CE 552 HW 6c: Crash rates
1. Problem 5-2 from Garber (note last pages out of order)

2. Problem 6-1 from  Fricker
3. Problem 6-2 from  Fricker
4. Problem 6-3 from  Fricker
The critical rate procedure is a statistically based procedure to identify those sections or intersections that are outside of the “normal” range of accidents when each section is compared against the average of the larger group.  It is no longer in vogue and has been replaced by the empirical  Bayes process, which does not suffer from assumptions of normality.  However, it may be that because of ease of use, you may find it still used in practice.  Also, due to lack of locally calibrated models, the EB procedure may not be available for use in some areas.  It would be nice to compare the two methods on the same dataset sometime.

Although the critical rate strategy identifies those locations that have the highest possibility being out of the normal range, the potential counter-measures (or mitigation strategies) will not necessarily produce benefits that exceed the cost.  On the other hand, in other situations, project sites that are not out of the statistical range chosen by the analyst may have improvements that would yield benefits exceeding the cost.  The limitation may be budgetary constraints or the uncertainty of whether a countermeasure will reduce the crash potential.

Equation:          Rc  =   Ra  + K (Ra/m)^0.5  +0.5/m  where

Rc  =  the critical rate which establishes the value, above which a project area is 


beyond the established statistical limits selected by the analyst, in units of

per million miles of travel (MVMT)

Ra  = average rate for all roadways of the same category, in the same units


[ (Ra /m)^0.5 is used as the standard error of the samples]

     

K = constant for the statistical level desired.  For alpha = 5% significance level in the 


upper tail of  a normal distribution, K = 1.64 



m = exposure at the site (in Millions of Vehicle Miles of Travel, MVMT)

The above equation assumes that you are working with a section in which vehicle miles of travel is relevant.   At intersections, Rc  and Ra have units of per million entering vehicles (MEV) rather than per MVMT.    
5. What do you see as a potential problem if project sites are very short and are evaluated as sections?

The equation could also be adjusted for a weighted severity value rather than just the crash rates per MVM or rate per MEV.  

In each case, if the crash rate of an individual project site exceeds the critical rate for site, the project area should be included on the list of sections to be considered for treatment.

Example:

     Over a three year period, one section experienced 24 crashes.  Each day the vehicle traffic is 12,000 vehicles per day (total in both directions as is the convention for 2-way roads) on this 3 mile section.   The crash rate for this section is then:

MVM =  12,000 vehicles/day *(365 days per year)*3 miles *3years/ 1,000,000 = 39.4 MVM

  Rate = 24 crashes/39.4 =  0.61crashes per MVM.       

The average crash rate for all similar sites was 0.40 per MVM. 

Would the section in question be considered to have a critically high accident rate?   Choose a 95 percent confidence range for this example;  K = 1.64   (note: for a 97.5% confidence level, K=1.96 and for a 99.5% confidence level, K = 2.58)

  Rc = 0.40 + (1.645)(0.40/39.4)^0.5  + 0.50/39.4  = 0.58
Conclusion:  The 0.61 crashes per MVM exceed the level we would expect of 95% of all similar sections based on this statistical assessment.  Therefore we would incorporate the location on our list of sections to receive additional scrutiny for the safety improvement program.

6.  If the 0.61 crashes per MVM had been based on 25 MVM would we come to the same statistical conclusion (hint: do not recomputed the rate of 0.61, only the Rc)?

7.  If we only wanted a list in which we were 99.5% certain that the section was considered abnormally high, would the section be included on our list? 
8. Why may it be necessary to consider a higher confidence interval when developing a list of critical areas to address?       
9. One of the problems with the critical rate method is that on very low volume roads, one random crash can produce a very high rate.  Prepare an example similar to example 5.4 in Garber that demonstrates that this could be a problem.

