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Abstract
This paper describes the efforts to evaluate the safety impacts of increasing the speed limit from 55 mph to 60 mph on
selected two-lane, two-way state highway road segments in Minnesota, U.S. An empirical Bayes (EB) before–after analysis
was used to estimate crash modification factors (CMFs) for both segments (1,909.11 mi) and intersections (1,722 3-leg and
1,191 4-leg). Aggregate analysis conducted using all the segment and intersection data showed a 2.9% increase in total
crashes, a 2.5% increase in injury (KABC) crashes, and a 0.05% reduction in the injury (KAB) crashes. These results—along
with before-and-after operating speed data from another study by Minnesota Department of Transportation (MnDOT)
(2019) showing that the 85th percentile operating speed remained the same and that the mean operating speeds increased
by 1 mph following the speed limit increase—can lead to a conclusion that the speed limit increase from 55 mph to 60 mph
had a minor effect on combined segment and intersection crashes or operating speeds. It is important to note that these
results are specific to the corridors that were selected by MnDOT for the increase in speed limit; caution must be exercised
when extending these to systemwide increases in speed limits in Minnesota or in other states, and when estimating long-term
effects of speed limit increases as operating speeds can change over a longer period of time.
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Minnesota, U.S., legislature passed legislation in 2014
mandating the Minnesota Department of Transportation
(MnDOT) evaluate speed limit increase from 55mph to
60mph on the two-lane state highway system (1).
Minnesota has approximately 7,000mi of two-lane, two-
way roadways that are affected by this legislation. The
legislation required engineering and traffic investigations
to determine segments where speed limits can be reason-
ably and safely increased to 60mph. As a result of these
investigations, the speed limit was increased to 60mph
on 5,240mi of the two-lane state highway system, while
MnDOT had previously increased speeds to 60mph on
1,550mi of two-lane highways (2).

The objective of this study is to evaluate the safety
impacts for two-lane, two-way state highway road seg-
ments where speed limits were changed from 55mph to
60mph through a before–after evaluation. Crash modifi-
cation factors (CMFs) are estimated for the following

locations, intersection control types, crash types, and
crash severities:

� Locations:
s Two-lane, two-way state highway road seg-

ments (excluding intersections), and
s Intersections on two-lane, two-way state high-

way road segments:

n 3-legged intersections with lighting
n 3-legged intersections with no lighting
n 4-legged intersections with lighting
n 4-legged intersections with no lighting
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� Intersection control types:
s All control types (signalized, minor-road stop-

controlled, all-way stop-controlled, and
minor-road yield intersections)

s Minor-road stop-controlled intersections
� Crash types:

s All types combined—total
s Angle crashes
s Head-on crashes
s Rear-end crashes
s Run-off-road crashes
s Sideswipe same-direction crashes

� Crash severities:
s Total crashes (also referred to as KABCO

crashes)
s Fatal and all injury crashes (also referred to as

KABC crashes)
s Fatal and serious/suspected injury crashes

(also referred to as KAB crashes)

Evaluation of pedestrian and bicyclist crashes was also
considered; however, there were not enough crashes to
conduct a reliable statistical evaluation. This paper only
presents the safety impacts on Total and Injury (KABC
and KAB) crashes. Evaluation of the various crash types
mentioned above are available in the final report of the
MnDOT project (3).

A prior study by MnDOT looked at the before-and-
after operating speed changes following the speed limit
increase (2). Based on a random sample of 46 two-lane,
two-way roadway locations in Minnesota where the
speed limit increased to 60mph and 22 locations where
the speed limit remained at 55mph, they found that the
85th percentile operating speed remained at 65mph both
before and after the speed limit change, whereas the
mean operating speed increased by 1mph from 59mph
in the ‘‘before’’ period to 60mph in the ‘‘after’’ period.

Literature Review

Speed limits are usually set to inform drivers of the high-
est speed that is appropriate for ideal traffic, road, and
weather conditions. Our literature review scan, focused
on two-lane, two-way roadways, showed that many stud-
ies have been conducted to evaluate the safety impacts of
changing speed limits. The results of these studies gener-
ally show that increasing speed limits can negatively
affect safety. For example, a 2019 IIHS study shows that
speed limit increases in the past 25 years are tied to over
37,000 deaths in the U.S. (4). The study found that a
5mph increase in the maximum speed limit was associ-
ated with 8% and 3% increases in fatality rates on inter-
states/freeways and other roads, respectively.

