
 

International Co-operation on Theories and  
Concepts in Traffic Safety 

 

Integrating the logistic regression model with EVT: an example in 
Crash injury estimation 

Carmelo D’agostino1, Zhankun Chen1* 

 
1 Lund University, Sweden 

* Corresponding author 

Recent exploration in Bivariate Extreme Value Theory (BEVT) has demonstrated great 

potential in describing the complex dynamics of crash: by including the dimension of the 

released energy (the consequential dimension). The application of BEVT allows the 

extrapolation of crashes from non-crash events, as well as obtaining the probability 

distribution of released energy conditional on a crash event. 

This opens up a door to the site-specific evaluation of accident probability since the relation 

between consequential dimension of a crash and actual injury from the crash is probabilistic, 

and the released energy is a dominating factor. The conventional approach for estimating 

injury risks in crashes, which relies on logistic/multinomial regression, is reactive in nature. 

While regression models offer valuable insights into universal factors affecting crash injuries, 

they do not account for the specific distribution of dominating factor —speed during crashes 

at one specific site.  

As an attempt to address the forementioned gap, we propose a method that combines general 

linear models with joint models for SMoS indicators to extrapolate crash injury probabilities 

at specific sites. By assembling the pieces of this puzzle, we have derived a straightforward 

formula: 

𝑃(Injury levels|accidents) = ∫𝑃(Injury levels|Energy = y)
𝑦

d𝐹Energy |𝑎𝑐𝑐𝑖𝑑𝑒𝑛𝑡𝑠(𝑦) 

This is mixing the injury outcome logit model of energy and the distribution of energy during 

crash, which is site-specific. We propose a method based on copula and EVT. It allows the 

extrapolation of the whole distribution of energy/severity beyond the observed data and it 

accounts for the whole span of severity. We found that our model corrects the overestimation 

of injury probability during accidents when the state-of-the-art method, bivariate peaks over 

threshold were used, as shown in Figure 1.  



 

 

 

 
Figure 1: Trajectory of the simulated injury probability based on Monte Carlo integration. 

Beside the energy, the injury of passenger depends on and user profile and external factors, 

such as age, sex, types of vehicles, sitting position etc. Our approach can accommodate more 

complex injury models. A possible application is the more precise injury risk estimation based 

on user profile.  

More complex model when user profile is not available: 

𝑃(Injury levels|accidents, user) = ∫𝑃(Injury levels|Energy, user)
𝑦

d𝐹Energy |𝑎𝑐𝑐𝑖𝑑𝑒𝑛𝑡𝑠d𝐹user 

When the profile is available: 

𝑃(Injury levels|accidents) = ∫𝑃(Injury levels|Energy, user)
𝑦

d𝐹Energy |𝑎𝑐𝑐𝑖𝑑𝑒𝑛𝑡𝑠 

 