10. Garber p. 170, problem 5-5

11. Garber p. 170, problem 5-6 (do not estimate the crash reduction (we will get to that later)

Since the financial resources to address the needs within the safety improvement programs are always less than desired the decision makers wish to allocate the resources to those areas that are most critical.  State transportation agencies are continuously looking to prioritize investment strategies that have the highest probability of success.
The crash data below are for 16 highway segments. The crashes, by type (fatal, injury, and property-damage only (PDO)) are tabulated for a 3 year period and the exposure in MVMT were calculated over this time.





Sect
Fatal
Injury
PDO
Total
Travel


ID
Acc.
Acc.
Acc
Acc.
(M VMT)


a
0
7
12
19
2.940


b
0
3
16
19
2.292


c
1
0
  9
10
0.984


d
1
2
14
17
5.100


e
0
6
22
28
6.930


f
2        16
58
76
11.790


g
1        12
30
43
9.840


h
0
3
14
17
5.130


i
0
3
7
10
1.884


j
0
1
9
10
0.692


k
0
2
5
 7
1.494


1
0
5         14
19
1.494


m
0
0
30
30
0.984


n
0
1
14
15
1.968


o
1
5
16
22
5.850


p
1
12
38
51       11.820

12. Use the data above to rank the sections and then identify the top 5 priority locations, for each of the following evaluation criteria.  In each case, the most critical section should have a rank of 1:
a. Total crash rate per 100 million vehicle miles of travel (100 M VMT)

b. Fatal plus injury crashes per 100 M VMT

c. Severity rate in which total severity for the section will be a weighted severity in which each fatal crash is 40 times the value of a property damage crash, and an injury is weighted as 10 times a Property damage crash.  The severity rate (combined cost from all accident types) will again be expressed per 100 M VMT.

d. Sum the ranks of each section from a, b, and c to create a combined value and pick the top five from this combination.  The lowest possible sum would be 3, if the same section was always identified as the poorest. [Note:  this is equivalent to combining the ranks by giving 1/3 weight to each of the rating schemes.]

Present your final results of the 4 assessments in a single table showing the ranking for each segment under the scenarios. Also show the ranks if we had just ranked on the basis of total crashes on each of the segments.

13.  Discuss your results.   Consider the consistency in the rankings, consistency with what projects would have been selected had you just used total crashes instead of crash rates, and other points that are important to you. What ranking technique do you prefer?  Why?

An economic assessment of safety benefits may use crash loss values similar to the following:

   Fatality   -   



$3, 341,000   

   Major injury



    $231,000

   Minor injury



      $46,000

   Possible injury 


       $25,000

   Property damage only

         $2,500

In step 12c. above, we used “relative” severity ratings of 40 for fatals, 10 for injuries and 1 for PDO.  Perform a sensitivity analysis on the relative severity ratings by comparing what you got for 12c. to what you would get if you used ratings of 120 for fatals, 20 for injuries and 1 for PDOs.  
14. Compute new section rankings using these scales and compare with your original (question 12) severity rankings.   How does this affect decisions of the safety engineer?

15. For each of the 16 segments above, determine the critical Rate formula with a k value of 1.64 for the following:

      a)  fatal + injury crashes combined  (assume the statewide average crash rate, Ra = 90 per 

           100 MVMT for this road class)

      b)  all crashes combined (assume the average rate, Ra = 525 per 100 MVMT)

Check to see which segments exceed critical rate.

Hint: Use the critical rate formula to find out which of the sections a through p exceed the critical rate.  To do that, you need to compute the Rc for each segment (it’s easy in a spreadsheet).  Don’t forget you need to divide the travel by 100 (e.g., 2.94 MVMT = .00294 HMVMT)

Note that the critical rate is that rate above which a section might be considered to need improvement. 

16. Were your top five projects from question 12 always considered critical in your “statistical evaluation”?    

17. From an investment viewpoint, which projects would you undertake?  

18. What information would you still want to have?  

19. Identify at least two reasons why the safety engineer may not find it feasible or desirable to just keep moving down the list (fixing each location) of the “high priority locations” as projects are carried out throughout the year.  

