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EXECUTIVE SUMMARY

PREDICTING THE IMPACT OF CHANGING
SPEED LIMITS ON TRAFFIC SAFETY AND
MOBILITY ON INDIANA FREEWAYS

Introduction

Speed is one of the strongest factors influencing road safety and
is the primary measure of mobility. The repeal of the National
Maximum Speed Limit Law in 1995 allowed state administrations
to set their own speed limits on freeways. Some states adopted a
uniform speed limit, while others implemented differential speed
limit policies, explicitly, a lower speed limit for heavy vehicles and
a higher speed limit for lighter vehicles.

The current speed limits on Indiana’s rural freeways are 70 mph
for cars and 65 mph for trucks with a gross vehicular weight of
26,000 pounds or greater. On Indiana’s urban freeways, the speed
limit range is wider. Most urban freeways post the speed limit at
55 mph, while their suburban sections tend to post speed limits of
65 mph.

This study investigates the potential effect of changing the speed
limits on Indiana freeways. Safety and mobility are estimated
under the current dual 70/65-mph rural speed limit and compared
to estimates under uniform 70-mph limits. The studied changes on
urban freeways include reducing the existing 65-mph suburban
limit to 55 or 60 mph, and increasing the existing urban 55-mph
limit to 60 or 65 mph. The differences in travel time, vehicle
operating costs, and crash frequency and severity are considered.

Findings

Speed limit was found to affect mobility and safety mostly in
non-congested traffic conditions, while no significant effects were

found in congested conditions. A limited effect was detected in
intermediate traffic conditions on rural freeways.

The effect of replacing the existing differential 70/65-mph speed
limit on rural freeways with a uniform 65-mph limit could not be
estimated confidently due to insufficient suitable data. Converting
to a uniform 70-mph speed limit, however, could be expected to

® increase car speeds by 1.4 mph and increase truck speeds by
0.6 mph;

® reduce crash frequency by approximately 20% at all severity
levels;

® produce an economic loss of $21.6 million per year, mostly
due to higher vehicle operation costs; and

® result in a $479.3 million annual net benefit if the
comprehensive cost of crashes is considered.

A 5-mph increase from the current typical 55-mph to a 60-mph
speed limit on urban freeways would be expected to

® increase the average speed of cars by 1.4 mph and increase
average truck speed by 1.0 mph;

® increase the expected number of crashes by 4% and the fatal
and injury crash proportion by 18%;

® produce an economic savings of $37.2 million per year; and

® result in a loss of $275.0 million per year when considering
the comprehensive cost of crashes.

Implementation

Comparisons of various speed limit scenarios for rural and
urban freeways are summarized in tables that include changes in
travel time, vehicle operation, and crash frequencies and severities
with their corresponding costs. The economic effects are presented
as economic loss and comprehensive cost. These results are
intended to be among the essential elements of discussion for
changes in the current speed limits on Indiana freeways.
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1. INTRODUCTION

In January 1974, the federal government passed the
Emergency Highway Energy Conservation Act. One of
its provisions, the National Maximum Speed Law
(NMSL), set the maximum speed limit on U.S. high-
ways to 55 mph; speed limits prior to 1974 were as high
as 75 mph in some Midwestern states such as Kansas.
In April 1987, Congress passed the Surface Trans-
portation and Uniform Relocation Assistance Act, allow-
ing states to raise speed limits up to 65 mph on rural
interstates and other non-interstate roads that were
designed and built to freeway standards. The states of
California, Florida, Illinois, Iowa, Kansas, Kentucky,
and Oklahoma raised their speed limits without much
delay. Eventually, the repeal of the NMSL in December
1995 transferred the setting of freeway speed limits
back to the authority of state governments. Most states
immediately readopted their original pre-1974 speed limit
policies.

1.1 State-wide Speed Limits

The repeal of the NMSL promoted diversity in state
speed limits. While some states adopted a uniform speed
limit policy (USL), others implemented a differential
speed limit (DSL)—that is, lower posted speeds for
heavy trucks and higher speeds for lighter vehicles.
States typically varied the speed limit of urban freeways
according to section, e.g., downtown or suburban. Some
states posted a minimum speed on rural interstates (e.g.,
45 mph in Illinois), and other states opted for speed
limits by time of day, such as Texas set for certain
freeway segments. More recently, variable speed limits
(VSL) based on changing conditions were introduced in
selected interstate sections in Ohio.

Figure 1.1 presents the current maximum speed limit
allowed in each state. There is a clear pattern that higher

speed limits are found in places with a low population
density. In Indiana and its adjacent states, the predo-
minant maximum freeway speed limit is 70 mph, with
Michigan being the only exception at 75 mph.

Table 1.1 presents a summary of the current speed
limits in Indiana and its neighboring states. Indiana and
Michigan are the only states in the region that currently
maintain DSL on rural freeways. Michigan uses a 10-mph
differential between cars and trucks while Indiana uses a
5-mph speed differential. On urban freeways, USLs
are predominant. Urban posted speed limits range
from 45 mph in some interstate segments of Illinois to
70 mph in most interstate segments in Michigan.

In Indiana, the maximum speed limit prior to the
NMSL was 70 mph. After the law’s repeal, Indiana
adopted a differential speed limit on rural interstates of
65 mph for light vehicles and 60 mph for heavy vehicles.
In 2005, the speed limits were upgraded to 70 mph for
cars and 65 mph for trucks with a gross vehicular
weight of 26,000 pounds or greater. The 2005 upgrade
also allowed urban freeway speed limits to range from
50 to 65 mph. Since the 2005 change, some efforts
have been made to remove the differential speed limit
on rural freeways, but the state has maintained its DSL
policy to date.

TABLE 1.1
Speed Limit Policies for Freeways in Proximity to Indiana
Rural

State Non-Trucks Trucks Urban
Illinois 70 70 45-70
Indiana 70 65 50-65
Kentucky 70 70 55-65
Michigan 70-75 60-65 55-70
Ohio 70 70 50-65
Wisconsin 70 70 55-65

Maximum Speed Limits

in the United States

SPEED SPEED
LIMIT - LIMIT
60 65
SPEED SPEED
LIMIT . LIMIT
70 TS
SPEED SPEED
LIMIT . LIMIT
80 85

Figure 1.1 Maximum state speed limits in the United States as of April 2019. (Source: Insurance Institute for Highway Safety

(IIHS).)
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Illinois raised the maximum allowed speed limit on
rural freeways from 65 mph to 70 mph in June 2013,
with the change taking effect in January 2014. Urban
interstate limits can range from 45 up to 70 mph.

Ohio reformed its interstate speed limits in July 2013.
Selected rural freeways were permitted to increase limits
from 65 to 70 mph. Over the last several years, Ohio has
made several attempts to raise speed limits to 75 mph.
The state has also adopted other strategies such as
winter and variable speed limits.

Michigan raised its speed limits on May 2017, main-
taining the 10-mph speed differential on rural freeways
and increasing the speed limit by 5 mph on selected
freeway sections. The current speed limit in Michigan is
65 mph for trucks and 75 mph for non-trucks on rural
freeways, and 55 to 70 mph on urban freeways with
70 mph being the predominant limit.

1.2 Speed Factors

Changes in state-wide speed limits are usually
preceded by the evaluation of the mobility (travel time)
and safety effects of the proposed changes (Iowa High-
way Safety Management System, 2002; Monsere et al.,
2004; Savolainen et al., 2014; Skszek, 2004). Posted
speed limits on individual roads are additionally set
based on engineering studies of drivers’ speed behavior
and crash history, which prompt deviation from the
statutory limits. Despite the setting of speed limits
grounded in observed driver behavior and preferences,
drivers frequently exceed the posted speed limit in
response to their perceived crash risk and level of speed
enforcement (Tarko, 2009).

Drivers’ speed selection in non-congested traffic is
affected by many factors not yet fully understood. For
example, freeways are used by both local and long-
distance drivers who may have different speed prefer-
ences and perceptions of speed limit enforcement. In
addition, the presence of heavy trucks may cause stron-
ger interactions between vehicles because truck drivers
are more likely to comply with the posted speed limit.
It is also plausible that the effect of the speed limit on
speed selection diminishes in the presence of congestion,
where drivers are heavily influenced by other drivers
and traffic flow dynamics dominate individual speed
preferences. Herman and Prigogine proposed a two-
state fluid model for describing urban traffic (Herman
& Prigogine, 1979). The model addresses two distinct
situations: (1) vehicles move rather freely on non-con-
gested roads and change lanes to pass slower vehicles,
and (2) vehicles are slowed down considerably in con-
gested traffic and lack the possibility of passing slower
vehicles. Typically, traffic conditions are a mix of the
two states, which leads to an intermediate level of con-
gestion. The mobility is determined by the proportion
of the two distinct states. This perspective on traffic,
sometimes called two-fluid flow, has been success-
fully tested in urban scenarios by several researchers
(Chakraborty & Srinivasan, 2016; Dixit, 2013; Dixit,
Pande, Abdel-Aty, Das, & Radwan, 2011; Mahmassani,

Jayakrishnan, & Herman, 1990; Mahmassani, Williams,
& Herman, 1984), and may be applied to estimate ave-
rage speeds and the effects of speed limits.

1.3 Study Objectives

The tendency since 1974 has been towards continu-
ously increasing the speed limits on freeways, but
mobility and safety effects need to be considered before
making any major change in speed limit policies. Speci-
fically, it is necessary to evaluate the possible implica-
tions of changing the Indiana speed limit policy in
accord with different scenarios. This study is intended
to

1.  determine the effect on mobility (travel time) of the speed
limits for heavy trucks and passenger cars;

2.  estimate the speed limit’s effect on crash risk;

3. calculate the impact of removing the DSL on rural
freeways; and

4. estimate the effect of raising the speed limit on urban
freeways.

The maximum effect of each speed limit is expected
to be observed under non-congested traffic conditions,
as no significant effect is expected under congested
conditions. However, an intermediate effect is expected
in the mix of the two traffic states. This study’s two-
fluid flow approach to evaluating the effect of a speed
limit will be more adequate than the common practice
of focusing only on free-flow conditions.

The relatively recent availability of massive travel-
time data from GPS and smartphones has created an
opportunity to analyze the effect of speed limits from
an area-wide perspective, that is, the statutory speed
limits evidenced on freeways and other high-standard
roads. The analysis is conducted for rural and urban
freeways separately due to differences in driver beha-
vior, roadway features, and speed limit settings.

This study is focused on freeway roads categorized
as interstates. Other restricted access highways are not
included in the analysis.

2. LITERATURE REVIEW

The relationship between posted speed limits and
operating speed has been a matter of study for a few
decades. Multiple authors have addressed this relation-
ship using a variety of approaches including before-after
studies related to speed limit changes, cross-sectional
analyses investigating correlations between speed limits
and speed characteristics, and lately, human behavior
studies that focus on driver perception of enforcement
and driver response to speed limits.

As related to traffic safety, researchers have con-
firmed the relationship between speed and crash rate
and severity. The connections between average speed,
speed variance, crash risk, crash frequency, and crash
severity have been studied and numerous explanatory
models have been calibrated. However, researchers who
have studied the direct relationship between traffic

2 Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2019/12



safety and posted speed limits have only found incon-
clusive and conflicting results.

The existing literature on the mobility and safety
effects of speed limit has been updated. A compilation
of some of the most relevant studies is presented below.

2.1 Speed Limits and Operating Speed

Modeling speed behavior as a dependent variable,
some researchers have included speed limit as a pre-
dictor, and have found a strong correlation between
the two. In 1997, Parker found that drivers respond to
5-mph changes in speed limits by increasing or decreas-
ing speed by 1.5 mph; it was concluded, however, that
the small degree of change may not be of practical signi-
ficance (Parker, 1997). Fitzpatrick et al. studied the
relationship between design speed, operating speed, and
posted speed limit in free-flow conditions at 79 sites in
six states. They found that operating speed and speed
limit have the highest correlation of the three: a 1-mph
change in speed limit was associated with a 0.963-mph
change in speed (Fitzpatrick, Miaou, Brewer, Carlson,
& Wooldridge, 2005). Most recent studies (Bassani,
Dalmazzo, Marinelli, & Cirillo, 2014; Eluru, Chakour,
Chamberlain, & Miranda-Moreno, 2013), confirm speed
limit to affect speed. However, the magnitude of the
impact decreases significantly after including other
attributes such as temporal indicators, light conditions,
roadway geometry, and pavement characteristics.

Survey-based studies give us drivers’ perception
towards speed limits. Results from the National Sur-
vey of Speeding and Unsafe Driving Attitudes and
Behaviors suggest that drivers believe they can drive 7
to 8 mph above the speed limit before they get a ticket
(The Gallup Organization, 2003). Also of interest is
that younger and male drivers are more likely to speed
and that most drivers seem to believe speed limits
inappropriately reflects road capacity. Of surveyed dri-
vers, 35% said that the speed limits on interstate roads
are too low. Four out of ten drivers will still drive above
the speed limit on freeways even when it is increased by
10 mph.

To supplement survey-based studies of drivers’ speed
choices, Tarko proposed modeling driver-preferred
speeds as a trade-off behavior between safety, travel
time, and enforcement (Tarko, 2009). Using free-flow
speed measurements (headways of 5 s or larger) and after
including roadway characteristics, surrounding environ-
mental conditions, and time indicators, a 0.485-mph
increase in speed was linked to a 1-mph increase in
posted speed limit. Another interesting finding from
the model is that speed limits seem to encourage slow
drivers to drive faster and fast drivers to drive slower.

Finally, area-wide changes in speed limit policies
have been examined. In 2002, state-wide changes in
Towa speed limits were studied by observing changes in
the distribution of speed and crash patterns (Iowa
Highway Safety Management System, 2002). In terms
of mobility, a 10-mph rise in speed limit was found to
result in an 8.2-mph increase in the 85th percentile of

speed distribution. Safety was also affected. Increases in
crash frequency at multiple severity levels were obser-
ved on road segments posted with 10-mph speed limit
increases. In 2004, Oregon authorities suggested that a
5-mph rise in interstate speed limits was likely to pro-
duce a 2- to 4-mph increase in the 85th percentile of speed
distribution (Monsere et al., 2004; Taylor, Woolley, &
Zito, 2000).

2.2 Speed and Safety

Increasing the speed of a motor vehicle reduces the
available time that the driver has to respond to an
emergency stop, and it increases the braking distance.
Researchers have observed that average speed has a
strong impact on the number of crashes and their seve-
rity (Elvik, 2009, 2013; Elvik, Christensen, & Amundsen,
2004), and other studies have found a direct relationship
between crash risk and speed variance (Garber &
Gadiraju, 1989).

Various models have been proposed that relate speed
with traffic safety, the most relevant of which are the
exponential and the power models. In 1982, Nilsson
proposed a power model relationship between speed
change and traffic safety (Nilsson, 1982). The relation-
ship can be defined as in Equation 2.1 and Equation

2.2.

v, o

Y, = (—‘) Yo

Vo
where, Y] is the number of crashes at a certain severity
level after the speed change, V7 is the average speed
after the change, Y, is the number of crashes at a
certain severity level before the change, V is the ave-
rage speed before the change, and « is the coefficient of

the relation between the speed change ratio and the
number of crashes before the change.

(Equation2.1)

i\ i\ .
Zi=|—| Yo+ |-—=] (Zo—Yo) (Equation2.2)
Vo Vo

where, Z; is the number of causalities after the speed
change, Z, is the number of causalities before the
change, V7 is the average speed after the change, Vj is
the average speed before the change, «; is the coefficient
of the relation between speed change ratio and number
of causalities before the change, and o, is the coefficient
of the relation between the speed change ratio and the
number of causalities minus the total number of crashes
before the change.

Elvik has used meta-data analysis to evaluate Nilsson’s
power model and, based on 526 studies, he confirmed a
power relationship between speed and safety (Elvik, 2009,
2013; Elvik et al., 2004).

In addition to the power model, the exponential
model proposed by Hauer (2009) has been used widely
to address changes in average speed and their effect on
safety. A simplified equation for the exponential model
in terms of speed is presented in Equation 2.3.

Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2019/12 3



(%) = [vo—ni+(5)03-rd|  (Bquation2.3)

where Y,,Y; are the number of crashes at a certain
severity level before and after the speed change, f3 is the
exponential coefficient of the relationship between speed
change and crash ratio, and u is a parameter that
depends on the form of f{(v).

Elvik compared the exponential and power models
and found that the two approaches yielded distinct
results, particularly at high speeds. A much larger increase
in the number of fatal accidents was predicted by the
exponential function as compared to the power function.
He also observed that the exponential function’s depen-
dence on the vehicle’s initial speed for fatal accidents is
much stronger than that of the power function. In other
words, the curvature of the exponential function is more
sensitive over the range of initial speeds than the power
function (Elvik, 2013).

Many studies have shown the relationship between
speed variance and traffic safety. In 1964, Solomon
proposed a U-shaped relationship between the crash
involvement rate and the degree of deviation from
the average speed. The crash-involvement, injury, and
property-damage rates were highest at very low speeds,
lowest at the approximate average speed of all traffic,
and increased again at very high speeds, particularly at
night. Solomon thus concluded that the greater a vehicle’s
variation in speed from the average speed of all traffic,
the greater its chance of being involved in an accident
(Solomon, 1964). The U-shaped pattern has been con-
firmed for vehicles moving above the average speed but
is still under debate for vehicles moving below average
speed (Aarts & van Schagen, 2006).

Taylor et al. found that speed variance was related to
total crash frequency, and that speed variance increases
with an increase in average speed (Taylor et al., 2000).
Other studies have confirmed that driving close to the
average traffic speed reduces crash risk (Johnson &
Pawar, 2007).

2.3 Speed Limit and Safety

Different approaches have been used to investigate
the relationship between the speed limit and traffic
safety. Using statistical regression, the connection
between speed limit, safety, and speed under free-flow
conditions has been studied widely (Deardoff, Wiesner,
& Fazio, 2011; Figueroa Medina & Tarko, 2005; Garber
& Gadiraju, 1989).

Before and after studies have also been implemented
to test the relationship between the speed limit and
traffic safety. Using data from 1993 to 2013, Farmer
found that an increase of 5 mph in the posted maximum
speed limit was linked to an 8% rise in accident rates
(Farmer, 2017). In 1997, Parker analyzed the effects
of speed limit change on selected roadway sections.
His evidence led him to conclude that crash frequency
changed when posted speed limits were either lowered
or raised (Parker, 1997). Farmer et al. conducted a

before-after study to investigate changes in maximum
state speed limits after the repeal of the National
Maximum Speed Law (NMSL). They found that fata-
lities on interstates increased 15% in the 24 states that
raised speed limits. After accounting for changes in
vehicle miles traveled (VMT), fatality rates were 17%
higher than before the repeal, while deaths on roads
unaffected by the repeal were unchanged (Farmer,
Retting, & Lund, 1999).

In 2008, Malyshkina and Mannering evaluated speed
limits in Indiana and their effect on crash frequency and
severity by examining crash records. They found that
higher speed limits on freeways had no statistically
significant effect on the probability of “unsafe speed”
being listed as the main cause of a crash, nor did speed
limit influence crash severity. However, for some non-
freeway highways, higher speed limits did significantly
raise the likelihood of the “unsafe speed” assessment,
while in other road categories (including county road
and city street), higher speed limits, in fact, decreased
the likelihood. Higher crash severity levels were asso-
ciated with higher speed limits on some non-freeway
highways (Malyshkina & Mannering, 2008).

2.4 Differential Speed Limits (DSL)

It has been found that differential speed limits (DSL)
increase the actual difference in mean speed between
light and heavy vehicles. However, this difference is
not as large as the difference between mean speeds for
different uniform speed limits (USL) (Dixon, Abdel-
Rahim, & Elbassuoni, 2012; Garber & Gadiraju, 1991;
Hall & Dickinson, 1974; Harkey & Mera, 1994;
Johnson & Murray, 2010).

In 1992, Freedman and Williams analyzed speed
data from 11 northeastern states to determine the effect
of DSL on the mean and 85th percentile of speed dis-
tribution. They found that for passenger cars, speed para-
meters in DSL states were not significantly different from
those in states with USL policies (Freedman & Williams,
1992). Similarly, in 1994 Harkey and Mera found no
significant differences for truck as well as non-truck mean
speeds when comparing DSL and USL (Harkey & Mera,
1994). In contrast, Garber and Gadiraju did find a
statistical difference between USL and DSL roads in
non-truck mean speed, though the degree of change was
less than anticipated. The average speed increases were
about 1 to 4 mph in response to a 10-mph differential in
the speed limit (Garber & Gadiraju, 1991).

More recently, Russo et al. studied speed during free-
flow conditions under different posted speed limits on
Midwest rural and urban freeways. They found that
passenger vehicle speeds were consistent across the
states of Indiana, Michigan, and Ohio, where a com-
mon 70-mph limit was in effect on rural interstates.
Similarly to Johnson and Pawar, they found that speeds
varied more at locations with lower posted limits.
Russo et al., along with other researchers, also found
that speeds varied more for all vehicles on freeways
with DSL, although almost as much variation was
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evident on urban freeways with USL of 55 mph (Russo,
Rista, Savolainen, Gates, & Frazier, 2015).

Studies that aim to compare uniform versus differ-
ential speed limits have consistently found that regard-
less of the posted speed limits, trucks and non-truck
vehicles exhibit different speed behavior (Johnson &
Murray, 2010). Inspection of their separate speed distri-
butions reveals that trucks tend to travel at consider-
ably lower speeds than passenger cars.

2.5 DSL and Safety

The relationship between differential speed limit and
safety has been researched using different methodolo-
gies such as cross-sectional, before-and-after, and case
studies. The research, however, has led to inconclusive
and in some cases contradictory results.

In 1974, Hall and Dickinson investigated crash data
from 83 sites in Maryland to study truck speed and
safety (Hall & Dickinson, 1974). They concluded that
having different speed limits for trucks and non-trucks
contributes to lane-changing and specific types of crash,
largely rear-end. A reduction in truck-involved rear-end
accidents was related to higher operating speeds.

Pfefer et al. conducted a time series analysis to
determine the traffic safety impact of differential speed
limits in Illinois after the speed limit on rural interstate
roads had been changed from 55 mph to 65/55 mph
(Pfefer, Stenzel, & Lee, 1991). Monthly crash counts
and vehicle-miles-traveled data were gathered for the
January 1983-July 1988 period. Although the fre-
quency of total crashes rose by 14.2% after the speed
limit change, no statistically significant increase in the
frequency of fatal and injury crashes was found. In
terms of crash rates, no change was detected in total
crashes, but an 18.5% increase in the fatal and injury
crash rate. A significant 27.3% reduction in the car-
truck fatal and injury crash rate was found, but there
was no conclusive change in the car-truck total crash
rate when all accidents were considered.

