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Disclaimer:
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The following interviews and commentaries are for informational exchange only. The views and opinions expressed therein are those of the individual speakers and do not necessarily represent the views and opinions of the Florida Department of
Transportation, Hagen Consulting Services or any of their respective affiliates or employees. This one hour webinar will not make you an expert in anything. It is impossible to cover all of the necessary topics related to this webinar topic within just a one
hour time frame. The user assumes all responsibility for the use of any and all information contained within this webinar. The Florida Department of Transportation and Hagen Consulting Services, LLC assume no liability for the use of the information
contained herein. The information depicted in this presentation may or may not be fictitious. Any similarity to actual persons, living or dead, or to actual events, locations, or firms is purely coincidental. Viewer discretion is advised.



De-mystify the 
Empirical Bayes 
method as often 
applied to traffic 
safety data.



My goal for this webinar:

Theory Practice



If you really want to 
learn something… 

TEACH IT



Answer the BIG questions:

 Who

 What 

 When

 Where

 Why

 How

developed it?

does it do?

should I use it?

should it not be used?

should I use it?

do I use it?



Fact or Fiction?

Dr. Ezra Hauer developed 
the Empirical Bayes Method

FICTION



Who developed EB method?
Rev. Thomas Bayes

(c. 1702 – April 17, 1761) 



Rev. Thomas Bayes publications:

He is known to have published two works in his lifetime, one 
theological and one mathematical:

1. Divine Benevolence, or an Attempt to Prove That the 
Principal End of the Divine Providence and Government is the 
Happiness of His Creatures (1731)

2. An Introduction to the Doctrine of Fluxions, and a Defence of 
the Mathematicians Against the Objections of the Author of 
The Analyst (published anonymously in 1736)



So where did EB come from?

Rev Bayes took a deep interest in probability late in 
his life. 

Rev Bayes’ friend, Richard Price took his manuscript 
entitled “An Essay towards solving a Problem in the 
Doctrine of Chances” and presented it to the Royal 
Society of London in 1763 (two years after Rev Bayes’ 
death). 

It was published in the Philosophical Transactions of 
the Royal Society of London



Introduction by Richard Price

"The purpose I mean is, to shew what reason we have for believing 
that there are in the constitution of things fixt laws according to 
which things happen, and that, therefore, the frame of the world 
must be the effect of the wisdom and power of an intelligent cause; 
and thus to confirm the argument taken from final causes for the 
existence of the Deity. It will be easy to see that the converse 
problem solved in this essay is more directly applicable to this 
purpose; for it shews us, with distinctness and precision, in every 
case of any particular order or recurrency of events, what reason 
there is to think that such recurrency or order is derived from stable 
causes or regulations in nature, and not from any irregularities of 
chance."





Why use the EB method?

 If you don’t, you are considered naïve

 Presumed to improve precision of 
estimates

 Presumed to correct for regression-to-
the-mean bias



What is the EB method?

Magic Pixie Dust!



Why use the EB method?

“The Empirical Bayes (EB) method for the 
estimation of safety increases the precision of 
estimation and corrects for the regression-to-
mean bias.  It is based on the recognition that 
accident counts are not the only clue to the 
safety of an entity.  Another clue is in what is 
known about the safety of similar entities.”

Ezra Hauer, et al.



Note: Dr. Hauer uses “accident” 
rather than “crash” throughout his 
paper.  I know better, but am just 
quoting his work verbatim where 
you see “accident.” 



Why use the EB method?

Crashes are typically rare and random 
discrete events.  They are typically 
infrequent for most intersections or 
roadway segments.



Why use the EB method?

In other words:

EB helps account for where we have a 
very small data size.



Example:

Consider a road segment where the expected crash 
frequency is 100 per year and you have 3 years of data.

100
3

=  + 5.8 crashes per year

The average yearly crash frequency can be 
estimated with a standard deviation computed as 
follows:

Thus, the standard deviation is 5.8% of the mean Good precision



Example:

Consider a road segment where the expected crash 
frequency is 1 every 10 years, you have 3 years of data.

The average yearly crash frequency can be 
estimated with a standard deviation computed as 
follows:

Thus, the standard deviation is 180% of the mean Poor precision

0.1
3

=  + 0.18 crashes per year



What is “Regression to the Mean”

“The other shortcoming of safety estimates that are based only on 
accident counts is that they are subject to a common bias.  For 
practical reasons one is often interested in the safety of entities 
that either require attention because they seem to have too many 
accidents, or merit attention because they have fewer accidents 
than expected. In both cases, were one to estimate safety using 
accident counts only, the estimate would be biased. The existence 
of this ‘regression-to-mean’ bias has been long recognized; it is 
known to produce inflated estimates of countermeasure 
effectiveness.”   

Ezra Hauer, et al.



Low Cost Treatment Study

 Three intersections in Detroit were treated

 Crash reductions were 44%, 48% and 57%

 However, they were chosen due to high crashes

 Crash frequency, rate, or severity higher than 
95% of the intersections 

 No correction for RTM bias was applied



Why use the EB method?

“The Empirical Bayes (EB) method for the 
estimation of safety increases the precision of 
estimation and corrects for the regression-to-
mean bias.  It is based on the recognition that 
accident counts are not the only clue to the 
safety of an entity.  Another clue is in what is 
known about the safety of similar entities.”

