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“Road diets’ are often conversions of four-lane undivided roads into
threelanes (two through lanes plusa center turn lane). Thefourth lane
may beconverted tobicyclelanes, sidewalks, or on-street parking. Road
dietsare sometimesimplemented with the objective of reducing vehicle
speeds as well asthe number of motor vehicle crashes and injuries. A
study was conducted to investigate the actual effects of road diets on
motor vehicle crashes and injuries. Twelveroad diets and 25 compari-
son sitesin Californiaand Washington citieswer eanalyzed. Crash data
wer e obtained for these road diet (2,068 crashes) and comparison sites
(8,556 crashes). A “before” and “after” analysisusing a “yoked com-
parison” study design found that the per cent of road diet crashesoccur -
ring during the “after” period was about 6% lower than that of the
matched comparison sites. However, a separ ate analysisin which aneg-
ative binomial model was used to control for possible differential
changes in average daily traffic, study period, and other factorsindi-
cated no significant treatment effect. Crash severity wasvirtually the
same at road diets and comparison sites. There were some differences
in crash typedistributionsbetween road dietsand comparison sites, but
not between the“ before” and “ after” periods. Conversiontoaroad diet
should be made on a case-by-case basis in which traffic flow, vehicle
capacity, and safety areall considered. It isalso recommended that the
effects of road diets be further evaluated under a variety of traffic and
roadway conditions.

Continued growth and decentralization throughout the United States
has increased the number of cars on both residential and arterial
streets. Asaresult, some citiesin the United States have reduced the
number of travel lanes on some of their arterial and collector streets.
These conversions commonly involve restriping four-lane undivided
roads asthreelanes (two through lanes plus atwo-way |eft-turn lane).
Thefourth lane may be converted to bicyclelanes, sidewalks, and/or
on-street parking. In other words, the existing cross-section is real-
located. These lane-reduction conversions are often called “road
diets’ (Figures1and 2). A few road diets are conversionsfrom four-
lane roads into two-lane roads, by restriping and/or by adding land-
scaped medianislands. According to Burden and Lagerwey (1), four-
laneroadswith averagedaily traffic (ADT) of up to 25,000 have been
converted to road diets.

Road diets can potentially offer benefitsto both vehicles and pedes-
trians. On afour-lane street, drivers change lanesto pass sl ower vehi-
cles(e.g., vehicles stopped in theleft lane waiting to make aleft turn).
By comparison, on atwo-lane street, drivers' speedsarelimited by the
speed of the lead vehicle. Thusroad diets may reduce vehicle speeds
and vehicleinteractions during lane changes, which could potentially
reduce the number and severity of vehicle-to-vehicle crashes. Road
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diets may also benefit pedestrians, because they will have two lanes
of traffic (instead of four) to crossand motor vehicle speedsarelikely
to be lower. Recent research by Zegeer et al. (2) on crosswalk safety
found a reduction in pedestrian crash risk for two- and three-lane
roads, compared to roadswith four or morelanes. Bicyclistsmay also
benefit, especially when bicycle lanes are added (3).

Road dietsmay result in lower vehicle capacity compared to four-
lane streets. However, on afour-lane street, the | eft laneis often uti-
lized as a left-turn lane. With high levels of oncoming traffic, left-
turning motorists who are waiting for an adequate gap will cause
considerable delay to through traffic. Therefore, the four-lane street
will have less capacity than it could potentially have. Under most
ADT conditions tested, road diets have minimal effects on vehicle
capacity, because left-turning vehicles are moved into a common
two-way left-turn lane (1, 4). However, for ADTs above approxi-
mately 20,000 on road diet sections, thereisan increased likelihood
that traffic congestion will increase to the point of diverting traffic
to alternate routes.

The purpose of this paper is to investigate the actual effects of
road diets on motor vehicle crashes and injuries.

PAST RESEARCH

This section summarizes case studies of road dietsin U.S. and
Canadian cities.

California

Knapp et a. evaluated two road dietsin California (5). High Street
in Oakland had an ADT of 22,000 to 24,000. After High Street was
converted from four to three lanes, the number of crashes decreased
from an annual average of 81 beforethe conversionto 68inthe 1 year
after. The total number of crashesfell by 52% after East 14th Street
in San Leandro was converted.

The conversion of Vaencia Street in San Francisco reduced the
ADT by 10%, to 19,979 (6). The ADTs on four parallel streets
increased by 2% to 8%. The total number of crashes per year
decreased from 73.2t0 62, and injury crashes per year fell from 58.8
to 50. The number of bicycles during the p.m. peak hour more than
doubled, from 88 to 215. Bicycle crashes per year increased from
10.1to 12.

