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What is a paradigm shift?
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Have SMoS ‘got stuck’?
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40+ SMoS indicators

Conflicts treated as exposure

‘Validity’ is still not persuasive

Indicators, models, complexity



Laureshyn et al 2017
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Accident analysis has its issues

No TS measure fully accepted without a CMF

‘Absolute validity’ of SMoS = ability to estimate 
accident frequency

Accidents as ‘golden standard’ in measuring safety
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‘Relative validity’ = direction of change in safety

Quick feedback

Minor details

Understanding process (‘process validity’)

Where SMoS are useful?
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EVT – next break-through?

Target accidents:

• disaggregation by type important

• in Safe System – fatal and serious injury accidents!

Estimating accident frequency
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Automated tools → ‘noisy data’

Simple indicators preferable

Two dimensions of severity:

• nearness to collision

• consequences if a collision

Indicator choice



co
n

se
q

u
en

ce
s

severity levels

nearness to collision



Practical example





Indicators

Nearness to collision → Minimal distance!





Indicators

Nearness to collision → Minimal distance!

Consequences if collision → Delta-V



Laureshyn et al. 2017; Shelby 2011 



Jurewicz et al. 2015



To summarize
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Time to de-clutter SMoS discourse

Simple indicators

Safe System → ‘injuries’ rather than ‘collisions’

‘Relative validity’ enough to be useful

Conclusions
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Estimating injury accident frequency

1. Univariate EVT → collision probability given 
encounter (regardless severity) 





Estimating injury accident frequency

1. Univariate EVT → collision probability given 
encounter (regardless severity)

2. Copula model → dependence between 
distance and Delta-V (in the region of near-mises 
and collisions)



Estimating injury accident frequency

3. Univariate distribution of Delta-V given 
distance ≤ 0 (i.e. conditional on collision)





Estimating injury accident frequency

3. Univariate distribution of Delta-V given 
distance ≤ 0 (i.e. conditional on collision)

4. Probability of severe injury given collision



x



Estimating injury accident frequency

5. Probability of severe injury given encounter

𝑃 severe injury = 𝑃 collision ⋅ 𝑃 severe injury collision



Estimating injury accident frequency

5. Probability of severe injury given encounter

6. Expected number of severe injury accidents

𝑃 severe injury = 𝑃 collision ⋅ 𝑃 severe injury collision

𝐴𝑐𝑐𝑖𝑑𝑒𝑛𝑡𝑠𝑀𝐴𝐼𝑆3+ = 𝑃 severe injury ∙ Encounters



10 years frequency

Police (not reliable) 5 (non-injury)

Borsos et al. 2020 14.8 (all severities)

Gumbel Normal Clayton

MD 16.93 19.27 46.82

MDc 0.12 N/A 0.21



Güttinger 1982
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continue with ‘same speed’, ‘same heading’?

probabilistic TTC

start of evasive action

planned path after evasive action onset?

Example 1: Time-to-collision


