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Evaluation of Roundabout-Related
Single-Vehicle Crashes

Beau Burdett, Andrea R. Bill, and David A. Noyce

Roundabouts reduce fatal and injury crashes at intersections when con-
verted from other intersection control types. In Wisconsin, roundabouts
have been linked to a 38% decrease in fatal and injury crashes. Part of
this reduction can be attributed to crash types that result in the miti-
gation of more serious injuries. However, the reduction comes at a cost
because other crash types, such as single-vehicle collisions, may increase.
Six years of crash data on 53 roundabouts in Wisconsin were examined
for crash causes and geometric characteristics that affected single-vehicle
crashes. Weather and impaired driving, particularly by younger drivers,
were primary causes for more than half of all single-vehicle crashes at the
study roundabouts. Younger drivers (18 to 24 years of age) were involved
in a significantly higher proportion of single-vehicle crashes than the
total proportion of licensed drivers in that age group. Younger drivers
were involved in approximately one-third of all crashes that involved
impaired driving and in two-thirds of all speed-related single-vehicle
crashes. A negative binomial model was constructed to estimate run-off-
road crashes at approaches. It was found that roundabouts with higher
approach speeds and higher traffic volumes experienced more run-
off-road crashes. Landscaped central islands experienced significantly
lower frequencies of run-off-road crashes.

Roundabouts are an increasingly common alternative to stop- and
signal-controlled intersections in the United States and around the
world. As of 2014, an estimated 3,200 roundabouts were installed
in the United States (/). Their recent popularity is the result primar-
ily of the operational and safety benefits that roundabouts provide.
Operationally, roundabouts have been associated with a decrease
in delay, queue length, congestion, and degree of saturation when
compared with other control types (2, 3). Roundabouts can lower
electricity and maintenance costs and improve traffic flow for users.
In addition, roundabouts are an aesthetically pleasing alternative to
intersection control types.

Roundabouts have a large impact on traffic safety. Roundabout
design improves safety by requiring drivers to reduce speeds as they
navigate the intersection and to reduce the number of conflict points
from 32 to eight for a four-legged intersection (Figure 1a), and 11
to six for three-legged intersections (Figure 1b) (4—7). The unique
geometry of a roundabout provides a safety benefit by reducing the
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likelihood of maneuvers that frequently result in high-severity crashes.
Given these geometric features, roundabouts have been shown to
reduce fatal and injury crashes by more than 90% when converted
from other intersection control types (6).

In Wisconsin, more than 300 roundabouts currently are installed,
approximately 10% of all roundabouts in the United States. Similar
to national trends in roundabouts, Wisconsin’s roundabouts have
led to a large reduction in fatal and injury crashes. In a study of
30 roundabouts that were converted from stop- and signal- controlled
intersections, fatal and injury crashes were found to have decreased
by 38% (8, 9). Nonetheless, total crashes increased by 12%, despite
the large reduction in fatal and injury crashes. Although the reduc-
tion in fatal and injury crashes is a positive step toward safer inter-
sections, there is still room for improvement. The increase in total
crashes, particularly property-damage-only crashes, suggests a need
for further research.

Although research has shown that the design of roundabouts
reduces the severity of crashes, some research has found an increase
in total crashes. The reduction in severe crashes has resulted in part
from the mitigation of high-severity crash types by the geometric
constraints of the roundabouts. This reduction comes at a cost, how-
ever, because other crash types become more prominent. One crash
type (i.e., single-vehicle run-off-road crashes) was found to account
for approximately 30% of crashes at single- and multilane round-
abouts (/0). Given the call published in NCHRP Report 672: Round-
abouts: An Informational Guide, 2nd ed., for continuing research to
further understand and improve issues with roundabout safety and the
high frequency of single-vehicle crashes at roundabouts, the mitiga-
tion of such crashes and the reduction in their severity are paramount
to further improvement in roundabout safety (7).