Alsoin San Francisco, Polk Street was restriped from three lanes
to two lanes (7). Bike lanes were added to the southern segment.
After the conversion, the ADT fell by 2%, to 16,300. The number
of bicycles during the am. peak hour increased from 37 to 52. The
ADTsontwo paralléel streetsincreased by 8% and 15%. Insufficient
crash datawere available for analysis.
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FIGURE 1 Representative road diet.
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A road diet on U.S. Highway 75 in Sioux Center resulted in a speed
reduction of 2.7 km/h (1.7 mph) (4).

Michigan

In East Lansing, Burcham Road and Grand River Boulevard were
converted. Burcham Road had four lanes and an ADT of 11,000 to
14,000, whereas Grand River Boulevard had four lanesand an ADT
of 23,000. Both roads now havethreelanesand new bicyclelanes(1).

Minnesota

Rice Street was converted from four lanes to three lanes, resulting
in 33% fewer injury crashes (8).

Montana

For the road diet on 17th Street West in Billings, Montana, the total
number of crashes in the “after” period was 62% lower than the
number in the “before” period (4).

Ontario, Canada

St. George Street in Toronto passes through the University of
Toronto campus. It previously operated as a four-lane road during
peak periods and had an ADT of 15,000. In 1993, it was reconfig-
ured toinclude bicyclelanes on both sides, anarrow painted median,
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andtwotravel lanes. Threeyearslater, the street was narrowed from
14 m (46 ft) to 11 m (36 ft), with the extra right-of-way going to a
wider sidewalk (9). Also in Toronto, asix-lane section of Davenport
Road with an ADT of 30,000 was narrowed to four lanes in 1994.
Bicyclelanes and parking were added on both sides (9).

Pennsylvania

A 1-mi section of Electric Avenuein Lewistown, Pennsylvania, was
converted from four lanes to three lanes. The ADT was 13,000.
Most local residents were initially opposed because they thought
that their trip times would increase. Instead, it was found that over-
all trip times were unaffected. The number of crashes dropped to
nearly zero (1).

Washington State

Lake Washington Boulevard in Kirkland formerly had four lanes
and an ADT of 20,000. The multiple lanes of heavy traffic flow
madeit difficult for residentsto find sufficient gapsto enter and exit
their driveways. The boulevard was restriped with three lanes. Asa
result, speeding and noise level swere reduced. Moreover, residents
had an easier time entering and exiting their driveways (1).

Seattle’ sfirst road diet dates back to 1972. Startingin 1991, more
streets were converted. Burden and Lagerwey examined crash data
for selected intersections and midblock sections along nine road
diets. The “before” and “after” time periods were generally 3 years
each. Therewas a 34.1% reduction in total crashesand a7.4% drop
in injury crashes in the “after” period, compared to the “before”
period (1).

Summary of Past Research

Some of the case studies reviewed in this section included compar-
isons of the number of crashes before and after the conversionto a
road diet. These comparisons have shown that road diets can reduce
the total number and severity of crashes. However, some of these
studies had certain limitations. First, only selected intersections and
midblock sections were sometimes eval uated, instead of the entire
road diet section. Second, no comparisons with non-road diet loca
tions were made in any of the studies cited above. The observed
reduction in crashes, therefore, could have been a citywide phenom-
enon (such asareduction in crash reporting) and not necessarily the
result of installing road diets.

A more extensive study isneeded to investigate further the effects
of road diet conversions on safety. Such a study would use detailed
crash data from before and after the conversion to aroad diet and
would also compareroad dietswith similar streetsthat were not con-
verted. This paper describes such adetailed investigation of crashes
on road diet conversionsin two states.

STUDY METHODOLOGY
Selected Sites

Thisstudy evaluated road diets at locationsin several Californiaand
Washington cities that had installed road diets. These two states
were selected for two reasons. First, it waslearned that several cities
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FIGURE 2 Examples of road diets.

in Californiaand Washington had installed road diets. Second, both
states are part of FHWA'’s Highway Safety Information System.
Therefore, it was felt that the necessary high-quality crash data for
alarge number of crash, roadway, and vehicle variables would be
available for study.

Research Designs

A four-group study design was utilized: atreatment and a compari-
son group were selected, and data were obtained for two time peri-
ods, one“before” the treatment wasinstalled and one “ after” instal-
lation for each site in each group. More specifically, the road diets
(i.e., treatment sites) were matched with four-lane streets that were
otherwise similar (i.e., comparison sites). Thus crash data were ob-
tained for four groups: (a) road diets—"before” period, (b) road
diets—“after” period, (c) comparison sites—"before” period, and
(d) comparison sites—"after” period.

