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ABSTRACT 

In this paper, an evaluation is made of the relationship between crashes and various parameters of speed 
distributions as measured utilizing automatic traffic recorders (ATR) on highways in Iowa. Data on 
crashes were obtained from the Iowa DOT crash database; speed data are calculated from raw ATR data 
provided by the Iowa DOT. Standard statistical tests, including the T-test and the F-test, are used to 
compare the speed distributions as well as their mean and variance. A logistic regression model is 
developed to explore the relationship between the dependent variable crash risk and the explanatory 
variables’ variance, road type, number of lanes, time of day, and day of week. 

Key words: automatic traffic recorders—crash risk—speed distributions 
 



Stout, Souleyrette 2 

PROBLEM STATEMENT 

For a number of years, there have been discussions regarding crash risk and the factors affecting it. One 
group argues that it is speed that kills, arguing from the energy equation (e = ½ mv2), which holds that as 
the speed of a vehicle doubles, its energy quadruples, or from physiology, which holds that as speed 
increases, there is less time to react to problems. Another group argues that it is the variance of the 
vehicle stream (i.e., the differences in speeds within that stream) that causes crashes; if everyone were 
traveling with the same velocity, there could be no crashes. The purpose of this paper is to report on an 
effort to evaluate just how crash risk is affected by speed, variance, and other characteristics of the 
vehicle stream. 

The Iowa DOT maintains a network of automatic traffic recorders (ATRs) on various classes of highways 
across the state. Figure 1 presents the Iowa ATR locations. There are a total of 142 ATRs, of which 72 
collect speed data; these speed data are available beginning in 1998. The Iowa DOT also maintains a base 
of crash data that includes these years.  

 
Figure 1. Iowa ATR locations 

This research has two related objectives. The first is to establish a method for using and analyzing speed 
data from automatic traffic recorders. The second is to use these data to evaluate the relationships 
between crash risk, speed, and speed variance. 
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LITERATURE REVIEW 

Perhaps the most exhaustive and likely the most often-cited research into the relationship between crash 
risk, speed, and variance was conducted in 1964 by David Solomon of the Federal Highway 
Administration (Solomon 1964). In his evaluation of data from 1955 and 1956 on two-lane and four-lane 
rural highways, he reported that the relationship between crash risk and speed is a U-shaped curve, with 
its minimum at about 65 mph. He also reported that the crash risk versus speed variation curve reached a 
minimum at about 8 mph above the average speed. These results would indicate that there is an optimal 
speed in terms of crash risk, as well as a benefit to keeping a speed that is close to that of other vehicles.  

Other studies that have addressed the speed or variance issue, or that have raised questions regarding 
Solomon’s findings, include West and Dunn (1971), Cirillo (1968), Kloeden et al. (1997), and Kloeden, 
Ponte, and McLean (2001). In Kloeden et al. (1997), the researchers found that crash risk increased 
exponentially for vehicles traveling above the urban area speed limit of about 35 mph. In Kloeden, Ponte, 
and McLean (2001), the researchers found “the risk of a free travelling speed passenger vehicle being 
involved in a casualty crash, relative to the risk for a passenger vehicle travelling at an average speed, 
increased at greater than an exponential rate. No evidence was found of a U-shaped risk curve whereby 
slower vehicles were also at a greater risk.” In both of these studies, the researchers used a case-control 
methodology in which the speeds of vehicles involved in injury crashes (as estimated by forensic 
specialists) were compared to the speeds of vehicles not involved in crashes. Also of interest to the 
current study is their assessment of the Solomon and Cirillo study conclusions. Kloeden, Ponte, and 
McLean (2001) consider (as have others) that there was a bias in the Solomon and Cirillo studies that 
generated the U-shape of their risk curves. The source of the bias common to both studies is their use of a 
speed measured at a single point in a section but applied to the overall section. In Solomon’s case, the 
average section length was 17 miles, with a maximum length of 91 miles. Also, with regard to Solomon’s 
study, Kloeden, Ponte, and McLean (2001) considered two other likely sources of bias to be the possible 
underestimation of pre-crash speed by drivers and the possibility that crashes at driveways and 
intersections overcontributed to the number of low-speed crashes.  

In Kloeden et al. (1997), the researchers found that the risk of crash involvement did not change for 
speeds of 60 kph (roughly equivalent to 35 mph) and below, and that crash risk doubled “for each 5-km/h 
increase in travelling speed above 60 km/h.” The study approach was the case-control method. 

