 10%, the y
estimated increase of 
the number of crashes 
is 8.8%, with a 95%is 8.8%, with a 95% 
confidence interval 
from 7.7% to 9.9%.

Estimated relationship between traffic volume (AADT) 
and the number of crashes, based on 28 studies



ExposureExposureExposureExposure
The effects of the amount of travel on the numberThe effects of the amount of travel on the number 
of crashes can be expressed in many ways. Two 
of the most informative are toof the most informative are to
◦ describe, by means of a mathematical function, the 

shape of the relationship between traffic volume andshape of the relationship between traffic volume and 
crashes
◦ indicate the contribution that traffic volume makes toindicate the contribution that traffic volume makes to 

explaining systematic variation of the number of 
crashes



ExposureExposureExposureExposure
The contribution of traffic volume to explainingThe contribution of traffic volume to explaining 
systematic variation of the number of crashes.

The effects of traffic 
volume alone is about 
twice as great as the 
effects of all othereffects of all other 
factors combined.

Contribution of various factors to explaining the variation 
i i j h b d h i Nin injury crashes by county and month in Norway



ExposureExposureExposureExposure
Crash rates for different types of exposureCrash rates for different types of exposure

Relative injury rates for different means of transport – meanRelative injury rates for different means of transport – mean 
for five countries: SE, DK, UK, NL, and NO



ExposureExposureExposureExposure
Crash rates for different types of exposureCrash rates for different types of exposure
◦ Travelling by moped or motorcycle involves a risk of 

injury which is over 10 times higher than that of a carinjury, which is over 10 times higher than that of a car 
driver.
◦ Pedestrians and cyclists also run a high risk of beingPedestrians and cyclists also run a high risk of being 

injured per kilometre of travel. 
◦ Car passengers have the same risk of injury as car p g j y

drivers.
◦ Travelling by bus is the safest.g y



ExposureExposureExposureExposure
Why are pedestrians cyclists and riders ofWhy are pedestrians, cyclists and riders of 
mopeds and motorcycles at such a high risk of 
getting injured in road traffic?getting injured in road traffic?
◦ Factors affecting crash involvement rate

Pedestrians and cyclists tend to do most of their travel in urbanPedestrians and cyclists tend to do most of their travel in urban 
areas, where the overall crash risk is higher than in rural areas.
Moped riders are often young and inexperienced.
Although motorcycle riders may be more experienced, a 
motorcycle is capable of going at a higher speed than a moped.

F t ff ti th b bilit f i j i th t◦ Factors affecting the probability of injury, given that a 
road user is involved in a crash 

Much of the difference in injury rate is attributable toMuch of the difference in injury rate is attributable to 
differences in the protection from injury offered in a crash.



ExposureExposureExposureExposure
The mixture of road usersThe mixture of road users
◦ Most of the road system carries mixed traffic, that is, all 

or most categories of road users use the same area foror most categories of road users use the same area for 
travel.
◦ Do the relative proportions of different road users inDo the relative proportions of different road users in 

traffic affect the number of crashes?
A study by Brude & Larsson (1993)



ExposureExposureExposureExposure
The mixture of road users (cont )The mixture of road users (cont.)

◦ A highly non-linear relationship between exposure and 
the number of crashes.

e.g.,  PED 500 ->1000, MV 5000 ->10000, NPED:

Th i k b h d i i f
2.33

◦ The risk run by each pedestrian, at a given amount of 
motor traffic, declines strongly.

e g PED 100 >1000 the number of pedestrian crashes pere.g., PED 100 ->1000, the number of pedestrian crashes per 
pedestrian exposed: 

Each pedestrian is safer if more pedestrians there are

50%

Each pedestrian is safer if more pedestrians there are.



Risk Factors for Crash InvolvementRisk Factors for Crash InvolvementRisk Factors for Crash InvolvementRisk Factors for Crash Involvement

Type of roadType of road

Relative risk of injury crashes on different types of roads in different 
i ( i k 1 00)countries (risk on motorways = 1.00)



Risk Factors for Crash InvolvementRisk Factors for Crash InvolvementRisk Factors for Crash InvolvementRisk Factors for Crash Involvement

Design of roadDesign of road
◦ Road width: number of lanes, lane width

In rural areas crash rate declines as road width increasesIn rural areas, crash rate declines as road width increases, 
Speed is relatively high, and a wider road may provide an added margin of 
safety.

