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Risk dimensions

« Occurrence (frequency)

« Conseqguences (severity)
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Concerning road users and vehicles

« At risk for themselves or for other vehicles
 Internal/External risk according to modes of transport
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Methodology of risk

Risk as exposure ® occurence gconsequence

Models Data

Probability Statistics

Risk indicators with rate as a key concept

Reliability  Epidemiology Actuarial science Demography




Individual and collective risk

 Individual risk concerns a component unit of the
transportation system such as a road user, a vehicle
or a road section or junction. Usually expressed as a
probability, it is bounded between 0 and 1.

« Collective risk concerns a set of component units
such as a portofolio of insurance vehicle policies.
Usually expressed as expected values like an
average annual number of victims on the road
network. Under the hypothesis of independance of

units.

K. Rumar (1998) Collective risk but individual safety. Ergonomics, Vol.
31, No. 4, 507-518



Basic Probabilistic Model for occurence

« The number of accidents (k=0,1,2, ...) follows a
Poisson distribution
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P(N, () = k) =

« The mean number of accident E(N,(t))=At is a
cumulative rate, equal to the product of the
Instantaneous rate of accident A (per unit of
component of the system and of time) by the duration t

« the mean = the variance



Basic Models of accident severity

 Each accident is marked by the number of
victims In an accident or the cost of an
accident, which IS a random variable Z

(discrete or continuous >0)

* The number of victims or the total cost in a set
of accidents Is a random sum of random

variables
* which follows a compound Poisson distribution

N $7, 27,47, +..+2, ENg(1) = E(N,()E(2)
Var(N, (t)) = E(N,(t))E(Z?)



Risk indicators in public health (I)

* Crude Mortality rate=number of fatalities/person*year

Estimated b . :
r)mlumber of fatalities In a year

number of Inhabitants lived In a vyear

Road accident France
in 2000=13,5 *10~
in 2018=4,8 *10~ 5/100 000
Very low individual risk

Definition of death
Migration effect



Collective risk by Agregating individual risks

« Burden =number of deaths or injuries that results from exposure

N, t+1:Zn: Di([t ,t+1]) P(D.=1(death))=41x1
| = P(D|:O(I ife)):l—ﬁ><1

« collective risk=Average burden= individual risk*total exposure

E(Zn:Di):Zn:E(Di)z/lxnxl

Exemple : Young male 20
15*10°*3,8*10°*1 = 57 fatalities



Risk indicators Iin road transport

« Take measures of the use of transport by
trips made, hours spent or distance in kilometres travelled
as exposure to the risk instead of lifetime duration

Individual risk indicators

Accident risk rate = number of accidents/vehicle*kilometre
= number of accidents/vehicle*hour

Injury rate = number of injured/person*kilometre
= number of injured/person*hour

Fatality rate = number of fatalities/vehicle*kilometre



Applications of accident risk models

* The models are used for:

— guantification of risk factors such as
geometric characteristics of the road, speed, ...

— diagnosis and specially identification of black
spots or dangerous zones in a network

— evaluation of the effectiveness of a safety

measure
— prediction of the evolution of road accident

burden

« Extension of these models is possible by
adding an extra random variation term to
the rate of accident to obtain a mixed

Poisson process



Conclusion

 Individual and collective Risk as frequency/severity

— Poisson process and accident severity distribution for
component unit (user,vehicle, section)

— Probability of adverse outcome=cumulative rate if small
— Average number of accidents and victims as burden
(societal)
« Public health risk indicators (individual/collective)
— Mortality rate (per person*year), Nb of years lost and al.
« Age, sex, population density
« Transportation risk indicators (individual)
— Exposure as vehicule(person)*kilometre or hour
— Fatality rate (exponential decrease by « socio-technical
learning »)
* Regression models and risk evolution
— Mobility versus safety
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