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What is a traffic conflict?  ——Definition

A traffic conflict is “an observable situation in which two or more road 

users approach each other in space and time to such an extent that 

there is a risk of collision if their movements remain unchanged” 

(Amundsen and Hydén, 1977)

✓ More observable

✓ Better timeline

✓ Low cost

✓ Proactive

Amundsen, F.H., and Hydén, C. (editors), 1977. Proceedings of the 1st Workshop on Traffic 

Conflicts, Oslo, Norway.



To be a validate surrogate for crashes, there should exist a 

practical method for converting traffic conflicts into a 

corresponding crash frequency 

Background — Traffic conflict

𝜆 = 𝜋 ∙ 𝑐

𝜆 = 𝜋𝑖 ∙ 𝑐𝑖

𝑌~𝑃𝑜𝑖𝑠𝑠𝑜𝑛 𝜆 , 𝜆 = 𝑎0 + 𝑎1 ∗ 𝑐 + 𝑎2 ∗ 𝑋

(Hauer, 1982)

(Hauer and Garder, 1986)

(El-Basyouny and Sayed, 2013)

Under-reporting, rarity, 

randomness and some other 

issues associated with the 

crash data.

Extreme value theory (EVT)  is proposed to demonstrate the prediction 

validity of traffic conflict techniques without using the crash data



Background —— Extreme value theory

In classical statistics:

focus on average behavior 

of stochastic process

In EVT:

focus on 

EVT is a statistical discipline  that  develops techniques and 

models for describing the unusual rather than the usual.
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Univariate EVT models



0

0.6

1.2

1.8

2.4

3

0:00:00 0:36:00 1:12:00 1:48:00 2:24:00 3:00:00

T
T

C
(s

)

The observations are aggregated into fixed intervals over time, 

and the maxima/minima  are treated as extremes. 
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Generalized Extreme Value 

(GEV) distribution

Background — Block maxima approach



Univariate EVT models

——Peak over Threshold (POT) approach
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The observations are treated as extremes when they 

exceed a predetermined threshold. 

Generalized Pareto 

distribution
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Univariate EVT models

——Safety implication

EVT distribution

Pr( 0) 1 (0)R Z G=  = −

T

T
N R

t
= 

Whenever the PET≤0 (or negated PET ≥0), the 

front of involved following vehicle will collide the 

end of the involved leading vehicle, which indicates 

a crash



Bivariate EVT models



Bivariate EVT models

——Model to integrate indicators

 Research has identified about 38 major proximal 

indicators

 Different indicators inherently represent partial severity 

aspects of traffic events, and integrating these sources 

of information is a promising way to gain more 

comprehensive understanding on the underlying level of 

safety

Mahmud, S.M., Ferreira, L., Hoque, Md., and Tavassoli, A., 2017. Application of proximal surrogate

indicators for safety evaluation: A review of recent developments and research needs. IATSS

Research 41, 153-163.



Bivariate EVT models

——Example II (Rear end conflicts)

Essa, M., and Sayed, T., 2018. Traffic conflict models to evaluate the safety of signalized intersections

at the cycle level. Transportation Research Part C: Emerging Technologies 89, 289-302.



Bivariate EVT models

——Example II (Rear end conflicts)

 TTC is the time required for two vehicles to collide if they 

continue at their present speeds and on the same path

 MTTC relaxes the constant speed assumption during the 

collision course and considers the accelerations of vehicles 

 PET is the time difference between the moment an 

‘offending’ vehicle passes out of the area of potential 

collision and the moment of arrival at the potential 

collision point by the ‘conflicted’ vehicle possessing the 

right-of-way

 DRAC is the rate at which a following vehicle must 

decelerate to avoid the collision with the leading vehicle

Essa, M., and Sayed, T., 2018. Traffic conflict models to evaluate the safety of signalized intersections at the

cycle level. Transportation Research Part C: Emerging Technologies 89, 289-302.



Bivariate EVT models

——Example II (Rear end conflicts)

Note: thresholds to define traffic conflicts are TTC=1.5s, MTTC=1.5s, DRAC=3.35m/s2, 

and PET=1.5s 



 Extreme conflicts are “rare” in nature, so that there may 

not be many data values corresponding to each site 

(Small sample size). 

 Non-stationarity in extreme conflicts is not well 

accounted for

 Unobserved heterogeneity in extreme conflicts is 

overlooked.