LITERATURE REVIEW
Roundabout Safety Benefits

According to FHWA, intersections account for up to 23% of fatal
and 50% of serious injury crashes in the United States (/7). One
targeted countermeasure given by FHWA to reduce intersection-
related crashes is the conversion of intersections to roundabouts (/2).
The conversion to roundabouts has been shown to reduce fatal and
injury crashes significantly. Robinson et al. found a reduction in
injury crashes of 51% in the United States (/3). Similar results were
found in other countries: Australia, France, and the United Kingdom
had injury reductions of up to 87%, 78%, and 39%, respectively.
Retting et al. reported a reduction of 76% in injury crashes in the
United States (/4). Numerous other studies from the United States and
around the world have found significant reductions in injury crashes
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FIGURE 1 Conflict point diagrams: (a) four-legged intersection and

(b) three-legged intersection (7).

(15-17). However, crash frequencies for property-damage-only
crashes have been mixed.

Common Crash Types at Roundabouts

Crash types common at other intersection control types do not occur
at roundabouts frequently. Given roundabout geometry, vehicles travel
in the same direction and at a lower speed than they do at other inter-
section types, which makes the crashes that do occur less severe (8).
Lower speeds and travel in one direction mitigate head-on, right-
angle, and left-turn-related collisions, which in general are more
severe than other crash types. A study of 39 roundabouts throughout
the United States found entering—circulating, exiting—circulating, and
rear-end crashes to be the most frequent crash types (/8). Single-lane
roundabouts had a higher number of entering—circulating crashes,
whereas multilane roundabouts had a higher number of exiting—
circulating crashes. A study of 17 roundabouts throughout Kansas,
Maryland, Minnesota, Oregon, and Washington found a significant
decrease in angle, head-on, and rear-end crashes (/9). Sideswipe
crashes and single-vehicle fixed-object collisions increased signifi-

cantly, however, and were the most common crash type at the study
roundabouts.

Single-Vehicle Crashes

Single-vehicle crashes are responsible for a large portion of fatal
and injury crashes. In 2014, 17,885 single-vehicle fatal crashes were
reported in the United States (20). Single-vehicle run-off-road crashes
have been found to be associated with speeding, roadway alignment,
impaired driving, and adverse weather (27). Eustace et al. found road
condition to be the most important factor to affect the severity of
run-off-road crashes (22).

Single-vehicle crashes were found to make up between 30% and
50% of crashes at single-lane roundabouts and 28% to 30% at multi-
lane roundabouts (10, 23). In a study of high-speed rural roundabouts,
Isebrands found that, when intersections were converted to round-
abouts, single-vehicle fixed-object collisions increased by 320% (19).
Single-vehicle run-off-road crashes that involved a vehicle collision
with the central island as a result of unsafe speed accounted for
nearly half of all single-vehicle run-off-road crashes (24). Steyn found
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several trends related to single-vehicle crashes, including impaired
driving, motorcycles, single-vehicle crashes with the central island,
and excessive speed (25). In NCHRP Report 672, single-vehicle
crashes at roundabout approaches were found to be associated with
sharp entry curves (7).

SITE SELECTION AND DATA COLLECTION

More than 300 roundabouts currently are installed in Wisconsin. To
ensure that enough crash data were available, only roundabouts con-
structed in 2008 or beforehand were candidates for this study. Crash
data were analyzed from the year after roundabout construction (i.e.,
2009), until the most recent year that crash data were available (i.e.,
2014), for a total of 6 years of crash data. Only roundabouts located
on the state trunk network were chosen for analysis, given the lack
of data on roundabouts not on the network. Roundabouts were omit-
ted from the study if there was additional construction after 2008, or
if the roundabouts were too closely spaced with another intersection
other than a roundabout. Roundabouts closely spaced to another
intersection control type were removed because of the possible effect
these other intersections might have on the roundabout. After the
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selection of roundabouts with enough crash data available that also
met the other selection criteria, 53 roundabouts remained in the study,
which represented all regions in Wisconsin. The locations of the study
roundabouts can be seen in Figure 2. The 53 roundabouts included
urban and rural roundabouts, as well as high-speed and low-speed
approaches. Posted speeds of 45 mph or higher are considered by
the Wisconsin Department of Transportation, Madison, to be high-
speed roundabouts for design purposes in the Facilities Development
Manual (26).