Garber et al. compared DSL and USL using crash
records from 17 states and employing multiple tradi-
tional and Bayesian methods (Garber & Gadiraju,
1991; Garber & Gadiraju, 1992; Garber, Miller, Sun, &
Yuan, 2006; Garber, Miller, Yuan, & Sun, 2005). A
differential speed limit of 65/55 mph, compared with a
uniform speed limit of 65 mph, produced no significant
decrease in the non-truck-truck crash rate, or in the rate
of any two-vehicle collisions. Although no conclusive
results were found for the crash rate, an increase in
fatality frequency was evidenced. As Hall and Dickinson
had observed in 1974, the frequency of rear-end collisions
was also relatively higher in DSL states than in USL
states, suggesting that the 65/55-mph speed differential
may cause more rear-end accidents, especially between
cars and trucks. The researchers concluded that DSL
does not provide any safety benefit over USL.

In 2004, the Virginia Transportation Research Coun-
cil of the Federal Highway Administration (FHWA)
compiled studies comparing DSL with USL regarding

their mobility and safety effects (FHWA, 2004). Among
their main findings, it was observed that DSL increases
some types of crash rates while reducing others, and
that speed characteristics were not affected by the
implementation of a USL or DSL policy. Additionally,
the Empirical Bayes methodology suggested that crash
risk during the study period increased for all four policy
groups studied.

Like Garber et al., Neeley and Richardson modeled
the safety effect of changes in speed limit using data
from several DSL states (Neeley & Richardson, 2009).
They, too, found that a higher speed limit for trucks
promoted significantly higher fatality rates, but the
difference in speed limit between cars and trucks had no
significant effect. Results from a second model demon-
strated that car speed limits had positive and significant
effects on the truck-involved crash fatality rate.

Dixon et al. found that implementing DSL on Idaho
rural interstate freeways produced a decrease in crash
rates, but this effect was linked to a significant reduction
in trucks’ mean speed (Dixon et al., 2012), similar to the
observation made in other studies. Korkut et al. used
statistical regression to determine the combined effect of
DSL and truck lane restriction. A positive impact was
found on overall safety, but the specific effect of DSL-
only was not found statistically significant (Korkut,
Ishak, & Wolshon, 2010). Indeed, Monsere et al. exa-
mined DSL in Oregon and determined that except for
travel time savings and economic development benefits,
all other issues (such as crashes, enforcement, health,
and environment) will be negatively impacted by the
proposed change of speed limit from 65/55 to 70/65 mph
(Monsere, Kothuri, & Razmpa, 2017).

The discrepancies between findings regarding DSL’s
safety effects were analyzed by Johnson and Pawar
(Johnson & Pawar, 2007), who attributed the incon-
sistencies to two opposing factors: (1) the positive effect
that results from the improved vehicle dynamics
(braking and maneuvering) for trucks moving at lower
speeds; and (2) the negative effect on the number of
interactions among overall traffic that results from
increased speed variation. These two effects of DSL coun-
ter each other and ultimately result in no consistently
observable effect on highway safety data. Additionally,
the researchers concluded that four methodological issues
contributed to the inconclusive results: (1) the use of fatal
crashes and crash rates; to the contrary, Wilmot and
Khanal’s review concluded that the main effect of speed
limits is on the severity of injury (Wilmot & Khanal,
1999); (2) differences in results due to using frequencies or
rates; (3) various lengths of analysis period, which has
been shown to produce differing results; and (4) driver use
of speed limiters, or governors, that may limit drivers’
responses to posted speed limits.

2.6 Driver Behavior

A driver survey conducted in Indiana showed that
drivers’ perception of the extent to which they could
drive above the speed limit without receiving a speeding
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ticket was a critical determinant of their idea of a safe
speed (Mannering, 2009). Of the surveyed drivers, 21%
said that driving 5 mph over the posted speed limit was
safe, 44% indicated 10 mph, and 35% felt as much as
20 mph was safe. Other variables found to be significant
included age, gender, being previously stopped for
speeding, and driver ethnicity.

As previously noted, speed limiters for trucks play a
significant role in describing the interaction between
speed, posted speed limits, and safety. Hanowski et al.
found strong positive safety benefits for the use of speed
limiters (Hanowski et al., 2012). The crash rate for
trucks with speed limiters was approximately 50%
lower than for trucks without limiters.

As part of their 2005 study, Johnson and Pawar
surveyed truck drivers on their opinion of DSL vs USL
(Johnson & Pawar, 2005). Most drivers stated that DSL
increased interactions among vehicles and increased the
probability of rear-end, side-swipe, and on-ramp acci-
dents. Three scenarios concerned the drivers: (1) truck
being trapped in the right lane and continuously need-
ing to yield to merging traffic from entrance ramps; (2)
truck not being able to reach traffic speed when merging
into traffic low; and (3) congestion, clustering of traffic,
and bottleneck situations on freeways as the result of
lower truck speeds. The preferred speed limit for the
surveyed truck drivers was a USL of 70 mph on rural
freeways.

2.7 Identification of Research Need

Despite evidence that safety decreases as driving
speed increases, the trend toward raising speed limits
continues. Differential speed limits are a commonly
employed solution but multiple attempts to establish a
clear comparison between uniform and differential
speed limits have had contradictory and inconclusive
results. The current study addresses this problem by
assessing the effect of speed limit under multiple traffic
regimes. The developed models and their implementa-
tion is meant to improve the realism of evaluating the
effects of alternative area-wide speed limit policies on
safety and mobility in road networks. The study will
contribute to the field in three aspects.

First, we will use highly disaggregated massive travel
time data from the National Performance Management
Research Data Set (NPMRDS), obtained from probes
such as phones and GPS devices. This type of data has
not yet been used to analyze area-wide speed limit
settings such as DSL or USL.

Second, the effects will be estimated separately for
congested and non-congested traffic conditions using
the congestion index. By separating these conditions, we
expect to find a highly significant relationship between
the speed limit and travel speed under non-congested
free-flow conditions, and inconclusive or unrealistic
results will be limited to congested conditions.

Third, this study will focus on the macro level
mobility effect of different speed limit policies. Changes
in travel time and the expected number of crashes due

to different types of speed limit policies will be esti-
mated and simulated based on past conditions. It is
assumed that the effects in the past will continue to be
valid in the future.

3. DATA DESCRIPTION
3.1 Available Data

Several factors influence drivers’ speed selection.
Among the most relevant are road user characteristics,
vehicle attributes, roadway elements, weather condi-
tions, and time-related variables. These elements were
gathered from multiple data sources.

Travel time data was obtained from the National
Performance Management Research Data  Set
(NPMRDS). Travel times are measured along segments
defined by the data provider. On interstates, these seg-
ments are usually defined between two consecutive
entering ramps. For each road segment, of which the
average length is 2.5 miles, the average travel times for
all vehicles, passenger cars, and heavy trucks, are repor-
ted in five-minute intervals. Currently, NPMRDS does
not provide information related to the number of
vehicles used to calculate the average travel time, which
is the main constraint of this data source.

Geometry and other road characteristics were
extracted from the Highway Performance Monitoring
System (HPMS). The system provides a comprehensive
set of variables that are reported by state agencies on an
annual basis, which include cross-sectional elements,
pavement condition, posted speed limit, and annual
average daily traffic (AADT) by vehicle type. The
HPMS road sections are smaller than the NPMRDS
segments, with an average length of 0.1 miles, and are
displayed in a shapefile.

Daily weather variables were obtained from the
National Oceanic and Atmospheric Administration
(NOAA) server. The available data, aggregated at the
county level, included precipitation intensity and snow
accumulation. Other variables such as wind speed and
temperature were only available at urban areas and
therefore were not included in the final analysis.

Crash records from the states of Illinois and Indiana
were obtained from Illinois DOT and in-house datasets
available at the Purdue University Center for Road
Safety. The location, severity, number of vehicles
involved, and number of people injured at each severity
level were connected to each crash.

3.2 Sample

Data from 2014 was compiled for the states of
Illinois and Indiana, and data validation and cleaning
procedures were performed. Due to the vast amount of
data, a random sample of 30% of the freeway segments
was selected overall, but all rural freeways sections
with a 65-mph speed limit were selected for the safety
analysis due to their low frequency as compared to
70-mph and 70/65-mph segments. The distribution of
segments by road type and speed limit is presented in
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Table 3.1. The spatial distribution of the segments
included in the sample is displayed in Figure 3.1.

It was found that several Indiana freeway sections
that used the differential speed limit setting were
defined as urban by the HPMS. These segments are
located within the city limits but their road geometry is
more similar to rural freeways. These segments were
thus reclassified for the study as suburban and were
included in the rural freeway speed and safety models.

3.3 Speed Data

Table 3.2 and Table 3.3 present the summary
statistics of the urban and rural speed datasets. The
datasets include information on speed characteristics,
roadway features, weather conditions, and spatial and
temporal attributes. Each variable’s mean, standard
deviation, and maximum and minimum values are
provided for the 1,451,312 valid observations in the
urban dataset and 1,243,748 in the rural dataset.
Seventy-nine percent of the observations in the urban

TABLE 3.1
Distribution of Segments in the Random Sample

dataset were on 55-mph posted speed limit sections
while 21% were on 65-mph limit sections. In the rural
dataset, 1% of observations were on 65-mph sections,
25% on 70-mph sections, and 74% were on 70/65-mph
differential speed limit sections. On average, the speeds
for passenger cars were 2.34 mph higher than heavy
trucks on urban freeways and 4.23 mph higher on rural
freeways.

The distributions of speed for passenger cars and
heavy trucks are presented in the boxplots in Figure 3.2,
which reflect the distribution under all traffic con-
ditions. We can see a trend toward higher mean
and median speeds when the speed limit is increased.
The data presents a larger left tail that may reflect
congestion.

3.4 Safety Data

The number of crashes for each combination of
road type and speed limit is presented by severity level
in Table 3.4. Crash records were available for all

State Road Type Speed Limit (mph) Total Number of Segments Number of Segments in Sample
Tllinois Rural 65 9 9

Tllinois Rural 70 128 39

Illinois Urban 55 197 76

Illinois Urban 65 49 19

Indiana Rural 70/65 389 108

Indiana Urban 55 211 59

Indiana Urban 65 63 17

Figure 3.1 Freeway segments included in the random sample: green segments = included; red segments = excluded.
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TABLE 3.2
Summary Statistics for Urban Speed Dataset

Number of
Variable Name Observations Mean Std. Dev. Minimum Maximum
Speed Characteristics
Mean Speed—All Vehicles (mph) 1,451,312 55.42 9.88 0.61 87.48
Mean Speed—Heavy Trucks (mph) 1,358,335 54.20 9.77 0.62 77.63
Mean Speed—Passenger Cars (mph) 1,418,542 56.54 10.61 0.61 89.04
Roadway Features
AADT (1,000 vehicles/day) 1,451,312 111.85 55.47 21.91 288.45
IRI” (inches/mile) 1,451,312 91.95 32.98 37.21 250.00
Median Width (ft) 1,451,312 39.95 19.14 1.60 99.00
Number of Lanes = 2 1,451,312 0.23 0.42 0.00 1.00
Number of Lanes = 3 1,451,312 0.52 0.50 0.00 1.00
Number of Lanes > 3 1,451,312 0.25 0.43 0.00 1.00
Number of Ramps 1,451,312 1.96 0.99 0.00 5.00
Proportion of Trucks 1,451,312 0.10 0.06 0.00 0.37
Ramp Frequency (#/mile) 1,451,312 1.76 1.29 0.00 7.90
Segment Length (mi) 1,451,312 1.58 1.15 0.12 6.90
Shoulder Width (ft) 1,451,312 7.88 3.96 0.80 21.77
Speed Limit = 55 mph 1,451,312 0.79 0.41 0.00 1.00
Speed Limit = 65 mph 1,451,312 0.21 0.41 0.00 1.00
Weather Conditions
Precipitation (in) 1,451,312 0.12 0.34 0.00 4.46
Snow 1,451,312 0.06 0.23 0.00 1.00
Spatial Attributes
Distance to City Center (mi) 1,451,312 14.46 9.71 1.34 56.66
Illinois 1,451,312 0.56 0.50 0.00 1.00
Indiana 1,451,312 0.44 0.50 0.00 1.00
Temporal Attributes
Daylight 1,451,312 0.51 0.50 0.00 1.00
Fall 1,451,312 0.25 0.43 0.00 1.00
Spring 1,451,312 0.25 0.43 0.00 1.00
Summer 1,451,312 0.25 0.43 0.00 1.00
Winter 1,451,312 0.24 0.43 0.00 1.00
Weekend 1,451,312 0.28 0.45 0.00 1.00

*IRI, International Roughness Index.

combinations at all severities except fatal on rural roads
with 65-mph posted speed. To overcome this issue, the
crash severity levels for rural roads were ultimately
recategorized into two: property damage only was
combined with possible injury (CO, or C-injury, and O-
property damage only), and evident injury and dis-
abling injury were combined with fatal crashes (KAB,
or Killed, A-injury, and B-injury).

Table 3.5 and Table 3.6 present summary statistics
for the urban and rural safety datasets. The informa-
tion is similar to the speed statistics tables, but with
the addition of crash characteristics and supplemen-
tal speed characteristics to provide a better under-

standing of the relation between speed and safety.
These supplemental characteristics are the hourly
speed range, hourly speed trend, and difference in
average speed between the current and the upstream
segments. The focus of these tables on crashes
reduced the number of observations: 5,453 crashes
were reported on urban freeways and 3,773 on rural
freeways. Eighty-six percent of urban road crashes
occurred under 55-mph posted speed limits, while just
14% were observed under 65-mph limits. On rural
freeways, 85% of the crashes were observed in
segments with differential speed limits and 15% of
the crashes were under uniform limits.
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TABLE 3.3

Summary Statistics for Rural Speed Dataset

Number of
Variable Name Observations Mean Std. Dev. Minimum Maximum
Speed Characteristics
Mean Speed—All Vehicles (mph) 1,243,748 62.99 3.91 0.59 88.20
Mean Speed—Heavy Trucks (mph) 1,228,153 61.36 3.39 0.59 76.36
Mean Speed—Passenger Cars (mph) 1,193,299 65.59 4.96 0.62 89.97
Roadway Features
AADT (1,000 vehicles/day) 1,243,748 30.19 16.54 2.46 77.37
IRI (inches/mile) 1,243,748 75.16 34.48 32.00 247.55
Median Width (ft) 1,243,748 58.07 18.35 4.00 99.00
Number of Lanes = 2 1,243,748 0.88 0.33 0.00 1.00
Number of Lanes = 3 1,243,748 0.11 0.31 0.00 1.00
Number of Lanes > 3 1,243,748 0.01 0.12 0.00 1.00
Number of Ramps 1,226,455 2.00 1.13 0.00 6.00
Proportion of Trucks 1,243,748 0.25 0.10 0.00 0.47
Ramp Frequency (#/mile) 1,226,455 0.56 0.57 0.00 3.40
Segment Length (mi) 1,243,748 5.39 3.31 0.29 18.23
Shoulder Width (ft) 1,211,037 6.23 2.80 1.79 15.00
Speed Limit = 65 mph 1,243,748 0.01 0.08 0.00 1.00
Speed Limit = 70 mph 1,243,748 0.74 0.44 0.00 1.00
Speed Limit = 70/65 mph 1,243,748 0.25 0.43 0.00 1.00
Weather Conditions
Precipitation (in) 1,243,748 0.11 0.32 0.00 6.10
Snow 1,243,748 0.06 0.24 0.00 1.00
Spatial Attributes
Distance to City Center (mi) 1,243,748 23.60 17.32 0.75 82.28
Illinois 1,243,748 0.26 0.44 0.00 1.00
Indiana 1,243,748 0.74 0.44 0.00 1.00
Suburban 1,243,748 0.23 0.42 0.00 1.00
Temporal Attributes
Daylight 1,243,748 0.51 0.50 0.00 1.00
Fall 1,243,748 0.25 0.43 0.00 1.00
Spring 1,243,748 0.25 0.43 0.00 1.00
Summer 1,243,748 0.25 0.44 0.00 1.00
Winter 1,243,748 0.24 0.43 0.00 1.00
Weekend 1,243,748 0.28 0.45 0.00 1.00
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TABLE 3.4

Distribution of Crashes by Level of Severity, Road Type, and Speed Limit

Road Type Speed Limit (mph) Crash Severity Number of Crashes
Urban 55 Property damage only 4,021
Urban 55 Possible injury 97
Urban 55 Evident injury 499
Urban 55 Disabling injury 86
Urban 55 Fatal 11
Urban 65 Property damage only 595
Urban 65 Possible injury 22
Urban 65 Evident injury 98
Urban 65 Disabling injury 19
Urban 65 Fatal 5
Rural 65 Property damage only 227
Rural 65 Possible injury 11
Rural 65 Evident injury 25
Rural 65 Disabling injury 8
Rural 70 Property damage only 254
Rural 70 Possible injury 10
Rural 70 Evident injury 26
Rural 70 Disabling injury 8
Rural 70 Fatal 2
Rural 70/65 Property damage only 2,673
Rural 70/65 Possible injury 30
Rural 70/65 Evident injury 390
Rural 70/65 Disabling injury 79
Rural 70/65 Fatal 22
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TABLE 3.5
Summary Statistics for Urban Safety Dataset

Number of
Variable Name Observations Mean Std. Dev. Minimum Maximum
Speed Characteristics
Mean Speed (mph) 5,453 48.14 15.27 3.60 71.53
Speed Range (mph) 5,453 18.37 11.69 0.00 68.58
Speed Trend (mph) 5,453 -0.38 2.02 -36.95 19.65
Upstream Difference (mph) 5,453 2.11 10.90 -49.78 56.97
Roadway Features
AADT (1,000 vehicles/day) 5,453 130.48 55.14 21.91 288.45
IRI (inches/mile) 5,453 92.21 28.07 37.21 225.33
Median Width (ft) 5,453 35.88 17.52 1.60 99.00
Number of Lanes = 2 5,453 0.14 0.34 0.00 1.00
Number of Lanes = 3 5,453 0.54 0.50 0.00 1.00
Number of Lanes > 3 5,453 0.33 0.47 0.00 1.00
Number of Ramps 5,453 2.30 1.04 0.00 5.00
Proportion of Trucks 5,453 0.10 0.06 0.00 0.37
Ramp Frequency (#/mile) 5,453 1.59 1.13 0.00 7.90
Segment Length (mi) 5,453 1.96 1.19 0.12 6.90
Shoulder Width (ft) 5,453 7.31 3.89 0.80 20.00
Speed Limit = 55 mph 5,453 0.86 0.34 0.00 1.00
Speed Limit = 65 mph 5,453 0.14 0.34 0.00 1.00
Weather Conditions
Precipitation (in) 5,453 0.14 0.34 0.00 4.10
Snow 5,453 0.13 0.34 0.00 1.00
Spatial Attributes
Distance to City Center (mi) 5,453 14.77 10.36 1.34 56.66
Illinois 5,453 0.46 0.50 0.00 1.00
Indiana 5,453 0.54 0.50 0.00 1.00
Temporal Attributes
Daylight 5,453 0.66 0.47 0.00 1.00
Fall 5,453 0.24 0.42 0.00 1.00
Spring 5,453 0.21 0.41 0.00 1.00
Summer 5,453 0.23 0.42 0.00 1.00
Weekend 5,453 0.21 0.41 0.00 1.00
Winter 5,453 0.33 0.47 0.00 1.00
Crash Characteristics
Property Damage Only 5,453 0.85 0.36 0.00 1.00
Possible Injury 5,453 0.02 0.15 0.00 1.00
Evident Injury 5,453 0.11 0.31 0.00 1.00
Disabling Injury 5,453 0.02 0.14 0.00 1.00
Fatal 5,453 0.003 0.05 0.00 1.00
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TABLE 3.6

Summary Statistics for Rural Safety Dataset

Number of
Variable Name Observations Mean Std. Dev. Minimum Maximum
Speed Characteristics
Mean Speed (mph) 3,773 57.36 10.01 3.74 72.37
Speed Range (mph) 3,502 14.42 9.56 0.00 67.23
Speed Trend (mph) 3,502 -0.29 1.46 -18.34 18.00
Upstream Difference (mph) 3,502 1.77 8.07 -49.62 60.63
Roadway Features
AADT (1,000 vehicles/day) 3,773 36.06 14.06 3.16 77.37
IRI (inches/mile) 3,773 74.29 29.53 32.00 247.55
Median Width (ft) 3,690 59.17 14.36 9.67 99.00
Number of Lanes = 2 3,773 0.87 0.33 0.00 1.00
Number of Lanes = 3 3,773 0.10 0.30 0.00 1.00
Number of Lanes > 3 3,773 0.03 0.16 0.00 1.00
Number of Ramps 3,773 2.14 1.36 0.00 6.00
Proportion of Trucks 3,773 0.24 0.09 0.08 0.47
Ramp Frequency (#/mile) 3,773 0.39 0.37 0.00 3.40
Segment Length (mi) 3,773 7.12 3.55 0.07 18.23
Shoulder Width (ft) 3,690 5.60 2.84 1.79 15.00
Speed Limit = 65 mph 3,773 0.07 0.26 0.00 1.00
Speed Limit = 70 mph 3,773 0.08 0.27 0.00 1.00
Weather Conditions
Precipitation (in) 3,773 0.15 0.36 0.00 5.54
Snow 3,773 0.20 0.40 0.00 1.00
Spatial Attributes
Distance to City Center (mi) 3,773 20.04 13.75 0.75 66.21
Illinois 3,773 0.15 0.36 0.00 1.00
Indiana 3,773 0.85 0.36 0.00 1.00
Temporal Attributes
Daylight 3,773 0.57 0.50 0.00 1.00
Fall 3,773 0.25 0.44 0.00 1.00
Spring 3,773 0.19 0.39 0.00 1.00
Summer 3,773 0.17 0.38 0.00 1.00
Weekend 3,773 0.31 0.46 0.00 1.00
Winter 3,773 0.38 0.49 0.00 1.00
Crash Characteristics
Property Damage Only 3,773 0.84 0.37 0.00 1.00
Possible Injury 3,773 0.01 0.12 0.00 1.00
Evident Injury 3,773 0.12 0.32 0.00 1.00
Disabling Injury 3,773 0.03 0.16 0.00 1.00
Fatal 3,773 0.01 0.08 0.00 1.00

4. METHODOLOGY

4.1 General Considerations

To determine the mobility and safety effects of
changes in speed limits, several assumptions and consi-
derations are made in regard to traffic conditions and
types of vehicles.

Speed limits are assumed to have their major effect
on low-density traffic conditions when speeds are close
to free-flow speeds. In high-density traffic conditions,
the speed limit effect diminishes, as it does in congested

conditions when speeds are low. Thus, the effect of
speed limit will be estimated consistent with the two-fluid
model proposed by Herman and Prigogine (Herman &
Prigogine, 1979). Long freeway segments may experience
a mix of congested and non-congested conditions, and
average speeds along these segments reflect the conditions
by taking intermediate values.

Rural and urban roads are analyzed separately
because of differences in speed limit settings, driving
behavior, nature of the trip, and potentially different
levels of speed limit enforcement. Many rural interstates
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have differential speed limits, while urban freeways
typically have uniform speed limits. Drivers on urban
freeways tend to be daily commuters familiar with the
road, and tend to be more aggressive when changing
lanes to maintain preferred speeds; and the higher number
of police officers in urban areas may lead to their greater
visibility and, thus, their influence on driver speed.