Limitations of at-site EVT models:



A BHM which combines data from several sites is developed. 

Three layers is developed.

 Data layer models traffic conflict extremes with the GEV distribution. 

where, zik be the kth recorded block maximum at site i, with i=1, …, s

and k=1, …, ni. 

A Bayesian hierarchical EVT models 

𝐺 𝑧𝑖𝑘 < 𝑧|𝜇𝑖 , 𝜙𝑖 , 𝜉𝑖 = exp − 1 + 𝜉𝑖
𝑧 − 𝜇𝑖
σ𝑖

− Τ1 𝜉𝑖



 Process layer, where a latent Gaussian process underlying 

extremes is characterized by constructing a structure that 

relates the parameters of the data layer to certain covariates 

with identity link functions.

where, 𝜙𝑖 =log(σi), X is the covariate vector and 𝜶𝝁 and 𝜶𝝓

are the vectors of regression parameters. 휀𝜇𝑖 , 휀𝜙𝑖 and 휀𝜉𝑖 are 

random effects representing between-site variances. 

Model development — Model structure

൞

𝜇𝑖 = 𝜶𝝁𝑋

𝜙𝑖 = 𝜶𝝓𝑋

𝜉𝑖 = 𝜉

൞

𝜇𝑖 = 𝜶𝝁𝑋 + 휀𝜇𝑖
𝜙𝑖 = 𝜶𝝓𝑋 + 휀𝜙𝑖
𝜉𝑖 = 𝜉 + 휀𝜉𝑖



 Prior layer, priors to parameters 𝜶𝝁, 𝜶𝝓, and 𝜽𝝃 are assigned to 

characterize the latent process in the process layer, and it is 

assumed that each parameter in this layer is independent to the 

others.

𝛼𝜇~ Normal(0, 106), 𝛼𝜙~ Normal(0, 106),  ~Uniform(-1.0, 1.0)

휀𝜇𝑖~Normal(0, 𝛿𝜇
2), 휀𝜙𝑖~Normal(0, 𝛿𝜙

2), 휀𝜉𝑖~Normal(0, 𝛿𝜉
2)

𝛿𝜇
−2, 𝛿𝜙

−2 and 𝛿𝜉
−2~ Gamma(0.01, 0.01)

Model development — Model structure



Model development — Estimation results

Pr( 0) 1 (0)ij ijR Z G=  = −

T=365*12=4,380, and t=4, 3, 2, and 4 

for intersections of 72 Ave & 128 St, 

72 Ave& 132 St, 64 Ave & King 

George Blvd, and Fraser Hwy & 168 

St, respectively
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The developed BHM_GEV has four distinct advantages: 

 modeling traffic conflict extremes of different sites together instead of modeling 

each site individually allows borrowing strength from other sites, which 

significantly improves the precision of model estimates;

 the Bayesian hierarchical model is able to estimate crashes for sites with 

very limited number of extremes, for which at-site models usually cannot be 

estimated because of non-convergence caused by limited data; 

 with the hierarchical model structure covariates that may influence the 

stationarity of extremes can be readily incorporated, and using covariate 

information for non-stationary extremes plays an crucial rule in obtaining 

better model estimates and improving inference; 

 unobserved heterogeneity caused by additional factors can also be 

incorporated with the Bayesian hierarchical model. Accounting for unobserved 

heterogeneity allows making more accurate inferences when estimating 

crashes. 

Model development — Summary



Before-and-After Safety Studies

Duration (1-3 years before as well as after 
treatment)

Current statistical techniques have 
shortcomings

Paradoxical situation ! 

The safety analyst, for the sake of
methodological correctness, strives to
observe events that ought to be prevented



LPI Safety Evaluation at Signalized 

Intersections in Vancouver



Results



 A Bayesian hierarchical modeling method is proposed for 

extreme value theory models to address small sample size, 

non-stationarity, and unobserved heterogeneity issues in 

traffic conflict extremes; 

 The proposed Bayesian hierarchical extreme value models 

generate more accurate and precise crash estimates than 

at-site EVT models.

 The proposed Bayesian hierarchical extreme value models 

can be applied for real time crash prediction and before and 

after safety evaluations

 Future works include collecting more data for validation, 

considering multivariate EVT models, accounting for 

temporal and spatial correlations…

Summary