The study collected 6 years of crash data from WisTransPortal, a
web-based application that maintains all crash data for the state (27).
In total, 1,467 crashes were reported at the 53 study roundabouts.
Single-vehicle crashes accounted for 413 (28.2%) of these crashes,
similar to findings in previous research in Wisconsin (/0). Two
fatal single-vehicle crashes were reported at the roundabouts: one
involved the ejection of a driver from a vehicle in inclement weather,
and the other involved an impaired driver on a motorcycle. Of the
injuries identified, 11 were incapacitating injuries (KABCO A),
46 nonincapacitating injuries (B), 19 possible injuries (C), and 335
were property-damage-only crashes. Single-vehicle crash reports
were analyzed and categorized on the basis of the type of single-
vehicle crash that occurred, where the crash occurred within the

Nat
&

Ottawa

National Forest

/s

@ Nicolet
National Forest

Wausau

\ARL BN
o ;e My
) % 4 v Neenahi
ochester inona
o 3 @ Dshkosh= 5
S
3 20} Fond du Lac sH
n La Crosse 5
| 3: SR
L0/
D ?
L A A0
Madison ,
Janesville ,EE"
Cedar Falls Dublque aKenosha

FIGURE 2 Study locations of roundabouts.
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roundabout, the cause of the crash, and the age of the driver involved.
In addition, a model on the basis of geometric characteristics was
constructed to estimate run-off-road crashes.

CRASH CHARACTERISTICS
Single-Vehicle Crash Causes

Single-vehicle crash causes were determined, when possible, from
the crash reports. Each crash report narrative, diagram, and crash
cause noted by the reporting officer was examined. Causes were
determined for 337 (81.6%) of the crashes. A cause was not deter-
mined for 76 crashes. Either they were hit-and-run single-vehicle
crashes, or else not enough information could be discerned from the
crash report to determine a cause. Crash causes were categorized into
the following 10 major groupings, inductively determined through
the examination of each crash report:

e Impaired driving (e.g., alcohol or drug use or medical conditions);

® Weather-related crashes (e.g., ice- or snow-covered roads, heavy
snow, or fog);

e Animal-related crashes;

® Driver distraction-related crashes (e.g., cell phone use, talking
with passengers, distraction outside the vehicle, or smoking);

e Vehicle failure or malfunction (flat tire or vehicle stalled);
Road surface condition (other than weather related);
Trailer related (trailer overturn or trailer run-off-road);
Avoidance of noncontact vehicle;
Driver inexperience or inadequate driving training; and
Speed related.

Figure 3 shows the proportion of total crashes for each crash cause,

as well as the proportion of injury crashes for each crash cause.
Weather conditions were the most frequent cause of single-vehicle

crashes, accounting for 34.6% of single-vehicle crashes, followed by
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impaired driving (19.4%). Together, weather and impaired driving
were responsible for more than half of all single-vehicle crashes
reported. Only four impaired-driving-related crashes also involved
inclement weather. Avoidance of a noncontact vehicle was the
cause of 6.8% of single-vehicle crashes. These crashes involved
(a) vehicles that swerved to avoid collision with another vehicle
and (b) vehicle departures from the roadway, vehicle overturns,
or both. Speed, road conditions, and trailer-related single-vehicle
crashes were each the cause of approximately 5% of single-vehicle
crashes.

Fatal and injury crashes had different causes. Weather-related
crashes were responsible for 34.6% of single-vehicle crashes, but
only for 14.1% of fatal and injury crashes, which suggested that most
weather-related crashes were not serious in nature. Crashes related to
the road condition and avoidance of a noncontact vehicle involved
higher proportions of fatal and injury crashes than the overall propor-
tion of crashes. These crashes involved motorcycles that overturned
as a result of the crash cause. More than three-fourths (77.8%) of
overturned crashes related to the road condition or to the avoid-
ance of a noncontact vehicle that resulted in injury. Speed-related
single-vehicle crashes also were associated with a higher propor-
tion of injury crashes (i.e., 11.5% of fatal and injury-related crashes
resulted from speed, whereas only 5.8% of all single-vehicle-related
crashes did). This result was unsurprising, given that higher speeds
in general lead to less safe roadways.

Single-Vehicle Crash Type
Single-Vehicle Run-off-Road Crashes

Run-off-road collisions were the most frequent kind of single-
vehicle crash observed, accounting for 86.7% of crashes. Run-off-
road crashes included any vehicle that collided with a fixed-object
not in the roadway, or vehicles that left the roadway entirely. Most
(55.3%) of run-off-road collisions occurred at a roundabout approach,

m Total Crashes
OFatal and Injury Crashes (KABC)

Crash Causes

FIGURE 3 Crash causes for total crashes and fatal and injury crashes.
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whereas 38.8% occurred within the circulating lanes, and 6.7%
occurred in the exiting lanes of a roundabout. Nine (2.5%) of the
run-off-road collisions involved a truck.