(d)

The data were analyzed using two different methods: (a) a site-
by-site analysis in what is referred to as a “yoked comparison”
design (since each treatment site had one or more matched compar-
ison sites); and (b) acomparison siteanalysis, inwhich all treatment
and comparison sites are essentially combined into two groups for
each time period, and anegative binomia model of crashesper mile
is developed such that the treatment effect can be examined while
controlling for other variables such asADT, city, and length of study
period.

Most comparison sites were four-lane undivided roads that
were near the road diets (such asaparallel road one or two blocks
away or aroad perpendicular to theroad diet). A few comparison
sites were unconverted (i.e., four-lane undivided) sections of the
same road beyond where the road diet was installed. The com-
parison sites were selected to be similar to the road dietsin terms
of roadway functional class, type of development (e.g., commer-
cial or residential), speed limit, intersection spacing, and access
control.
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Many streets, especialy in Seattle, had cross sections that were
wide enough for four lanes [13.4 m (44 ft)] but were only striped
for two lanes. That is, the streets had 6.7-m (22-ft) lanes. The lanes
accommodated both through traffic and on-street parking. These
streets were not selected as comparison sites because these streets
would operate as two-lane streets when vehicles were parked along
the curb.

It was thought that the road diets could possibly prompt some
motorists to divert onto nearby four-lane roads (including compari-
son sites) so asto avoid the slower road diet route. These compari-
son sites were considered to be “nearby comparison sites’ because
motorists who wanted to use alternate routes could travel along the
nearby comparison sites instead. The additional traffic could possi-
bly influence the number, types, and severity of crashesat the nearby
comparison site.

On the other hand, “faraway comparison sites’ were comparison
sitesthat werein other areas of the city and would not be candidates
for motoriststo use as an alternate route to avoid aroad diet section.
Any increasesin ADTsat faraway comparison sites were presumed
to result from other factors and not the installation of road diets.

Site Selection

Local traffic engineersin Californiaand Washington were contacted
to determine where road diets were |ocated. Road dietswere identi-
fied in eight cities: Bellevue (Washington), Mountain View (Cali-
fornia), Oakland (California), Sacramento (California), San Fran-
cisco (California), San Leandro (California), Seattle (Washington),
and Sunnyvale (California). The reader is advised that these are not
the only citiesin California and Washington that have road diets.

Candidate comparison sites were identified through a review of
maps and discussionswith local traffic engineers. Field visitsto the
eight cities were made to verify that the candidate comparison sites
were suitable. Subsequently, one or more nearby comparison sites
was sel ected for each road diet. Faraway comparison siteswere also
selected, but suitable faraway comparison sites could not be found
for every road diet. Someroad dietswererejected because they were
installed before 1990 or because a suitable nearby comparison site
could not be found.

Thefind list of sites contained 30 road diets and 50 total match-
ing comparison sites in eight cities. (As noted below, 12 road diets
and 25 comparison sites are included in this paper.) The road diets
ranged in length from 0.13 km (0.08 mi) to 4.09 km (2.54 mi). The
comparison sitesranged in length from 0.21 km (0.13 mi) to 4.88 km
(3.03mi). Local traffic engineersdid not have complete” before” and
“after” ADT datafor every road diet and comparison site. At afew
locations, the ADTs were of questionable accuracy, perhaps due to
irregularitiesin how the ADTs were obtained.

Crash Variables

Local traffic engineers provided crash data for the road diets and
comparison sites. The crash data were not hard-copy police crash
reports, but rather computer-generated summary lists of crashesand
their characteristics.

The following crash variables were used in the analyses that are
reported in this paper:

1. Date of crash (day, month, and year);
2. Crashtype (angle/turning, head-on, rear-end, sideswipe, etc.);
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3. Number of injuries; and
4. Number of fatalities.

Crash Data Periods

In this study, a 3-month transition period was defined: the month
beforeroad diet installation, the month of installation, and the month
after installation. Thetransition period was defined for two reasons:
(a) work on the road diet may have started the month before, and
(b) motorists need some time to become familiar with the new traf-
fic patterns of the road diet. The transition period separates the
“before” period fromthe“ after” period. Crashesthat occurred during
the 3-month transition period were excluded from the analysis.