Sayed and Sacchi evaluated the safety impacts of
increasing speed limits on rural highways in British
Columbia, Canada, following a speed limit review initi-
ated by the Ministry of Transportation and Infrastructure
(MoTI) of British Columbia in 2013 (5). As a result of the
review, MoTI recommended increasing speed limits on
approximately 1,300 km of rural provincial highway seg-
ments (65 sections) with the majority of the sections see-
ing a 10 km/h speed limit increase A full Bayesian before–
after evaluation shows this speed limit increase to be asso-
ciated with a statistically significant 11.1% increase in
fatal and injury crashes.

Monsere et al., in their study, analyzed the speed and
crash performance changes for 1,400miles of Oregon
highways and interstates where speed limits were
increased in 2016 by the Oregon legislature (6). The legis-
lature raised speed limits to 70mph for cars and 65mph
for trucks on interstates, and 65mph for cars and 55mph
for trucks on rural two-lane highways. They found that
average operating speeds on the highways that had a
speed limit increase showed a statistically significant
3mph increase along with increases in both the average
and percentage of vehicles exceeding 65, 75, and 85mph.
Their preliminary crash analysis found that both the
total and total truck-involved crashes increased at a
higher rate than what was expected based on changes in
traffic volume and the changes in the control sections.
The control sections selected for this study represent the
lower-volume speed change highways that were not
selected by Oregon legislature for increased speed limits.
Fatal and severe injury crashes did not appear to increase
more than the control section for interstates but did
increase for rural two-lane roads. However, overall, on
both interstates and rural two-lane highways, there was a
reduction in fatal and severe injury crashes involving
trucks. These preliminary findings show that increased
speed limits led to an increase in crash frequency and
severity.

Vadeby and Forsman analyzed the effects of both
increased and reduced speed limits as well as changes in
actual driving speeds caused by the changed speed limits
following a review of speed limits on the national rural
road network by the Swedish Transport Administration
in 2008 (7). A reduction in speed limits from 90km/h to
80 km/h on rural roads caused the number of fatalities to
decrease by 14 per year, while no significant changes were
seen for the number of seriously injured. An increase in
speed limit from 100 km/h to 120km/h on motorways
was associated with an increase of 15 per year in the
number of those seriously injured, but no significant
changes were seen for the number of deaths. Speed mea-
surement surveys show that a decrease in speed limit by
10 km/h led to a decrease of mean speeds of around 2 to
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3 km/h, and an increase of the speed limit by 10km/h
resulted in an increase of mean speed by 3 km/h.

Gayah et al., in their study, evaluated the operational
and safety impacts of setting posted limits below engi-
neering recommendations (design speed) using data from
rural two- and four-lane roads in Montana (8). Their
findings suggest that setting speed limits 5mph below the
engineering recommended value is associated with a sta-
tistically significant reduction in total crashes by 56%,
fatal and injury crashes by 40%, and PDO crashes by
57%. Setting speed limits 10mph below the engineering
recommended value is associated with a statistically sig-
nificant reduction in total crashes by 16% and PDO
crashes by 34%, while fatal and injury crashes saw a sta-
tistically significant increase of 45%. Setting speed limits
15mph or more below the engineering recommended
value is associated with non-statistically significant
increases in total crashes by 21%, fatal and injury crashes
by 72%, and PDO crashes by 12%. The operating speed
evaluation conducted as a part of this study suggests that
drivers tend to comply more closely with the speed limit
when the posted speed limit is set equal to or just 5mph
below the engineering recommended value. Overall, this
study concludes that the speed limit compliance wor-
sened as the difference between the engineering recom-
mended and posted speed limits increased and suggests
that setting posted speed limits 5mph lower than the
engineering recommended practice may result in operat-
ing speeds that are more consistent with the posted speed
limits and overall safety benefits.