A plurality (39.5%) of run-off-road collisions was weather related.
Of the weather-related run-off-road collisions, 55.8% occurred at a
roundabout approach, 39.9% within the circulating lanes, and 4.3%
at the roundabout exit. The high volume of weather-related run-
off-road collisions highlighted a problematic aspect with respect to
roundabout safety. As people become more familiar with roundabouts,
weather-related crashes continue to occur at high frequencies.

Impaired driving was the cause of 21.8% of run-off-road collisions.
Approximately half (48.7%) occurred at the roundabout approaches
and 47.4% within the circulating lanes. Together, weather and
impaired driving accounted for nearly two-thirds (61.3%) of run-
off-road collisions. Although impairment or weather conditions
were the primary causes of these crashes, they were not likely to
have been solely responsible for the high frequency of run-off-road
collisions. The unique geometry and operating characteristics of
a roundabout compounded by impairment or weather conditions
increased the likelihood of a run-off-road collision at a roundabout.

Single-Vehicle Overturn Crashes

Vehicle overturns accounted for 13.1% of single-vehicle crashes. The
overturn-related crashes occurred as the result of a motorcycle or of a
tractor trailer overturning. Most (81.8%) overturn crashes occurred
within the circulating lanes. Only 12.7% of crashes occurred at an
approach and 5.5% at the exit of a roundabout.

Of the overturn crashes, 14.5% were trailer related. All truck-
related overturns occurred within the circulating lanes. These crashes
reveal the difficulty that some trucks have in navigating a roundabout,
either because of speed, geometry, or their combination. The remain-
ing overturn crashes were related to motorcycles. Weather conditions
and road conditions were the cause of 38.3% of motorcycle overturns.
Avoidance of a collision with a noncontact vehicle was the cause of
29.8% of motorcycle overturns.

In total, there were 47 motorcycle overturn crashes. Most (78.7%)
motorcycle overturns occurred within the circulating lanes. Approx-
imately one-third (35.1%) of crashes in the circulating lanes were
caused by attempts to avoid a noncontact vehicle. Another 29.7%
of crashes were the result of the road conditions (e.g., loose gravel
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and oil patch). The remaining motorcycle overturn crashes within
the circulating lanes were alcohol related or speed related, or resulted
from the inexperience of the motorcyclists. None of the motorcycle
overturn crashes within the circulating lanes resulted from weather
conditions. Approach-related motorcycle overturns involved causal
factors different from those associated with circulating overturn
crashes. Seven overturn crashes (14.9%) occurred at a roundabout
approach. Four of these seven crashes were due to the weather,
two crashes were due to alcohol, and only one crash was due to the
avoidance of a noncontact vehicle. Only 6.4% of motorcycle overturn
crashes occurred at the exit lanes of the roundabout; these crashes
were due to weather and road conditions.

Summary of Single-Vehicle Crash Types
with Crash Causes

Separate examinations of the run-off-road crashes and overturn
crashes revealed the trends that each single-vehicle crash type
exhibited. Most (55.3%) run-oft-road single-vehicle crashes occurred
at the roundabout approach. The primary causes of run-off-road
crashes were weather and impaired driving. Most (81.8%) overturn
crashes occurred within circulating lanes. The crash causes for over-
turn crashes varied, but crashes due to road conditions and efforts to
avoid a noncontact vehicle were prevalent. A breakdown of single-
vehicle crash types and the primary crash causes for each area of the
roundabout are shown in Figure 4. Some crashes might have resulted
from one crash cause, while others might have been the result of all
causes combined.