Passenger cars and trucks are considered separately
for several reasons. First, trucks tend to move more
slowly than cars regardless of the speed limit policy
(Hanowski et al., 2012; Johnson & Pawar, 2007). This
tendency can be linked to the different dynamic capa-
bilities of trucks and cars, the use of speed limiters in
trucks, and oversight from truck companies. Second,
drivers of trucks and cars might respond to the posted
speed limit in dissimilar ways because of their different
perception of enforcement, that is, truck drivers are at
higher risk if they are ticketed for speeding. Finally, the
value of time and fuel economy differs for the two types
of vehicle. For instance, the average cost of one hour of
truck operation in 2014 was $46.10 while the cost for
cars was $21.31 (Sinha & Labi, 2007).

Six speed limit changes are studied for their effects on
mobility and safety.

1. Rural freeways (eliminating existing differential speed
limit)

a. 70/65 mph to 70 mph,
b. 70/65 mph to 65 mph.

2. Urban freeways

55 mph to 60 mph,
55 mph to 65 mph,
65 mph to 60 mph,
65 mph to 55 mph.

oo

4.2 Proposed Approach

Predicting future speeds and safety consequences
requires predicting the future conditions that affect

Classify
Traffic
Conditions

 Congestion index

» Non-congested,
intermediate, and
congested

Figure 4.1 Overall methodology.

logit

Estimate
Mobility

and Safety
Effects

* Multiple linear
regression

* Sequential binary

them. To simplify the task, this study focuses on
estimating the effects of these conditions and applying
the gained knowledge to the entire system of Indiana
interstate roads in a “what if” analysis. Determining the
system-wide effect of various speed limit policies in a
recent year is a good basis for deciding which among
the evaluated policies is most promising and should be
implemented.

A methodology for evaluating alternative state-wide
statutory speed limits on Indiana interstate roads was
devised to follow the proposed overall approach. The
general methodology, applied in three consecutive
steps, is depicted in Figure 4.1. First, traffic conditions
were classified based on the congestion index. Second,
the mobility and safety effects of speed limit were
estimated with regression models. Third, the alternative
scenarios and corresponding economic effects were
evaluated by statistical simulation of speed and safety
in the analysis year. Each step is described in detail in
the following subsections.

4.3 Classification of Traffic Conditions

This first step classifies traffic conditions into three
states based on hourly speed observations:

1. Non-congested: Drivers operate at speeds close to their
preferred speed. The range of traffic flow in this state is
wide since drivers try to maintain their preferred speeds as
long as passing slower vehicles is possible. Occasional
blocking somewhat reduces the speed.

2. Congested: All vehicles move collectively at speeds deter-
mined by the road geometry, road capacity, and drivers’
selection of spacing.

3. Intermediate. The coexistence of non-congested and
congested conditions. This state is common in long
freeway segments that may have single or multiple
bottlenecks. Extended duration of this state is particularly
likely on urban freeways.

The relative reduction of speed below free-flow
speed, known as the congestion index, is used to
measure the extent of free-flow operation remaining in

Simulate
Alternative
Scenarios

 Predicted effects

* Economic
evaluation

14 Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2019/12



Rural Freeways

Distribution of Conglndex

Parcant

1] (A 02 03 04 0s 06 o7 o8 (1] 10

Congindax

Figure 4.2 Distribution of congestion index.

the flow (Equation 4.1).

Y= 100, if vi<v
CI,:{ K4 iy 4

Equation4.1
0, otherwise ( )

where CI; is the congestion index for the ith observa-
tion, v; is the hourly speed observation, and v, is the
free-flow speed defined as the 90th percentile of the
distribution of speed for a given date and road segment.

The thresholds that separate the three traffic condi-
tions are defined based on the distribution of the
congestion index and the effect of traffic volume on
speed. Figure 4.2 presents histograms of the congestion
index for rural and urban freeways. Most of the
observations have values equal to or lower than 0.1,
which correspond to observations that are greater than
or equal to 90% of the free-flow speed. The regression
analysis of speed factors presented later in this report
indicates the effect of traffic volume is negligible. Con-
sequently, traffic conditions during hours with congestion
indexes 0.1 and lower are classified as non-congested,
while traffic conditions during hours with speeds equal to
or lower than half of the free flow speed (congestion
index 0.5 or higher) are classified as congested. Traffic
conditions with a congestion index between 0.1 and 0.5
are classified as intermediate.

4.4 Estimation of Effect on Mobility

Linear regression models were estimated to provide
insight into the relationship between the speed limit and
the average speed. The models were calibrated with the
PROC GLM function in Statistical Analysis Software
SAS 9.4 (SAS Institute Inc., 2013). The PROC GLM
uses the ordinary least-squares estimation method. The
goodness of fit of the calibrated models was assessed
using the F statistic combined with the adjusted sum of
squares. Variables were retained in the models based on
both the statistical and practical significance of the
coefficients. The statistical significance is demonstrated
by low p-values, while the practical significance is

Urban Freeways

Distribution of Conglndex

Percent
in

11:) 01 ez 03 04 0s 08 a7 o0 0 1.0
Congindex

demonstrated by the considerable marginal effects.
Separate models for passenger cars and trucks were
calibrated for rural and urban roads under non-con-
gested and congested traffic conditions. A total of eight
models were used to represent the speed relationships.
Equation 4.2 presents the general form of the multiple
linear regression models.

vi=Bo+ L1 X1+ + B Xomi + & (Equation 4.2)

where v; is the expected speed estimate in hour i, f§; is
the estimated coefficient corresponding to variable j, X);
is the value of explanatory variables in hour i, and ¢; is
the normally distributed error term with zero mean and
standard deviation o. Significant variables j (j=1...m)
are confirmed speed factors (e.g., AADT, precipitation,
speed limit), while f8; values express the strength of these
factors.

4.5 Estimation of Effect on Safety

The safety observations were obtained from the 2014
crash records for Indiana and Illinois, and as in the
speed dataset, these observations were randomly sam-
pled. The final safety dataset was composed of hourly
observations with a binary crash indicator; the severity
level was recorded if a crash occurred.

A sequential binary logit model was used to estimate
the probability of a crash and the conditional pro-
bability of crash severity. The proposed approach was
divided into two binary logit models. First, we obtained
the probability of a crash. Second, after eliminating the
non-crash observations, crash severity was modeled as
the probability of being involved in an injury or fatal
crash. The modeling procedure was applied separately
to rural and urban roads and to each of the three traffic
congestion conditions.

The ratio of crash to non-crash observations is
very low, which reflects the small probability of crash.
This unbalanced data could decrease the coefficients of
factors affecting crash frequency, so to mitigate the
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problem, the 1:10 crash to non-crash ratio was adjusted
by selecting all crash observations and 10 times the
number crash observations of randomly selected non-
crash observations. This distortion was later elimi-
nated by adjusting the estimated intercept properly
(Washington, Karlaftis, & Mannering, 2011). The other
model parameters did not require adjustments.

Additional calculations were required to obtain
the actual probability of a PDO or possible injury
(CO), and injury or fatal crash (KAB). Let A be the
event of being involved in a crash, B the event of
being involved in a KAC crash. The sequential
binary logit model provides the probabilities P(A)
and P(B|A). The remaining probabilities are calculated
as follows (Equation 4.3):

P(KAB)=P(B|A) x P(A)

P(CO)=P(A)— P(B|4) x P(A) (Equation 4.3)

4.6 Simulation and Economic Evaluation

The six scenarios of speed limit change were eva-
luated for their effects on mobility and safety. Simula-
tions of speed, crash frequency, and severity were
conducted for each hour of the 2014 year on 319 rando-
mly selected segments. The obtained speeds for these
segments were converted to travel times and combined
according to the speed limit. Similarly, the number of
crashes at the three severity levels were estimated and
then combined. All 319 segments, including those with
traffic conditions not sensitive to change in speed limit,
contributed to the cumulative numbers of observed
speeds and crashes. These cumulative numbers were
expanded by a factor of 3 from the random sample to
the actual number of Indiana interstate segments
operating in 2014 under corresponding speed limits.
The total travel times and total number of crashes were
then used to estimate the cost components: the value of
time, vehicle operation costs, economic losses caused by
crashes, and the comprehensive costs of the crashes.
The difference between cost components for the existing
and assumed speed limits was calculated. The following
sections present the methodology details.

4.6.1 Value of time

The value of time represents the amount of money
that a user could earn by working instead of traveling.
It includes both in-vehicle and out-of-vehicle travel time
(e.g., walking to parking facility, waiting for a bus to
arrive), and can also include the cost of delays in the
traffic due to speed restricted by the posted speed limit.
After estimating the average speed under the studied
speed limit (Section 4.4), the travel time and corre-
sponding value of time for passenger cars and trucks
are calculated. The travel time can be obtained using
the predicted speed and the segment length as t=s/v,
where ¢ is the travel time in hours, s is the length of the

freeway segment, and v is the predicted average hourly
speed along the segment.

Since travel time represents the average condition
during one hour for all cars (and separately for all
trucks), the value must be multiplied by the number of
vehicles in the traffic flow to obtain the total travel time
in the hour. However, the traffic volume associated with
the observed speed was not available in the original speed
dataset. This limitation was overcome by using the car
and truck AADT with hourly adjustment factors. Using
the speed and volume data available at INDOT’s Traffic
Count Database System (TCDS), hourly adjustment fac-
tors for rural and urban freeways were developed. The
detectors used include all permanent non-ramp freeway
speed and volume detectors available during 2014 and are
presented in Figure 4.3.

The adjustment factors for rural and urban freeways
were calculated for each day of the week and month of
the year, which represent the average proportion of the
AADT for each type of road and time. A total of 4,032
hourly traffic volume adjustment factors were calcula-
ted (see Appendix E). Figure 4.4 and Figure 4.5 display
rural and urban freeway profiles using the hourly adjust-
ment factors for a sample weekday and weekend during
November 2014. The urban profile presents two peak
periods on weekdays, but a constantly increasing trend
during weekends that is more similar to the rural profile.

The total estimated hourly volume is divided into car
and truck volumes using the proportion of the AADT
that corresponds to heavy vehicles (u,). This is shown in
Equation 4.4:

T,=t,qi(1—uy)

T, =t,qi(uy) (Equation 4.4)
where T, is the total travel time for passenger cars
during the ith hour, 77, is the total travel time for heavy
trucks during the ith hour, ¢, is the average travel time
of cars during the ith hour, ¢, is the average time of
trucks during the ith hour, ¢; is the hourly volume
calculated from the product of AADT and the adjust-
ment factors, and u;, is the proportion of trucks in the
segment’s traffic.

Hourly travel time costs for passenger cars and
heavy trucks were obtained from (Sinha & Labi, 2007)
(Table 5.3) and the values were converted to 2014
dollars using the change in the Consumer Price Index.
The hourly 2014 travel time cost for passenger cars was
$21.31 per occupant, the number of which was based on
the average of 1.7 occupants/vehicle suggested by the
Federal Highway Administration (FHWA, 2018). The
average hourly travel time cost for heavy trucks was
$46.10, which does not require adjustment by number
of occupants.

4.6.2 Vehicle operating costs

Vehicle operating costs include fuel-related costs,
which depend on the vehicle’s fuel consumption and
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Figure 4.3 TCDS detector locations.

operating speed, and other costs, which include the cost
of oil, tires, maintenance, and depreciation.

Fuel consumption for passenger cars and heavy
trucks as a function of speed was based on data from

the California Department of Transportation, which
is used in the Highway Economic Evaluation Model
(HEEM). Two polynomial curves were fit to the data,
and their equations are presented in Figure 4.6. These
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Figure 4.4 Example AADT adjustment factors on a weekday.
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Figure 4.5 Example AADT adjustment factors on a weekend.

equations help us to evaluate changes the fuel-related
costs that are due to changes in speed. Trucks were
found to have minimum fuel consumption at 30.3 mph,
while cars’ optimal speed was 50.7 mph. Any speed
higher produced an increase in the fuel needed to
operate the vehicle.

The average cost of fuel for regular gasoline and
diesel was obtained from the U.S. Energy Informa-
tion Administration (EIA). In 2014, the average cost

18

12 13 14 15 16
Hour

17 18 19 20 21

= = = Urban

12 13 14 15 16
Hour

= = = Urban

of one gallon of regular gasoline in the Midwest
was $3.303. The average cost of a gallon of diesel
was $3.806. These costs were used along with fuel
consumption to obtain fuel-related vehicle operating
costs.

Other operating costs (oil, tires, etc.) are usually
presented as a function of miles traveled. The average
other operating costs per mile were obtained from the
Surface Transportation Efficiency Model (STEAM).

Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2019/12



0.6

y = 7E-05x* - 0.0071x + 0.1924
i R?=0.9458
y=10.0002x>-0.0121x + 0.303
R*=0.9584

0.4

0.3

0.2

Fuel Consumption (gallons / mile)

0.1

0 10 20 30

40 50 60 70 80

Speed (mph)

—e Allf0 = @& =Truck

Figure 4.6 Fuel consumption for cars and trucks.
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Figure 4.7 Safety impact simulation methodology.
The 2014 costs for cars and trucks were $0.227/mile and
$0.392/mile, respectively.

4.6.3 Traffic safety

Figure 4.7 shows the flow chart for obtaining safety
simulation results. The methodology employed inclu-
ded two parts: model development and crash cost
estimation.

Poly. (Auto)  sesesese Poly. (Truck)
Crash Cost Indiana Crash
Estimation Database

Filter by Roadtype

Economic/Comprehensive
Cost Estimation (per Crash)

Cost = Sum(vehicle

Coefficients in : .
involved*cost per

Ecunornlc;f vehicle + Injury A*Cost
Comprehensive ;
Cost Tables 12 e

+Fatal*Cost per Fatal)

Statistical Summary by
crash severity

. Average CO Crash Cost

2 Average KAB Crash Cost
(adjusted by Injury ABC proportion)

The average crash costs for Indiana were estimated
based on the 2014 Indiana crash database and on the
unit crash cost estimates from the National Safety
Council (National Safety Council, 2015). The number
of vehicles involved and the number of people injured
were used to estimate individual crash costs. Costs were
obtained separately for rural and urban freeways and
for each crash severity level. The average economic and
comprehensive costs for a single crash in Indiana in
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TABLE 4.1
Average Economic Cost of a Crash (2014 USD)

Crash Severity

Road Type PDO (%) Injury ($) Fatal ($)
Urban 7,305 50,183 1,579,949
Rural 5,726 65,110 1,586,886
TABLE 4.2

Average Comprehensive Cost of a Crash (2014 USD)

Crash Severity

Road Type PDO ($) Injury ($) Fatal (%)
Urban 34,315 516,341 10,470,196
Rural 29,381 632,653 10,555,870

2014 are presented in Table 4.1 and Table 4.2, respec-
tively. The comprehensive values are much higher than
economic losses since they reflect what people are
willing to pay to avoid a crash. The amounts were
converted to 2014 dollars using the change in the
Consumer Price Index.

5. RESULTS AND DISCUSSION
5.1 Speed Limit Effect on Operating Speed

Average hourly speeds were estimated with regres-
sion models using 2014 data from Illinois and Indiana.
Individual models were applied to specific types of
road, vehicle, and traffic condition; the full summary
tables for the obtained speed models are presented in
Appendix A. Due to the large sample size, most of the
variables were found statistically significant with the
95% confidence level. Therefore, variables were selected
for analysis also based on their marginal effects on
speed, which reveals whether or not their effects are
large enough to be considered.

The R-square values suggest that most of the models
for non-congested conditions perform better than the
models for congested conditions, as the non-congested
model explains a larger portion of the variability in
speed. This is not a surprise. Speeds in congested
conditions are affected by complex and unstable
factors, such as bottleneck capacity and traffic flow
on ramps, which are difficult to include due to data
limitations. Nevertheless, the majority of the estimated
coefficients are intuitive. Although the following
discussion of the results is phrased in terms of causal
effects, it should be kept in mind that the estimates
reflect statistical association and may not fully reflect
causality.

Changing the rural freeway 70/65-mph differential
speed limit (DSL) to a uniform speed limit (USL) of
70 mph is associated with an increase of 1.42 mph in
passenger car average hourly speed, and an increase of
0.63 mph in heavy truck speed. Changing the DSL to a

USL of 65 mph was found to reduce the average hourly
speed of passenger cars by 0.74 mph and the heavy
truck speed by 0.67 mph. These values represent
changes on long freeway segments in non-congested
conditions. Larger changes are expected on individual
vehicle speeds. In the congested traffic models, the
speed limit effect on driving speed was found insignif-
icant.

On urban freeways, increasing the speed limit from
55 mph to 60 mph was linked to a 1.40-mph increase
in the average speed of passenger cars and a 1.02-mph
increase in the average speed of heavy trucks. Like-
wise, a 10-mph increase in speed limit was linked to a
2.80-mph increase in passenger car average hourly
speed and a 2.04-mph increase in the heavy truck speed.
Heavy trucks were found to be less responsive to the
speed limit changes, possibly because they already tend
to operate below the speed limit. As on rural roads,
after accounting for the correlation between the speed
limit and the number of lanes, the change in the speed
limit under congested traffic conditions showed no
practical effect.

Other variables also affected the average speed. They
are included in the models to help isolate the effect of
the speed limit from their confounding effects. An
increase in the annual average daily traffic (AADT) was
found to reduce the average hourly speed of passenger
cars and trucks on rural freeways. Higher AADT also
reduced truck speed on urban freeways but had a
positive effect on passenger car speed. While rural
freeways, and trucks on urban freeways, seem sensitive
towards additional traffic volume, passenger cars on
urban freeways may more often opt for overtaking
slow-moving vehicles because the additional number of
lanes allows them to increase their speed.

The proportion of trucks had a negative effect on
speed; that is, the AADT corresponding to heavy trucks
was found to reduce the average speed of all vehicles
on rural freeways. The opposite effect was observed
on urban freeways. As with AADT, this effect can be
explained by the additional lanes that allow vehicles to
overtake slow-moving traffic.

A high value on the pavement International Rough-
ness Index (IRI), which is an indicator of pavement
roughness, was found to reduce the speed of passenger
cars on rural freeways, but no practical effect for heavy
trucks was observed. On urban freeways, a higher IRI
reduced the speed of both passenger cars and heavy
trucks.

Increases in median width raised the average speed of
passenger vehicles on rural freeways, while no practical
effect was observed for heavy trucks. On urban
freeways, however, an increase in median width was
found to reduce the average speed for both vehicle
types. The urban freeway results may be associated with
the presence of median barriers, locations for which
were not available to be included in the model.
Shoulder width had an effect similar to that of median
width. On rural freeways, speed for all vehicles was
found to increase, which can be explained as vehicles
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having more room to maneuver and therefore accel-
erate. A decrease of speed was observed on urban
freeways, a counterintuitive outcome that may again be
explained by the presence of median barriers.

The average speed of all vehicles on urban freeways
increased with the number of lanes. On rural freeways,
speed increased when going from two lanes to three,
but decreased with the addition of a fourth lane. This
irregularity could be because four-lane rural roadways
are usually located in areas with heavy demand, such
as close to the city; their greater frequency of ramps
and bottlenecks may lower vehicles’ speed. Ramp
frequency, or number of ramps per mile, was found
to reduce the average speed of all vehicle types on both
rural and urban freeways. A larger reduction was
observed on urban freeways, which may be explained
by the greater complexity and frequency of entering and
exiting maneuvers.

The effects on speed of weather-related conditions
are largely intuitive. The precipitation intensity and
presence of snow were found to reduce the average
speed of both vehicle types on urban and rural inter-
states, though a larger reduction was observed for pass-
enger cars. The previous could be explained as truck
drivers are usually exposed to multiple driving environ-
ments while car drivers tend to operate locally. The
effects of weather did not vary largely between urban
and rural freeways.

Figure 5.1 presents profiles of the estimated coeffi-
cients of hourly indicators for average speed after
all other factors are kept fixed. The effect of the hour
of the day on heavy truck speed was found to be simi-
lar for rural and urban freeways: trucks increase
their speed mainly during early morning hours. On the
other hand, passenger cars’ maximum speed on rural
freeways was found during mid-to-late afternoon
hours, while on urban freeways, their main increase
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Estimated CoefTicient
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Figure 5.1 Profile of effect of hour of day on average speed.

was during early morning and secondly, in evening
hours.

The presence of daylight was found to increase the
average hourly speed of all vehicles on urban and rural
interstates, with a larger increase for passenger cars
than for heavy trucks. The average speed of passenger
cars was higher on weekends than on weekdays on both
road types. For heavy trucks, the weekend variable
increased the speed on urban freeways but decreased it
on rural freeways. Season indicator variables were
found to affect passenger car speed, while no significant
effect was found for heavy trucks. Passenger car speed
is higher in summer and fall; it is reduced in spring, and
is lowest in winter. This effect is similar across rural and
urban freeways.

An increase in speed associated with greater distance
to the city center was found to be statistically, but not
practically, significant for all vehicles on rural freeways,
and for passenger cars on urban freeways. Lower
speeds for passenger cars and heavy trucks were found
on suburban freeway segments, segments with rural-like
speed limits but located within city limits. This effect
was larger for cars than for trucks. Additional inter-
action with the number of lanes was included to
account for unobserved categories on rural freeways.

5.2 Speed Limit Effect on Safety

Because the effect of speed limit on safety perfor-
mance may differ among traffic congestion conditions,
safety models were developed for each condition based
on the same congested, intermediate, and non-con-
gested classifications used to categorize the original
dataset. Several sets of sequential binary logit (SBL)
models were therefore developed to investigate the
effect of urban and rural freeway speed limits on the
number of crashes at different severity levels.

Hour

= Cars Urban = = = Trucks Urban
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The number of urban segments in the sample is
sufficiently large to divide crashes into three severity
levels: fatal or incapacitating injury (KA), non-incapa-
citating or possible injury (BC), and property damage
only (PDO). Due to the lower number of rural
segments, crash severity is restricted to two levels: fatal,
incapacitating or non-incapacitating injury (KAB); and
possible injury or property damage only (CO). The
three severity levels under the three traffic conditions
could potentially produce nine models for urban
freeways, and the two severity levels under three traffic
conditions could produce six models for rural freeways.
The actual number of models is smaller, however,
because the safety effect of speed limit is not always
present, particularly in more congested conditions, and
also because differences in the urban and rural speed
limit policies have different effects on safety. The results
are described separately.

The SBL models for urban non-congested conditions
are shown in Appendix B. Safety on urban freeways
was found affected by changes in speed limits only in
non-congested traffic conditions, where increasing the
speed limit from 55 mph to 65 mph increased the
probability of crash, and increased the probability of
injury or fatality, given a crash. While the probability
of fatality (vs. injury) in crashes at this severity level is
not statistically significant, most likely due to the small
number of fatalities in the sample, these results concur
with previous findings that an increase of speed limit
leads to a higher probability of crash and a rise in crash
severity. These effects of speed limit on safety are
consistent across the severity levels.