We also recognize that there is a significant body of
literature on speed and safety. Though these studies may
not directly quantify the safety impacts of the effects of
changing speed limits, they do provide insights into the
impacts of various operating speed scenarios and speed
enforcement activities. For example, the Highway Safety
Manual summarizes the relationship between operating
speed and crash frequency based on a meta-analysis of 97
published studies (9). Table 3E-2 in the Highway Safety
Manual summarizes CMFs for fatal and injury crashes
caused by changes in average operating speed of a road-
way. It notes that a small change in average operating
speed can have a large impact on crash frequency and
severity; for example, a 2mph increase in the average
operating speed of a roadway with an average operating
speed of 60mph can lead to an 18% increase in fatal
crashes and a 10% increase in injury crashes.

Hauer, in his paper, tries to answer two questions:
‘‘How does speed affect safety?’’ and ‘‘How does what
professionals do affect the evolution of speeds?’’ (10). He
concludes that, given a change in mean speed, one can
predict the consequences in injuries and fatalities know-
ing that, if speed increases while other conditions

(vehicles, roads, medical services) remain unchanged,
accidents will be more severe and therefore more acci-
dents will be reported. Prior research has also shown that
vehicles traveling excessively below or above the speed
limit are overrepresented in crashes (11–16).

Albee and Bobitz provide a summary of various pro-
ven safety countermeasures including speed safety cam-
eras and variable speed limits (17). For speed safety
cameras, they found that fixed units can lead to a 54%
reduction in total crashes and a 47% reduction in injury
crashes on urban principal arterials. They also found
that point-to-point (P2P) speed enforcement systems can
lead to a 37% reduction in fatal and injury crashes on
urban expressways, freeways, and principal arterials. For
variable speed limits, they found a 34% reduction in
total crashes on freeways (alongside 51% reduction in
fatal and injury crashes and 65% reduction in rear-end
crashes).

Montella et al. evaluated the effects on speed and
safety of a P2P speed enforcement system on an urban
motorway in Italy (18). Their findings suggest that the
P2P speed enforcement system led to very positive effects
on both speed and safety. They noted a 32% reduction
in total crashes and a 37% reduction in injury crashes.
They also found a 21% reduction in total crashes in the
part of the motorway where the P2P speed enforcement
system was not activated, indicating a significant spil-
lover effect. Their findings also suggest a reduction in the
mean speed, the 85th percentile speed, the standard
deviation of speed, and the proportion of drivers exceed-
ing the speed limits.

La Torre et al. evaluated the safety effects of auto-
mated section speed control on the Italian motorway
network (19). Their findings (based on a sample of 125
automated section speed control sites) suggest a 22%
reduction in total crashes, 18% reduction in fatal and
injury crashes, and a 23% reduction in property damage
only crashes. They also note that an automated section
speed control system is more effective in reducing crashes
on high traffic volume motorway sections.

Methodology

The empirical Bayes (EB) methodology for before–after
studies was used for this evaluation. This methodology is
considered rigorous in that it accounts for the possible
bias caused by regression to the mean (RTM) using a ref-
erence group of similar but untreated sites and safety
performance functions (SPFs) to account for changes in
exposure and time trends, and this has been found to
reduce the level of uncertainty in the estimates of the
safety effect. The following steps are needed to conduct
an EB before–after evaluation (20):
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1. Identify a reference group without the treatment,
but similar to the treated sites in terms of the
major factors that affect crash risk including traf-
fic volume and other site characteristics.

2. Estimate SPFs using data from the reference enti-
ties relating crashes to the characteristics of the
entity. In some cases, if it is not possible to find a
reference group similar to the treatment group, or
when the treatment is implemented system-wide,
the ‘‘before’’ data from the treatment entities is
used along with reference or comparison entities
to estimate the SPFs (21). In fact, in this evalua-
tion, the ‘‘before’’ data from the treatment sites
were combined with the reference sites for esti-
mating SPFs.

3. In estimating SPFs, calibrate annual calibration
factors (ACFs) to account for the temporal effects
(e.g., variation in weather, demography, vehicle
population, and crash reporting) on safety perfor-
mance. The ACF for a particular year is the ratio
of the observed crashes to the predicted crashes
from the SPF.

4. Use the SPFs, ACFs, and site characteristics for
each year in the ‘‘before’’ period for each treat-
ment site to estimate the number of crashes that
would be predicted for the ‘‘before’’ period.