Age Comparison of
Single-Vehicle-Related Crashes

The age of each driver involved in a single-vehicle crash was deter-
mined, when possible. Of the 431 crashes, 49 were hit-and-run crashes
in which driver age could not be determined. Each crash was classified
into an age group on the basis of U.S. Census age group classifications.
For each age group, a comparison was done between the proportions
of drivers involved in single-vehicle crashes and the total proportion of
licensed drivers in Wisconsin, collected from Wisconsin Crash Facts
(28). To statistically quantify the age group comparison, a two-tailed
z-test for proportions was conducted with a 95% level of confidence

Single-Vehicle Crashes

Run-Off-Road Crashes (86.6%)
| \

Approach Circulating Exiting Approach Circulating Exiting
(55.3%) (38.0%) (6.7%) (12.7%) (81.8%) (5.5%)
\ L

Overturn Crashes (13.3%)

1. Weather (38.9%)
2. Alcohol (18.7%)
3. Speed (4.5%)

4. Distraction (4.5%)

1. Weather (40.4%)
2. Alcohol (26.5%)
3. Speed (7.4%)

4. Avoid Noncontact
Vehicle (2.9%)

1. Weather (25.0%)
2. Alcohol (12.5%)

3. Speed (8.3%)
4. Avoid Noncontact

Vehicle (8.3%)

1. Weather (57.1%)

2. Alcohol (28.6%)

3. Avoid Noncontact
Vehicle (14.3%)

FIGURE 4 Crash causes by single-vehicle crash type and location.
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FIGURE 5 Comparison of licensed drivers and single-vehicle crashes in Wisconsin.

(Equation 1). The age group comparison, along with significant results
denoted, is shown in Figure 5.

Pz_Pl1 1 )
\/p*(l—p)*(+)
n n

where

z=

P1, 2 = proportion of the single-vehicle crashes and licensed
drivers, respectively;
ny, n, = numbers of single-vehicle crashes and licensed drivers,
respectively; and
p = pooled proportion, which is calculated with Equation 2.

p= mpit+mp, 2)
n, + n,

Age groups with drivers under 25 were involved in a higher pro-
portion of single-vehicle crashes. Drivers 18 to 24 years of age, who
made up 11% of all licensed drivers, were involved in 24% of all
roundabout-related single-vehicle crashes, a significantly higher
proportion of single-vehicle crashes. In all other age groups, a
lower proportion of drivers was involved in single-vehicle crashes.
Drivers 45 to 64 years of age were the only other age group found
to have significantly different proportions of drivers involved in
single-vehicle crashes than total licensed drivers: they accounted
for 36% of the licensed drivers in Wisconsin but were involved in
only 22% of the single-vehicle crashes. The significantly higher
proportion of younger drivers involved in single-vehicle crashes
at roundabouts might have resulted from a lack of risk avoidance,
aggressive behavior, and distraction, which other age groups did not
exhibit, particularly middle-aged drivers (i.e., 45 to 64 years of age).
Two single-vehicle crashes involved drivers under 16, which were
excluded from the analysis.

The results showed that younger drivers had a propensity to drive
more recklessly and at higher speeds than drivers in other age groups.
Younger drivers (i.e., 24 years of age and younger) were responsible
for 29% of all single-vehicle crashes, and 23% of all injury crashes.
Younger drivers were involved in 35% of all weather-related crashes,
and nearly two-thirds (61.9%) of speed-related crashes at round-
abouts. Younger drivers were involved in 30.3% of all single-vehicle

crashes that involved impaired driving at roundabouts, an alarming
number, given that the maximum age in this group was only 3 years
above the legal drinking age in the United States.

CRASH ESTIMATION MODEL

To construct a model as accurate and specific as possible, only
approach-related run-off-road crashes were modeled. They included
run-off-road crashes that occurred at the approach (196 crashes)
or run-off-road crashes that involved a vehicle collision with the
central island directly from an approach (31 crashes) for a total
of 227 run-off-road crashes. For this analysis, crashes that resulted
from attempts to avoid a noncontact vehicle were excluded because
these crashes were similar to entering—circulating and exiting—
circulating crash types. At the 53 study roundabouts, 37 round-
abouts had four approaches, and 18 had three approaches, for a total
of 202 approaches.

