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Introduction 
Crash prediction models in the Highway 

Safety Manual (HSM) are used to quantify 

the safety experience of new and existing roadways. Safety Performance Functions 

(SPFs) or crash prediction models are statistical formulas developed on limited data 

from a few selected states, Kansas not being one of those states. Therefore, the HSM 

recommends calibration of HSM-default SPFs, or development of local SPFs, to 

enhance the accuracy of predicted crash frequency. This report demonstrates the HSM 

calibration procedure and its’ quality assessment for freeway segments, speed-change 

lanes, ramp segments, and crossroad ramp terminals in Kansas. The study used three 

years of recent crash data, the most recent geometric data, and HSM-recommended 

sample sizes for all facilities considered for the calibration. 

 
 

Project Description 
Primary objectives of this research are as follows: 

To apply the calibration procedure provided in Appendix B of the HSM to Kansas 

freeway segments, speed-change lanes, ramp segments, and crossroad ramp terminals. 

To assess the quality of estimated calibration factors for all facility types considered in 

this study. 

To estimate calibration functions when estimated calibration factors do not provide a 

better fit to local data. 

To compare performance among estimated calibration factors; developed calibration 

functions; and estimated calibration factors by ranges of AADT and segment length 

using cumulative residual plots. 

To provide recommendations for the best safety prediction approach for each facility 

type considered in this study. 
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Project Results 
The HSM methodology overpredicted fatal and injury (FI) crashes and underpredicted all property damage only 

(PDO) crashes for freeway segments. The HSM methodology consistently underpredicted both FI and PDO 

crashes for both entrance- and exit-related speed-change lanes. The HSM methodology overpredicted all FI 

crashes, underpredicted multiple vehicle PDO crashes, and overpredicted single vehicle PDO crashes for 

entrance ramp segments. In the case of exit ramp segments, the HSM methodology underpredicted all multiple 

vehicle crashes and overpredicted all single vehicle crashes. The HSM methodology overpredicted all FI 

crashes and underpredicted all PDO crashes for both signal- and stop-controlled crossroad ramp terminals.  

 

Cumulative residual plots and coefficient of variation were used to evaluate the quality of calibrated HSM-

default SPFs. Results of calibration quality assessment indicated that estimated calibration factors were 

satisfactory for all freeway and ramp facilities considered in this study. However, for further accuracy and 

comparison purposes, calibration functions were developed to improve the fit to local data. Calibration 

functions were better fitted compared to calibrated HSM-default SPFs for freeway and ramp facilities in 

Kansas. Challenges faced, how those challenges were addressed, and data collection techniques used in this 

study are discussed. In summary, estimated calibration factors and developed calibration functions of this study 

would greatly improve making accurate decisions related to freeway and ramp safety in Kansas. 

 
 

Project Information 
For information on this report, please contact Sunanda Dissanayake, Ph.D., P.E., F.ASCE; Kansas State 

University, 1013 Mid-Campus Dr, Manhattan, KS 66506; 785-532-6191, sunanda@k-state.edu. 
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Directions for Downloading the Full Report 

To download the full report, visit https://kdotapp.ksdot.org/kdotlib/kdotlib2.aspx and do the following: 

1. Enter K-TRAN: KSU-17-3 in the search box. 

2. Click the Search button to the right of the search box. 

3. You may have to scroll to find the specific report. 

4. To download the report, click on the title of the report to open the PDF file and save it to  

your hard drive. 

 

 

 

 

 

 

 

 

 

 

 

If you have any questions, please email us at KDOT#Research.Library@ks.gov. 
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