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EXECUTIVE SUMMARY
Problem Statement

Highway agencies spend millions of dollars to ensure safe and efficient winter travel. However,
the effectiveness of winter-weather maintenance practices on safety is somewhat difficult to
quantify. When crashes are viewed over multiple years, some locations appear to have an
overrepresentation of crashes.

Background

Safety and Mobility Impacts of Winter Weather - Phase 1 investigated opportunities for
improving traffic safety on state-maintained roads in lowa during winter weather conditions. The
primary objective was to develop several preliminary means for the lowa Department of
Transportation (DOT) to identify locations of possible interest systematically with respect to
winter weather-related safety performance based on crash history.

Specifically, four metrics were developed to assist in identifying possible habitual winter
weather-related crash sites on state-maintained rural highways in lowa. In addition, the current
state of practice, for both domestic and international highway agency practices, regarding
integration of traffic safety- and mobility-related data into winter maintenance activities and
performance measures was investigated.

In Phase 2, a combination of the Phase 1 results and lowa DOT maintenance field staff input
were employed to evaluate three lowa DOT high-priority sites. Winter-weather crash-mitigation
analysis procedures were developed and applied for three sites. Realistic maintenance and
operations mitigation strategies were also identified.

Objectives
The three primary objectives of the Phase 3 project were as follows:

e Develop and investigate a more systematic site prioritization protocol
e Develop crash frequency prediction models
e Analyze winter weather and crash history at the prioritized sites

Research Description and Methodology

Site prioritization techniques, for identifying roadway segments with the potential for safety
improvements related to winter-weather crashes, were developed through traditional naive
statistical methods by using raw crash data for seven winter seasons and previously developed
metrics.
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Crash frequency models were developed using integrated crash data for four winter seasons, with
the objective of identifying factors that affect crash frequency during winter seasons and
screening roadway segments using the empirical Bayes technique. Empirical Bayes accounted
for the regression to the mean (RTM) phenomenon by overcoming the limitations introduced by
traditional methods.

Safety performance functions (SPFs) were developed for three types of roadways in lowa to
predict winter weather-related crashes as a function of several factors related to winter-weather
conditions such as visibility, pavement temperature, air temperature, and wind speed.

The empirical Bayes approach was used to combine the predicted number of crashes from the
SPFs with the observed crash counts at a location to produce an improved estimate of the
expected number of crashes.

The difference of the empirical Bayesian adjusted crash frequency and the predicted crash
frequency from an SPF is referred to as the potential for safety improvement (PSI). The higher
the PSI value for a road segment, the higher potential for improving safety on that road segment.

Considering the PSI, the roadway segments were ranked or prioritized so that highest possible
safety improvement can be achieved.

Based on these prioritization techniques, 11 sites were identified for more in-depth analysis in
conjunction with input from lowa DOT district maintenance managers and snowplow operators
and the lowa DOT Road Weather Information System (RWIS) coordinator.

Key Findings

Weather factors such as visibility, wind speed, and air temperature were found to have
statistically significant effects on crash frequency along different types of roadways.

The ranking of roadway segments for PSI also differed from the ranking produced by simple
crash frequency, which does not take into account the RTM; however, similarities did exist
among the techniques.

While crash data served as a foundation for site analysis meetings, insight from lowa DOT
maintenance field staff was invaluable, particularly with respect to their maintenance practices,
observations of events under various conditions, possible mitigation strategies, and impacts of
the roadside environment. While some of the feedback may have been anecdotal in nature,
maintenance staff are uniquely qualified to discuss winter-weather safety, given their nearly
exclusive experience in maintaining the roadways and sharing them with motorists during a wide
array of different weather conditions.
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Additionally, site analysis meetings serve as a forum to increase awareness as well as facilitate
open discussion of concerns, mitigation alternatives, and opportunities for coordination and
improvement. The final project report provides details on the following issues that were
identified:

e A prominent issue among all sites, through their entire extent or in localized areas, was
blowing snow
e Poor roadway condition and/or macro texture of pavements along several sites may
contribute to winter weather-related crashes
e Challenges in maintenance operations focused on snowplow runs and potential solutions, but
were also reflected in crash experience as follows:
e Glazing of wheel tracks between 8:00 a.m. and 10:00 a.m.
o Refreeze between 4:00 p.m. and 6:00 p.m.
e Slushy road conditions between 25 and 32 degrees Fahrenheit, intermittently moving in
out and out of a frozen state
e Roadways typically do not become icy or slick at low temperatures, such as between 10
and 15 degrees Fahrenheit

Implementation Readiness and Benefits

Identifying, or prioritizing, sites for additional safety review or improvement within a road
network is an essential task for engineers in state agencies to ensure efficient allocation of
limited resources for mitigating possible safety issues. In this study, a primary objective was
prioritizing segments for additional analysis to determine if, and what types of, safety
improvements may be feasible.