Ezra Hauer, et al.



Sensible Estimate of Safety

“A sensible estimate must be a mixture of the 
two clues.  Similarly, to estimate the safety of a 
specific segment of, say a rural two-lane road, 
one should use not only the accident counts for 
this segment, but also the knowledge of the 
typical accident frequency of such roads in the 
same jurisdiction.” 

Ezra Hauer, et al.



So what does that really mean? 



Basic statistics tells us…

A sample size of at least 30 
is needed to be statistically 
significant. 



What do we typically have?

 3 – 5 years of crash data?

 3 – 5 years of ADT data?

 3 – 5 years of geometric data?

3 – 5 data points
Can we draw statistically valid conclusions?



How do we overcome that?

Magic Pixie Dust!
Add More Data



Where do we get more data?

Wait a while and collect more data

Gather data from similar sites



EB Method assumes…

The crash experience for thirty 
years at one site is approximately 
equal to the crash experience for 
one year at thirty similar sites.



EB Method assumes…

Crash
Experience

Crash
Experience100 years 100 sites

=~



EB Method assumes…

The crash experience is really not
random, but is instead predictable 
and deterministic. 
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Regression to the Mean
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How do we use EB? 

“The task is to make joint use of two clues 
to the safety of an entity: the accident 
record of that entity and the accident 
frequency expected at similar entities.”

Ezra Hauer, et al.

The expected crash frequency at similar entities is 
determined by the Safety Performance Function (SPF)



The EB Procedure

Nexpected = w x Npredicted + (1-w) x Nobserved

Where: Nexpected = expected average crashes  

w = weighting adjustment to SPF prediction

Npredicted = predicted average crash frequency (SPF)

Nobserved = observed crash frequency



Weighting adjustment factor 

w = 
1 + k x SNpredicted

all study 
years

1

Where: k = overdispersion parameter from the SPF



Example:

 Two-lane rural road segment

 Segment length is 1.7 miles

 AADT for the last 3 years is 6,500

 Crashes are 6, 9, and 4 for this period

 Assume base conditions for SPF

 What is Nexpected?



The EB Procedure

Nexpected = w x Npredicted + (1-w) x Nobserved

Where: Nexpected = expected average crashes  

w = weighting adjustment to SPF prediction

Npredicted = predicted average crash frequency (SPF)

Nobserved = observed crash frequency



Weighting adjustment factor 

w = 
1 + k x SNpredicted

all study 
years

1

Where: k = overdispersion parameter from the SPF



Find the Predicted N (SPF)

Nspf rs = AADT x L x 365 x 10-6 x e(-0.312)

Where: Nspf rs = expected average crashes  

AADT = Average Annual Daily Traffic

L             = length of roadway segment (miles)



Find the Predicted N (SPF)

Nspf rs = AADT x L x 365 x 10-6 x 0.732

Where: Nspf rs = expected average crashes  

AADT = Average Annual Daily Traffic

L             = length of roadway segment (miles)

Nspf rs = 6,500 x 1.7 x 365 x 10-6 x 0.732

Nspf rs = 2.95 crashes per year



We’ll skip this step…

Npredicted = Nspf rs x (CMF1 x CMF2 x …) x Cx

Npredicted = Nspf rs = 2.95



Overdispersion parameter:

k = 0.236
L

Source: Highway Safety Manual

k = 0.236
1.7

k = 0.139



Compute weighting factor

w = 
1 + k x SNpredicted

all study 
years

1

w = 
1 + 0.139 x [3 x 2.95] 

1
= 0.449



Compute expected crashes

Nexpected = w x Npredicted + (1-w) x Nobserved

Nexpected = 0.449 x 2.95 + (1- 0.449) x (6+9+4)/3

Nexpected = 4.81 crashes per year



Where should EB not be used?

“The EB Method is only applicable when both 
predicted and observed crash frequencies are 
available for the specific roadway network 
conditions for which the estimate is being made.”  

“Where only a predicted or only observed crash 
data are available, the EB Method is not 
applicable.” 

Source: Highway Safety Manual



What SPF’s are available?

 Rural Two-Lane Roads
 Segments

 Intersections

 Rural Multilane Highways
 Segments

 Intersections

 Urban and Suburban Arterials
 Segments

 Intersections

 Freeways
Source: Highway Safety Manual



Rural Multilane Highways

“The term “multilane” refers to 
facilities with four through lanes.”

“Facilities with six or more lanes are not 
covered in Chapter 11.”

Source: Highway Safety Manual



Urban and Suburban Arterials

 Two-lane undivided arterials

 Three-lane arterials with center TWLTL

 Four-lane undivided arterials

 Four-lane divided arterials

 Five-lane arterials with center TWLTL

Source: Highway Safety Manual



Answer the BIG questions:

 Who developed it?

 What does it do? 

 When should I use it?

 Where should it not be used?

 Why should I use it?

 How do I use it?

Rev Thomas Bayes

Correct for RTM

When data and SPF available

Where no SPF exists

Better precision

Very carefully!
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 Weighting Using the Empirical Bayes Method

Highway Safety Manual, Volume 1, Section 3.5.5



53



Don’t forget your PDH form…

 Email completed form to:

Larry@HagenConsultingServices.com  

 Fax completed form to

866-426-5153  (toll free)
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Questions / Comments?

Larry@HagenConsultingServices.com
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