Three years (36 months) of “before” and 3 years of “after” data
were considered desirablefor each road diet and comparison site. The
actual amount of datavaried considerably from siteto site, depending
on how much data the city had available, and when the road diet was
installed. At most locations, one or more years of datawere obtained
for each of the“before” and “ after” periods. Because all four seasons
were represented, seasona variations in crashes caused by weather
conditions were accounted for.

Data Coding

The values for each crash variable were obtained from the crash
summaries and keyed into adatabase. Each record in the databaseis
a specific crash and contains the name of the street where the crash
occurred, location type (road diet, transition, nearby comparison, or
faraway comparison), whether the crash occurred before or after the
road diet wasinstalled, and the values for each crash variable.

The intersections at either end of aroad diet are locations where
motorists are entering and exiting (i.e., transitioning in and out of )
theroad diet. At theseintersections, motorists may be switching lanes
or adjusting their speeds in response to different operationa con-
ditions downstream. Hence the intersections at either end of a road
diet wereregarded as “transition” areas and were excluded from the
analysis.

Where one section of astreet wasaroad diet and an adjacent sec-
tion of the same street was anearby comparison site, theintersection
separating the road diet from the comparison site was regarded as a
transition area. The section of the nearby comparison site immedi-
ately adjoining the road diet wasregarded as abuffer area, defined as
extending one averagecity block (about 91 m or 300 ft) from thetran-
sition area. Crashes occurring in the buffer area were a so excluded
from the analysis.

ANALYSIS

As mentioned above, crash data were initially obtained for 30 road
diets and 50 comparison sites. However, many locations had small
sample sizes of crashes because of short segment lengths, short data
periods, or low ADTSs. Therefore, a subset of 12 road diets (2,068
crashes) and 25 comparison sites (8,556 crashes) was chosen for the
analyses that are reported in this paper. These locations generally
had segment lengths of at least 0.81 km (0.50 mi). Theroad dietsand
comparison siteswere placed into 11 groups, each consisting of one
or two road diets and their matching comparison site(s). The road
diets and comparison sites in each group were located in the same
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city, thereby accounting for possible differences in crash reporting
practices among cities. Preliminary crash analyses revealed that
nearby and faraway comparison sites were similar, so the nearby
and faraway comparison sites in each group were combined for
the analyses that are reported in this paper.

Beforethe basi c analyseswere conducted, changesin the road diet
and comparison site ADTs were examined to determine whether
motorists were diverting off road diets and onto nearby comparison
sites. ADT datafor the yearsimmediately before and after road diet
installation were available for four road diets, five matching nearby
comparison sites, and four matching faraway comparison sites. For
example, if the road diet was installed in August 1995, then ADT
data were available for 1994 and 1996 (the years before and after
installation, respectively). The “before” period ADTs on the road
dietsranged from 10,179 and 16,070; on the nearby comparison sites,
14,003 and 17,000; and on the faraway comparison sites, 5,480 and
22,600. A comparison of the ADTsfound that, on average, the ADTs
on the four road diets increased by 6.4%. A dightly higher increase
of 9.4% occurred on the five nearby comparison sites. The ADTson
the four faraway comparison sites increased by 6.7%. For the sites
included inthisanalysis, any diversionary effect of road dietsislim-
ited. Instead, the dominant phenomenon is an overall increase in
ADT, the result of population growth and other factors.

The crash-related analyses were divided into five categories:

1. Crash trendsin the “before” period to determine the validity
of the comparison sites,

2. “Before” and“after” crashesat individual groupsof treatment/
comparison sites,
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3. Analysesinvolving crashes as afunction of traffic volumes,
4. Crash severity, and
5. Crashtypes.

FINDINGS
Crash Trends in “Before” Period

Y ear-by-year crash trends in the “before” period were examined
for all 11 groups of road diets and comparison sites. The objective
was to see whether the comparison sites were a good match with
the treatment sites in terms of having similar crash trends.

Crash datawere available for the same yearsfor al siteswithina
group. Becausetheroad dietswereinstalled over aperiod of several
years, the “before” intervals differed considerably from siteto site.
Within most groups, the road diet and comparison sites had quite
paralel trendsin crashes per month. Crashes per month were plot-
ted instead of crash rates, because ADTswere not always available.
A sample plot is shown in Figure 3.