Geometric Characteristics of Roundabouts

The geometric characteristic data for the 53 roundabouts used in this
study were collected for a 2015 Wisconsin roundabout study (29).
Approach-specific and general roundabout characteristics were col-
lected for the 53 roundabouts. In total, 13 approach-specific geometric
characteristics, as well as seven general roundabout characteristics,
were added as potential contributing factors. Of the 13 approach-
specific attributes studied, three were continuous variables, and
10 were categorical (Tables 1 to 3). Of the general roundabout attri-
butes, three were continuous, and four were categorical (Table 2). In
each table, the ranges of values for continuous variables are shown.
For categorical variables, the frequency of each predictor attribute
is shown. All categorical variables were two levels, with most in
the presence or absence of a feature at the roundabout. Geometric
attributes were determined through aerial photographs of the round-
abouts. Traffic volume data were obtained from the Wisconsin
Department of Transportation (30). For this research, traffic volumes
were assumed to remain constant during the 6-year analysis period,
because average annual daily traffic (AADT) data were not collected
every year. This assumption may have been a possible source of
error in the model. Approach-specific continuous variables included
flare length, entry width, and deflection angle. Posted speed was
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TABLE 1 Approach-Specific Characteristics

Attribute Type Range of Values

Deflection angle (°) Continuous 5-54

Entry width (ft) Continuous 9-22

Flare length (ft) Continuous 0-275

Posted speed Categorical <45 mph-110 (54.5%)
245 mph-92 (45.6%)

Number of approach lanes Categorical 1-113 (55.9%)
2+-89 (44.1%)

Presence of Yield Categorical Yes—85 (42.1%)

pavement markings No-117 (57.9%)
Presence of pedestrian Categorical Yes—70 (34.7%)

crossing

Roundabout in corridor

Yield sign on left side
of approach

Continuous right turn lane

Sawtooth or shark teeth
pavement markings

Approach lane is
highway ramp

Horizontal curve within
250 feet of roundabout

Categorical
Categorical
Categorical
Categorical
Categorical

Categorical

No-132 (65.3%)
Yes—19 (9.4%)
No-183 (90.6%)
Yes—182 (90.1%)
No-20 (9.9%)
Yes—19 (9.4%)
No-183 (90.6%)
Yes—10 (5.0%)
No-192 (95%)
Yes—16 (4.0%)
No-194 (96.0%)
Yes—23 (11.4%)
No-179 (88.6%)
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TABLE 2 General Roundabout Characteristics

Attribute Type Range

Approach AADT (vpd) Continuous 1,000-50,000

Central island radius (ft) Continuous 29-66

Inscribed circle diameter (ft) Continuous 92-254

Urban or rural Categorical Urban-139 (68.8%)
Rural-63 (31.2%)

Number of circulating lanes Categorical 1-116 (57.4%)
2-86 (42.6%)

Number of approaches Categorical 3-54 (26.7%)
4-148 (73.3%)

Central island landscaping Categorical Yes—161 (79.7%)

No—41 (20.3%)

NoOTE: vpd = vehicles per day.

modeled as a categorical variable: approach speeds below 45 mph,
at 45 mph, or higher. Given that most roundabouts had either one or
two approach lanes, the number of approach lanes was condensed,
either to one approach lane or two or more approach lanes. Other
factors considered included the presence of a horizontal curve within
250 ft of the roundabout—whether the roundabout was in a round-
about corridor or was ramp related—and various pavement markings

at the roundabout approaches.

TABLE 3 Approach-Related Run-Off-Road Crash Prediction Model

Model Coefficient Estimates (p-values)

(Full Model) (Interim Modeling Steps) (Final Model)

Predictor 3-1 3-2 3-3 3-4
Approach specific

Deflection angle —.005 (.764)

Entry width .018 (.732)

Flare length .000 (.899)

Posted speed 708 (.016) 1.009 (<.001) 1.048 (<.001) 1.033 (<.001)

Number of approach lanes 113 (.805)

Yield pavement markings —.015 (.960)

Pedestrian crossing —.298 (.322)

Roundabout in corridor 118 (.786)

Yield sign left of approach .658 (.290)

Continuous right turn lane 243 (.582)

Sawtooth pavement markings —-1.318 (.061) —-1.137 (.077) —-.936 (.131)

Approach is highway ramp .063 (.910)

Horizontal curve within 250 ft —.030 (.936)
General roundabout

Approach AADT (vpd) 382 (.048) 374 (.015) 379 (.014) 375 (.015)

Central island radius (ft) .016 (.601)

Inscribed circle diameter (ft) —.002 (.915)

Urban or rural —.061 (.829)

Number of circulating lanes —457 (.277)

Number of approaches —.458 (.192) .368 (.137)