The PSI ranking produced by employing the empirical Bayes technique can be useful to identify
roadway segments to consider for PSI and allocate agency resources in an effective manner to
mitigate winter weather-related crashes. SPFs developed in this research can be used to produce
a ranking based on PSI by using crash observations made over a specific number of years for
winter-weather crashes.

There are multiple benefits associated with identification and analysis of locations with the
potential for safety improvements related to winter-weather crashes. In general, the effort
supports the lowa DOT’s safety and mobility initiatives.

Possible Mitigation Strategies

Several possible mitigations strategies were identified and discussed in the site meetings.
Strategies may be considered broadly as roadway or roadside-related, informational, or
operational in nature. Some of these strategies, and possible limitations, are covered in more
detail in the final project report.
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Expansion of snow fence installation was a commonly recommended strategy, including entirely
new installation, filling in of gaps, and increasing heights. Limited right-of-way (ROW)
availability may impact the ability to implement this strategy at all locations. But, standing stalk
programs were suggested as a viable alternative, if participation can become more attractive.

From an operational standpoint, reevaluation of snowplow run turnaround locations, length of
snowplow runs, snowplow run overlap, dedicated ramp trucks, cooperation or partnering with
neighboring maintenance garages, and material use during different conditions were suggested
mitigation strategies. Lastly, improving driver information, particularly in advance of locations
prone to rapidly changing or different conditions, was proposed as a possible mitigation strategy.
Information may be conveyed via permanent or portable dynamic message signs (DMSs).
Locations of devices (specifically, portable DMSs), appropriate activation protocol, and message
content would need to be established. Consistency among locations throughout the state may be
an additional consideration.
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CHAPTER 1. INTRODUCTION

Highway agencies spend millions of dollars to ensure safe and efficient winter travel. However,
the effectiveness of winter-weather maintenance practices on safety and mobility are somewhat
difficult to quantify. Safety and Mobility Impacts of Winter Weather — Phase 1 (Hans et al. 2011)
investigated opportunities for improving traffic safety on state-maintained roads in lowa during
winter-weather conditions. The primary objective was to develop several preliminary means for
the lowa Department of Transportation (DOT) to identify locations of possible interest
systematically with respect to winter weather-related safety performance based on crash history.

Specifically, four metrics were developed to assist in identifying possible habitual, winter
weather-related crash sites on state-maintained rural highways in lowa. In addition, the current
state of practice, for both domestic and international highway agency practices, regarding
integration of traffic safety- and mobility-related data in winter maintenance activities and
performance measures were investigated. This investigation also included previous research
efforts.

In Phase 2, a combination of the Phase 1 results and lowa DOT maintenance field staff input
were employed to evaluate three lowa DOT high-priority sites. Winter-weather crash mitigation
analysis procedures were developed and applied for these three sites. Realistic maintenance and
operations mitigation strategies were also identified.

The three primary objectives of this project, Safety and Mobility Impacts of Winter Weather —
Phase 3, were as follows:

e Develop and investigate more systematic site prioritization protocols
e Develop crash frequency prediction models
e Analyze winter weather and crash history at the prioritized sites

This report consists of six additional chapters. Chapter 2 presents a summary of factors affecting
winter-weather safety and past methodologies for modeling winter-weather crash frequency.
Chapter 3 discusses development of two site prioritization techniques, based on previously
computed metrics. Chapter 4 introduces the various data sets, sources, and processing steps used
to develop safety performance functions (SPFs) for winter-weather crashes in lowa. Chapter 5
outlines the development of crash frequency prediction models for empirical Bayes analysis.
Chapter 6 discusses use of the Chapter 3 and 5 analyses results to identify locations for more
detailed review and the resulting evaluation of these sites. Chapter 7 provides conclusions and
recommendations from the research project.



CHAPTER 2. LITERATURE REVIEW

This chapter provides a thorough literature review of the factors affecting winter-weather safety
and methodologies used to analyze crashes related to winter weather from previous studies. It
provides a comprehensive review of literature on the impact of weather-, traffic-, and
maintenance-related attributes on winter-weather safety.