The proportion of crashes that occurred at road diet sites among
all crashesoccurring at either road diet or comparison siteswasthen
examined, on a year-by-year basis. Trends in these proportions
would indicate that crashes at road diets and comparison sites were
not following parallel trends. To provide an estimate and test of sig-
nificance of atrend component, logistic regression models were fit
to three groups of siteswith atotal of four road diets and seven com-
parison sites (Groups 2, 9, and 11 in Table 1). These groups had five
or more years of “before” data.
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FIGURE 3 Crashes per month on road diets and comparison sites in Oakland.
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The trend components were not statistically significant (p =
.2815, .6131, and .1196, respectively). In other words, therewere no
significant differencesin crash trends between the road diet sitesand
their matching comparison sites. For the sitesin other cities, thepro-
portions were not consistently increasing or decreasing over the
yearsfor which “before” datawere available. To summarize, it does
not appear that crashes at the comparison sites behaved very differ-
ently over time from those at the road diet sites in the “before”
period. Thus, it was concluded that the comparison siteswereagood
match to the road diet sites.

“Before” and “After” Crashes

Using standard yoked comparison analysistechniques, athree-way
contingency table analysiswas done using 10 groups, with 11 road
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dietsand 24 matching comparison sites. Table 1 shows before-and-
after crash frequencies (i.e., total number of crashes) and the per-
cent occurring in the “after” period for road diets and comparison
sites within each group. In all 10 groups, the percent of road diet
crashes occurring in the “after” period was the same or lower than
the corresponding percent for the comparison sites. In four groups,
this difference was at |east marginally statistically significant.
When datafrom all 10 groups are pooled, asomewhat higher per-
cent of crashes at the comparison sites occurred in the “ after” period
than at the road diet sites (41.0% versus 35.8%). Crash frequencies
were generally higher at comparison sites than at road diet sites.
A Cochran—Mantel-Haenszel test of overall significance across
the 10 groups was statistically significant (X3¢ = 7.5307, p = .0061)
(df = degrees of freedom). The estimated risk ratio indicates that
the percent of crashes at road diet sitesin the “after” period to be
about 6% less likely than a crash at a comparison site, with 95%

TABLE 1 “Before” and “After” Crashes at 10 Groups of Road Diets and Matched Comparison Sites
Group | Site Type® Months of Data Crashes Percent
Numb > P-value
umber Before After Before After After X1t
1 R 40 106 63 164 72.3
.009 .9255
1 C 40 106 347 917 72.6
2 R 91 25 102 32 239
.039 .8444
2 C 91 26 231 76 24.8
3P
4 R 56 56 82 74 47.4
.014 .9048
4 C 56 56 583 537 438.0
5 R 35 75 152 252 62.4
2.995 .0835
5 (] 35 75 95 208 68.7
6 R 50 60 85 97 53.0
.538 4632
6 C 50 60 793 1005 55.8
7 R 74 19 44 8 154
.015 .9030
7 C 74 19 188 36 16.1
8 R 42 48 16 4 20.0
8.275 .0040
8 C 42 48 61 73 54.5
9 R 66 12 255 28 9.9
3.479 .0621
9 C 66 12 661 110 14.3
10 R 53 25 121 39 24.4
4.180 .0409
10 C 53 25 877 419 323
11 R 61 8 407 43 9.6
.002 .9610
11 (3 61 8 1210 129 9.6
Tota R 1327 741 35.8 c c
Tota 5045 3510 41.0

Norte: Risk of Crash in After Period at Road Diet Ste Relative to Comparison Site; Risk Ratio = .944, 95% confidence limits

for risk ratio = .894, .997.
®R = Road diet, C = Comparison site

®The road diet in Group 3 consisted of two sections with different “ before” and “ after” periods, so this group was excluded

from the before-and-after analysis.
“Overall test of association: x2igt = 7.5307, p = .0061.
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confidence limits of .003 and .106. Thus, on average, crash frequen-
ciesat road dietsin the“after” period were approximately 6% lower
than at the corresponding comparison sites.

ADTsgenerally increased on road dietsand comparison sites, but
there was no clear pattern as to whether road diets or comparison
siteshad greater increases. Before-and-after dataon speed variance,
turning queues, and other traffic flow characteristicswere not avail-
able. Further research is needed to find out whether the crash reduc-
tions observed on road diets can be attributed to lower speeds, fewer
conflicts, or possibly other factors.