Central island landscaping —1.111 (<.001) -.951 (<.001) —1.040 (<.001) —1.081 (<.001)

Model intercept —5.455 (.023) —4.192 (.005) —3.939 (.008) -3.018 (.026)
Goodness-of-fit metrics

Log likelihood -259.369 -262.697 -263.806 -265.051

BIC 629.579 557.062 554.003 551.215

% likelihood 62.892 56.238 54.019 51.528

(df =20) (df=5) (df=4) (df=3)
p<.001 p<.001 p<.001 p<.001

NoTE: df = degrees of freedom.
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AADT volumes for each approach were collected. For model-
ing purposes, the log of the AADT was used. In addition, geometric
information (e.g., radii of the inscribed circle diameter and the cen-
tral island, number of lanes, and number of approaches) was added.
Whether the roundabout was urban or rural area was added because
driver behavior might have differed depending on the location. Finally,
central island landscaping was added because research in Maryland
has indicated that landscaped central islands could reduce crashes by
increasing the conspicuity of roundabouts (23). Although subjective,
in the present research landscaping was defined as any built-up struc-
ture that obscured, or mostly obscured, the traffic on the other side of
the roundabout. Roundabouts with grass and those with little vegeta-
tion that blocked an approaching driver’s view of the opposite side
of the roundabout were not considered landscaped. The purpose of
landscaping the central island is twofold: (a) to increase conspicuity
of the roundabout and (b) to create visual blockage.

Negative Binomial Model

Approach-related run-off-road crashes were modeled as the response
variable, while the geometric attributes listed in Table 2, a and b,
were modeled as potential predictor variables. Because crash data
are rare nonnegative integer count events, the negative binomial
model with a log link was used to predict the approach-related run-
off-road crashes. The general form of the negative binomial model
is shown in Equation 3, and the variance is shown in Equation 4.

1

log(w)=o + ZB,-x,- 3)
i=1

var =+ Dy’ )

where

WU = expected number of crashes,

o = model intercept,

x; = ith predictor variable,

B; = coefficient for each of the x; significant predictor variables, and
D = overdispersion parameter.

To eliminate insignificant predictor variables and reduce the size
of the model, backward stepwise regression was used. For backward
stepwise regression, the Bayesian information criterion (BIC) was
used as a goodness-of-fit metric to eliminate variables. Use of the BIC
is a way to optimize a regression equation for the best fit and to avoid
overfitting by adding a penalty for each predictor variable added. In
general the lower the BIC, the better the fit of the model. How to
calculate the BIC is shown in Equation 5.

BIC=-2#In(L)+k*In(n) 5)

where

L = maximum likelihood,

n = sample size, and

k = number of parameters estimated by the model (including the
intercept).

All predictors were originally added to the model. One predictor
variable was removed at a time to result in the largest decrease in
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the BIC. The process of removing a predictor variable was repeated
until there was no longer a reduction in BIC, producing a local mini-
mum. Once the BIC was minimized, the final model was produced.
The approach-related run-off-road crash estimation model is shown
in Table 2. The full model, including all potential predictors, is
shown in Column 2-1. Columns 2-2 and 2-3 show the final two steps
of the backward stepwise regression. The final model is shown in
Column 2-4. The goodness-of-fit metrics log likelihood, the BIC,
and the 7 likelihood also are shown for each modeling step in
Table 2.

The final model had an overdispersion parameter, D, of 1.027. The
final negative binomial model, along with the significant coefficients,
can be seen in Equation 6.

H — 0'049appAADTO,37SelA033*speede—l,08l*cntrisllandscaping (6)

The final model had three significant variables to estimate run-
oft-road crashes at roundabout approaches. The geometric charac-
teristics approach AADT (appAADT in Equation 6) and the posted
speed (speed in Equation 6) were positive, which suggested that, as
speed limits increased and AADT increased, run-off-road crashes
at approaches also would increase. The posted speed result agreed
with previous research that showed speed to be a major factor in
run-off-road crashes (19, 22, 23, 25). The approach AADT result
was intuitive: as traffic volume increased, traffic crashes increased
as well. Finally, central island landscaping (cntrisllandscaping in
Equation 6) was significant. When a roundabout had central island
landscaping, run-off-road crashes were expected to decrease, which
agreed with previous research from Maryland that suggested the
increase in conspicuity could reduce crashes (23). Figure 6a shows
aroundabout with a central island that is landscaped. Figure 65 shows
a central island that is not landscaped.