Past studies related to modeling winter-weather crash frequencies using both aggregate- and
disaggregate-level crash data are also discussed in this chapter. While most of the studies
focused on the effect of weather, traffic, and maintenance parameters on road safety,
development of a site prioritization technique for improving winter-weather safety using
available crash data and maintenance crew—reported weather data was scarce in the literature.

This study concentrates on developing a comprehensive site prioritization technique for
identifying highway locations potentially prone to winter-weather crashes, as detailed in the
following chapters.

2.1 Factors Affecting Winter-Weather Safety
2.1.1 Effect of Weather on Safety

Some of the weather-related factors affecting safety on the roadway include freezing
precipitation, frozen precipitation, liquid precipitation, severe and major storms, temperature,
visibility, and wind speed (Edwards 1998, Feng 2001, US Department of Commerce 2002,
Strong et al. 2010).

Correlation and regression analysis was performed by Andreescu and Frost (1998) between daily
accidents with weather-related variables (temperature, rain fall, and snowfall) using three years
of crash data (1990 through 1992) from Montreal, Quebec. Differences in the daily number of
crashes and the mean number of crashes over a week was used as the number of daily crashes for
the three years of the study period to reduce the variation in the number of accidents per day. The
study results found that the number of crashes increased with an increase in snowfall or rainfall
intensity, but no significant relationship with respect to temperature was found.

Aggregated data by intervals of six hours was used by Andrey et al. (2003) to analyze the crash
and precipitation data of six Canadian cities from 1995 to 1998 employing a matching pair
technique. Using this technique, the researchers compared crashes in periods of days under
adverse weather conditions with crashes in periods of similar days under normal weather
conditions. The results indicated a 75 percent and 45 percent increase in frequency of overall
collisions and injury severity collisions, respectively, due to precipitation, with snowfall effects
being more pronounced than rainfall effects in collisions.



Andrey and Knapper (2003) found that the crash risk associated with rainfall is mainly due to
visibility, with crash rates dropping quickly near to normal once the rain stopped. The study
results also revealed that high winds and fog are responsible for a small proportion of crashes.

More recently, Andrey (2010) investigated the effects of weather on crash severities using data
from 1984 to 2002 for 10 Canadian cities. Using a match-paired technique, Andrey showed that
the risk of minor injury crash increased by 74 percent and 89 percent due to rainfall and
snowfall, respectively, whereas the increase in major/fatal injury crash risk was 46 percent and
52 percent due to rainfall and snowfall, respectively.

Using 25 years of weather, traffic, and crash data for the 48 continental US states, Eisenberg
(2004) developed a set of state-level daily and monthly collision models that followed a negative
binomial distribution. The estimated monthly models showed a reduction in fatalities and an
increase in non-fatal crashes with snow precipitation. The estimated daily models showed a
positive relationship between snow precipitation and total number of crashes and revealed that
fatalities increased with heavy precipitation.

Eisenberg and Warner (2005) conducted an analysis using the same data set to investigate the
relationship between snowfall and crash rate and calibrated negative binomial models with
number of crashes as the dependent variable and precipitation, traffic exposure, and other factors
as independent variables. The findings revealed that the number of non-fatal injury crashes and
property damage crashes increased during the snowfall, but the number of fatal crashes
decreased.

Sherif (2005) attempted to establish a link between road surface temperature, surface moisture,
and road safety using data for one winter season from the city of Ottawa, Ontario, Canada. A
pavement moisture risk factor (PMRF) was developed using the ratio of crash rate on wet surface
to that on dry surface. The results from the study indicated that wet surfaces were found to be
more hazardous when the temperature ranges from +1 to -2 degrees Celsius. However, some of
the major limitations of the study were the large aggregation of crash and weather data at a high
level, masking the variations within different types of highways, and consideration of wet and
icy surfaces to be equal in terms of their effect on safety.

Hermans et al. (2006a) investigated the effect of weather factors on road safety by using data
collected in the Netherlands in 2002 and considering a number of factors related to wind,
temperature, precipitation, and visibility. The collected data included hourly data on cloudiness,
precipitation duration, precipitation amount, relative humidity, presence of precipitation,
presence of fog, snow, thunderstorms, black ice, hail, and visibility. The researchers estimated
negative binomial models and found that the duration of precipitation and wind gust speed were
associated with higher crash frequency, while the presence of light was associated with a lower
number of crashes.