In terms of differential speed limits, rural freeways
showed a significant effect from the speed limit for non-
congested and intermediate traffic conditions, as shown
in Appendix B. The estimated coefficients in the crash
risk models indicated that the differential speed limit
(70/65 mph) is less safe than the 65-mph uniform speed
limit, a finding consistent for both conditions. It should
be kept in mind, however, that all the studied DSL
segments are in Indiana and all the USL segments are
in Illinois. Due to possible differences in crash reporting
and safety performance records between Indiana and
Illinois, the “state” effect may be included in the
estimated speed limit effect. This possibility is con-
firmed by the non-congested urban interstate model,
which indicates different safety outcomes for the two
states under similar conditions. We will return to this
difference in Section 5.3, but if one applies to rural
roads the difference between the two states’ urban
estimates, even the higher uniform 70-mph speed limit
is found slightly safer than the differential 70/65-mph
speed limit. This uniform higher speed might be more
acceptable than a DSL that can lead to additional
collisions.

Applying a similar treatment to transferring the
uniform speed limit of 65 mph from Illinois estimates to
Indiana is questionable, however, because there is an
additional source of concern. The general recom-
mended speed limit in Illinois is 70 mph, but a limit

of 65 mph is applied on certain road segments with
safety concerns. Applying a reduced speed limit where
crashes are more frequent and/or more severe intro-
duces a selection bias to cross-sectional estimates of
safety effects. Simply put, if, as is a rather plausible
assumption, the reduced speed limit does not fully
eliminate safety problems, the reduction would be
connected with a road of substandard safety perfor-
mance, clearly a serious mistake. Indeed, after adjusting
Indiana results for the safety difference in Illinois,
the results imply that safety under a uniform 65-mph
speed limit is poorer than under the current differential
70/65 mph. These results contradict the current evi-
dence and understanding of the effect of speed on
safety, and consequently, fail the basic test of reason-
ableness. An alternative approach could include data
from Ohio’s rural interstates, which would provide
the opportunity to observe both 65-mph and 70-mph
uniform speed limits along entire roads, and not only
on sporadic freeway segments. However, this analysis
was outside of the scope of the presented study.

Other effects considered in the proposed safety
models included roadway geometry, weather condi-
tions, temporal variability, and exposure variables,
including AADT and segment length. Most of these
other effects are intuitive. For example, AADT had a
significant positive association with crash risk in the
urban non-congested crash probability model and in
the rural non-congested and intermediate models.
Although coefficients for some of the other factors in
the safety models are not intuitive (e.g., increasing the
median width increases the crash frequency in rural
roads), they reflect the reality of the freeway samples.
Since the results are applied to the same population, the
non-intuitive coefficients are not expected to influence
the safety simulation results and the speed limit effects
can be assumed to be estimated correctly.

5.3 Transferability of the Results

The use of data from the states of Illinois and
Indiana raise questions about the transferability
between the two states of the estimated results.
Attaining reliable transferability is imperative for rural
freeways where the speed limits are different. On the
other hand, speed and safety differences between states
are usually greater on urban than rural freeways due
to the different nature of the travel: urban freeways
are used for a combination of short and long-distance
trips while rural freeways are predominantly used for
long-distance trips. Yet urban freeway data are more
transferable between states because the roads more
frequently have speed limits in common. Urban roads
thus offer a valuable opportunity to compare the
relationships between speed limit, speed, and safety.

Two multiple linear regression models were devel-
oped to estimate the average speed of passenger cars
and trucks (see Appendix C). The models show the
interaction of speed limit and state along with other
confounding factors. Table 5.1 lists by speed limit the
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TABLE 5.1
Descriptive Statistics for the Average Speed of Passenger Cars

State Speed Limit Number of Observations Mean Std. Dev. Minimum Maximum
Illinois 55 mph 649,202 52.31 13.06 0.61 88.98
Illinois 65 mph 159,871 62.38 5.22 0.62 87.17
Illinois 70 mph 615,512 64.27 6.18 0.61 89.93
Indiana 55 mph 499,904 58.66 6.24 0.62 88.84
Indiana 65 mph 142,335 61.89 6.19 0.62 89.04
Indiana 70 mph 291,934 64.34 5.08 0.62 88.18
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Figure 5.2 Trend lines of average speed by vehicle type.

summary statistics of passenger cars’ average speed for
Illinois and Indiana. We notice that the difference in
mean speed between the two states was at its greatest on
roads with a 55-mph speed limit. Under a common
posted 55-mph speed limit, passenger cars in Indiana
operated more than 6 mph faster than passenger cars
in Illinois. The state-to-state differences for 65-mph
and 70-mph limits are lower than 0.5 mph and are
negligible.

For trucks, the estimated difference in mean speed
between the two states was at its greatest on roads
with a 70-mph speed limit. In fact, there are no roads
with 70-mph speed limits for trucks in Indiana. The
calculation, in this case, refers to suburban freeway
segments with a 70/65 differential speed limit, mak-
ing the actual truck speed limit 65 mph. Taking this
into account, we found that the state-to-state diffe-
rences in the effect of speed limit on truck speed was
lower than 0.5 mph under both 55-mph and 65-mph
posted speeds.

Interaction between the speed limit, state, and safety
was estimated for urban freeways. The estimated
coefficient was then translated to rural freeways and
was used to estimate the crash risk at each severity level.
This step was of great importance since the unadjusted
models combined the effects of speed limit and state as
the speed limit coefficient. Reducing the effect of the
speed limit by using the urban indicator brought us
closer to the actual effect of the speed limit on rural
freeway safety.

5.4 Linear Relationship Between Speed Limit and
Operating Speed

The speed limit was assumed to have a proportional
effect on driving speed. To test the validity of this
assumption, exploratory data and regression analyses
were developed.

In Figure 5.2, the average speeds for the diffe-
rent vehicle types are plotted against the speed limit.
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TABLE 5.2

Estimated Annual Effects of Increasing Speed Limits on Indiana Rural Interstate Roads to 70-mph Uniform Speed (Eliminating

Differential Speed Limit)

Effect "70/65 mph (current) 70 mph
Value of Time

Predicted travel time for passenger cars (million hours) 431.39 422.44
Predicted travel time for heavy trucks (million hours) 88.01 87.18
Cost of travel time for passenger cars (million 2014 USD) $9,193.02 $9,002.10
Cost of travel time for heavy trucks (million 2014 USD) $4,057.32 $4,018.80
Total cost of travel time (million 2014 USD) $13,250.34 $13,020.90
Difference in cost from base scenario (million 2014 USD) $0.00 -$229.44
Vehicle Operating Costs

Predicted fuel consumption for passenger cars (million gallons) 477.61 526.57
Predicted fuel consumption for heavy trucks (million gallons) 1,635.97 1,676.02
Fuel related costs for passenger cars (million 2014 USD) $1,577.55 $1,739.25
Fuel related costs for heavy trucks (million 2014 USD) $6,226.52 $6,378.91
Non-fuel related costs for passenger cars (million 2014 USD) $3,884.87 $3.,884.87
Non-fuel related costs for heavy trucks (million 2014 USD) $2,119.23 $2,119.23
Total vehicle operating costs (million 2014 USD) $13,808.17 $14,122.26
Difference in cost from base scenario (million 2014 USD) $0.00 $314.09
Traffic Safety—Economic Cost

Predicted PDO and possible injury crashes 10,931.09 9,067.36
Predicted injury and fatal crashes 2,089.62 1,284.84
Cost of PDO and possible injury crashes (million 2014 USD) $62.60 $51.90
Cost of injury and fatal crashes (million 2014 USD) $136.10 $83.70
Total cost of crashes (million 2014 USD) $198.70 $135.60
Difference in cost from base scenario (million 2014 USD) $0.00 -$63.10
Traffic Safety—Comprehensive Cost

Predicted PDO and possible injury crashes 10,931.09 9,067.36
Predicted injury and fatal crashes 2,089.62 1,284.84
Cost of PDO and possible injury crashes (million 2014 USD) $321.20 $266.40
Cost of injury and fatal crashes (million 2014 USD) $1,322.00 $812.90
Total cost of crashes (million 2014 USD) $1,643.20 $1,079.30
Difference in cost from base scenario (million 2014 USD) $0.00 -$563.90
Total difference using safety economic cost (million 2014 USD) $0.00 $21.60
Total difference using safety comprehensive cost (million 2014 USD) $0.00 -$479.30

Urban freeway segments from Illinois were employed
in order to offer a broader set of urban speed limits
than those present in Indiana. Three linear trend
lines were fit for passenger cars, heavy trucks, and the
total of all vehicles. Using these equations, it was found
that a 5-mph rise in the speed limit was associated with
a 2.28-mph increase in passenger car speed, a 1.90-mph
increase in heavy truck speed, and a 1.91-mph overall
traffic speed increase.

Complementing the exploratory data analysis
described in Figure 5.2, three regression models were
fit. The average hourly speeds of all vehicles, passenger
cars, and heavy trucks were modeled as functions of
road geometry, traffic, weather, and seasonal factors
(see Appendix D). Using the estimated coefficients from
the models, it was found that a 5-mph rise in the speed
limit was associated with a 2.13-mph increase in pas-
senger car speed, a 2.04-mph increase in heavy truck
speed, and a 1.27-mph speed increase overall.

5.5 Evaluation of Alternative Speed Limit Scenarios

The effects of changing the speed limit settings on
Indiana interstate roads were assessed. The assessment
includes estimations, for current and alternative speed
limit scenarios, of the value of time, vehicle operating
cost, and crash cost. Table 5.2 presents the annual effect
of changing the differential speed limit on rural free-
ways to a uniform 70 mph. Table 5.3 summarizes the
annual effects of increasing the speed limit on urban
freeway sections that are currently set at 55 mph, and
Table 5.4 presents the annual effects of reducing the
speed limit on urban freeways sections that are
currently set at 65 mph. The number of miles that each
speed limit policy covers is presented at the top of each
table.

Replacing the differential 70/65-mph speed limit with
a uniform speed limit of 70 mph will reduce travel time,
and will reduce the total number of crashes by 20% and
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TABLE 5.3

Estimated Annual Effects of Changes in the Speed Limits on Indiana Urban 55-mph Interstate Roads

Effect 55 mph (current) 60 mph 65 mph
Value of Time

Predicted travel time for passenger cars (million hours) 372.84 364.14 35545
Predicted travel time for heavy trucks (million hours) 27.44 26.97 26.50
Cost of travel time for passenger cars (million 2014 USD) $7,945.10 $7,759.90 $7,574.60
Cost of travel time for heavy trucks (million 2014 USD) $1,264.80 $1,243.10 $1,221.50
Total cost of travel time (million 2014 USD) 39,209.90 $9,003.00 38,796.10
Difference in cost from base scenario (million 2014 USD) $0.00 -$206.90 -$413.90
Vehicle Operating Costs

Predicted fuel consumption for passenger cars (million gallons) 251.20 271.93 292.67
Predicted fuel consumption for heavy trucks (million gallons) 364.04 378.82 393.61
Fuel related costs for passenger cars (million 2014 USD) $829.70 $898.20 $966.70
Fuel related costs for heavy trucks (million 2014 USD) $1,385.50 $1,441.80 $1,498.10
Non-fuel related costs for passenger cars (million 2014 USD) $2,747.30 $2,747.30 $2,747.30
Non-fuel related costs for heavy trucks (million 2014 USD) $564.10 $564.10 $564.10
Total vehicle operating costs (million 2014 USD) 85,526.60 $5,651.30 85,776.10
Difference in cost from base scenario (million 2014 USD) $0.00 $124.80 $249.50
Traffic Safety—Economic Cost

Predicted PDO crashes 7,509.58 7,561.49 7,613.39
Predicted injury crashes 1,486.40 1,814.57 2,142.73
Predicted fatal crashes 27.56 45.32 63.09
Cost of PDO crashes (million 2014 USD) $54.90 $55.20 $55.60
Cost of injury crashes (million 2014 USD) $74.60 $91.10 $107.50
Cost of fatal crashes (million 2014 USD) $43.50 $71.60 $99.70
Total cost of crashes (million 2014 USD) $173.00 $217.90 $262.80
Difference in cost from base scenario (million 2014 USD) $0.00 $44.90 $89.80
Traffic Safety—Comprehensive Cost

Predicted PDO crashes 7,509.58 7,561.49 7,613.39
Predicted injury crashes 1,486.40 1,814.57 2,142.73
Predicted fatal crashes 27.56 45.32 63.09
Cost of PDO crashes (million 2014 USD) $257.70 $259.50 $261.30
Cost of injury crashes (million 2014 USD) $767.50 $936.90 $1,106.40
Cost of fatal crashes (million 2014 USD) $288.60 $474.50 $660.50
Total cost of crashes (million 2014 USD) $1,313.80 $1,671.00 $2,028.20
Difference in cost from base scenario (million 2014 USD) $0.00 $357.20 $714.40
Total difference using safety economic cost (million 2014 USD) $0.00 -$37.20 -$74.50
Total difference using safety comprehensive cost (million 2014 USD) $0.00 $275.00 $550.10

the proportion of severe crashes by 26%. However,
these gains come at the expense of increased vehicle
operating costs. The overall economic effect is expected
to be slightly on the negative side unless the compre-
hensive cost of crashes is considered.

Urban freeway sections with currently displayed
55-mph speed limits would benefit from reduced
travel times by increasing their speed limits. This
benefit is moderately larger than the combined vehicle

operating costs and economic loss of crashes, but when
comprehensive crash costs are incorporated, the higher
speed limit alternative becomes unappealing. On the
other hand, the analysis indicates that the current 65-mph
urban segments may benefit from reducing the speed
limit. This conclusion is valid regardless of whether
economic loss or comprehensive cost is considered, but is
particularly appealing from the perspective of compre-
hensive cost.

Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2019/12 25



TABLE 5.4
Estimated Annual Effects of Changes in the Speed Limits on Indiana Urban 65-mph Interstate Roads

Effect 65 mph (current) 60 mph 55 mph

Value of Time

Predicted travel time for passenger cars (million hours) 68.71 70.25 71.78
Predicted travel time for heavy trucks (million hours) 9.15 9.30 9.45
Cost of travel time for passenger cars (million 2014 USD) $1,464.30 $1,497.00 $1,529.70
Cost of travel time for heavy trucks (million 2014 USD) $421.70 $428.70 $435.70
Total cost of travel time (million 2014 USD) $1,886.00 $1,925.70 81,965.30
Difference in cost from base scenario (million 2014 USD) $0.00 $39.70 $79.30

Vehicle Operating Costs

Predicted fuel consumption for passenger cars (million gallons) 60.99 55.84 50.70
Predicted fuel consumption for heavy trucks (million gallons) 153.26 147.43 141.59
Fuel related costs for passenger cars (million 2014 USD) $201.40 $184.50 $167.50
Fuel related costs for heavy trucks (million 2014 USD) $583.30 $561.10 $538.90
Non-fuel related costs for passenger cars (million 2014 USD) $559.70 $559.70 $559.70
Non-fuel related costs for heavy trucks (million 2014 USD) $206.70 $206.70 $206.70
Total vehicle operating costs (million 2014 USD) 81,551.20 $1,512.00 $1,472.80
Difference in cost from base scenario (million 2014 USD) $0.00 -$39.20 -$78.40

Traffic Safety—Economic Cost

Predicted PDO crashes 1,624.77 1,612.59 1,600.41
Predicted injury crashes 444.73 376.63 308.53
Predicted fatal crashes 15.43 11.10 6.77
Cost of PDO crashes (million 2014 USD) $11.90 $11.80 $11.70
Cost of injury crashes (million 2014 USD) $22.30 $18.90 $15.50
Cost of fatal crashes (million 2014 USD) $24.40 $17.50 $10.70
Total cost of crashes (million 2014 USD) 358.60 $48.20 $37.90
Difference in cost from base scenario (million 2014 USD) $0.00 -$10.30 -$20.70

Traffic Safety—Comprehensive Cost

Predicted PDO crashes 1,624.77 1,612.59 1,600.41
Predicted injury crashes 444.73 376.63 308.53
Predicted fatal crashes 15.43 11.10 6.77
Cost of PDO crashes (million 2014 USD) $55.80 $55.30 $54.90
Cost of injury crashes (million 2014 USD) $229.60 $194.50 $159.30
Cost of fatal crashes (million 2014 USD) $161.50 $116.20 $70.80
Total cost of crashes (million 2014 USD) $446.90 $366.00 $285.10
Difference in cost from base scenario (million 2014 USD) $0.00 -$80.90 -$161.90
Total difference using safety economic cost (million 2014 USD) $0.00 -$9.90 -$19.80
Total difference using safety comprehensive cost (million 2014 USD) $0.00 -$80.50 -$160.90
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6. CONCLUSIONS

The mobility and safety effects of changing the speed
limits on Indiana freeways were estimated using a what-
if analysis. The evaluation criteria included differences
in travel time (mobility), vehicle operating costs, and
the cost of crashes (safety).

A lack of suitable data prevented this study from
estimating the safety effect of replacing the current
70/65-mph differential speed limit on rural interstates
with a uniform 65-mph speed limit setting, but a
uniform setting of 70 mph was evaluated. The results
suggest a non-beneficial economic performance with
the uniform speed limit, but consideration of the
comprehensive costs of crashes justify this alternative.

Limitations must be noted, however, in the use of
both Illinois and Indiana DSL data. Each state has a
separate speed limit policy that only overlaps on certain
urban freeway segments, which led to some state-to-
state differences in the estimated safety effects on rural
freeways. To overcome this issue, urban safety models
were calibrated with a state indicator variable. The
estimated state coefficient in the urban model was
applied to the rural model in order to address the
possible bias caused by the difference between Indiana
and Illinois.

Considering the economic loss cost of crashes, urban
freeways with currently displayed 55-mph speed limits
offer an opportunity to test higher speed limits since
travel time benefits overcome vehicle operating and
traffic safety losses. Results also suggest considering
reducing the current 65-mph speed limit on other urban
freeway segments. However, the results obtained using
the comprehensive cost of crashes identifies the lowest
speed limit as the most appealing scenario.

This study tested the assumption that the speed limit
has its maximum effect under free-flow conditions.
Congestion was defined by the relative difference
between an observed hourly speed and the daily free
flow (uncongested) speed, and was divided into three
levels: non-congestion, intermediate, and congestion. It
was confirmed that the effect of speed limit on operat-
ing speed and safety diminishes as the traffic condition
approaches congestion.

The National Performance Management Research
Data Set offered a comprehensive view of speed on all
freeway sections in Indiana. However, the NPMRDS
estimates of the effects of speed limit on actual speed
may be larger than those estimated in the models.
NPMRDS estimates are sustained using the average
travel times of multiple vehicles over large freeway
segments (2.5 miles on average), and over a large period
of time. Use of this dataset is warranted, nonetheless,
by its largest benefit, which is its coverage.

Observations of the past conditions of travel time,
roadway geometry, weather, and crash data were
available for this analysis. It can be assumed that their
influence on speed, and thus their impact on our
estimates of the effect of speed limit, can be applied to
the same population from which they were derived.

An optimum policy selected from the alternatives based
on an analysis such as this should remain desirable for
future years without the need to continually predict
future temporal conditions such as traffic and weather.

This study is focused on the system-level effect of
changes in speed limits. Engineering prudence prompts
that implementation of speeds higher than currently
posted should consider geometric design of individual
road segments and their crash history before the posted
speed limit is raised.
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Appendix A. Average Speed Models

Table A.1 Multiple Linear Regression of Passenger Cars’ Average Hourly Speed Under Non-
Congested Traffic Conditions on Rural Freeways

Parameter Estimate Std. Error t Value Pr> |t]
Intercept 67.7030 0.0300 2254.34 <.0001
Speed Limit = 65 mph -0.7422 0.0416 -17.85 <.0001
Speed Limit = 70 mph 1.4165 0.0094 150.45 <.0001
Speed Limit = 70/65 mph - - - -
AADT (1,000 vehicles/day) -0.0139 0.0003 -45.93 <.0001
Proportion of Trucks -2.7482 0.0397 -69.15 <.0001
IRI (in/mi) -0.0059 0.0001 -51.87 <.0001
Median Width (ft) 0.0082 0.0002 35.90 <.0001
Shoulder Width (ft) -0.1630 0.0018 -89.81 <.0001
Number of Lanes = 3 0.6788 0.0257 26.40 <.0001
Number of Lanes =4 -1.6072 0.0287 -56.03 <.0001
Number of Lanes = 2 - - - -
Ramp Frequency (#/mi) -0.1477 0.0070 -21.23 <.0001
Precipitation Intensity (in) -0.2021 0.0095 -21.33 <.0001
Snow Accumulation -0.5793 0.0171 -33.89 <.0001
Precipitation/Snow -3.0070 0.0587 -51.22 <.0001
01:00-01:59 Travel Hour -0.1578 0.0216 -7.32 <.0001
02:00-02:59 -0.2168 0.0217 -10.00 <.0001
03:00-03:59 -0.2301 0.0216 -10.64 <.0001
04:00-04:59 -0.0846 0.0215 -3.93 <.0001
05:00-05:59 0.3446 0.0213 16.20 <.0001
06:00-06:59 0.7079 0.0214 33.11 <.0001
07:00-07:59 0.5260 0.0229 22.94 <.0001
08:00-08:59 0.5382 0.0248 21.67 <.0001
09:00-09:59 0.5800 0.0248 23.42 <.0001
10:00-10:59 0.7030 0.0248 28.39 <.0001
11:00-11:59 0.8363 0.0247 33.80 <.0001
12:00-12:59 0.9330 0.0247 37.73 <.0001
13:00-13:59 1.0089 0.0247 40.83 <.0001
14:00-14:59 1.1626 0.0247 47.08 <.0001
15:00-15:59 1.3663 0.0247 55.31 <.0001
16:00-16:59 1.3967 0.0245 57.08 <.0001
17:00-17:59 1.3752 0.0236 58.29 <.0001
18:00-18:59 1.2394 0.0227 54,51 <.0001
19:00-19:59 0.9723 0.0221 44.08 <.0001

A-1




Parameter Estimate Std. Error t Value Pr> |t|
20:00-20:59 0.7101 0.0212 33.48 <.0001
21:00-21:59 0.4815 0.0210 22.94 <.0001
22:00-22:59 0.3247 0.0211 15.41 <.0001
23:00-23:59 0.1858 0.0212 8.76 <.0001
00:00-00:59 - - - -
Daylight 0.6047 0.0135 44.86 <.0001
Weekend 0.8883 0.0067 131.83 <.0001
Spring -0.8083 0.0087 -92.91 <.0001
Summer -0.1955 0.0086 -22.81 <.0001
Winter -1.1917 0.0089 -134.04 <.0001
Fall - - - -
Distance to City Center (mi) -0.0032 0.0002 -15.26 <.0001
Suburban -0.3257 0.0108 -30.11 <.0001
Suburban*Lanes 3 -1.6398 0.0260 -63.09 <.0001

R-square 0.1892
F-value 5761.60
Pr>F <.0001

Table A.2 Multiple Linear Regression of Passenger Cars’ Average Hourly Speed Under Congested
Traffic Conditions on Rural Freeways