Analyses Involving Crashes as a
Function of Traffic Volumes

The before-and-after analysis described above was based solely on
crash counts and did not require ADT data. For those sites that had
reliable ADT data, it was possible to analyze crashes further as a
function of ADT at road diets and comparison sitesin the “before”
and “after” time periods. ADT data were not available for sitesin
Oakland or San Francisco, so three of the groups from the before-
and-after analysiswere excluded from the crash rate analysis. How-
ever, agroup of sitesin Seattle that was not used in the before-and-
after analysis because of differing “before” and “ after” time periods
for theroad diets and comparison siteswasincluded. Thusthese cur-
rent analyses included 8 groups, with 8 road diets and 14 compari-
son sites. The ADTs on the road diets ranged from 8,133 to 15,658
inthe“before” period and from 8,300 to 16,482 in the“ after” period.
The ADTs on the comparison sites ranged from 5,480 to 24,183 in
the “before” period and from 7,006 to 26,100 in the “ after” period.
In this set of analyses, raw crash rates were first examined to see
if meaningful findings might emerge. Here, crashes, ADT, and study
period length were combined to calculate a crash rate per million
vehicle miles of travel for each site in both the “before” and “ after”
periods. Figure 4 showsthe distributions of these crash ratesfor road
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diets and comparison sites in the “before” and “after” periods. The
boxes extend from the 25th to the 75th percentiles of the distribu-
tions, whereas the vertical lines extend to the extreme values of the
distributions. The horizontal lines acrossthe boxes show the median
values. The “+" signs represent the means of the distributions. This
figure showsthat the distributions of crash rates at the road dietsare
lessvariablethan those at the comparison sites. The mean crash rates
at the road diets are dlightly lower than at the comparison sites. The
means decrease (slightly) from the “before” period to the “after”
period at both road diets and comparison sites, but not differentially.

While these raw crash rates are somewhat useful, as noted by
Hauer (10) and others, an examination of rates such as these cannot
control for the effect of volume changes acrosstime, and can result
in somewhat misleading results. For this reason, the primary analy-
sesof crashes asafunction of traffic volume were carried out by fit-
ting negative binomial regression modelsto the crash frequenciesat
each site, and using ADT and other factors asindependent variables.
The negative binomial model is a form of a generalized linear
model. In this application, crash frequenciesy; at sitesj=1,..., N
are assumed to follow a negative binomial distribution. It is further
assumed that the log transform of the expected value of y; can be
modeled as alinear function of the explanatory variables. Thusthe
model hasthe form

log[E(y)] = Bo +BXy +--- + By

The model parameters 3y, By, - -
likelihood.

The explanatory variables were traffic volume (millions of vehi-
cles), city or aternatively group, site type (road diet or comparison
site), time period (before or after), and a site type by time period
interaction. Segment length was included as a constant factor (i.e.,
the number of crashes on a segment was proportional to its length).
Moreinformation about negative binomial regression modelscan be
found in McCullagh and Nelder (11).

., By are estimated by maximum
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Table 2 shows results from the final model. These results show
highly significant variation in crash rates with traffic volume and
city, and lesser variation with site type. The city-by-city variations
are probably the result of different operational conditions and crash
reporting practices. Neither the period effect nor the period by site
type interaction was statistically significant. A significant inter-
action effect would haveindicated that crash rates changed from the
“before” period to the “after” period differently on road diets than
on the comparison sites (and thusthat the road diets had an effect on
crashes while controlling for ADT and city).

Parameter estimatesfor sitetype, time period, and their interaction
are also shown at the bottom of Table 2. These estimates show crash
rates per mile to be somewhat higher on comparison sitesrelative to
theroad diet sites, to decrease dightly fromthe“before” tothe“ after”
time period and to decrease somewhat |ess on comparison sites than
on road diet sites. The last two estimates were not statistically sig-
nificant, however, again indicating the lack of aroad diet effect on
crashes per mile.

Crash Severity

A crash was classified as property damage only (PDO) if no in-
juries and no fatalities occurred. Otherwise, it was classified as
injury and fatal. It was expected that crashes on road diets would
be less severe (i.e., a higher percentage of PDOs) in the “after”
period, if motoristswereindeed driving more slowly after the road
diets were installed than when there were four-lane streets. How-
ever, no actual vehicle speed data were collected before and after
the road diets were installed.

The severity analysisincluded 10 groups, with 10 road diets and
20 comparison sites. The total number of crashes was 7,919. San
Francisco was excluded from this analysis because the majority of
its crashes resulted in injuries and fatalities. Due to local reporting
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practices, many PDO crashesare not reported. The effects of chang-
ing reporting thresholds are discussed in Zegeer et a. (12). In this
analysis, the “after” period in Seattle extended through December
31, 1996 only, because the number of injuries and fatalities was not
available for crashes occurring on January 1, 1997 or later.