Hermans et al. (2006b) also analyzed frequency and severity of crashes based on monthly data
collected from 1974 to 1999 in Belgium using a state space approach considering several
weather variables. The state space approach is based on describing a time-varying process by a



vector of quantities. The percent of days with thunderstorms and precipitation were found to be
positively associated with minor injury risk with statistical significance. Both minor and major
fatal injury risk was found to be higher on days with precipitation and with increased sunlight
hours. On the other hand, risk for both types of injuries was found to be lower on days with
freezing temperatures.

A meta-analysis on past studies from 1967 to 2008 was conducted by Qiu and Nixon (2008) to
illustrate the weather-related factors affecting road safety. According to that review, it was found
that snow precipitation was likely to increase the total number of crashes by 73 percent, 85
percent, and 100 percent on average in the US, Canada, and the UK, respectively. Rain was
likely to increase the total number of crashes by 58 percent, 73 percent, and 24 percent. Injury
crashes also followed the same pattern. However, the estimates considered in this meta-analysis
from different studies were the gross averages in different countries in different time spans so
many factors, such as driving behavior, exposures, and maintenance operations, attributed to the
variations in the percentages. Therefore, the findings from this study cannot be generalized
without considering specific traffic, maintenance, and weather characteristics of a specific
region.

2.1.2. Effect of Traffic-Related Factors on Safety

Knapp and Smithson (2000) investigated the impact of winter storm events on traffic volumes.
Sixty-four winter storm events occurring between 1995 and 1997 on Interstates in lowa were
considered that met certain traffic volume, storm duration, and snowfall intensity criteria set by
the researchers. Road weather information system (RWIS) data from seven sites near the
Interstates were used to collect roadway and weather condition data. Automatic traffic recorders
(ATR) located near the RWIS were used to collect the hourly traffic volumes to approximate
storm and non-storm event traffic volumes.

In that study, multiple regression analysis was conducted to investigate the relationship between
the reduction in the percentage of traffic volumes during winter storm events, snowfall intensity,
total snowfall, and other weather-related variables. The percent reduction in traffic volume
during a winter storm event was derived by calculating the percent reduction in volume from the
average traffic volume during a non-storm event. The analyses indicated that the percent
reduction in traffic volume during winter storm events had a statistically significant and positive
relationship with total snowfall and the square of maximum gust wind speed.

Knapp et el. (2000) also studied the impact of winter storms on crash frequency and reduction in
traffic volume using a standard Poisson regression count model, as there was no evidence of the
presence of overdispersion in the crash data. Hourly data were collected for crashes, traffic
volume, and weather variables in lowa for a 30-mile segment of the Interstate highway from
1995 to 1998, and 54 winter storm events were identified based on freezing temperature,
precipitation, and non-dry pavement surface. The model results showed an increase in crash
frequency with the increase in exposure (million vehicle miles), snowstorm duration, and
snowfall intensity.



Knapp and Smithson (2001) investigated the change in vehicle speed during winter-weather
events using mobile video data collection equipment to collect traffic flow data (i.e., speed and
volume), weather conditions, and road surface conditions during seven winter-weather events
from 1998 to 1999 at an Interstate location in lowa. The researchers discussed the effectiveness
of and concerns related to using mobile video data collection equipment during winter weather.

Exploratory data analysis revealed a 16 percent reduction in the average winter-weather vehicle
speed compared to the typical average speed at the same location during non-winter conditions.
A 307 percent increase in the variability of vehicle speed during winter-weather events was also
found when compared to the typical speed variability. The multiple regression model developed
as part of the study revealed that the off-peak average winter-weather vehicle speed would
increase with the square of traffic volume, decrease with the decrease in visibility below 0.25
mile, and decrease when snow began to affect or cover the roadway lanes. That study assumed
that traffic volume was a surrogate for the weather characteristics affecting variable speed and,
as such, weather data were not collected during the winter-weather events.

Padget et al. (2001) conducted a study to investigate winter-weather speed variability in sport
utility vehicles (SUVs), pickup trucks, and passenger cars. The authors collected and analyzed
the speeds of SUVs, pickup trucks, and passenger cars on five different winter-weather pavement
surface conditions in Ames, lowa. The analysis results revealed that all three types of vehicles
had similar average speeds during normal conditions, with passenger cars having the highest
average speed, but this pattern reversed during winter-weather conditions, with SUVs having the
highest average speed and passenger cars having the lowest average speed.