Parameter Estimate Std. Error t Value Pr> |t]
Intercept 31.0112 1.3564 22.86 <.0001
AADT (1,000 vehicles/day) -0.0656 0.0181 -3.63 0.0003
Proportion of Trucks -3.0988 2.3346 -1.33 0.1846
Median Width (ft) -0.0465 0.0168 -2.77 0.0057
Number of Lanes = 3 1.5330 0.9684 1.58 0.1136
Number of Lanes = 4 -1.9312 1.2624 -1.53 0.1263
Number of Lanes = 2 - - - -
Precipitation Intensity (in) -1.6934 0.9685 -1.75 0.0806
Daylight -1.4837 0.4364 -3.40 0.0007
Weekend 0.5832 0.4550 1.28 0.2002
Distance to City Center (mi) -0.0599 0.0133 -4.49 <.0001

R-square 0.0441
F-value 8.32
Pr>F <.0001
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Table A.3 Multiple Linear Regression of Heavy Trucks’ Average Hourly Speed Under Non-
Congested Traffic Conditions on Rural Freeways

Parameter Estimate Std. Error t Value Pr> |t|
Intercept 63.2010 0.0167 3788.62 <.0001
Speed Limit = 65 mph -0.6732 0.0235 -28.64 <.0001
Speed Limit = 70 mph 0.6305 0.0052 120.11 <.0001
Speed Limit = 70/65 mph - - - -
AADT (1,000 vehicles/day) -0.0083 0.0002 -49.14 <.0001
Proportion of Trucks -0.0736 0.0222 -3.32 0.0009
IRI (in/mi) 0.0004 0.0001 6.54 <.0001
Median Width (ft) -0.0006 0.0001 -4.97 <.0001
Shoulder Width (ft) -0.0993 0.0010 -97.73 <.0001
Number of Lanes = 3 0.4391 0.0147 29.95 <.0001
Number of Lanes =4 -1.2439 0.0161 -77.25 <.0001
Number of Lanes = 2 — - - —
Ramp Frequency (#/mi) -0.1191 0.0039 -30.92 <.0001
Precipitation Intensity (in) -0.1039 0.0053 -19.70 <.0001
Snow Accumulation -0.2656 0.0096 -27.76 <.0001
Precipitation/Snow -1.4308 0.0339 -42.18 <.0001
01:00-01:59 Travel Hour 0.0111 0.0118 0.94 0.3454
02:00-02:59 0.0353 0.0118 2.99 0.0028
03:00-03:59 0.1433 0.0118 12.16 <.0001
04:00-04:59 0.1139 0.0118 9.68 <.0001
05:00-05:59 -0.1098 0.0117 -9.37 <.0001
06:00-06:59 -0.3563 0.0118 -30.11 <.0001
07:00-07:59 -0.4905 0.0127 -38.50 <.0001
08:00-08:59 -0.5882 0.0138 -42.53 <.0001
09:00-09:59 -0.6353 0.0138 -46.03 <.0001
10:00-10:59 -0.6117 0.0138 -44 .35 <.0001
11:00-11:59 -0.6077 0.0138 -44.11 <.0001
12:00-12:59 -0.5961 0.0138 -43.29 <.0001
13:00-13:59 -0.6101 0.0138 -44.32 <.0001
14:00-14:59 -0.6009 0.0138 -43.68 <.0001
15:00-15:59 -0.6068 0.0138 -44.10 <.0001
16:00-16:59 -0.5868 0.0136 -43.04 <.0001
17:00-17:59 -0.5895 0.0131 -44.85 <.0001
18:00-18:59 -0.4847 0.0127 -38.31 <.0001
19:00-19:59 -0.3923 0.0123 -32.01 <.0001
20:00-20:59 -0.3424 0.0118 -29.11 <.0001
21:00-21:59 -0.1739 0.0116 -14.94 <.0001
22:00-22:59 -0.0426 0.0117 -3.65 0.0003
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Parameter Estimate Std. Error t Value Pr> |t]
23:00-23:59 0.0126 0.0117 1.08 0.2806
00:00-00:59 - - - -
Daylight 0.1593 0.0075 21.12 <.0001
Weekend -0.1310 0.0037 -35.08 <.0001
Spring -0.1664 0.0048 -34.35 <.0001
Summer -0.0027 0.0048 -0.56 0.577
Winter 0.0066 0.0050 1.32 0.1857
Fall - - - -
Distance to City Center (mi) -0.0037 0.0001 -31.23 <.0001
Suburban -0.1869 0.0060 -30.91 <.0001
Suburban*Lanes 3 -0.8168 0.0147 -55.57 <.0001

R-square 0.0985
F-value 2757.04
Pr>F <.0001

Table A.4 Multiple Linear Regression of Heavy Trucks’ Average Hourly Speed under Congested
Traffic Conditions on Rural Freeways

Parameter Estimate Std. Error t Value Pr> |t|
Intercept 40.5210 2.0381 19.88 <.0001
AADT (1,000 vehicles/day) -0.0460 0.0193 -2.38 0.0173
Median Width (ft) -0.1046 0.0197 -5.32 <.0001
Number of Lanes =3 0.9383 1.0594 0.89 0.3759
Number of Lanes = 4 -4.2217 1.4192 -2.97 0.003
Number of Lanes =2 - - - -
Ramp Frequency (#/mi) -2.1031 0.5118 -4.11 <.0001
Snow Accumulation 1.8011 0.8459 2.13 0.0334
Precipitation/Snow -6.6411 1.3742 -4.83 <.0001
01:00-01:59 Travel Hour 0.2847 2.0448 0.14 0.8893
02:00-02:59 -0.3526 1.9686 -0.18 0.8579
03:00-03:59 -4.4184 1.8897 -2.34 0.0195
04:00-04:59 -4.7678 2.0744 -2.30 0.0217
05:00-05:59 -1.5006 2.1968 -0.68 0.4947
06:00-06:59 -4.5348 1.9691 -2.30 0.0214
07:00-07:59 -5.3289 1.7111 -3.11 0.0019
08:00-08:59 -6.4751 1.7535 -3.69 0.0002
09:00-09:59 -9.9258 1.9134 -5.19 <.0001
10:00-10:59 -8.2846 1.7503 -4.73 <.0001
11:00-11:59 -10.3573 1.6364 -6.33 <.0001
12:00-12:59 -10.7776 1.5960 -6.75 <.0001
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Parameter Estimate Std. Error t Value Pr> |t|
13:00-13:59 -9.9661 1.6419 -6.07 <.0001
14:00-14:59 -10.0511 1.6060 -6.26 <.0001
15:00-15:59 -9.7175 1.5864 -6.13 <.0001
16:00-16:59 -10.3695 1.5217 -6.81 <.0001
17:00-17:59 -9.5638 1.4912 -6.41 <.0001
18:00-18:59 -8.2883 1.4991 -5.53 <.0001
19:00-19:59 -7.6604 1.5910 -4.81 <.0001
20:00-20:59 -8.7279 1.6447 -5.31 <.0001
21:00-21:59 -7.5744 1.6149 -4.69 <.0001
22:00-22:59 -8.5412 1.6691 -5.12 <.0001
23:00-23:59 -4.6977 1.8081 -2.60 0.0095
00:00-00:59 - - - -
Weekend 3.2573 0.5026 6.48 <.0001
Spring -0.9303 0.7124 -1.31 0.1918
Summer -1.4950 0.7043 -2.12 0.034
Winter 2.4459 0.6852 3.57 0.0004
Fall - - - -
Distance to City Center (mi) -0.1021 0.0145 -7.03 <.0001

R-square 0.2421
F-value 14.23
Pr>F <.0001

Table A.5 Multiple Linear Regression of Passenger Cars’ Average Hourly Speed Under Non-
Congested Traffic Conditions on Urban Freeways

Parameter Estimate Std. Error t Value Pr> |t]
Intercept 59.4568 0.0313 1897.35 <.0001
Speed Limit = 65 mph 2.7989 0.0113 248.05 <.0001
Speed Limit = 55 mph - - - -
lllinois -0.5371 0.0089 -60.05 <.0001
Indiana - - - -
AADT (1,000 vehicles/day) 0.0078 0.0001 68.22 <.0001
Proportion of Trucks 15.8451 0.0801 197.76 <.0001
IRI (in/mi) -0.0277 0.0001 -245.38 <.0001
Median Width (ft) -0.0040 0.0002 -18.08 <.0001
Shoulder Width (ft) 0.1035 0.0010 103.42 <.0001
Number of Lanes =3 0.3748 0.0114 32.95 <.0001
Number of Lanes = 4 0.4333 0.0155 28.04 <.0001
Number of Lanes =2 - - - -
Ramp Frequency (#/mi) -0.6236 0.0035 -178.01 <.0001

A-5




Parameter Estimate Std. Error t Value Pr> |t|
Precipitation Intensity (in) -0.3248 0.0114 -28.45 <.0001
Snow Accumulation -0.5404 0.0228 -23.68 <.0001
Precipitation/Snow -3.1284 0.0780 -40.13 <.0001
01:00-01:59 Travel Hour -0.0507 0.0257 -1.98 0.0481
02:00-02:59 -0.0886 0.0259 -3.42 0.0006
03:00-03:59 0.1842 0.0257 7.16 <.0001
04:00-04:59 0.6319 0.0253 25.01 <.0001
05:00-05:59 0.9436 0.0251 37.65 <.0001
06:00-06:59 0.7075 0.0265 26.70 <.0001
07:00-07:59 0.0176 0.0294 0.60 0.5493
08:00-08:59 -0.2864 0.0308 -9.29 <.0001
09:00-09:59 -0.2484 0.0305 -8.13 <.0001
10:00-10:59 -0.3029 0.0303 -9.99 <.0001
11:00-11:59 -0.1982 0.0302 -6.56 <.0001
12:00-12:59 -0.1195 0.0302 -3.96 <.0001
13:00-13:59 -0.0882 0.0303 -2.91 0.0036
14:00-14:59 0.0447 0.0305 1.46 0.1437
15:00-15:59 0.1680 0.0310 5.43 <.0001
16:00-16:59 0.1837 0.0310 5.93 <.0001
17:00-17:59 0.2345 0.0302 7.77 <.0001
18:00-18:59 0.4066 0.0285 14.24 <.0001
19:00-19:59 0.4041 0.0269 15.00 <.0001
20:00-20:59 0.2885 0.0253 11.40 <.0001
21:00-21:59 -0.0137 0.0251 -0.55 0.5848
22:00-22:59 0.0499 0.0250 1.99 0.0465
23:00-23:59 0.1173 0.0251 4.67 <.0001
00:00-00:59 - - - -
Daylight 1.0892 0.0172 63.38 <.0001
Weekend 1.6529 0.0083 200.29 <.0001
Spring -1.0183 0.0107 -95.00 <.0001
Summer -0.4453 0.0106 -42.05 <.0001
Winter -1.4050 0.0110 -127.28 <.0001
Fall - - - -
Distance to City Center (mi) 0.0025 0.0004 6.04 <.0001

R-square 0.2857
F-value 11001.20
Pr>F <.0001
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Table A.6 Multiple Linear Regression of Passenger Cars’ Average Hourly Speed Under
Congested Traffic Conditions on Urban Freeways

Parameter Estimate Std. Error t Value Pr> |t]
Intercept 17.1994 0.5277 32.59 <.0001
Illinois -2.2122 0.1443 -15.33 <.0001
Indiana - - - -
AADT (1,000 vehicles/day) 0.0191 0.0007 25.92 <.0001
Proportion of Trucks 30.2335 1.2662 23.88 <.0001
IRI (in/mi) -0.0158 0.0012 -13.35 <.0001
Median Width (ft) 0.0046 0.0014 3.26 0.0011
Shoulder Width (ft) 0.0273 0.0120 2.28 0.0227
Number of Lanes =3 -0.5610 0.1875 -2.99 0.0028
Number of Lanes = 4 1.0308 0.2011 5.13 <.0001
Number of Lanes =2 - - - -
Ramp Frequency (#/mi) -0.3755 0.0201 -18.69 <.0001
Snow Accumulation -1.9163 0.1777 -10.78 <.0001
Precipitation/Snow 2.2764 0.5016 4.54 <.0001
01:00-01:59 Travel Hour 0.9536 0.6556 1.45 0.1458
02:00-02:59 2.0363 0.6724 3.03 0.0025
03:00-03:59 2.3082 0.7372 3.13 0.0017
04:00-04:59 3.5487 0.8031 4.42 <.0001
05:00-05:59 4.1996 0.7840 5.36 <.0001
06:00—-06:59 5.7734 0.4430 13.03 <.0001
07:00-07:59 1.6281 0.4345 3.75 0.0002
08:00-08:59 -0.1573 0.4353 -0.36 0.7178
09:00-09:59 3.6497 0.4405 8.29 <.0001
10:00-10:59 3.2448 0.4581 7.08 <.0001
11:00-11:59 1.5043 0.4642 3.24 0.0012
12:00-12:59 1.0052 0.4552 2.21 0.0272
13:00-13:59 1.5051 0.4466 3.37 0.0008
14:00-14:59 1.8622 0.4396 4.24 <.0001
15:00-15:59 1.0120 0.4345 2.33 0.0199
16:00-16:59 0.5367 0.4322 1.24 0.2143
17:00-17:59 0.8558 0.4315 1.98 0.0473
18:00-18:59 1.6658 0.4344 3.83 0.0001
19:00-19:59 3.2307 0.4432 7.29 <.0001
20:00-20:59 4.1696 0.4971 8.39 <.0001
21:00-21:59 2.8013 0.5245 5.34 <.0001
22:00-22:59 1.0010 0.5357 1.87 0.0617
23:00-23:59 0.0776 0.6051 0.13 0.898
00:00-00:59 - - - -
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Parameter Estimate Std. Error t Value Pr> |t|
Weekend 1.3059 0.0783 16.69 <.0001
Spring -0.3243 0.0708 -4.58 <.0001
Summer -0.1060 0.0701 -1.51 0.1305
Winter -0.3336 0.0756 -4.41 <.0001
Fall - - - -
Distance to City Center (mi) -0.0409 0.0064 -6.44 <.0001

R-square 0.1077
F-value 184.24
Pr>F <.0001

Table A.7 Multiple Linear Regression of Heavy Trucks’ Average Hourly Speed Under Non-
Congested Traffic Conditions on Urban Freeways

Parameter Estimate Std. Error t Value Pr> |t|
Intercept 58.7421 0.0224 2619.74 <.0001
Speed Limit = 65 mph 2.0348 0.0080 253.15 <.0001
Speed Limit =55 mph - - - -
lllinois -0.0437 0.0064 -6.87 <.0001
Indiana - - - -
AADT (1,000 vehicles/day) -0.0114 0.0001 -129.66 <.0001
Proportion of Trucks 10.3593 0.0560 185.04 <.0001
[RI (in/mi) -0.0186 0.0001 -231.75 <.0001
Median Width (ft) -0.0047 0.0002 -28.52 <.0001
Shoulder Width (ft) 0.0372 0.0007 51.54 <.0001
Number of Lanes = 3 0.9535 0.0082 115.84 <.0001
Number of Lanes = 4 2.1117 0.0118 179.67 <.0001
Number of Lanes = 2 - - - -
Ramp Frequency (#/mi) -0.5523 0.0028 -196.57 <.0001
Precipitation Intensity (in) -0.2242 0.0082 -27.22 <.0001
Snow Accumulation -0.3003 0.0167 -17.94 <.0001
Precipitation/Snow -1.5684 0.0576 -27.23 <.0001
01:00-01:59 Travel Hour 0.0949 0.0186 5.10 <.0001
02:00-02:59 0.2331 0.0186 12.52 <.0001
03:00-03:59 0.3449 0.0185 18.65 <.0001
04:00-04:59 0.2991 0.0183 16.32 <.0001
05:00-05:59 -0.1148 0.0182 -6.30 <.0001
06:00-06:59 -0.5970 0.0193 -30.96 <.0001
07:00-07:59 -1.0579 0.0214 -49.48 <.0001
08:00-08:59 -1.1813 0.0225 -52.61 <.0001
09:00-09:59 -1.2064 0.0222 -54.30 <.0001
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Parameter Estimate Std. Error t Value Pr> |t]
10:00-10:59 -1.2471 0.0221 -56.55 <.0001
11:00-11:59 -1.2074 0.0220 -55.00 <.0001
12:00-12:59 -1.1600 0.0220 -52.82 <.0001
13:00-13:59 -1.1521 0.0220 -52.28 <.0001
14:00-14:59 -1.2225 0.0222 -55.07 <.0001
15:00-15:59 -1.3013 0.0225 -57.87 <.0001
16:00-16:59 -1.3025 0.0225 -57.81 <.0001
17:00-17:59 -1.2956 0.0219 -59.07 <.0001
18:00-18:59 -1.0903 0.0207 -52.58 <.0001
19:00-19:59 -0.8732 0.0196 -44.53 <.0001
20:00-20:59 -0.7036 0.0184 -38.20 <.0001
21:00-21:59 -0.5781 0.0183 -31.56 <.0001
22:00-22:59 -0.3045 0.0183 -16.66 <.0001
23:00-23:59 -0.1100 0.0183 -6.01 <.0001
00:00-00:59 - - - -
Daylight 0.7255 0.0125 58.26 <.0001
Weekend 0.4016 0.0060 66.79 <.0001
Spring -0.2010 0.0077 -25.96 <.0001
Summer -0.1471 0.0077 -19.19 <.0001
Winter -0.1512 0.0080 -18.85 <.0001
Fall - - - -

R-square 0.3065
F-value 12069.60
Pr>F <.0001

Table A.8 Multiple Linear Regression of Heavy Trucks’ Average Hourly Speed Under Congested

Traffic Conditions on Urban Freeways

Parameter Estimate Std. Error t Value Pr> |t]
Intercept 27.8364 0.6622 42.04 <.0001
[llinois -1.9254 0.1655 -11.63 <.0001
Indiana — - - —
AADT (1,000 vehicles/day) 0.0230 0.0009 24.45 <.0001
Proportion of Trucks 23.6231 1.4239 16.59 <.0001
IRI (in/mi) -0.0278 0.0014 -20.38 <.0001
Median Width (ft) -0.0145 0.0016 -9.03 <.0001
Shoulder Width (ft) 0.0372 0.0142 2.62 0.0088
Number of Lanes = 3 -2.5162 0.2165 -11.62 <.0001
Number of Lanes =4 -0.8861 0.2385 -3.71 0.0002
Number of Lanes = 2 — - - —
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Parameter Estimate Std. Error t Value Pr> |t]

Ramp Frequency (#/mi) -0.4716 0.0240 -19.62 <.0001
Snow Accumulation -2.1928 0.2038 -10.76 <.0001
Precipitation/Snow 2.5617 0.6072 4.22 <.0001
01:00-01:59 Travel Hour 5.7801 0.8895 6.50 <.0001
02:00-02:59 8.8778 0.9532 9.31 <.0001
03:00-03:59 3.7261 1.0491 3.55 0.0004
04:00-04:59 -0.8347 1.0559 -0.79 0.4292
05:00-05:59 -2.4492 0.9855 -2.49 0.013
06:00-06:59 -3.8092 0.5787 -6.58 <.0001
07:00-07:59 -7.9154 0.5698 -13.89 <.0001
08:00-08:59 -9.2759 0.5704 -16.26 <.0001
09:00-09:59 -5.7922 0.5754 -10.07 <.0001
10:00-10:59 -6.4893 0.5923 -10.96 <.0001
11:00-11:59 -8.7578 0.5979 -14.65 <.0001
12:00-12:59 -9.0560 0.5893 -15.37 <.0001
13:00-13:59 -8.6259 0.5815 -14.83 <.0001
14:00-14:59 -7.7345 0.5749 -13.45 <.0001
15:00-15:59 -8.4923 0.5698 -14.90 <.0001
16:00-16:59 -8.8702 0.5674 -15.63 <.0001
17:00-17:59 -8.7322 0.5667 -15.41 <.0001
18:00-18:59 -8.2292 0.5698 -14.44 <.0001
19:00-19:59 -6.3386 0.5794 -10.94 <.0001
20:00-20:59 -5.2581 0.6468 -8.13 <.0001
21:00-21:59 -6.7706 0.6809 -9.94 <.0001
22:00-22:59 -7.7703 0.6840 -11.36 <.0001
23:00-23:59 -6.9595 0.7784 -8.94 <.0001
00:00-00:59 - - - -
Weekend 0.9638 0.0924 10.43 <.0001

R-square 0.1049

F-value 189.52

Pr>F <.0001
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Appendix B. Crash Risk Models

Table B.1 Binary Logistic Regression of Crash Probability Under Non-Congested Traffic
Conditions on Rural Freeways

Parameter Estimate | Std. Error Wald Chi-Square Pr > ChiSq
Intercept -6.2088 0.1612 1482.8356 <.0001
Speed Limit = 65 mph -0.3027 0.1050 8.3125 0.0039
Speed Limit = 70 mph -0.8211 0.0813 102.0973 <.0001
Speed Limit = 70/65 mph - - - -
Suburban -0.7185 0.0621 134.0658 <.0001
AADT (1,000 vehicles/day) 0.0245 0.0019 167.4031 <.0001
[RI (in/mi) -0.0017 0.0008 4.8441 0.0277
Median Width (ft) 0.0005 0.0015 0.0965 0.7561
Shoulder Width (ft) -0.0591 0.0093 40.7431 <.0001
Precipitation Intensity (in) 0.2017 0.0566 12.6897 0.0004
Snow Accumulation 0.4089 0.0883 21.4256 <.0001
Weekend 0.0913 0.0461 3.9204 0.0477
Spring 0.0181 0.0378 0.2299 0.6316
Summer -0.1582 0.0390 16.4785 <.0001
Winter -0.0228 0.0404 0.3179 0.5729
Fall - - - -
Daylight -0.2835 0.0897 9.9833 0.0016
01:00-01:59 Travel Hour -0.3281 0.1240 6.9988 0.0082
02:00-02:59 -0.6946 0.1414 24.1220 <.0001
03:00-03:59 -0.7591 0.1459 27.0551 <.0001
04:00-04:59 -0.4213 0.1257 11.2307 0.0008
05:00-05:59 -0.3049 0.1199 6.4655 0.0110
06:00-06:59 0.1842 0.0942 3.8292 0.0504
07:00-07:59 0.3240 0.0885 13.4080 0.0003
08:00-08:59 0.3069 0.1031 8.8676 0.0029
09:00-09:59 0.1306 0.1086 1.4478 0.2289
10:00-10:59 0.2434 0.1074 5.1377 0.0234
11:00-11:59 0.2618 0.1053 6.1863 0.0129
12:00-12:59 0.1004 0.1101 0.8309 0.3620
13:00-13:59 0.2134 0.1043 4.1817 0.0409
14:00-14:59 0.2419 0.1051 5.2931 0.0214
15:00-15:59 0.3560 0.1005 12.5426 0.0004
16:00-16:59 0.5851 0.0943 38.4825 <.0001
17:00-17:59 0.2513 0.0954 6.9419 0.0084
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Parameter Estimate | Std. Error Wald Chi-Square Pr > ChiSq
18:00-18:59 0.1417 0.0941 2.2667 0.1322
19:00-19:59 0.0360 0.0965 0.1393 0.7089
20:00-20:59 0.0342 0.1009 0.1150 0.7345
21:00-21:59 -0.1026 0.1105 0.8620 0.3532
22:00-22:59 -0.2527 0.1158 47674 0.0290
23:00-23:59 -0.3230 0.1221 7.0013 0.0081

