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Introduction Statistical background Why exposure? VISSIM model Think. behind research

Expected numberof crashes( ) = ἭὀἸἷἻἽἺἭἚ ἫἺἩἻἰἺἩἼἭἸ

Where:
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ὲόάὦὩὶέὪὧὶὥίὬὩί
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exposure refer to the number of trials while crash rate refer to the 

probability of failure at each trial
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As Elvik* argues:

Crash rate is not independent of 
exposure, but tends to decline as 

exposure increases.

*Elvik, R. (2015) Some implications of an event-based definition of exposure to the risk of road accident. Accident Analysis  
Prevention 76 (Supplement C), pp. 15-24. https://doi.org/10.1016/j.aap.2014.12.011.

https://doi.org/10.1016/j.aap.2014.12.011
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As Elvik* argues:

Crash rate is not independent of 
exposure, but tends to decline as 

exposure increases.

The second problem in computing and using 
accident rates arises in the case of composite 

exposure (i.e., exposure consisting of two or more 
traffic movements that both contribute to the risk 

of crash).

*Elvik, R. (2015) Some implications of an event-based definition of exposure to the risk of road accident. Accident Analysis  
Prevention 76 (Supplement C), pp. 15-24. https://doi.org/10.1016/j.aap.2014.12.011.

https://doi.org/10.1016/j.aap.2014.12.011
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A crashcan be understoodas follows:

(A Binomial distribution in which)

ÐO π

ÎO Њ

The likelihood of a crashto happen(Ἰ) is very low

The numberof repetitionsἶis very large (exposure)

Expected numberof crashes( ) = ἭὀἸἷἻἽἺἭἚ ἫἺἩἻἰἺἩἼἭἸ
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(A Binomial distribution in which)

0Ù
Å ʇ

ÙȦ

ÎÐ ʇ

Thisis known as the Poissonprocess, which models
discrete, non-negativeeventslike road crashes

Both ἶand Ἰare not known, but their product is the 
expected number of crashes of a certain location per 

unit of time (ἱindicates the element)
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A crashcan be understoodas follows:
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╟◐░ is the probability of the element░to have◐░accidents per unit of time

ⱦ░is the expected number of accidents per unit of time (Poisson parameter)
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As ‗becomes larger, the 
distribution normalizes 

its shape

Applyingthe Poisson
distributionestablishesa null

probabilityfor negative
outputs



Introduction Statistical background Why exposure? VISSIM model Think. behind research

Nordic Traffic Safety Academy - 8th annual scientific seminar May 6th - 7th 2019 Espoo, Finland 
The relationship between daily traffic and daily encounters, a micro-simulation study

/ƻƳŜ ōŀŎƪ ǘƻ ǘƘŜ ŜȄǇƻǎǳǊŜΧόƛƴ ǎȅƳōƻƭǎύ

ὣ ‍ ὃὃὈὝ ὩВ Typical SPF model form for roadway segments

If‍ π

ÅThe number of accidents remains the same regardless of traffic

If‍ ρ

ÅThe number of accidents is proportional to traffic (i.e., crash rates are constant regardless 
of traffic) HSM Approach!

Χ
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/ƻƳŜ ōŀŎƪ ǘƻ ǘƘŜ ŜȄǇƻǎǳǊŜΧόƛƴ ǎȅƳōƻƭǎύ

ὣ ‍ ὃὃὈὝ ὩВ Typical SPF model form for roadway segments

If‍ π

ÅThe number of accidents remains the same regardless of traffic

If‍ ρ

ÅThe number of accidents is proportional to traffic (i.e., crash rates are constant regardless 
of traffic) HSM Approach!

What happen to the crash rate when ♫ assumes different value?

[Ŝǘ ǎŜŜ ǎƻƳŜ ŜȄŀƳǇƭŜǎΧ
(The importance of the linear relationship)
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ÅConsidering ♫ Χ

Y

Exposure(AADT)
AADT 1 AADT 2

Element 1 is more hazardous since 
for the same exposure, the number 

of accidents is always higher.
Theanalysisof crashratesgivesthe

sameresult, sincethey remain
constantregardlessof AADT.

Element 1
Element 2
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ÅConsidering ♫ Χ

Y

Exposure(AADT)AADT 1 AADT 2

Element 1

Element 2

In this case, when
consideringthe evolution of 
accidentsdependingon the
exposure, Element1 is safer
than Element2, despiteof 
presentinga highercrash

rate for the examinedtraffic
conditions.
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ÅConsidering ♫ Χ

Y

Exposure(AADT)AADT 1 AADT 2

Element 1

Element 2

Exposurewhere
Element2 is

saferthan
Element1

Exposurewhere
Element1 is
saferthan
Element2

Perhaps a different measure of exposure 
can better explain the phenomena such 
as simultaneous arrivals at intersections 
which only include scenarios which could 

develop into crashes or SSM

Simultaneous arrivals and a finer time 
resolution could be a better exposure 
measures, but how to count them?
ΧŀƴŘ ŦƻǊ ±w¦ǎ ŀǊŜ ǎǘƛƭƭ ǿƻǊƪƛƴƎΚ
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ÅConsidering ♫ Χ

Y

Exposure(AADT)AADT 1 AADT 2

Element 1

Element 2

Exposurewhere
Element2 is

saferthan
Element1

Exposurewhere
Element1 is
saferthan
Element2

Perhaps a different measure of exposure 
can better explain the phenomena such 
as simultaneous arrivals at intersections 
which only include scenarios which could 

develop into crashes or SSM

Simultaneous arrivals and a finer time 
resolution could be a better exposure 
measures, but how to count them?
ΧŀƴŘ ŦƻǊ ±w¦ǎ ŀǊŜ ǎǘƛƭƭ ǿƻǊƪƛƴƎΚ

Can we do that with 
microsimulation?
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