The researchers concluded that passenger car drivers generally traveled more slowly than SUVs
during winter-weather conditions but faster during normal conditions. The researchers found
there was a difference between the normal and winter-weather speed choice of SUV, passenger
car, and pickup truck drivers. However, the variability in the speed of SUVs, pickup trucks, and
passenger cars increased during winter-weather periods compared to the variability during
normal conditions regardless of the time of day.

The researchers found nighttime speeds for all three types of vehicles to be significantly lower
than daylight speeds. The analysis results also revealed that the average vehicle speed for all
three types of vehicles decreased with poorer roadway surface conditions during the winter-
weather periods.

Lee and Ran (2004) developed a winter-maintenance performance measure based on speed
recovery duration (SRD) during snow events using speed data collected from ATRs and winter
storm report data in Wisconsin. The authors defined SRD as the time between the stopping of the
snow event and the recovery of vehicle speeds to normal. The SRD was proposed as a measure
of winter-maintenance performance in lieu of the total cost of operations or salt usage. A
regression model developed in the study showed that vehicle SRD to the normal condition was
significantly associated with snow duration and maximum speed reduction during the
snowstorm.



Lee et al. (2008) conducted a follow-up study involving a larger sample size to validate the
findings of the Lee and Ran (2004) study. The follow-up study involved the investigation of
vehicle speed changes during winter-weather events using data extracted from Wisconsin winter
maintenance logs.

The study conducted a regression tree analysis with SRD, which the authors defined as the time
required to regain the normal average speed from minimum speed during a winter storm event,
as the dependent variable. SRD was found to be a promising factor to evaluate winter
maintenance activities using vehicle speed data.

According to the developed models, the authors found that SRD would increase with the quick
reduction of vehicle speed to the minimum speed during the winter storm events. A longer SRD
would also be expected with a percentage increase of the maximum speed reduction. The study
confirmed that vehicle speeds could be a good measure for indicating driving conditions during a
winter-weather event.

2.1.3 Effect of Winter Maintenance on Safety

Adams et al. (2006) developed regression tree models for estimating labor, equipment and
material resources, cleanup cost, and percent overtime cost associated with winter-weather
maintenance activities during storm events in Wisconsin. The researchers focused on estimating
the required resources using regression tree models, which are independent from unit costs of
labor, maintenance, and equipment that change over time and vary from county to county.

Models were developed for 72 counties in Wisconsin that were divided into four service groups
depending on the percent of highway coverage received by those counties during winter-weather
events. The regression models captured the effect of precipitation depth, storm duration, air and
pavement temperature at the start of the storm, time of the day, and service level on resource
requirements for winter maintenance.

The analysis showed that temperature influenced labor and equipment requirements as well as
materials usage for winter maintenance. This type of model is used by Wisconsin for estimating
resource requirements in case of an impending storm. These models are also applicable to
different counties for estimating resource requirements with varying unit labor, material, and
equipment costs.

In another study, Ye et al. (2009) investigated and evaluated the effect of weather information on
winter-weather maintenance costs. For this purpose, a general winter maintenance cost model
was presented, and neural networks and sensitivity analysis were used to identify key variables
that had a significant effect on cost.

The analysis revealed that enhanced accuracy and frequent use of weather information could
reduce winter maintenance costs significantly. The cost-benefit analysis conducted as part of the



study revealed that weather information can be a promising way to improve winter maintenance
and reduce agency costs.

Russ et al. (2008) conducted a study focused on addressing the pretreatment protocol for winter
maintenance of roadways in Ohio. The study was conducted in four parts consisting of surveys
of personnel in state departments of transportation and county managers in Ohio, field durability
studies of various applications of brine on Portland cement concrete (PCC) and asphalt concrete
(AC) pavements in Ohio, pretreatment inspections during three winter seasons, and laboratory
tests on PCC and AC cores. Integration of the findings from these tasks resulted in a decision
tree to aid in operational planning and pretreatment.

Blomgquvist et al. (2011) combined an empirical model developed in Sweden with data on residual
salt, road surface wetness, and traffic from 18 Danish field case studies to predict salt on road
surfaces during winter weather. Results showed that the decay of residual salt could be modeled
with traffic as an independent variable with a fair to quite good (R? value ranging from 0.64 to
0.99) fit. Road surface wetness was positively related to the rate of residual salt loss from the
wheel tracks, meaning a wetter surface would expedite the process of salt leaving from the wheel
tracks. While only a couple of hundred vehicles passing over a wet road surface would result in
almost no salt in the wheel track, it would take a couple of thousand vehicles to pass on a moist
road to achieve the same result.