Table B.2 Binary Logistic Regression of KAB (Fatal, Incapacitating or Non-Incapacitating) Injury
Probability Under Non-Congested Traffic Conditions on Rural Freeways

Parameter Estimate | Std. Error Wald Chi-Square Pr > ChiSq
Intercept -1.0274 0.3293 9.7371 0.0018
Speed Limit = 65 mph -0.9238 0.3540 6.8116 0.0091
Speed Limit = 70 mph -0.2749 0.2146 1.6412 0.2002
Speed Limit = 70/65 mph - - - -
Shoulder Width (ft) -0.0405 0.0241 2.8242 0.0929
Median Width (ft) -0.0061 0.0042 2.1022 0.1471
Spring -0.0673 0.0961 0.4903 0.4838
Summer 0.2952 0.0945 9.7544 0.0018
Winter 0.0245 0.0953 0.0661 0.7970
Fall - - - -

Table B.3 Binary Logistic Regression of Crash Probability Under Intermediate Traffic Conditions
on Rural Freeways

Parameter Estimate | Std. Error Wald Chi-Square Pr > ChiSq

Intercept -5.4002 0.1568 1185.4994 <.0001
Speed Limit = 65 mph -0.7340 0.1672 19.2738 <.0001
Speed Limit = 70 mph -0.8866 0.1737 26.0487 <.0001
Speed Limit = 70/65 mph - - - -
Suburban -1.4293 0.1289 122.9911 <.0001
AADT (1,000 vehicles/day) 0.0470 0.0040 136.7015 <.0001
Shoulder Width (ft) -0.1104 0.0159 48.3747 <.0001
Precipitation Intensity (in) 0.4270 0.1509 8.0092 0.0047
Snow Accumulation 0.5375 0.1142 22.1698 <.0001
Spring -0.2591 0.1253 4.2783 0.0386
Summer -0.6538 0.1218 28.8317 <.0001
Winter 0.8621 0.0847 103.4932 <.0001
Fall - - - -
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Parameter Estimate | Std. Error Wald Chi-Square Pr > ChiSq

01:00-01:59 Travel Hour -0.9732 0.2190 19.7443 <.0001
02:00-02:59 -1.3700 0.2745 24.9023 <.0001
03:00-03:59 -1.3241 0.2639 25.1830 <.0001
04:00-04:59 -1.0162 0.2419 17.6489 <.0001
05:00-05:59 -0.2457 0.1888 1.6938 0.1931
06:00-06:59 -0.2140 0.1928 1.2322 0.2670
07:00-07:59 0.7064 0.1718 16.9066 <.0001
08:00-08:59 0.2319 0.1754 1.7486 0.1861
09:00-09:59 0.6853 0.1708 16.1048 <.0001
10:00-10:59 0.8438 0.1954 18.6381 <.0001
11:00-11:59 0.7464 0.2094 12.7066 0.0004
12:00-12:59 0.6056 0.2239 7.3197 0.0068
13:00-13:59 0.4077 0.2476 2.7110 0.0997
14:00-14:59 0.9464 0.2716 12.1424 0.0005
15:00-15:59 1.0517 0.2418 18.9243 <.0001
16:00-16:59 0.6006 0.2472 5.9044 0.0151
17:00-17:59 0.2857 0.2215 1.6641 0.1970
18:00-18:59 0.0410 0.2292 0.0320 0.8581
19:00-19:59 -0.2013 0.2234 0.8121 0.3675
20:00-20:59 -0.1645 0.2196 0.5613 0.4537
21:00-21:59 -0.0324 0.2105 0.0236 0.8779
22:00-22:59 -0.4138 0.2259 3.3567 0.0669
23:00-23:59 -0.4043 0.2508 2.5984 0.1070
00:00-00:59 - - - -

Table B.4 Binary Logistic Regression of KAB (Fatal, Incapacitating or Non-Incapacitating) Injury
Probability Under Intermediate Traffic Conditions on Rural Freeways

Parameter Estimate | Std. Error | Wald Chi-Square Pr > ChiSq
Intercept -1.6364 0.3151 26.9633 <.0001
Speed Limit = 65 mph -0.1186 0.3765 0.0993 0.7527
Speed Limit = 70 mph -0.4465 0.4232 1.1134 0.2913
Speed Limit = 70/65 mph - - - -
AADT (1,000 vehicles/day) -0.0164 0.0081 4.1481 0.0417
Shoulder Width (ft) 0.1004 0.0268 14.0124 0.0002
Snow Accumulation -0.4534 0.1907 5.6534 0.0174
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Table B.5 Binary Logistic Regression of Crash Probability Under Non-Congested Traffic
Conditions on Urban Freeways

Parameter Estimate | Std. Error Wald Chi-Square Pr > ChiSq
Intercept -6.7437 0.1022 4350.73 <.0001
Speed Limit = 65 mph 0.0849 0.0612 1.92 0.1655
Speed Limit =55 mph - - - -
AADT (1,000 vehicles/day) 0.0082 0.0005 310.47 <.0001
Proportion of Trucks 2.6730 0.4257 39.42 <.0001
Median Width (ft) -0.0081 0.0012 45.23 <.0001
Precipitation Intensity (in) 0.1501 0.0547 7.53 0.0061
Snow Accumulation 0.5619 0.0746 56.81 <.0001
Weekend -0.3492 0.0461 57.46 <.0001
Fall or Winter 0.1321 0.0404 10.68 0.0011
[llinois -0.5992 0.0446 180.86 <.0001
Indiana - - - -
01:00-01:59 Travel Hour -0.6096 0.1270 23.05 <.0001
02:00-02:59 -0.8574 0.1414 36.77 <.0001
03:00-03:59 -0.6308 0.1289 23.94 <.0001
04:00-04:59 -0.7185 0.1296 30.72 <.0001
05:00-05:59 -0.3483 0.1062 10.77 0.0010
06:00-06:59 0.6655 0.0764 75.95 <.0001
07:00-07:59 0.7732 0.0728 112.93 <.0001
08:00-08:59 0.3951 0.0844 21.91 <.0001
09:00-09:59 0.2085 0.0872 5.72 0.0168
10:00-10:59 0.1054 0.0903 1.36 0.2429
11:00-11:59 -0.0526 0.0934 0.32 0.5738
12:00-12:59 0.2207 0.0851 6.73 0.0095
13:00-13:59 0.3123 0.0828 14.24 0.0002
14:00-14:59 0.4061 0.0803 25.56 <.0001
15:00-15:59 0.6294 0.0746 71.18 <.0001
16:00-16:59 0.6643 0.0789 70.83 <.0001
17:00-17:59 0.6651 0.0796 69.83 <.0001
18:00-18:59 0.2136 0.0928 5.30 0.0213
19:00-19:59 -0.0904 0.1012 0.80 0.3715
20:00-20:59 -0.4260 0.1105 14.87 0.0001
21:00-21:59 -0.1273 0.0967 1.73 0.1881
22:00-22:59 -0.3637 0.1076 11.42 0.0007
23:00-23:59 -0.3961 0.1107 12.80 0.0003
00:00-00:59 - - - -
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Table B.6 Binary Logistic Regression of Injury Probability Under Non-Congested Traffic

Conditions on Urban Freeways

Parameter Estimate | Std. Error Wald Chi-Square Pr > ChiSq
Intercept -1.6105 0.0651 612.02 <.0001
Speed Limit = 65 mph 0.3683 0.1165 9.99 0.0016
Speed Limit =55 mph - - - -
Weekend 0.2469 0.1111 4.94 0.0263
01:00-01:59 Travel Hour 0.7728 0.2632 8.62 0.0033
02:00-02:59 0.7188 0.2976 5.83 0.0157
03:00-03:59 0.0474 0.3144 0.02 0.8802
04:00-04:59 0.5212 0.2812 3.44 0.0638
05:00-05:59 -0.2911 0.2920 0.99 0.3186
06:00-06:59 0.0266 0.1826 0.02 0.8844
07:00-07:59 -0.3564 0.1924 343 0.0639
08:00-08:59 -0.2688 0.2226 1.46 0.2273
09:00-09:59 -0.2599 0.2281 1.30 0.2546
10:00-10:59 -0.0390 0.2226 0.03 0.8611
11:00-11:59 -0.1973 0.2451 0.65 0.4209
12:00-12:59 -0.1369 0.2162 0.40 0.5266
13:00-13:59 -0.2650 0.2184 1.47 0.2249
14:00-14:59 -0.1392 0.2018 0.48 0.4902
15:00-15:59 -0.0271 0.1793 0.02 0.8801
16:00-16:59 -0.2620 0.2032 1.66 0.1973
17:00-17:59 -0.2714 0.2038 1.77 0.1829
18:00-18:59 -0.2171 0.2396 0.82 0.3649
19:00-19:59 -0.1688 0.2602 0.42 0.5166
20:00-20:59 0.1084 0.2661 0.17 0.6837
21:00-21:59 0.4199 0.2133 3.87 0.0491
22:00-22:59 -0.1812 0.2842 0.41 0.5238
23:00-23:59 0.4848 0.2444 3.94 0.0473
00:00-00:59 - - - -

Table B.7 Binary Logistic Regression of Fatal Probability Under Non-Congested Traffic

Conditions on Urban Freeways

Parameter Estimate | Std. Error Wald Chi-Square | Pr> ChiSq
Intercept -4.8367 0.6547 54.57 <.0001
Speed Limit = 65 mph 0.4664 0.6244 0.56 0.4551
Speed Limit =55 mph - - - -
Distance to City Center (mi) 0.0487 0.0242 4.04 0.0444

B-5




Appendix C. Transferability Models

Table C.1 Multiple Linear Regression of Passenger Cars’ Average Hourly Speed Under Non-
Congested Traffic Conditions on Urban Freeways with Interaction Between Speed Limit and State

Parameter Estimate | Std. Error t Value Pr> |t|
Intercept 61.0167 0.0241 | 2536.55 <.0001
SpeedLim 65 mph * lllinois 2.5582 0.0133 191.95 <.0001
SpeedLim 65 mph * Indiana 2.2164 0.0134 165.16 <.0001
SpeedLim 70 mph * lllinois 3.8040 0.0113 337.07 <.0001
SpeedLim 70 mph * Indiana 4.3220 0.0114 379.22 <.0001
SpeedLim 55 mph * lllinois -0.8621 0.0093 -92.54 <.0001
SpeedLim 55 mph * Indiana - - - -
AADT (1,000 vehicles/day) 0.0054 0.0001 51.27 <.0001
Proportion of Trucks 9.9620 0.0464 214.89 <.0001
[RI (in/mi) -0.0251 0.0001 | -266.18 <.0001
Median Width (ft) -0.0020 0.0002 -12.05 <.0001
Shoulder Width (ft) 0.0940 0.0009 105.79 <.0001
Number of Lanes = 3 -0.5494 0.0087 -62.91 <.0001
Number of Lanes = 4 -0.2733 0.0131 -20.94 <.0001
Number of Lanes =2 - - - -
Ramp Frequency (#/mi) -0.6238 0.0030 | -211.21 <.0001
Precipitation Intensity (in) -0.2963 0.0089 -33.43 <.0001
Snow Accumulation -0.7362 0.0168 -43.88 <.0001
Precipitation/Snow -2.7020 0.0590 -45.76 <.0001
01:00-01:59 Travel Hour -0.0911 0.0201 -4.54 <.0001
02:00-02:59 -0.1024 0.0202 -5.06 <.0001
03:00-03:59 0.1208 0.0201 6.00 <.0001
04:00-04:59 0.5234 0.0198 26.42 <.0001
05:00-05:59 0.9007 0.0196 45.95 <.0001
06:00-06:59 0.8301 0.0204 40.74 <.0001
07:00-07:59 0.2648 0.0225 11.76 <.0001
08:00-08:59 0.0346 0.0235 1.47 0.1409
09:00-09:59 0.0871 0.0233 3.74 0.0002
10:00-10:59 0.0625 0.0232 2.69 0.0071
11:00-11:59 0.1836 0.0231 7.93 <.0001
12:00-12:59 0.2405 0.0231 10.39 <.0001
13:00-13:59 0.3205 0.0232 13.83 <.0001
14:00-14:59 0.4632 0.0233 19.90 <.0001
15:00-15:59 0.5929 0.0235 25.28 <.0001
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Parameter Estimate | Std.Error | tValue Pr> |t|
16:00-16:59 0.6283 0.0232 27.08 <.0001
17:00-17:59 0.6550 0.0225 29.11 <.0001
18:00-18:59 0.7303 0.0215 3391 <.0001
19:00-19:59 0.6367 0.0206 30.98 <.0001
20:00-20:59 0.4799 0.0196 24.53 <.0001
21:00-21:59 0.1987 0.0195 10.19 <.0001
22:00-22:59 0.2089 0.0195 10.71 <.0001
23:00-23:59 0.1920 0.0196 9.78 <.0001
00:00-00:59 - - - -
Daylight 0.9175 0.0128 71.41 <.0001
Weekend 1.4333 0.0063 | 226.72 <.0001
Spring -0.9609 0.0082 | -117.39 <.0001
Summer -0.3236 0.0081 -40.08 <.0001
Winter -1.3545 0.0084 | -161.00 <.0001
Fall - - - -
Distance to City Center (mi) -0.0151 0.0002 -63.42 <.0001

R-square 0.4152
F-value 30467.80
Pr>F <.0001

Table C.2 Multiple Linear Regression of Heavy Trucks’ Average Hourly Speed Under Non-
Congested Traffic Conditions on Urban Freeways with Interaction Between Speed Limit and State

Parameter Estimate Std. Error tValue | Pr>|t|
Intercept 59.6620 0.0166 | 3598.28 <.0001
SpeedLim 65 mph * lllinois 2.1575 0.0091 | 236.68 <.0001
SpeedLim 65 mph * Indiana 1.7196 0.0092 | 187.44 <.0001
SpeedLim 70 mph * Illinois 2.4263 0.0077 | 313.10 <.0001
SpeedLim 70 mph * Indiana 3.2961 0.0078 | 422.65 <.0001
SpeedLim 55 mph * lllinois -0.3207 0.0065 -49.10 <.0001
SpeedLim 55 mph * Indiana - - - -
AADT (1,000 vehicles/day) -0.0114 0.0001 | -147.70 <.0001
Proportion of Trucks 6.8751 0.0318 | 216.26 <.0001
IRI (in/mi) -0.0158 0.0001 | -244.25 <.0001
Median Width (ft) -0.0065 0.0001 | -55.86 <.0001
Shoulder Width (ft) 0.0484 0.0006 78.71 <.0001
Number of Lanes = 3 0.1664 0.0061 27.49 <.0001
Number of Lanes = 4 1.2637 0.0095 | 133.39 <.0001
Number of Lanes = 2 - - - -
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Parameter Estimate Std. Error tValue | Pr>|t|
Ramp Frequency (#/mi) -0.4903 0.0022 | -222.52 <.0001
Precipitation Intensity (in) -0.1856 0.0061 -30.51 <.0001
Snow Accumulation -0.3889 0.0116 -33.40 <.0001
Precipitation/Snow -1.4101 0.0415 -33.94 <.0001
01:00-01:59 Travel Hour 0.0640 0.0137 4.69 <.0001
02:00-02:59 0.1842 0.0137 13.47 <.0001
03:00-03:59 0.2642 0.0136 19.44 <.0001
04:00-04:59 0.1848 0.0135 13.70 <.0001
05:00-05:59 -0.1419 0.0134 | -10.57 <.0001
06:00-06:59 -0.5127 0.0140 -36.62 <.0001
07:00-07:59 -0.8498 0.0155 | -54.83 <.0001
08:00-08:59 -0.9456 0.0162 -58.46 <.0001
09:00-09:59 -0.9681 0.0161 | -60.28 <.0001
10:00-10:59 -0.9806 0.0160 | -61.33 <.0001
11:00-11:59 -0.9469 0.0159 -59.41 <.0001
12:00-12:59 -0.9165 0.0159 | -57.51 <.0001
13:00-13:59 -0.9187 0.0160 -57.53 <.0001
14:00-14:59 -0.9672 0.0160 | -60.33 <.0001
15:00-15:59 -1.0072 0.0162 -62.36 <.0001
16:00-16:59 -0.9823 0.0160 -61.46 <.0001
17:00-17:59 -0.9780 0.0155 | -63.12 <.0001
18:00-18:59 -0.8035 0.0148 -54.22 <.0001
19:00-19:59 -0.6391 0.0141 | -45.20 <.0001
20:00-20:59 -0.5447 0.0135 -40.49 <.0001
21:00-21:59 -0.4340 0.0134 | -32.35 <.0001
22:00-22:59 -0.2058 0.0134 | -15.34 <.0001
23:00-23:59 -0.0483 0.0135 -3.58 0.0003
00:00-00:59 - - - -
Daylight 0.5127 0.0089 57.86 <.0001
Weekend 0.2519 0.0044 57.86 <.0001
Spring -0.2140 0.0056 -38.10 <.0001
Summer -0.0808 0.0056 -14.54 <.0001
Winter -0.0974 0.0058 | -16.78 <.0001
Fall - - - -
Distance to City Center (mi) -0.0147 0.0002 -92.51 <.0001
R-square 0.4433
F-value 33923.10
Pr>F <.0001
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Appendix D. Linearity Models

Table D.1 Multiple Linear Regression of All Vehicles Average Hourly Speed Under Non-
Congested Traffic Conditions on Urban Freeways in lllinois

Parameter Estimate | Std.Error | tValue | Pr> [t]
Intercept 55.9292 0.0346 | 1614.34 <.0001
Speed Limit = 50 mph 3.6786 0.0459 80.23 | <.0001
Speed Limit = 55 mph 4.2315 0.0212 199.64 <.0001
Speed Limit = 65 mph 6.8760 0.0254 | 270.45 | <.0001
Speed Limit = 70 mph 8.1422 0.0260 | 313.26 | <.0001
Speed Limit = 45 mph - - - -
AADT (1,000 vehicles/day) 0.0033 0.0001 3429 | <.0001
Proportion of Trucks 4.4452 0.0354 | 125.70 | <.0001
IRI (in/mi) -0.0316 0.0001 | -252.40 | <.0001
Median Width (ft) -0.0127 0.0001 -89.99 <.0001
Shoulder Width (ft) 0.1925 0.0009 | 205.29 <.0001
Number of Lanes =3 -0.4607 0.0082 -55.93 | <.0001
Number of Lanes = 4 -0.1543 0.0141 -10.95 | <.0001
Number of Lanes =2 — - - -
Ramp Frequency (#/mi) -0.5839 0.0025 | -234.13 | <.0001
Precipitation Intensity (in) -0.2165 0.0077 -28.22 | <.0001
Snow Accumulation -0.5596 0.0155 -36.19 <.0001
Precipitation/Snow -3.4990 0.0602 -58.14 <.0001
01:00-01:59 Travel Hour -0.0746 0.0175 -4.26 | <.0001
02:00-02:59 -0.0426 0.0176 -2.42 0.0154
03:00-03:59 -0.0063 0.0175 -0.36 | 0.7179
04:00-04:59 0.1565 0.0173 9.06 <.0001
05:00-05:59 0.3583 0.0173 20.69 <.0001
06:00-06:59 0.2432 0.0187 13.01 | <.0001
07:00-07:59 0.0114 0.0214 0.53 0.5947
08:00-08:59 -0.0760 0.0213 -3.57 | 0.0004
09:00-09:59 -0.0670 0.0212 -3.16 0.0016
10:00-10:59 -0.1037 0.0211 -492 | <.0001
11:00-11:59 -0.0514 0.0210 -2.45 | 0.0145
12:00-12:59 0.0371 0.0210 1.76 0.0779
13:00-13:59 0.0955 0.0211 452 | <.0001
14.00-14:59 0.1723 0.0212 8.12 <.0001
15:00-15:59 0.2743 0.0214 12.81 | <.0001
16:00-16:59 0.3119 0.0207 15.05 <.0001
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Parameter Estimate | Std.Error | tValue | Pr> |t|
17:00-17:59 0.2313 0.0200 11.58 | <.0001
18:00-18:59 0.2073 0.0192 10.82 | <.0001
19:00-19:59 0.1338 0.0181 7.38 <.0001
20:00-20:59 0.0324 0.0173 1.87 | 0.0611
21:00-21:59 -0.0209 0.0173 -1.21 0.2253
22:00-22:59 0.1123 0.0172 6.52 | <.0001
23:00-23:59 0.1273 0.0173 7.37 <.0001
00:00-00:59 - - - -
Daylight 0.4086 0.0122 33.37 | <.0001
Weekend 0.7812 0.0056 138.88 <.0001
Spring -0.8597 0.0073 | -116.99 | <.0001
Summer -0.2032 0.0072 -28.07 <.0001
Winter -0.8006 0.0075 | -107.40 | <.0001
Fall - - - -
Distance to City Center (mi) -0.0035 0.0002 -19.47 | <.0001

R-square 0.5050
F-value 34519.60
Pr>F <.0001

Table D.2 Multiple Linear Regression of Passenger Cars’ Average Hourly Speed Under Non-
Congested Traffic Conditions on Urban Freeways in lllinois

Parameter Estimate | Std.Error | tValue | Pr> [t]
Intercept 58.1286 0.0464 | 1251.92 <.0001
Speed Limit = 50 mph 3.4592 0.0613 56.46 | <.0001
Speed Limit =55 mph 3.8135 0.0280 | 136.04 | <.0001
Speed Limit = 65 mph 6.8198 0.0337 | 202.14| <.0001
Speed Limit = 70 mph 8.5211 0.0345 | 24691 | <.0001
Speed Limit = 45 mph - - - -
AADT (1,000 vehicles/day) -0.0005 0.0001 -3.99 | <.0001
Proportion of Trucks 6.3677 0.0482 | 132.13 | <.0001
[RI (in/mi) -0.0406 0.0002 | -242.37 | <.0001
Median Width (ft) -0.0089 0.0002 -46.94 | <.0001
Shoulder Width (ft) 0.2021 0.0013 161.33 <.0001
Number of Lanes = 3 -0.6434 0.0111 -58.16 | <.0001
Number of Lanes =4 -0.0018 0.0187 -0.10 | 0.9228
Number of Lanes =2 - - - -
Ramp Frequency (#/mi) -0.6631 0.0033 | -199.18 | <.0001
Precipitation Intensity (in) -0.2610 0.0103 -25.35 | <.0001
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Parameter Estimate | Std.Error | tValue | Pr> |t]
Snow Accumulation -0.9176 0.0208 -44.08 | <.0001
Precipitation/Snow -3.6153 0.0810 -44 .61 <.0001
01:00-01:59 Travel Hour -0.0606 0.0243 -2.49 | 0.0127
02:00-02:59 -0.0583 0.0245 -2.38 | 0.0173
03:00-03:59 0.1715 0.0242 7.07 | <.0001
04:00-04:59 0.6899 0.0238 29.00 | <.0001
05:00-05:59 0.9785 0.0236 41.44 | <.0001
06:00-06:59 0.7568 0.0253 29.93 | <.0001
07:00-07:59 0.2301 0.0288 7.98 | <.0001
08:00-08:59 0.0146 0.0286 0.51| 0.6098
09:00-09:59 0.0596 0.0285 2.09 | 0.0365
10:00-10:59 0.0483 0.0284 1.70 | 0.0889
11:00-11:59 0.1607 0.0283 5.68 | <.0001
12:00-12:59 0.2031 0.0283 7.18 | <.0001
13:00-13:59 0.3050 0.0284 10.75 | <.0001
14:00-14:59 0.5005 0.0285 17.56 | <.0001
15:00-15:59 0.6593 0.0288 2291 | <.0001
16:00-16:59 0.7267 0.0279 26.08 | <.0001
17:00-17:59 0.6720 0.0269 25.00 | <.0001
18:00-18:59 0.6206 0.0258 24.02 | <.0001
19:00-19:59 0.5005 0.0245 20.43 | <.0001
20:00-20:59 0.3464 0.0234 14.78 | <.0001
21:00-21:59 0.0977 0.0234 417 | <.0001
22:00-22:59 0.1926 0.0234 8.22 | <.0001
23:00-23:59 0.2085 0.0236 8.83 | <.0001
00:00-00:59 - - - -
Daylight 0.7158 0.0163 43.86 | <.0001
Weekend 1.3055 0.0076 | 172.06 | <.0001
Spring -0.8961 0.0099 -90.89 <.0001
Summer -0.2459 0.0097 | -25.39 | <.0001
Winter -1.3404 0.0100 | -133.97 | <.0001
Fall - - - -
Distance to City Center (mi) -0.0059 0.0003 -23.44 | <.0001
R-square 0.5053
F-value 33174.40
Pr>F <.0001
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Table D.3 Multiple Linear Regression of Heavy Trucks’ Average Hourly Speed Under Non-
Congested Traffic Conditions on Urban Freeways in lllinois

