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Introduction 

In the current practice of traffic safety analysis, counts of 
crashes aggregated over several years, typically 3 to 5 
years, are analyzed with count data models to estimate 
the effects of traffic volume and major design elements 
on roadway safety performance. This method of analy-
sis takes advantage of data aggregation to address the 
rarity of crash occurrence, but it fails to reflect the di-
versity of operational conditions in short periods, which 
may be critical in identifying crash causality and effec-
tive safety counter measures. In the time of big data, 
emerging data sources provide various opportunities to 
perform novel safety analysis and, as a result, they call 
for the evolution of traditional safety management pro-
cedures. Among the emerging data, the most promising 
is high-resolution, time-dependent data including hourly 
traffic volumes, speed, and weather conditions. Thanks 
to their low aggregation level, the factors of crash prob-
ability and severity in short intervals, such as one hour, 
can be analyzed and estimated. 

This pilot study investigated the feasibility of using 
emerging data sources to improve traffic safety. The re-
search consisted of three components: (1) evaluation of 
the usability and reliability of emerging data sources; (2) 
example analysis of hourly crash probability and severity 
for two cases—rural freeways and signalized intersec-
tions using static and temporal data (geometry, traffic, 
weather, other); and (3) identification of the potential 
limitations and challenges of future implementation to 
safety management practice. 

Findings 

The data sources maintained by INDOT and FHWA 
are reliable and easy to access, while data sources of-
fered by commercial companies may be less reliable 
and may involve considerable costs. The preliminary 

analysis of the obtained sample data showed the pos-
sibility of linking various time-dependent data, volume, 
speed features, and weather conditions to traffic safety. 
Nevertheless, restructuring, standardizing, and linking 
data from various sources is complex and time-consuming. 
Several analysis examples of time-dependent data were 
conducted and the key findings are listed as follows: 

1. Hourly traffic volumes were forecasted us-
ing probe density, time indicators, AADT, travel 
speed characteristics, and weather conditions. 
The hourly volume estimation/prediction model 
explained 90% of the sample variability. This indi-
cates its good performance. 

2. Time-dependent variables were found to be sig-
nificant in estimating crash risk and severity. The 
most pertinent determinants were travel speed 
variation, decreasing operating speed, congestion 
level, scattered rain, and freezing temperatures. 

Partially signalized intersection with raised crosswalk. 
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3. Some of the detailed roadway features, such as 
barriers, street lighting, and road curves, were 
found to significantly affect the probability of a 
crash and the severity of its outcome. Some of 
the effects of intersection design elements were 
found to be counterintuitive due to the lack of 
turning volumes among the variables used in the 
models. 

4. The limited size of the interaction sample preclud-
ed confirming the significance of a few roadway 
design elements and temporal traffic conditions 
that were expected to be safety factors. 

5. The obtained models revealed safety-critical con-
ditions such as potentially slippery pavement from 
near freezing temperatures combined with large 
speed variation on approaches to signalized in-
tersections. Identification of critical combinations 
of adverse conditions helps understand crash 
causality. 

Implementation 

The revealed limitations of emerging data sources 
pointed out the following data needs: traffic volumes and 
speeds on local roads, turning volumes at road inter-
sections, and high-resolution road geometric data. The 

two studied cases showed the potential for identifying 
safety-critical operational conditions. Time-dependent 
data may help traffic safety engineers identify these 
conditions, their frequency, and their overall contribution 
to crash occurrence and severity, while also devising 
effective safety countermeasures and estimate their 
safety benefit and cost effectiveness. Practical and effi-
cient methods of scanning selected types of roads over 
time to identify the high-risk conditions are under devel-
opment in the follow-up SPR-4540 project. 
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