In Kloeden, Ponte, and McLean (2001), the researchers focused on rural roadways with speed limits of 80 
kph or greater (roughly equal to 50 mph). Among other qualifying criteria, the research focused on injury 
crashes and required a minimum of 10 control vehicles for each case vehicle. The study conclusion was 
that the risk of crash involvement on rural roadways more than doubled (actually 2.2 times) for a 10-kph 
increase in speed above the mean speed of the traffic stream. Finally, they recommended that the 
enforcement of speed limits be increased and that it be coupled with a reduction in or elimination of the 
tolerance in enforcing speed limits. 

RESEARCH METHODOLOGY 

The current study utilizes a modified case-control approach. The cases are stipulated as the crashes 
occurring on a roadway segment. The selected roadway segments are chosen according to the following 
criteria: 
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• On freeways, the segment extends to the nearest interchange on each side of the ATR location. It 
is assumed that there will be no change in volume and likely no change in flow speed without the 
interferences of the interchanges. 

• On expressways and undivided roadways, the segment extends on either side of the ATR to the 
first side road that has a traffic volume of 10% or more of the mainline roadway’s volume, or that 
has any crashes reported.  

 
A database of coordinates was obtained from the Iowa DOT and was utilized in ArcGIS to select the 
study segments. Using the selected segments and the Iowa DOT crash database, still within ArcGIS, 
crashes along the segments were identified; they were then joined to records that included the date and 
time data. These selected records were compiled into a single database (for each ATR) using Microsoft 
Excel. A Visual Basic program developed for the project was used to perform the following tasks: 

• Determine the date and hour immediately preceding the crash for the study case; determine the 
same hour one week earlier for the control case 

• Access the six years of speed data; determine the mean speed, standard deviation, variance, and 
volume for the case and control hours 

• Check for missing or erroneous data within the database and provide messages as appropriate 
• Enter the calculated values into the ATR’s Excel database 
 

The next step in the process was to compare the variances of the speed distributions for the case and 
control hours, using the F-test to determine whether the differences were significant at the 95% 
confidence level (one-tailed test at 0.025). Because most tables of the F-test parameter have no detail 
beyond a degree of freedom of (typically) 120, an F-test calculator located on the internet was used to 
calculate the p value for each pair of distributions. P values returned from this calculator and within the 
range of the tables were compared to the values in those tables and were found to be identical.  

Because large selection sets are subject to a phenomenon called false discovery, a Benjamini-Hochberg 
False Discovery Rate (FDR) correction was applied to the F-test results. This process involves 
determining the rank (order) of the p value of each pair of distributions, dividing each individual value’s 
rank by 1,760 (the total number of pairs), multiplying each p value by this quotient, and finally comparing 
to the 0.025 criterion for acceptance of the null hypothesis (that there is no difference between the 
variances). 

The results of the initial analyses were processed for input into the statistical software package SAS for 
further analysis. Because of the nature of the data, logistic regression was used to determine the 
relationships between the variables. The specific nature of the data that make logistic regression the 
modeling method of choice is that many of the data are binary outcome variables, although quantitative 
variables can also be included. For example, the crash/no-crash variable has a binary outcome; a crash 
either happens or it doesn’t. Binary outcome variables (in SAS terms, categorical variables) used in the 
analyses are as follows: 

• Crash (or not) 
• Type of roadway: freeway, expressway, or undivided roadway  
• Special times of day: morning rush period, evening rush period, late night 
• Weekend (or not) 

 
Speed and variance were quantitative variables that were analyzed in the model. Various combinations of 
variables were modeled in SAS 9.1 using logistic regression. 
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KEY FINDINGS 

The 72 study segments had 1,769 crashes, for which there were speed data in both the study and control 
hours. Using the basic F-test comparison of the distributions, 445 (25%) of the case-hour distributions had 
(statistically) significantly larger variances than those of the control-hour distributions. In the balance of 
the comparisons, there was no significant difference between the variances (case-hour versus control-
hour), or the control hours had larger variances than did their associated case hours. After the Benjamini-
Hochberg FDR correction was applied, 375 (21%) of the case hours had significantly larger variances 
than the control hours. As before, the balance of the comparisons were either not significant or had larger 
values for the control hours. 

The data for all study hours (case and control) were separated by type of facility (freeway vs. non-
freeway), and descriptive statistics were computed using the Excel data analysis tools. These values are 
presented in Table 1. 

