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BackgroundBackground
●● BeforeBefore--After StudiesAfter Studies
●● FourFour--step Process (step Process (HauerHauer, 1997), 1997)

●● For a single entity:For a single entity:
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Estimate                  and         }ˆ{λVAR }ˆ{πVAR
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Background (contBackground (cont’’d)d)
●● FourFour--step Processstep Process

● For a composite entity
Step 1:

Step 2:
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Poisson Assumption

For each entity, annual 
crash data fits a Poisson 
distribution over a long 

period.

Problem IdentificationProblem Identification
●● QuestionQuestion

●● Two Possible SituationsTwo Possible Situations
● Situation 1:

Different characteristics (geometries, traffic flow, etc.)

● Situation 2: 
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Problem Statement (contProblem Statement (cont’’d)d)
●● Possible SituationsPossible Situations

● Situation 2:
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MethodologyMethodology
●● Bootstrap Resampling MethodBootstrap Resampling Method

F 1 2{ , ,..., }nX X Xχ =

ˆ ( )sθ χ=

F̂ 1 2* { *, *,..., *}nX X Xχ =

ˆ* ( *)sθ χ=

((EfronEfron and Tishirani, 1993 )and Tishirani, 1993 )
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Methodology (contMethodology (cont’’d)d)
●● Algorithm of Variance EstimationAlgorithm of Variance Estimation

Collect crash data

Bootstrap resamples with replacement
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Variance estimation
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Draw a sample from a known distribution
(Poisson, Negative Binomial, etc.)

Variance Estimation
From the known distribution:  
Using bootstrap:                                

Simulation DesignSimulation Design
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Calculate ratios and variances
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Case StudyCase Study
●● Treatment: RedTreatment: Red--light Cameraslight Cameras
●● Data (Charlotte DOT, NC)Data (Charlotte DOT, NC)
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QUESTIONSQUESTIONS