2.2 Review of Past Methodologies for Modeling Winter-Weather Crash Frequency
2.2.1 Winter-Weather Crash Frequency Models

Usman et al. (2010) conducted a study to quantify the safety benefits of winter-weather
maintenance and operations employing event-based crash frequency models. Using crash and
weather data from different sources in the province of Ontario, Canada, the authors developed
event-based models for predicting winter crashes, controlling for visibility, road surface
[condition] index (RSI), traffic exposure, site specificity, and precipitation under snowstorm
events.

The novelty of this research lay in introducing an RSI, which was assumed to reflect the
maintenance operations during snowstorm events. RSI was defined for major classes of road
surface conditions having ordered categories in terms of the severity. RSI was introduced as a
surrogate measure of the commonly used friction level, and RSI was assumed to be similar to
road surface friction values and varied from 0.1 (poorest, e.g., ice-covered) to 1.0 (best, e.g., bare
and dry). RSI was defined as a range of surface friction values assigned to different major classes
of road surface conditions based on the literature.

Three types of modeling techniques were used to investigate the association of crash frequency
during a snowstorm event with road surface conditions and the other controlling factors
mentioned previously. Results showed that the generalized negative binomial (GNB) model
offered the best fit for the data over the negative binomial and the zero inflated negative binomial



models. The RSI was found to be a statistically significant influence on crash occurrence during
a snow event.

Using disaggregate hourly data from the same winter snowstorm events as those used by Usman
et al. (2010), Usman et al. (2011) developed a GNB model for predicting winter crash frequency.
This model was compared to the model calibrated from using aggregate event-based data to
examine the impact of data aggregation (from event-based data to hourly data) on modeling
results.

Results showed that data aggregation ignoring data correlation could result in loss of information
and models with biased parameters. Some important factors were significant in the disaggregate
model while insignificant in the event-based aggregate model.

The same study also developed two Poisson-lognormal (PLN) models using an hourly winter
crash data set with multilevel (event-hour structure) and single-level data structures. The
multilevel data structure accounted for the within-event correlation of the observations at
different hours. The single-level and multilevel PLN models based on hourly data were very
similar, indicating that event-level correlation in the specific data set used in this study was
weak.

After establishing the effectiveness of calibrating a model with a disaggregate data set over
aggregated data for predicting winter crash frequency, Usman et al. (2012a) developed winter
crash frequency models using a disaggregated hourly data set in a bid to investigate the link
between winter road collision occurrence, weather, road surface conditions, traffic exposure,
temporal trends, and site-specific effects.

Results showed that both the GNB model and the PLN model had a better fit when considering
site-specific effects than without considering these effects. The PLN model considered the
multilevel (event-hour level) structure of the data, while the GNB model was developed using
the hourly data for winter crashes and the other factors mentioned above. The GNB model also
had the ability to account for data heterogeneity through varying the overdispersion parameter.
The authors found that GNB provided a better goodness of fit compared to the PLN model
because within-event correlation was weak for the PLN model.

Using the same data set, Usman et al. (2012b) developed crash-injury severity models to take
into consideration the multilevel or hierarchical nature of crash data. The authors developed three
types of models using each of the following: occupant-based data, vehicle-based data, and
collision- or crash-based data. The aim was to consider the possible intra-class correlation of
occupant- or vehicle-level observations.

Multilevel multinomial logit, multilevel binary logit, and multilevel ordered modeling structures
were adopted to develop models using the winter crash data having an occupant-, vehicle-, and
crash-level hierarchy. The study compared these three alternative logistic models in a multilevel
modelling framework.



The authors found that the multilevel multinomial logit model had a better fit to the occupant-

level and vehicle-level data, while binary logit and ordered logit performed better for collision-
level data. Overall, multilevel multinomial logit models offered better predictions. The authors
also found that aggregation of crash data at the collision level affected the parameter estimates
significantly.

Qin et al. (2006) developed a negative binomial model for predicting crashes during winter storm
events from 2000 to 2002 relating to winter storm severity in regard to duration and intensity,
wind speed, deicing units used per lane mile, and salt used per lane mile. The analysis was
conducted for the Wisconsin State Trunk Highway system.

Results revealed that early deployment of winter maintenance operations could significantly
reduce crash occurrence, with the model showing a negative relationship between crash
frequency and the time crews spent out before the beginning of a storm. An inverse relationship
between crash occurrence and the amount of deicing material used indica