Parameter Estimate | Std.Error | tValue | Pr> [t]
Intercept 58.1688 0.0313 | 1857.99 | <.0001
Speed Limit = 50 mph 0.1565 0.0415 3.77 0.0002
Speed Limit = 55 mph 2.3529 0.0189 | 124.42 | <.0001
Speed Limit = 65 mph 4.5288 0.0228 198.72 <.0001
Speed Limit = 70 mph 5.0868 0.0234 | 217.85| <.0001
Speed Limit =45 mph - - — -
AADT (1,000 vehicles/day) -0.0190 0.0001 | -203.71 <.0001
Proportion of Trucks 4.8885 0.0320 | 152.74 | <.0001
[RI (in/mi) -0.0226 0.0001 | -202.70 <.0001
Median Width (ft) -0.0138 0.0001 | -107.58 | <.0001
Shoulder Width (ft) 0.1012 0.0009 118.91 <.0001
Number of Lanes = 3 0.3400 0.0075 4559 | <.0001
Number of Lanes =4 2.3146 0.0138 | 167.91 | <.0001
Number of Lanes =2 - - - -
Ramp Frequency (#/mi) -0.5189 0.0025 | -211.43 | <.0001
Precipitation Intensity (in) -0.1601 0.0068 -23.39 | <.0001
Snow Accumulation -0.4366 0.0140 -31.22 <.0001
Precipitation/Snow -1.9801 0.0546 -36.27 <.0001
01:00-01:59 Travel Hour 0.0570 0.0159 3.59 0.0003
02:00-02:59 0.1903 0.0159 11.98 | <.0001
03:00-03:59 0.2298 0.0158 14.58 <.0001
04:00-04:59 0.1373 0.0156 8.80 | <.0001
05:00-05:59 -0.2001 0.0156 -12.82 <.0001
06:00-06:59 -0.5766 0.0168 -34.29 <.0001
07:00-07:59 -0.8270 0.0192 | -43.02 | <.0001
08:00-08:59 -0.9024 0.0191 -47.24 <.0001
09:00-09:59 -0.9527 0.0190 | -50.15| <.0001
10:00-10:59 -0.9677 0.0189 -51.20 <.0001
11:00-11:59 -0.9345 0.0188 | -49.63 | <.0001
12:00-12:59 -0.8987 0.0188 | -47.70 | <.0001
13:00-13:59 -0.8866 0.0189 -46.92 <.0001
14:00-14:59 -0.9533 0.0190 | -50.22 | <.0001
15:00-15:59 -0.9640 0.0192 -50.33 <.0001
16:00-16:59 -0.8982 0.0185 | -48.43 | <.0001
17:00-17:59 -0.9026 0.0179 -50.48 <.0001
18:00-18:59 -0.7698 0.0172 -44.86 <.0001
19:00-19:59 -0.6598 0.0163 | -40.56 | <.0001

D-4



Parameter Estimate | Std.Error | tValue | Pr> |t|
20:00-20:59 -0.5393 0.0155 | -34.71| <.0001
21:00-21:59 -0.3996 0.0156 | -25.70 | <.0001
22:00-22:59 -0.1266 0.0156 -8.14 <.0001
23:00-23:59 0.0196 0.0156 1.25| 0.2101
00:00-00:59 - - - -
Daylight 0.3867 0.0109 35.48 | <.0001
Weekend 0.2285 0.0051 45.17 <.0001
Spring -0.2185 0.0065 -33.39 <.0001
Summer -0.0597 0.0065 -9.25 | <.0001
Winter -0.0406 0.0067 -6.07 <.0001
Fall - - - -
Distance to City Center (mi) -0.0083 0.0002 -50.87 | <.0001

R-square 0.5448
F-value 38541.10
Pr>F <.0001
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Appendix E. Hourly Volume Adjustment Factors

The hourly volume adjustment factors represent the percentage of AADT for a specific month,
day of the week, and hour. The following coding is used in the summary tables:

M: Month. 1-January, 2-February, 3-March, 4-April, 5-May, 6-June, 7-July, 8-August, 9-
September, 10-October, 11-November, and 12-December.

D: Day of the week. 1-Sunday, 2-Monday, 3-Tuesday, 4-Wednesday, 5-Thursday, 6-
Friday, and 7-Saturday.

H: Hour. HO: 00:00—-00:59. H1: 01:00-01:59. H2: 02:00-02:59. H3: 03:00-03:59. H4:
04:00-04:59. H5: 05:00-05:59. H6: 06:00—06:59. H7: 07:00-07:59. H8: 08:00-08:59. H9:
09:00-09:59. H10: 10:00-10:59. H11: 11:00-11:59. H12: 12:00-12:59. H13: 13:00—-
13:59. H14: 14:00-14:59. H15: 15:00-15:59. H16: 16:00-16:59. H17: 17:00-17:59. H18:
18:00-18:59. H19: 19:00-19:59. H20: 20:00-20:59. H21: 21:00-21:59. H22: 22:00-
22:59. H23: 23:00-23:59.
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Table E.1 AADT Hourly Volume Adjustment Factors for Rural Freeways in Indiana

M D HO H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 | H11 | H12 | H13 | H14 | H15 | H16 | H17 | H18 | H19 | H20 | H21 | H22 | H23
1 1084 | 057|045 | 038|043 | 056 [ 079 | 1.11 | 1.64 | 2.38 | 3.28 | 4.04 | 468 | 493 | 5.07 | 5.22 | 5.22 | 517 | 452 | 3.68 | 3.04 | 2.27 | 1.67 | 1.19
1 2 | 086 | 067 | 062|067 |1.00 |19 |284 |379 |38 |417 |443 | 456 | 475|491 |515 |561 |591 |580 |461 |341 |277 |234 | 187 | 146
1 3 |1.06 | 09 | 084 (087 |1.22 | 2.09 | 296 | 3.81 | 3.83 | 3.95 | 410 | 420 | 430 | 458 | 492 | 540 | 5.63 | 5.49 | 4.25 | 3.19 | 250 | 2.21 | 1.79 | 1.42
1 4 | 098 |08 | 078|079 | 107 | 177 | 262 | 3.43 | 358 | 3.87 | 412 | 433 | 464 | 488 | 517 | 557 | 571 | 551 | 435 | 3.28 | 2.61 | 2.35 | 1.85 | 1.45
1 5116 | 098 | 0.87 | 0.90 | 1.25 | 2.07 | 2.98 | 3.90 | 3.95 | 4.00 | 4.08 | 430 | 451 | 498 | 5.18 | 557 | 590 | 5.79 | 452 | 3.44 | 294 | 252 | 2.02 | 1.62
1 6 | 123 | 105 |09 | 099 | 131|220 |3.09 | 393 | 411 | 441 | 477 | 507 | 544 | 599 | 6.43 | 695 | 734 | 725|601 | 462 |3.44 | 292 | 2.26 | 1.67
1 7 | 124 | 098 | 083 | 0.77 | 0.89 | 1.27 | 1.64 | 2.15 | 2.88 | 3.80 | 4.61 | 5.06 | 5.07 | 5.04 | 5.03 | 491 | 477 | 4.42 | 3.77 | 3.09 | 2.62 | 2.22 | 1.89 | 1.39
2 1 /085|060 |046 | 040 | 040 | 055 | 0.75 | 1.07 | 1.68 | 2.47 | 3.43 | 411 | 478 | 5.08 | 544 | 573 | 5.76 | 5.48 | 4.63 | 3.67 | 2.88 | 2.22 | 1.65 | 1.20
2 2 1084 | 067 | 064 | 069 |1.04 | 205 | 3.12 | 418 | 4.16 | 4.40 | 457 | 4.62 | 480 | 495 | 5.10 | 550 | 5.75 | 5.66 | 4.43 | 3.31 | 2.61 | 2.25 | 1.83 | 1.42
2 3 1111|098 | 090 | 098 | 133|228 331|431 |440 |450 |463 |462 |474 | 499 |521 |555 |566 |546 |399 |3.00 242|209 |169 |131
2 4 | 097 | 084|078 | 080 | 1.15 | 199 | 290 | 3.87 | 3.91 | 3.95 | 4.06 | 4.07 | 423 | 443 | 485 | 529 | 566 | 559 | 4.43 | 332 | 2.69 | 2.34 | 1.91 | 1.48
2 51118 | 096 | 089 | 098 | 1.32 | 240 | 3.57 | 468 | 468 | 471 | 482 | 489 | 5.06 | 537 | 572 | 6.26 | 6.69 | 6.57 | 5.10 | 3.74 | 3.08 | 2.62 | 2.18 | 1.68
2 6 | 1.24 | 1.05 | 097 | 1.00 | 1.39 | 2.42 | 351 | 458 | 462 | 490 | 5.17 | 5.43 | 577 | 6.06 | 6.63 | 730 | 7.81 | 7.83 | 6.48 | 5.03 | 3.78 | 3.12 | 2.51 | 1.88
2 7 | 134 1098 | 079 | 076 | 094 | 131 | 1.65 | 2.29 | 3.10 | 3.91 | 459 | 491 | 488 | 479 | 467 | 475 | 474 | 447 | 390 | 3.21 | 2.63 | 2.21 | 1.76 | 1.26
3 1 |130 |08 |065|059 |062 072|105 148 |2.20 |3.23 | 441 | 548 | 6.07 | 630 | 6.59 | 6.68 | 6.53 | 6.31 | 557 | 4.89 | 3.88 | 2.95 | 2.00 | 1.38
3 2 101|080 |070 | 074 | 1.06 | 2.02 | 3.06 | 3.99 | 405 | 445 | 471 | 490 | 496 | 5.15 | 539 | 5.84 | 6.05 | 598 | 4.84 | 3.70 | 297 | 257 | 2.12 | 1.63
3 3 1122|104 |09 (097 |132 | 233|353 |454 | 460 | 480 |4.87 | 496 | 516 | 537 | 570 | 6.20 | 6.46 | 6.34 | 5.05 | 3.86 | 3.20 | 2.68 | 2.16 | 1.68
3 4 1129|109 | 100 | 099 | 136 | 2.24 | 331 | 427 | 443 | 469 | 479 | 494 | 519 | 547 | 594 | 6.32 | 6.57 | 6.33 | 5.05 | 3.94 | 3.22 | 2.74 | 2.13 | 1.70
3 5131|107 | 102 {107 | 143 | 238 | 3.58 | 464 | 493 | 532 | 5.48 | 5.68 | 5.80 | 6.07 | 6.49 | 696 | 732 | 7.25 | 5.94 | 4.69 | 3.73 | 3.17 | 2.55 | 1.95
3 6 | 153|125 |112 | 112 | 152 | 248 | 3.61 | 468 | 506 | 572 | 6.11 | 650 | 6.81 | 7.27 | 799 | 859 | 9.01 | 9.05 | 796 | 6.33 | 492 | 4.05 | 3.06 | 2.27
3 7 | 160 | 1.23 | 1.00 | 094 | 1.06 | 1.51 | 2.12 | 3.05 | 4.21 | 5.26 | 6.14 | 6.45 | 6.25 | 6.07 | 6.06 | 6.12 | 6.14 | 5.83 | 5.19 | 432 | 3.62 | 3.03 | 2.47 | 1.81
4 1 (126|101 068 |061 |059 074 |1.11 | 169 | 260 |3.82 | 504 | 627 | 668 | 688 | 722 | 775|815 | 824 | 752|629 | 494 | 3.76 | 253 | 1.70
4 2 | 122 | 095 | 080 | 083 |1.21 | 2.26 | 3.44 | 452 | 461 | 5.06 | 5.43 | 5.45 | 5.77 | 581 | 596 | 6.19 | 6.19 | 5.95 | 4.72 | 3.90 | 3.06 | 2.67 | 2.16 | 1.76
4 3 1132|115 | 106 | 114 | 1.46 | 2.41 | 356 | 458 | 470 | 493 | 497 | 406 | 3.73 | 3.85 | 4.16 | 465 | 533 | 574 | 551 | 479 | 415 | 3.57 | 3.05 | 3.02
4 4 | 279 | 283|287 |322 |340 |3.64 |3.74 | 423 | 407 | 412 | 403 | 3.98 | 4.00 | 416 | 449 | 5.00 | 5.74 | 598 | 5.78 | 5.02 | 4.15 | 3.70 | 3.27 | 2.91
4 5 1310 | 3.15 | 3.29 | 3,57 | 3.75 | 3.83 | 4.02 | 420 | 418 | 431 | 406 | 494 | 589 | 639 | 689 | 746 | 7.74 | 738 | 6.12 | 5.02 | 4.17 | 3.52 | 2.77 | 2.02
4 6 | 151|128 | 113 {119 | 153 | 235|352 |467 | 509 |583 630|674 |7.00 | 765|811 | 870 |892 | 881 | 7.60 | 6.24 | 495 | 4.01 | 3.20 | 2.33
4 7 | 164 | 126 | 1.00 | 091 | 1.07 | 1.54 | 2.16 | 3.12 | 438 | 5.44 | 6.28 | 6.40 | 6.12 | 599 | 597 | 598 | 595 | 5.66 | 5.08 | 431 | 3.75 | 3.15 | 2.53 | 1.91
5 1 |122 083|061 051|054 073|124 |188 |296 |4.25 |551 |641 |6.73 (694 |7.18 |7.44 |7.75 | 7.74 | 690 | 6.06 | 482 | 3.60 | 2.59 | 1.82
5 2 126|097 | 078 | 078 | 1.04 | 1.85 | 2.86 | 3.91 | 430 | 4.84 | 548 | 530 | 550 | 5.74 | 5.84 | 552 | 5.79 | 5.81 | 497 | 421 | 3.99 | 3.88 | 3.60 | 2.85
5 3 1266|274 |292 | 250 (273|344 | 430 | 511 | 483 | 468 | 447 | 4.48 | 432 | 445 | 474 | 515 | 5.62 | 5.74 | 4.82 | 3.94 | 3.79 | 3.81 | 3.47 | 2.94
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M D HO H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 | H11 | H12 | H13 | H14 | H15 | H16 | H17 | H18 | H19 | H20 | H21 | H22 | H23
5 4 | 297 | 3.03 |308 |269 |291 |346 | 461 | 516 | 483 | 494 | 487 | 494 | 458 | 478 | 494 | 579 | 6.02 | 5.87 | 548 | 482 | 4.15 | 3.65 | 3.05 | 2.50
5 51196 | 182|169 | 169 | 2.04 | 295 | 415 | 5.09 | 5.17 | 549 | 5,59 | 5,52 | 5.70 | 597 | 6.43 | 7.08 | 739 | 7.24 | 6.46 | 5.54 | 445 | 3.80 | 3.02 | 2.30
5 6 | 177 | 157 | 1.40 | 1.48 | 1.86 | 2.79 | 3.81 | 483 | 5.16 | 5.81 | 630 | 6.67 | 7.42 | 798 | 847 | 891 | 9.27 | 9.15 | 810 | 6.69 | 533 | 436 | 3.38 | 2.52
5 7 | 172 | 1.26 | 1.02 | 097 | 1.09 | 1.56 | 2.27 | 3.35 | 471 | 6.03 | 693 | 6.98 | 6.74 | 659 | 6.41 | 6.28 | 6.09 | 5.71 | 5.03 | 4.41 | 3.87 | 3.26 | 2.57 | 1.88
6 1 (147|099 |0.74 | 062 | 061 |0.81 |1.25 199 |3.16 |[475 (639|737 |7.83 |804 |812 |830 |828 |812 | 738 | 645|528 | 4.07 | 283 | 196
6 2 | 136 | 103 | 088 | 093 |1.27 | 2.47 | 3.87 | 495 | 5.13 | 578 | 6.39 | 6.19 | 6.19 | 6.29 | 6.38 | 6.74 | 6.88 | 6.63 | 5.58 | 4.49 | 3.73 | 3.29 | 2.59 | 2.09
6 3 161|148 | 128 | 139 | 166 | 2.74 | 411 | 5.01 | 5.14 | 5.07 | 5.25 | 5.03 | 490 | 5.11 | 555 | 6.32 | 6.50 | 6.51 | 5.69 | 466 | 3.99 | 3.64 | 3.19 | 2.80
6 4 | 235|229 | 214 | 212 | 225 | 291 | 4.09 | 483 | 480 | 5.10 | 538 | 535 | 537 | 5.62 | 592 | 6.75 | 692 | 6.89 | 594 | 5.01 | 4.19 | 3.89 | 3.45 | 2.88
6 5 1246 | 231|212 | 199 | 220 | 3.16 | 416 | 488 | 525 | 593 | 640 | 632 | 680 | 703 | 740 | 793 | 808 | 7.74 | 6.48 | 523 | 432 | 3.75 | 3.12 | 2.42
6 6 | 198 | 1.54 | 1.40 | 1.45 | 1.79 | 2.78 | 405 | 5.19 | 5.68 | 6.52 | 7.29 | 7.70 | 8.02 | 865 | 9.23 | 953 | 9.66 | 9.38 | 8.09 | 6.56 | 540 | 4.50 | 3.56 | 2.66
6 7 191|139 |110 | 1.02 | 1.15 | 1.69 | 2.46 | 3.56 | 499 | 6.48 | 758 | 755 | 735 | 7.13 | 697 | 6.70 | 6.61 | 6.10 | 535 | 4.66 | 4.04 | 3.50 | 2.94 | 2.24
7 1 |154 |107 077 | 064 | 064 | 083 | 134 | 211 |3.31 |4.99 | 6.88 | 809 | 857 | 893 | 9.24 | 9.47 | 9.44 | 9.06 | 843 | 7.14 | 557 | 430 | 3.09 | 2.16
7 2 152|111 |097 | 098 | 138 | 253 | 3.85 | 487 | 518 | 589 | 6.46 | 6.42 | 6.05 | 6.14 | 6.34 | 6.54 | 6.77 | 6.27 | 5.06 | 420 | 3.59 | 3.31 | 3.08 | 2.86
7 3 |241 | 234|225 (244 | 283 | 3.48 | 440 | 515 | 5.28 | 5.03 | 5.25 | 4.66 | 3.99 | 4.06 | 4.24 | 459 | 5.08 | 5.28 | 5.14 | 4.78 | 440 | 439 | 4.11 | 4.12
7 4 | 408 | 402 | 396 | 433 | 445 | 462 | 497 | 500 | 473 | 487 | 480 | 451 | 426 | 429 | 467 | 512 | 545 | 6.06 | 5.74 | 539 | 495 | 4.76 | 450 | 4.18
7 5 |448 | 439 | 426 | 430 | 429 | 477 | 484 | 492 | 466 | 5.21 | 5.14 | 5.28 | 6.09 | 6.22 | 699 | 7.75 | 8.19 | 835 | 7.36 | 6.11 | 5.19 | 4.49 | 3.70 | 3.02
7 6 | 237|211 | 206 | 216 | 239 | 294 | 375 | 458 | 518 | 647 | 728 | 7.86 | 8.08 | 838 | 865 | 865 | 870 | 826 | 709 | 5.86 | 4.81 | 3.83 | 3.18 | 2.56
7 7 | 175|121 | 094 | 085 |1.03 | 1.49 | 217 | 3.21 | 463 | 631 | 755 | 7.63 | 732|708 | 700 | 6.90 | 6.70 | 6.19 | 539 | 4.81 | 4.16 | 3.54 | 293 | 2.24
8 1 (127|108 071|057 |064 |0.75 | 140 | 198 |3.12 | 538 (637 | 751|793 |778 | 815|859 | 830|838 | 706|628 |511 | 339|275 | 188
8 2 | 115|103 | 081 | 099 |1.40 | 2.53 | 445 | 511 | 525 | 6.03 | 6.19 | 6.30 | 6.42 | 644 | 680 | 730 | 735 | 7.11 | 5.08 | 4.38 | 3.50 | 2.69 | 2.41 | 1.74
8 3 1121|119 |101 | 119 | 158 | 272 | 458 | 526 | 531 | 571 | 584 | 545 | 567 | 5.04 | 585 | 6.84 | 6.35 | 6.73 | 5.05 | 467 | 3.94 | 296 | 3.07 | 2.30
8 4 | 162|214 | 188 | 1.75 | 2.83 | 332 | 474 | 494 | 5112 | 570 | 5.22 | 551 | 595 | 532 | 6.21 | 7.14 | 6.67 | 7.27 | 5.50 | 5.22 | 4.18 | 3.23 | 3.12 | 2.46
8 51174 | 238 | 198 | 1.82 | 3.04 | 334 | 482 | 503 | 5.27 | 580 | 535 | 6.01 | 6.83 | 692 | 7.48 | 827 | 808 | 798 | 590 | 5.10 | 437 | 3.26 | 2.90 | 2.09
8 6 | 148 | 1.38 | 1.21 | 136 | 1.72 | 2.77 | 455 | 5.24 | 572 | 6.89 | 7.19 | 7.73 | 837 | 840 | 9.14 | 10.0 | 9.73 | 10.1 | 8.13 | 6.81 | 5.64 | 4.19 | 3.60 | 2.60
8 7 | 164 | 142 | 1.08 | 1.01 | 1.19 | 1.59 | 2.69 | 3.54 | 508 | 7.22 | 7.78 | 799 | 7.43 | 7.12 | 7.11 | 698 | 6.75 | 6.25 | 5.04 | 4.65 | 3.97 | 3.04 | 2.77 | 2.07
9 1 |113 | 093 | 060 | 051|060 |072 |132 | 186 282|484 |585 |693 |720 (712 (743 |793 |7.78 | 782 |6.67 | 592 (464 | 291 | 234 | 1.52
9 2 {098 |09 |071 | 084|117 | 212 | 3.68 | 431 | 449 | 515 | 542 | 540 | 540 | 463 | 537 | 6.29 | 544 | 6.13 | 512 | 480 | 4.05 | 3.06 | 3.33 | 2.54
9 3 1196|273 |221 {199 |3.25|335 | 438 | 458 | 455 | 469 | 4.09 | 432 | 457 | 396 | 460 | 556 | 490 | 5.62 | 4.62 | 438 | 3.95 | 3.05 | 3.31 | 2.72
9 4 | 234|348 | 288 | 272|390 |3.77 | 446 | 458 | 443 | 453 | 3.86 | 429 | 516 | 492 | 551 | 6.48 | 6.06 | 6.18 | 474 | 4.09 | 3.50 | 2.85 | 2.87 | 2.31
9 5165|206 | 184 (178 | 259 | 3.21 | 451 | 5.04 | 503 | 536 | 517 | 529 | 6.13 | 612 | 692 | 771 | 7.64 | 7.40 | 542 | 4.74 | 3.89 | 2.89 | 2.60 | 1.82
9 6 | 130 | 1.26 | 1.07 | 1.28 | 1.67 | 2.71 | 431 | 493 | 5115 | 590 | 6.18 | 6.63 | 7.48 | 7.65 | 848 | 9.47 | 9.18 | 9.27 | 739 | 6.16 | 481 | 3.55 | 3.15 | 2.23
9 7 | 134 | 118 | 094 (097 | 1.18 | 1.61 | 2.65 | 3.50 | 4.75 | 6.20 | 6.67 | 6.86 | 6.53 | 6.38 | 6.40 | 6.32 | 6.17 | 5.77 | 4.84 | 445 | 3.60 | 2.81 | 2.48 | 1.75
10 1 (126|091 |064 |057 058 (077 |1.13 | 1.74 | 2.80 | 430 | 583 | 696 | 746 | 768 | 796 | 8.27 | 846 | 850 | 7.63 | 6.23 | 4.75 | 3.50 | 2.38 | 1.72
10 2 | 123 |09 | 085 (088 |1.27 | 241 | 3.71 | 464 | 482 | 534 | 5.64 | 583 | 593 | 6.15 | 6.37 | 6.68 | 6.98 | 6.70 | 5.20 | 4.01 | 3.29 | 2.78 | 2.27 | 1.72
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M D HO H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 | H11 | H12 | H13 | H14 | H15 | H16 | H17 | H18 | H19 | H20 | H21 | H22 | H23
10 3 1131|110 |107 | 111 | 150 | 257 | 3.78 | 480 | 489 | 5.21 | 541 | 538 | 558 | 594 | 6.28 | 6.80 | 7.10 | 6.75 | 541 | 413 | 3.44 | 290 | 2.39 | 1.78
10 4 (139|118 | 1.07 | 1.18 | 1.57 | 2.65 | 3.94 | 490 | 5.03 | 546 | 568 | 5.66 | 5.74 | 6.08 | 6.50 | 7.04 | 7.28 | 6.88 | 5.49 | 431 | 3.49 | 3.04 | 2.46 | 1.90
10 51142 121|114 | 120 | 1.62 | 273 | 3.97 | 495 | 520 | 558 | 577 | 593 | 6.14 | 654 | 698 | 759 | 7.85 | 7.42 | 6.23 | 493 | 3.91 | 3.32 | 2.75 | 2.04
10 6 | 1.57 | 1.26 | 1.16 | 1.25 | 1.65 | 2.68 | 3.79 | 4.79 | 5.11 | 5.78 | 6.44 | 6.78 | 7.28 | 7.89 | 843 | 9.07 | 9.45 | 9.20 | 7.94 | 6.17 | 4.80 | 3.96 | 3.18 | 2.33
10 7 | 157 | 120 | 099 | 097 | 1.16 | 1.66 | 2.20 | 3.15 | 441 | 579 | 6.70 | 7.06 | 6.87 | 6.61 | 655 | 6.52 | 6.31 | 592 | 5.26 | 443 | 395 | 3.35 | 2.59 | 1.91
11 1 |120 | 095 | 067 | 056 | 061 | 0.78 | 1.08 | 1.56 | 2.44 | 3.54 | 487 | 592 | 6.64 | 694 | 7.10 | 7.52 | 7.69 | 7.37 | 6.35 | 5.33 | 4.07 | 3.01 | 2.11 | 1.52
11 2 109 | 090 | 080 | 082|117 | 214 | 3.42 | 444 | 467 | 483 | 512 | 515 | 530 | 545 | 571 | 6.02 | 6.41 | 6.30 | 5.20 | 3.93 | 3.07 | 2.61 | 2.16 | 1.68
11 3 |128 | 110 | 102 | 1.07 | 1.44 | 237 | 3.63 | 464 | 499 | 5.10 | 5.19 | 5.18 | 542 | 573 | 6.11 | 6.56 | 6.93 | 6.76 | 5.56 | 4.28 | 3.43 | 2.97 | 2.43 | 1.92
11 4 | 148 | 1.20 | 1.09 | 1.18 | 1.53 | 2.45 | 3.79 | 486 | 5.17 | 547 | 5.80 | 6.00 | 6.24 | 657 | 7.01 | 7.54 | 7.87 | 7.71 | 6.51 | 5.07 | 4.07 | 3.35 | 2.62 | 2.02
11 5153|122 |110 | 1.13 | 1.42 | 2.15 | 3.16 | 415 | 465 | 544 | 595 | 6.36 | 6.18 | 593 | 587 | 6.22 | 6.76 | 6.51 | 5.44 | 4.48 | 3.69 | 3.09 | 2.45 | 1.84
11 6 | 137 | 1.09 | 1.00 | 1.01 | 1.33 | 2.14 | 3.22 | 412 | 461 | 5.21 | 567 | 6.16 | 6.65 | 7.13 | 7.69 | 815 | 841 | 835 | 7.26 | 5.69 | 449 | 3.60 | 2.86 | 2.26
11 7 | 140 | 1.06 | 0.87 | 0.87 | 1.07 | 1.54 | 2.01 | 2.79 | 3.93 | 5.13 | 6.22 | 6.68 | 6.74 | 6.60 | 6.51 | 6.47 | 6.45 | 6.12 | 5.37 | 440 | 3.70 | 3.05 | 2.38 | 1.74
12 1 (124 |09 |069 |061 |064 081 |1.18 | 159 | 242 |3.72 515|615 |659 671 692|702 )|698 |683 610|492 |393 |3.04 | 216 | 154
12 2 | 117 | 094 | 082 (085 | 1.18 | 2.10 | 3.37 | 4.24 | 453 | 493 | 532 | 5.63 | 580 | 6.04 | 6.20 | 6.51 | 6.76 | 6.44 | 5.28 | 4.04 | 3.28 | 2.85 | 2.34 | 1.82
12 3 1138|120 | 109 | 110 | 1.41 | 230 | 3.51 | 440 | 467 | 499 | 529 | 572 | 589 | 6.08 | 636 | 6.77 | 707 | 6.71 | 563 | 439 | 3.51 | 3.02 | 2.50 | 1.89
12 4 |143 | 117 | 1.06 | 1.10 | 1.35 | 2.10 | 3.10 | 3.96 | 4.16 | 464 | 5.12 | 551 | 5.71 | 6.09 | 6.39 | 6.56 | 6.62 | 6.07 | 5.02 | 3.87 | 3.06 | 2.60 | 2.10 | 1.63
12 5 1132|104 | 095|095 |120 | 196 | 294 | 3.68 | 409 | 444 | 497 | 530 | 547 | 568 | 587 | 6.23 | 6.43 | 6.16 | 5.22 | 418 | 3.44 | 3.00 | 2.35 | 1.82
12 6 | 133 | 110 | 103 {104 | 131 | 2.15 | 3.18 | 399 | 446 | 5.18 | 590 | 6.44 | 6.77 | 7.13 | 758 | 791 | 8.14 | 7.86 | 6.83 | 530 | 4.29 | 3.57 | 2.86 | 2.15
12 7 [ 149 | 115 | 096 | 091 | 1.05 | 1.49 | 1.98 | 2.64 | 3.65 | 504 | 6.28 | 7.01 | 694 | 6.76 | 6.65 | 6.66 | 6.49 | 6.12 | 523 | 4.27 | 3.58 | 3.12 | 2.48 | 1.75
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Table E.2 AADT Hourly Volume Adjustment Factors for Urban Freeways in Indiana