Overal, approximately 63% (5,007) of the crashes resulted in no
injuriesor fatalities. Theremaining 37% (2,912) of the crasheshad at
least one injury or fatality. These percentages were quite similar for
both road diet and comparison sites, and in both the “before” and
“after” timeperiods. Injury ratesdid, however, tend to vary somewhat
from city to city and among the matched groups of sites. To take this
variation into account, alogistic regression model wasfit totheinjury
severity data (coded as no injury versusinjury or fatality). Logistic
regression is another form of ageneralized linear modedl. Inthiscase,
theinjury classification variable (yes or no) istaken to beaBernoulli
random variable with amean value (or proportion injured at sitej) of
p;. Thelogit transform of p;, log [ p; / (1 — p)], isthen modeled as a
linear function of the explanatory variables, and the parameters are
estimated by the method of maximum likelihood. The explanatory
variables in the model were: (a) matched group (1 to 11), (b) site
type (road diet or comparison), (c) time period (before or after),
and (d) sitetype by time period interaction. McCullagh and Nelder
provide afuller explanation of logistic regression models (11).

The crash severity model found that group was the only signifi-
cant factor (X3¢ = 347.69, p < .0001). Crash severity was virtually
the same at road diets and comparison sites and did not change from
the “before” to the “after” time period. The city-by-city variations
are most likely the result of different crash reporting practices in
each city.

It wasthought that injury and fatal crasheswould decrease on road
dietsrelative to comparison sites, assuming lower vehicle speedson
road dietsin the “after” period. Perhaps speeds did not decrease on
the road diets included in this study. However, before-and-after
speed data were not available, so it cannot be determined what

TABLE 2 Crash Rate Model: Likelihood Ratio Statistics and Parameter Estimates

Likelihood Ratio Statistics

Source df X2 P-value
Traffic Volume 1 18.34 <.0001
City 3 44.90 <.0001
Time Period 1 2.01 .1564
Site Type 1 8.11 .0044
Period X Type 1 40 5278
Parameter Estimates

Parameter Estimate 950/(25 gvr;feir(?eS;‘e);i)mi s P-value
Comparison Site vs. Road
Diet .34 -.04, .73 .0794
After vs. Before -.28 =73, .17 .2267
Comparison Sitein
“After” Period A7 -.36, .70 .5337

Nore: df = degrees of freedom.
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happened to vehicle speeds. Also, the crash summariesonly listed
the number of injuries and fatalities in each crash. None of the
summaries categorized the injuries as an “A” (incapacitating),
“B” (nonincapacitating), or “C” (possible) injury. It is possible
that road diets could have resulted in fewer A injuries (and more
B and Cinjuries) compared to comparison sites. Such aresult would
not be apparent in an analysis of PDO versus injury and fatal
crashes.

Crash Types

Another question of interest concerned whether or not crash types
would be different after road diets were in place relative to com-
parison sites. Thethree most prevalent crash types at all siteswere
angle, rear-end, and sideswipe (Figure 5). While the crash type dis-
tributionswere quite similar for the site type by period interaction,
angle collisions were somewhat higher for the road diets and per-
haps decreased somewhat lessin the “after” period relative to the
comparison sites. To investigate this, a logistic regression model
was fit to a crash type variable (angle versus all other) using the
same explanatory variables as the crash severity model. The re-
sultsfrom this model again indicated a highly significant effect due
to group (X34 = 199.24, p <.0001). Site type was also statistically
significant (X34 = 13.24, p = .0003), with the proportion of angle
collisions higher on road diets than on comparison sites. Neither
time period nor the period by site type interaction was significant
(p=.5862 and p = .9575, respectively).

A similar model showed the proportion of rear-end crashesto be
higher for the comparison sites, again with no significant interaction
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or period effects. Theonly significant effectinamodel for sideswipe
crashes was that due to group.

It is not clear why the crash type distributions were different
between the road diets and the comparison sites; crash severity was
virtually the same at road diets and comparison sites. One possible
reason isthat such differences do exist from one roadway section to
another because of variationsin the numbers of driveways and inter-
sections, vehicle speeds, vehicle mix, areatype, and other factors. It
may bethat cities selected roadway sectionsfor road diet installation
at least partly because of such factors.

Thevariationsinthe crash typedistributionsamong citiesarelikely
the result of (a) how each city classifies crashes, and (b) what each
city’ s reporting practices are. For example, Bellevue has a separate
crash type for “parked vehicle.” Several other cities usualy classify
crashesinvolving parked vehicles as“sideswipe.” Asanother exam-
ple, all of the Californiacitiesincluded “angle/turning” crashesinthe
total number of “right angl€” crashes. In Bellevue and Seattle, “angle/
turning” and “right angle” crashes were two separate crash types.