I b h t i d idth iIn urban areas, crash rate increases as road width increases, 
More traffic will cross the road, so the wider the road is, the longer the time 
to cross a road.

◦ Design of junctions: number of junctions, access points
The crash rate increases if a junction has more legs 
Th h t i if hi h ti f t ffi tThe crash rate increases if a higher proportion of traffic enters 
the junction from the minor road

◦ Horizontal and vertical alignmentHorizontal and vertical alignment



Risk Factors for Crash InvolvementRisk Factors for Crash InvolvementRisk Factors for Crash InvolvementRisk Factors for Crash Involvement

Crash rate increases asCrash rate increases as 
curves get sharper

Effect of radius of curve on crash rate, based on Norwegian data



Risk Factors for Crash InvolvementRisk Factors for Crash InvolvementRisk Factors for Crash InvolvementRisk Factors for Crash Involvement

Environmental risk factorsEnvironmental risk factors

Relative risk of injury crashes in different environmental conditions: 
i f Nestimate for Norway

The risk of crashes increases in the dark, on the wet roads and when 
h d d i h ithe roads are covered with snow or ice.



Risk Factors for Crash InvolvementRisk Factors for Crash InvolvementRisk Factors for Crash InvolvementRisk Factors for Crash Involvement

Age and gender of road userAge and gender of road user
1, A U-shaped 
function of driver 

b h fage, both for men 
and women;
2, The lowest 
crash rate: men atcrash rate: men at 
the age of 45-54 
or 55-64;
3,  In young 
d i ddrivers, men tend 
to have a higher 
crash rate;
4, From about 30,

Relative rates of involvement in injury crashes by

4, From about 30, 
the mean crash 
rate is higher for 
women.

Relative rates of involvement in injury crashes by 
driver age and gender, based on nine studies



Risk Factors for Crash InvolvementRisk Factors for Crash InvolvementRisk Factors for Crash InvolvementRisk Factors for Crash Involvement

The mean crash involvement rate all ages takenThe mean crash involvement rate, all ages taken 
together, is higher for women than for men in 
these studiesthese studies. 
◦ women drive less than men

Crash involvement rate per kilometre of driving is notCrash involvement rate per kilometre of driving is not 
independent of the distance driven, but decreases as driving 
distances increase.

◦ women tend to drive smaller cars than men
Small cars do not give as good protection against injury in a 
crash as large carscrash as large cars.

◦ women tend to drive more in towns and cities
risk of crashes is higher in urban areas than in rural areasrisk of crashes is higher in urban areas than in rural areas.



Risk Factors for Crash InvolvementRisk Factors for Crash InvolvementRisk Factors for Crash InvolvementRisk Factors for Crash Involvement

Impairment through the use of alcoholImpairment through the use of alcohol

There are 
few other 
risk factors 
that have 
been found 
to increaseto increase 
crash rate 
by a factor 
of more

A i i b bl d l h l l l d l i

of more 
than 100.

Association between blood alcohol level and relative 
crash involvement rate



Risk Factors for Crash InvolvementRisk Factors for Crash InvolvementRisk Factors for Crash InvolvementRisk Factors for Crash Involvement

Speed of travelSpeed of travel
◦ Driving speed influences both the number of road 

crashes and the severity of injuriescrashes and the severity of injuries.



Risk Factors for Crash InvolvementRisk Factors for Crash InvolvementRisk Factors for Crash InvolvementRisk Factors for Crash Involvement

Speed of travelSpeed of travel

1, The 
l i hirelationship 

has the shape 
of an 
exponential 
function;
2, It is much ,
steeper for 
urban roads 
than for rural

Th l i b d d h b 60

than for rural 
roads.

The relation between speed and crash rate on urban 60 
km/h and rural 100 km/h roads (Fildes et al., 1991)



Risk Factors for Injury SeverityRisk Factors for Injury SeverityRisk Factors for Injury SeverityRisk Factors for Injury Severity

Type of motor vehicle vehicle massType of motor vehicle – vehicle mass

Th h hThe greater the mass, the more 
protection people have against 
being injured in crashes.