(b)

FIGURE 6 Comparison of central islands: (a) with landscaping
and (b) without landscaping.
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CONCLUSIONS

Roundabouts are a proven countermeasure to improve intersection
safety, particularly with respect to fatal and injury crashes. Round-
about design reduces the occurrence of crash types (e.g., angle,
head-on, left-turn related collisions). However, roundabouts have
been shown to increase crash types such as single-vehicle collisions.
To understand the design considerations that affect single-vehicle
crashes at roundabouts can further improve the safety benefits of
roundabouts. Fifty-three roundabouts were examined in this study,
at which 431 single-vehicle crashes occurred across 6 years. The
crash causes, the location and types of single-vehicle crashes, and the
ages of drivers involved in single-vehicle crashes were examined.
Finally, a model with geometric characteristics was constructed to
estimate single-vehicle run-off-road crashes at approaches.

One-third of single-vehicle crashes were weather related, followed
by impaired driving as the cause. Together weather and impaired driv-
ing accounted for more than half of single-vehicle crashes. Weather-
related crashes resulted in less severe crashes, whereas road conditions
(e.g., loose gravel) and crashes as a result of efforts to avoid a non-
contact vehicle were associated with a higher proportion of inju-
ries than total single-vehicle crashes. These crash causes primarily
involved a motorcycle that overturned as a result of a crash.

Two types of single-vehicle crashes occurred: overturns and run-off-
road crashes. Run-off-road crashes were most frequent, accounting
for more than 86% of single-vehicle crashes. Most of the run-off-road
crashes occurred at roundabout approaches. The primary causes for
run-off-road crashes were weather and impaired driving. Overturn
crashes primarily occurred within the circulating lanes. Overturn
crashes resulted primarily from road conditions and from efforts to
avoid a noncontact vehicle. In addition, several crashes within the
circulating lanes involved trailers that had overturned.

Younger drivers (18 to 24 years of age) were found to be involved
in a significantly higher proportion of single-vehicle crashes than
licensed drivers in that age group. Younger drivers made up nearly
a third of all single-vehicle crashes as a result of impaired driving.
In addition, younger drivers were responsible for nearly two-thirds
of speed-related single-vehicle crashes. These results showed issues
common among younger drivers and suggested that younger drivers
might need further training and exposure to roundabouts to under-
stand how to navigate them safely. Drivers more than 24 years of
age were involved in a lower proportion of single-vehicle crashes
than the proportion of licensed drivers for that age group. Middle-
aged drivers (45 to 64 years of age) were involved in a significantly
lower proportion of single-vehicle crashes.

Finally, a model was constructed to estimate approach-related,
single-vehicle, run-off-road collisions. The model included 227 run-
off-road collisions, and 20 potential factors with an effect on run-
off-road crashes. Three factors were found to significantly influence
approach-related run-off-road collisions: approach AADT, posted
speed, and whether the central island was landscaped. As approach
AADT and posted speed increased, the expected number of run-off-
road crashes at an approach increased. When a central island was
landscaped, approach-related run-off-road crashes decreased as a
result of the increased conspicuity. The model created could serve
as a way to estimate run-off-road crashes at roundabout approaches.

The results showed clear single-vehicle crash trends. Weather and
speed were large factors that influenced the frequency of single-
vehicle crashes. Younger drivers were responsible for a large portion
of single-vehicle crashes and were at particular risk when impaired
and with respect to speeding. High-speed approaches were found to
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be less safe, and landscaped central islands improved safety at the
roundabouts. In general, an increase in conspicuity helped drivers to
become aware that they were approaching a roundabout, which may
have led them to proceed with caution and to reduce their speeds
appropriately.

Although this research is helpful to understand trends in single-
vehicle crashes, more work needs to be done to fully understand
single-vehicle crashes at roundabouts. Future work will include the
development of a comprehensive single-vehicle crash model, as well
as an examination of all approach-related crashes and circulating
crashes. Landscaped central islands need further investigation as a
crash countermeasure. In addition, because impaired driving was
responsible for a high frequency of single-vehicle crashes at round-
abouts, further examination of alcohol-related crashes at roundabouts
might help mitigate that safety concern.
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