Table 1. Summary statistics and T-test results      
 Mean speed    Variance   
Facility type Case 

hour 
Control 
hour 

T-
test 

 Case 
hour 

Control 
hour 

T-
test 

Freeway 64.65 67.14 Yes  50.52 45.14 Yes 
Expressway 59.15 59.74 No  50.64 50.00 No 
4-lane undivided 51.17 50.99 No  29.81 26.58 No 
2-lane 57.37 58.25 Yes  41.03 41.04 No 
Mean speed and variance values are the means of the case hour or control hour speeds 
or variances.        
 
The T-test result of “yes” indicates that the case-hour parameter (speed or variance) was significantly 
different from the control-hour parameter.  

An evaluation was made of how deviation from the mean speed compares for the case and control hours. 
For this evaluation, the percentage of mean speeds that were 15 or more mph below the mean speed and 
those that were 10 mph or more above the mean speed for the category and type of facility were 
considered. Table 2 reports on the results of this evaluation. 

Table 2. Variation from mean speed    
Facility type Percent varying from mean speed 
 15 + mph below  10 + mph above 
 Case Control  Case  Control 
Freeway 9.03 3.54  0.00 0.00 
Expressway 3.54 3.09  0.46 0.23 
4-lane undivided 0.00 0.00  0.80 0.80 
2-lane 0.69 0.34   0.23 0.34 
 
These results indicate a correlation between speeds below the mean speed and a greater risk of crashing, 
especially for freeways.  
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In the last analysis, logistic regression was performed; the analysis results coincide with the results of the 
previous statistical tests. A full model was run first, with all potential explanatory variables (both 
categorical and quantitative) being examined. The best-fit model included the quantitative variable mean 
speed at the 5%-level of significance (this level of significance was used throughout). A second series of 
model runs was made to evaluate each type of facility independently. In this series of evaluations, the full 
models were run; the only significant (in statistical terms) model was for the freeways and only the mean 
speed entered the model. Finally, a third series was run with only the variance modeled; again, the only 
significant model with the variance was for the freeways. It should be noted that although the variance did 
enter the model, the Wald Chi-Square statistic was a relatively low value of 10.8; this compares to the 
Wald Chi-Square statistic of 90.2 for the speed model. The Wald Chi-Square test compares the quotient 
of the estimated parameter divided by the estimated variance to the Chi-Square distribution. The two 
logistic regression models for the freeways are as follows: 

• Probability (crash risk = 1) = exp (4.8756 - 0.0738 mean speed) 
• Probability (crash risk = 1) = exp (-0.1747 + 0.00367 variance) 

CONCLUSIONS 

The results of the statistical analyses indicate that for the freeways there is a significant difference 
between the mean speed in the control hour and the mean speed in the case hours. As might be expected, 
the mean of the case-hour mean speeds is lower (2.49 mph) than during the control hour. The negative 
sign on the speed coefficient could be interpreted as indicating that as the mean speed increases the crash 
risk is lower. Because of the method of data storage and the resulting limits on the analyses, one should 
only infer from the results that crashes are more likely when the mean speed is lower than the free-
flowing, non-crash mean speed for the same segment.  

Also as might be expected, the mean of the case-hour variances is greater than that of the control hour. 
This result is consistent with the findings of Solomon, Cirillo, and West and Dunn, that variation from the 
mean speed of traffic on a roadway is (at least) a contributing factor to crash risk.  

Because of the nature of the ATR data, it may not be possible to reach a definitive conclusion as to the 
relationship between crash risk, speed, and variance. Further research is needed to better characterize the 
role of speed in crashes. A methodology should be developed to access and utilize exact speed and 
vehicle action data from vehicle event data recorders. This data could then be compared to the 
distributions during the pre-crash hour.  

LIMITATIONS 

The most significant limitation on the speed data as used in these analyses is that they are only available 
on an hourly basis. It would considerably facilitate the analyses to have speed data for shorter periods, 
such as 10-minute or even 5-minute intervals. Some of the Iowa DOT’s ATRs have the capability of 
reporting every vehicle’s speed; unfortunately, these data are not routinely saved once they are processed 
and thus were not available.  

NEXT STEPS 

An avenue of investigation that promises to be fruitful is capture and analysis of the pre-crash data from 
automobile event data recorders (EDR) that have been part of some Ford and General Motors vehicles 
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with airbags since 2001. As the number of EDR-equipped cars in the vehicle mix increases, the likelihood 
of having an EDR-equipped car crashing in an area where speed data are available should increase as 
well. A long-term study could be designed to work with the Iowa DOT to receive and process the files 
with the individual speed data as they are captured; they could then be used with the EDR data to provide 
a more refined evaluation of crash risk. 
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