Summary of Findings

The key findings of this study are summarized as follows and in
Table 3.

1. Theroad dietsand comparison sites had similar year-by-year
trends in crash frequencies in the “before” period. Thisfinding is
evidence that the comparison sites were a good match with the
road diets.
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FIGURE 5 Distribution of crash types for road diet and comparison sites (N = number of crashes).



Huang et al.

TABLE 3 Summary of Findings
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Comparison
Analysis ) . : “Before” Period “After” Period
Category Road Diets Comparison Sites Road Diets vs. Road Diets vs.
Before vs. After Before vs. After - o - .
Comparison Sites | Comparison Sites
Reductionin . .
Crash Frequency “After” Period No Change No Difference Road Diets Lower
Crash Rates No Change No Change Road DietsLower | Road Diets Lower
Crash Severity No Change No Change No Difference No Difference
Difference: Difference:
1. Road dietshad a | 1. Road dietshad a
higher percentage | higher percentage
Crash Type No Change No Change of angle crashes of angle crashes
2. Road dietshad a | 2. Road diets had a
lower percentage lower percentage
of rear-end crashes | of rear-end crashes
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2. Given the total number of crashes that occurred at the road
dietsand comparison sites, ahigher percentage of the crashesat com-
parison sites (41.0%) occurred in the “ after” period than at the road
diets(35.8%) (Table1). Crash frequenciesat road dietsin the“ after”
period were approximately 6% lower than at the corresponding
comparison sites.

3. Crash rates did not change significantly from the “before”
period to the“ after” period. Crash rateswerelower at road dietsthan
at comparison sites, but road diets did not perform better or worse
over time (fromthe “before” period to the“ after” period) relativeto
comparison sites.

4. Road diet conversions did not affect crash severity. About
37% of the crashesresulted in aninjury or fatality. The percentages
were quite similar for road diets and comparison sites, and for both
the “before” and “ after” periods.

5. Road diet conversions did not result in asignificant changein
crash types. Three crash types—angle, rear-end, and sideswipe—
accounted for about 80% of all crashes. Road diets had a somewhat
higher percentage of angle collisionsthan the comparison sites had.
On the other hand, the comparison sites had a higher percentage of
rear-end collisions than the road diets had. Both differences were
significant. However, the changes between the “before” and “ after”
periods were not significant.

CONCLUSIONS

Because there are no data available on a large reference group of
similar sites in these cities (i.e., all these data were manually col-
lected), this study could not be collected using the more robust
before-and-after design involving empirical Bayes methods as pro-
posed by Hauer (10). However, the previously discussed techniques
did control for the most prevalent possible biases—different study
periods for the groups and differential changes acrosstimein ADT
between the treatment and comparison groups. Theformer was con-
trolled for in theinitial yoked comparison analyses, and both were
controlled for in the negative binomia modeling. Itisalso noted that
thefact that the rates are higher for the comparison sitesthan for the
treatment sites (as shown in Figure 4) is an indication that regres-
sion to the mean is probably less of a potential biasin this data set;
thetreatment sites do not appear to have been chosen solely because

of high prior crash rates or frequencies. For these reasons, the authors
believe that the study results are soundly based.

This study found that a significantly lower (approximately 6%)
proportion of crashesoccurred at road dietsin the“ after” period than
at comparison sitesin the “after” period. Thus one may expect that
converting a roadway segment from four-lane undivided to three
lanes would likely reduce total crashes by 6% or less. Road diets
were no better or worse than comparison sites with regard to crash
ratesand severity. Further research is needed to find out whether the
crash reductions observed on road diets can be attributed to lower
speeds, fewer conflicts, or possibly other factors.

It was beyond the scope of this study to examine potential non-
safety benefits of road diets, such ascreating theimpression that cars
are less dominant, enhancing the urban landscape, and improving
the overall quality of life along the street. These nonsafety benefits
should be evaluated more thoroughly in future research. It should be
mentioned that traffic operations and capacity i ssues need to be con-
sidered fully at a given site prior to implementing road diets and
other lane reduction measures.

Local traffic engineers should attempt to evaluate road diet con-
versions, whenever possible, in terms of safety and operational
effects. In particular, it would be useful to conduct further studies of
motor vehicle speeds, congestion, traffic volume, and traffic flow
resulting from road diet conversions. Future operational studies
under arange of traffic volumes and other conditions would be use-
ful to help quantify the conditions for which road diets would be

appropriate.
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