Relationship between mass of vehicle (or road user) and probabilityRelationship between mass of vehicle (or road user) and probability 
of getting injured when involved in an injury crash, based on 

Norwegian crash statistics



Risk Factors for Injury SeverityRisk Factors for Injury SeverityRisk Factors for Injury SeverityRisk Factors for Injury Severity

SpeedSpeed
◦ The probability that a crash will result in injury is 

proportional to the square of the speed; for serious injuryproportional to the square of the speed; for serious injury 
proportional to the cube of the speed; and for fatal injury 
proportional to the fourth power of the speed.p p f p p
◦ On average, a 1% reduction in the mean speed of traffic 

leads to a 2% reduction in crashes resulting in injuries, a 
3% reduction in crashes resulting in severe injuries, and 
a 4% reduction in fatal crashes.



Risk Factors for Injury SeverityRisk Factors for Injury SeverityRisk Factors for Injury SeverityRisk Factors for Injury Severity

Protective systemsProtective systems
◦ Seat belts

e g Elvik & Vaa (2004) indicated that the use of seat beltse.g., Elvik & Vaa (2004) indicated that the use of seat belts 
reduces the probability of being killed by 40-50% for drivers and 
front-seat passengers and by 25% for passengers in the rear seats.

◦ The use of safety seats for children and infants
e.g., WHO indicated that infant deaths in cars are reduced by 70% 
and for small children by 50% due to the use of safety seatsand for small children by 50% due to the use of safety seats.

◦ Helmet use
Motorcycle helmets have been shown to have a clear impact onMotorcycle helmets have been shown to have a clear impact on 
reducing fatal and serious head injuries by between 20% and 
45%;

i l h l di i i h h i k f h d d b i i j i bBicycle helmets diminish the risk of head and brain injuries by 
63% to 88%.



Dimensions of Road Safety ProblemsDimensions of Road Safety ProblemsDimensions of Road Safety ProblemsDimensions of Road Safety Problems
MagnitudeMagnitude
Severity
ExternalityExternality
Inequity
C l itiComplexitiy
Spatial dispersion
Temporal stability
Perceived urgency
Amenability to treatment
(Elvik, 2008)( )



Dimensions of Road Safety ProblemsDimensions of Road Safety ProblemsDimensions of Road Safety ProblemsDimensions of Road Safety Problems
MagnitudeMagnitude
◦ The magnitude of a road safety problem is the size of the 

contribution a certain risk factor makes to crashescontribution a certain risk factor makes to crashes. 
◦ Attributable risk is a good indicator

The fraction of crashes or injuries that is attributable to a certainThe fraction of crashes or injuries that is attributable to a certain 
risk factor, that is, the size of the reduction in the number of 
crashes or injuries that could be achieved by removing the risk 
factorfactor.
The target attributable risk: the reduction in risk that must be 
achieved within the target group in order to get the same risk level 
as the reference group.
The population attributable risk (PAR): the contribution that the 
enhanced risk level makes to the total number of people killed or p p
injured.



Dimensions of Road Safety ProblemsDimensions of Road Safety ProblemsDimensions of Road Safety ProblemsDimensions of Road Safety Problems
MagnitudeMagnitude

where 
PE is the proportion of exposure in the presence of 
the risk factorthe risk factor, 
RR is the relative risk associated with it.



Dimensions of Road Safety ProblemsDimensions of Road Safety ProblemsDimensions of Road Safety ProblemsDimensions of Road Safety Problems
MagnitudeMagnitude
Number of fatalities, injuries, amount of travel and relative risks 
of fatality and injury for unprotected and protected road users inof fatality and injury for unprotected and protected road users in 
Sweden (Thulin and Nilsson, 1994)

If the risk factor is eliminated, the amount of travel remaining 
unchanged, the number of crashes could be reduced by 32%g , y



Dimensions of Road Safety ProblemsDimensions of Road Safety ProblemsDimensions of Road Safety ProblemsDimensions of Road Safety Problems

An exampleAn example 
Suppose that 10% of travel is exposed to a risk 
f t A th t i l l ti i k f hfactor A that involves a relative risk of crash 
involvement of 3, what will be the population 
tt ib t bl i k t thi i k f t ?attributable risk to this risk factor?