HO

Hl

H2

H3

H4

H5

H6

H7

H8

H9

H10

H11

H12

H13

H14

H15

H16

H17

H18

H19

H20

H21

H22

H23

1.00

0.64

0.49

0.45

0.47

0.69

1.09

1.30

1.76

2.50

3.36

3.89

4.63

4.75

4.89

4.89

4.83

4.60

4.11

3.28

2.58

2.03

1.54

1.07

0.69

0.50

0.47

0.59

1.06

2.47

4.89

6.84

5.47

4.63

4.53

4.67

4.82

5.04

5.65

6.68

7.70

7.82

5.20

3.61

2.94

2.32

1.79

1.36

0.91

0.66

0.60

0.69

1.13

2.37

4.59

6.34

5.23

4.39

4.21

4.20

4.42

4.59

5.27

6.29

7.40

7.52

5.03

3.47

2.79

2.35

1.79

1.32

0.97

0.77

0.65

0.69

1.04

2.08

3.91

5.40

4.56

4.00

4.09

4.37

4.64

4.83

5.39

6.15

6.93

6.89

4.90

3.49

2.85

2.33

1.75

131

0.94

0.68

0.63

0.74

1.23

2.52

4.73

6.39

5.21

4.19

4.19

4.24

4.55

4.78

5.33

6.45

7.30

7.18

5.04

3.58

2.85

2.38

1.92

143

1.01

0.76

0.72

0.82

1.26

2.51

4.59

6.29

5.29

4.65

4.76

5.01

5.25

5.58

6.23

7.33

8.24

8.05

6.04

4.29

3.34

2.95

2.30

1.73

1.20

0.86

0.69

0.69

0.83

1.26

1.85

2.33

2.97

3.58

4.38

4.95

5.21

5.25

5.30

5.38

5.10

4.83

4.13

3.25

2.78

2.61

211

1.58

1.02

0.68

0.51

0.45

0.46

0.68

1.03

1.28

1.79

2.52

3.43

4.04

4.73

4.92

5.05

5.16

5.12

4.78

4.01

3.14

2.53

2.03

1.66

1.07

0.70

0.51

0.47

0.59

111

2.50

4.70

6.76

5.58

4.54

4.50

4.64

4.82

4.89

5.49

6.29

7.13

7.20

4.88

3.43

2.74

2.25

1.74

1.33

0.91

0.68

0.61

0.76

1.24

2.64

4.99

7.14

5.89

4.83

4.56

4.73

4.96

5.18

5.75

6.75

7.43

7.12

4.87

3.44

2.72

2.34

1.75

1.29

0.87

0.64

0.58

0.71

1.15

243

4.55

6.40

531

4.43

4.26

4.40

4.56

4.78

5.46

6.42

7.35

7.48

5.27

3.78

3.06

2.58

1.94

143

0.98

0.72

0.66

0.77

1.26

2.61

5.00

7.08

5.89

4.85

4.63

4.79

5.00

5.16

5.79

6.82

7.89

7.81

5.53

4.11

3.28

2.72

2.08

1.55

1.07

0.80

0.73

0.84

1.29

2.58

4.84

6.83

5.68

4.96

4.90

5.17

5.35

5.71

6.34

7.25

7.94

8.04

6.28

4.63

3.58

3.14

2.58

1.92

1.26

0.86

0.69

0.66

0.79

1.21

1.81

2.45

3.16

3.78

4.48

4.95

5.19

5.12

5.24

5.29

5.29

5.06

4.49

3.55

2.88

2.59

2.06

1.52

1.22

0.83

0.64

0.58

0.63

0.94

1.45

1.99

2.48

3.20

4.08

4.77

5.42

5.64

5.71

5.77

5.78

5.52

4.76

3.85

3.16

2.39

1.76

1.20

0.83

0.60

0.54

0.66

1.25

2.74

5.01

6.83

5.71

4.73

4.61

4.77

4.98

521

5.78

6.78

7.77

7.84

5.48

3.90

3.13

2.62

2.06

1.51

1.01

0.74

0.67

0.79

1.34

2.83

5.22

7.33

6.12

4.99

4.75

4.80

5.11

5.30

4.31

4.77

5.46

5.59

4.12

3.51

4.08

4.57

4.10

2.95

231

2.09

2.18

2.36

2.86

4.20

6.16

7.21

5.62

4.09

3.70

3.66

3.63

3.66

4.08

4.84

5.75

5.74

4.29

3.69

4.18

4.69

4.17

3.42

2.92

2.81

2.78

2.81

3.09

4.40

6.07

7.10

5.72

4.50

4.22

4.10

4.07

4.07

5.66

7.18

8.44

8.32

6.15

4.64

3.99

3.45

2.86

2.44

2.01

1.83

1.76

1.64

1.85

2.94

4.92

6.52

5.41

5.37

5.52

5.95

6.23

6.56

7.24

8.35

9.13

8.95

7.03

531

4.29

3.67

2.88

2.14

1.56

1.16

0.94

0.90

1.02

1.54

2.22

2.96

3.81

4.67

5.39

5.86

6.13

6.12

6.14

6.19

6.10

5.91

5.17

4.18

3.48

3.09

2.55

1.88

1.29

0.88

0.70

0.61

0.63

0.94

1.57

2.20

2.73

3.65

4.64

5.30

5.99

6.07

6.11
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M | D | HO Hl H2 H3 H4 H5 H6 H7 H8 H9 H10 | H11 | H12 | H13 | H14 | H15 | H16 | H17 | H18 | H19 | H20 | H21 | H22 | H23
10 | 4 | 444 | 3.74 | 476 | 530 | 4.83 | 6.00 | 553 | 6.13 | 494 | 3.85 | 3.62 | 2.88 | 3.27 | 3.23 | 3.80 | 499 | 6.15 | 6.64 | 6.24 | 524 | 454 | 4.14 | 3.92 | 3.40
10 |5 |3.29 | 334|363 |3.71|4.22|483 | 555|590 | 528 |4.44 | 398 | 398 | 437 | 455|528 | 661 | 7.66 | 795 | 684|519 | 417 | 3.66 | 3.09 | 2.66
10 | 6 | 236 | 230 | 2.40 | 2.50 | 2.88 | 3.57 | 4.87 | 5.82 | 5.43 | 5.00 | 5.01 | 592 | 635 | 6.77 | 7.46 | 828 | 9.03 | 8.94 | 7.35 | 5,53 | 4.28 | 3.58 | 2.99 | 2.17
10 |7 | 152|101 081|080 | 104|162 232|311 | 399|483 |548 |590 (599|592 |598 |6.05)|598 |573|521|4.55]387 331|276 | 2.02
1111 | 138 | 101|068 | 059 | 065|094 | 128|167 | 236|332 |444|521|583|6.13|6.26|628 641 |6.04 518 414|324 | 245|187 | 134
11|12 | 086|060 | 056 | 0.73 | 1.42 | 298 | 5.21 | 6.83 | 6.28 | 5.10 | 4.86 | 493 | 5.11 | 532 | 593 | 6.88 | 7.76 | 7.85 | 5.89 | 3.93 | 3.04 | 2.48 | 1.99 | 1.50
113 | 110|080 |0.74 | 091 | 1.56 | 3.00 | 5.13 | 6.68 | 6.30 | 5.32 | 5.06 | 5.13 | 533 | 559 | 6.20 | 7.24 | 8.04 | 8.01 | 6.27 | 446 | 3.47 | 285 | 2.27 | 1.71
1114|117 | 088 | 0.78 | 0.95 | 1.56 | 2.98 | 5.27 | 7.08 | 6.65 | 5.49 | 535 | 5.11 | 5.22 | 5.51 | 6.07 | 6.92 | 7.82 | 8.08 | 6.80 | 4.95 | 3.88 | 3.20 | 2.68 | 2.20
11 |5 | 168 | 141|138 | 164 | 210|299 | 435|549 | 530 461|462 |495|507|499 |536|612 679|701 (619|487 397|332 275|219
11|16 | 170 | 1.42 | 1.43 | 1.67 | 2.14 | 3.14 | 463 | 583 | 558 | 490 | 498 | 5.61 | 6.07 | 6.49 | 7.06 | 799 | 8.47 | 836 | 7.07 | 5.18 | 4.03 | 3.37 | 2.86 | 2.11
1117 | 140|095 | 076 | 0.76 | 1.00 | 1.52 | 2.15 | 2.86 | 3.68 | 449 | 5.29 | 5.77 | 591 | 5.85 | 596 | 6.02 | 6.05 | 5.84 | 5.20 | 4.27 | 3.47 | 3.00 | 2.48 | 1.82
12 |1 |164 | 110 | 0.81 | 0.66 | 0.66 | 0.88 | 1.16 | 1.53 | 2.16 | 3.00 | 4.08 | 491 | 559 | 5.90 | 6.00 | 6.08 | 6.11 | 5.80 | 5.20 | 4.44 | 3.60 | 2.84 | 2.19 | 1.58
1212 | 111|079 | 065 | 0.74 | 1.27 | 2.44 | 419 | 5.79 | 6.07 | 540 | 530 | 533 | 552 | 581 | 630 | 7.08 | 7.76 | 7.77 | 6.39 | 4.74 | 3.65 | 2.98 | 2.37 | 1.84
1213|1133 099 | 085 | 095|147 | 262 | 431 | 572|573 |525| 531|544 |562 |59 | 642|729 |791| 777|639 |487|383 | 3.11 | 2.50 | 1.92
12 14 | 142|104 | 086|092 | 133|231 383|530 (555|511 511 528|561 |591 630|690 | 734|723 |599 |455]|362]|3.02|241 185
12|15 |139| 100 | 0.81 | 0.85 | 1.24 | 2.16 | 3.66 | 499 | 532 | 486 | 4.78 | 493 | 5.20 | 545 | 591 | 6.64 | 7.12 | 7.22 | 6.16 | 4.82 | 3.90 | 3.21 | 2.60 | 1.98
12 16 | 141 | 101|083 | 088 | 131|227 |3.75|518 | 564 | 542|568 | 596 | 633 | 6.69 | 716 | 787 | 831 | 823 | 7.01 | 555 | 439 | 3.69 | 3.11 | 2.46
12 17 | 177 | 125 | 094 | 0.85 | 098 | 1.36 | 1.86 | 2.53 | 3.29 | 4.17 | 5.10 | 5.79 | 6.16 | 6.35 | 6.30 | 6.32 | 6.26 | 6.03 | 5.44 | 4.60 | 3.82 | 3.33 | 2.84 | 2.22
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About the Joint Transportation Research Program (JTRP)

On March 11, 1937, the Indiana Legislature passed an act which authorized the Indiana State
Highway Commission to cooperate with and assist Purdue University in developing the best
methods of improving and maintaining the highways of the state and the respective counties
thereof. That collaborative effort was called the Joint Highway Research Project (JHRP). In 1997
the collaborative venture was renamed as the Joint Transportation Research Program (JTRP)

to reflect the state and national efforts to integrate the management and operation of various
transportation modes.

The first studies of JHRP were concerned with Test Road No. 1 —evaluation of the weathering
characteristics of stabilized materials. After World War II, the JHRP program grew substantially
and was regularly producing technical reports. Over 1,600 technical reports are now available,
published as part of the JHRP and subsequently JTRP collaborative venture between Purdue
University and what is now the Indiana Department of Transportation.

Free online access to all reports is provided through a unique collaboration between JTRP and
Purdue Libraries. These are available at https://docs.lib.purdue.edu/jtrp/.

Further information about JTRP and its current research program is available at https://
engineering.purdue.edu/JTRP.

About This Report

An open access version of this publication is available online. See the URL in the recommended
citation below.

Tarko, A. P, Pineda-Mendez, R., & Guo, Q. (2019). Predicting the impact of changing speed lim-

its on traffic safety and mobility on Indiana freeways (Joint Transportation Research Program

Publication No. FHWA/IN/JTRP-2019/12). West Lafayette, IN: Purdue University. https://doi.
org/10.5703/1288284316922



	SPR 4104_Cover.pdf
	SPR-4104 form 1700.pdf
	TECHNICAL REPORT DOCUMENTATION PAGE
	3. Recipient’s Catalog No.
	2. Government Accession No.
	1. Report No.
	 FHWA/IN/JTRP-2019/12
	5. Report Date
	4. Title and Subtitle
	May 2019
	Predicting the Impact of Changing Speed Limits on Traffic Safety and Mobility on Indiana Freeways
	6. Performing Organization Code 
	8. Performing Organization Report No. 
	7. Author(s)
	FHWA/IN/JTRP-2019/12
	Andrew P. Tarko, Raul Pineda-Mendez, and Qiming Guo
	10. Work Unit No.
	9. Performing Organization Name and Address
	Joint Transportation Research Program
	Hall for Discovery and Learning Research (DLR), Suite 204
	11. Contract or Grant No.
	207 S. Martin Jischke Drive
	SPR-4104
	West Lafayette, IN  47907
	13. Type of Report and Period Covered
	12. Sponsoring Agency Name and Address
	Indiana Department of Transportation (SPR)
	Final Report
	State Office Building
	14. Sponsoring Agency Code
	100 North Senate Avenue
	Indianapolis, IN 46204
	15. Supplementary Notes
	Conducted in cooperation with the U.S. Department of Transportation, Federal Highway Administration.
	16. Abstract
	After repeal of the National Maximum Speed Limit Law, states were allowed to set individual speed limits on their interstate roads. Several states opted for a uniform speed limit while others implemented differential speed limits. The current speed limit on Indiana rural freeways limits speed of passenger cars to 70 mph and restricts to 65 mph speed of vehicles with a gross weight of 26,000 pounds or more. Indiana’s speed limit on urban freeways is mostly 55 mph, but varies from 50 mph on certain downtown sections to 65 mph on some suburban sections. Previous studies comparing uniform and differential speed limit settings as to safety and mobility produced inconclusive or conflicting results.
	This study evaluates the safety and mobility effects of alternative speed limit scenarios on Indiana interstate freeways. Differences in travel time, vehicle operation, and traffic safety were used to compare the speed-limit scenarios. The effect of speed limit was evaluated in hourly periods. The traffic conditions in these periods were classified as uncongested, intermediate, and congested and the speed limit effects were analyzed in relation to these conditions. Rural and urban freeways were analyzed separately and distinct speed models were developed for cars and trucks. Safety was estimated by probability of crash and the conditional probability of crash injury severity.
	Speed limit was found to affect mobility and safety mostly in non-congested traffic conditions, while no significant effects were found in congested conditions. A limited effect was detected in intermediate traffic conditions on rural freeways. Results indicate that replacing the differential 70/65 mph speed limit on Indiana rural roads with the uniform speed limit of 70 mph may be beneficial for both safety and mobility. Increasing speed limits on urban interstates is confirmed to be beneficial for mobility but detrimental to safety.
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