Dimensions of Road Safety ProblemsDimensions of Road Safety ProblemsDimensions of Road Safety ProblemsDimensions of Road Safety Problems

The PAR above is estimated when the risk factorThe PAR above is estimated when the risk factor 
is categorical. When the risk factor is continuous, 
like speed how to estimate PAR?like speed, how to estimate PAR?
A functional relationship is needed to express RR
◦ e.g. a power model can be used for the relationship 

bewteen speed and road safety
x
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v0, v1: median speed before/after change
y0, y1: number of crashes before/after change
x = 1.5 (all injury crashes), x = 3 (crashes ≥1 serious injury), x =x  1.5 (all injury crashes), x  3 (crashes ≥1 serious injury), x  
4.5 (fatal crashes)



Dimensions of Road Safety ProblemsDimensions of Road Safety ProblemsDimensions of Road Safety ProblemsDimensions of Road Safety Problems

An example: To estimate the risk attributable toAn example: To estimate the risk attributable to 
speeding



Dimensions of Road Safety ProblemsDimensions of Road Safety ProblemsDimensions of Road Safety ProblemsDimensions of Road Safety Problems
SeveritySeverity
◦ A road safety problem or a risk factor is more severe if it 

contributes more to severe crashes (e g fatalities andcontributes more to severe crashes (e.g., fatalities and 
serious injuries) than to less severe crashes (e.g., slight 
injuries or property damage).

How to measure?
◦ Define PAR for crashes for each severity level (e.g.,Define PAR for crashes for each severity level (e.g., 

fatal-serious-slight)
◦ If PAR for more severe crashes is higher => a more g

severe road safety problem



Dimensions of Road Safety ProblemsDimensions of Road Safety ProblemsDimensions of Road Safety ProblemsDimensions of Road Safety Problems
An example:An example: 
◦ Fatalities attributable to speeding: 0.239
◦ Serious injuries attributable to speeding: 0 173Serious injuries attributable to speeding: 0.173
◦ Slight injuries attributable to speeding: 0.093
◦ => For fatalities, 61% of the risk attributable to speeding o ata t es, 6 % o t e s att butab e to speed g

[(0.239-0.093)/0.239] can be assigned to the contribution 
of the severity gradient.



Dimensions of Road Safety ProblemsDimensions of Road Safety ProblemsDimensions of Road Safety ProblemsDimensions of Road Safety Problems
ExternalityExternality
◦ Defined as an activity performed by one actor that has 

impacts on the welfare of another actor and where theimpacts on the welfare of another actor and where the 
actor producing the impact does not consider it in 
decisions about the activity.
◦ In road traffic context, an externality exists when travel 

performed by one group of road users imposes an 
additional risk on another group of road users.



Dimensions of Road Safety ProblemsDimensions of Road Safety ProblemsDimensions of Road Safety ProblemsDimensions of Road Safety Problems
ExternalityExternality

Injured road users in police reported crashes in Norway 1998-2005 by 
combination of groups involvedcombination of groups involved

1789 car occupants were 
inj red in crashes in hich theinjured in crashes in which the 
other party was a truck-trailer



Dimensions of Road Safety ProblemsDimensions of Road Safety ProblemsDimensions of Road Safety ProblemsDimensions of Road Safety Problems
ExternalityExternality
◦ In total, 2364 road users were injured in crashes in which 

truck-trailers were involved, of which 2291 (=2364-73) , ( )
were not occupants of the truck-trailer.
◦ On the other hand, the risk other road users impose on 

t f t k t il t f l 149 ( 755occupants of truck-trailers accounts for only 149 (=755-
533-73) injured occupants.
◦ The ratio between these two numbers may serve as a◦ The ratio between these two numbers may serve as a 

numerical index of the external risk created by truck-
trailers, which is 2291/149=15.38,
◦ The number of injuries to other groups of road users in 

crashes involving truck-trailers is 15 times greater than 
the number of injuries to truck-trailer occupants – a large 
net external risk of truck-trailer.



SummarySummarySummarySummary