5. Calculate the EB estimate of the expected crashes
in the ‘‘before’’ period at each treatment site as the
weighted sum of the actual crashes in the ‘‘before’’
period and predicted crashes from step 4.

6. For each treatment site, estimate the product of
the EB estimate of the expected crashes in the
‘‘before’’ period and the SPF predictions for the
‘‘after’’ period divided by the SPF predictions for
the ‘‘before’’ period. This is the EB expected num-
ber of crashes in the ‘‘after’’ period that would
have occurred had there been no treatment. The
variance of this expected number of crashes is
also estimated in this step. The expected number
of crashes without the treatment along with the
variance of this parameter and the number of
reported crashes after the treatment is used to cal-
culate the safety effect of the treatment (u) along
with the standard error, which is an estimate of
the precision of the estimate of the safety effect. It
is important to note that u is the same as a CMF.

Data Summary

Crash data were available for the period from 2012 to
2018. We reviewed MnDOT’s roadway inventory files
for these years to eliminate road segments that had road-
way changes based on the roadway inventory files. It is
possible that some of these locations experienced some

minor changes (e.g., changes in signs) but the informa-
tion on such changes was not available to the research
team. MnDOT also informed us that there were not any
large scale systemic changes that affected a lot of sites
during this period.

The treatment group consisted of sites where the speed
limit was changed in 2015, 2016, and 2017. The refer-
ence/non-treatment sites included locations where the
speed limit was modified in 2018, locations where the
speed limit change will be modified (2019 onwards), and
locations where there are no plans for the speed limit to
be modified. The sites were distributed into three groups:

� Group 1: Sites where speed limit was changed in
2015, 2016, and 2017; at least one year of ‘‘after’’
crash data available

� Group 2: Sites where speed limit was changed in
2018 or will be changed in the future; no ‘‘after’’
crash data available

� Group 3: Sites where there are no plans for speed
limits to be modified

Tables 1 to 3 provide summary statistics for segments
and intersections in these three groups that were used in
the analysis.

Minor road AADTs for intersections were not avail-
able. It should be noted that, for estimating SPFs, data
from Group 3 alongside ‘‘before’’ data from Groups 1
and 2 were used. These SPFs were then used to estimate
the EB estimates and the resulting CMFs using data from
Group 1. With crash data available from 2012 to 2018,
the Group 1 ‘‘before’’ period varied between 3 to 5 years
and the ‘‘after’’ period varied between 1 to 3 years.

Safety Performance Functions (SPFs)

The evaluation’s first step is to estimate an SPF.
Generalized linear modeling was used to estimate model
coefficients assuming a negative binomial error distribu-
tion, which is consistent with the state of research in
developing these models. SPFs were estimated for target
crash types and crash severities. The relationship
between the crash frequency and the independent vari-
ables can be seen in Equation 1.

Crashes= length 3 exp (a+ b1X1 +b2X2 + + bnXn)

ð1Þ

where
a=intercept,
X =independent (exposure) variables,
length = the segment length, and
b=coefficient estimates.

The SPFs for segment crashes are presented in Table
4 (length of the segment was used as an offset in these
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models). Hauer’s discussion of using complex functional
forms was the motivation behind having two AADT
terms in the segment SPFs (22). In addition to AADT,
the SPFs also included indicator variables for each year.
The SPFs were also used to estimate ACFs. The ACFs

are defined as the ratio of the total observed crash fre-
quency to the total predicted crash frequency from the
SPF and are calculated for each year. The yearly indica-
tor variables and ACFs are estimated to account for time
trends. The ACFs for segment crashes are presented in

Table 1. Segment and Intersection Summary Statistics

Site group Site type
Number
of sites Length (mi)

Avg. average
annual daily

traffic (AADT)*
Avg. degree
of curvature

Number
of site-years Mile-years

Group 1 Segments 5,739 1,909.11 2,347.75 0.1602 34,434 11,454.66
3-leg Intersections 1,722 na 3,092.93 na na na
4-leg Intersections 1,191 na 2,413.01 na na na

Group 2 Segments 8,413 2,602.04 2,242.95 0.2288 55,960 17,307.76
3-leg Intersections 2,563 na 2,871.72 na na na
4-leg Intersections 1,470 na 2,359.19 na na na

Group 3 Segments 5,506 1,421.99 2,633.32 0.3501 38,542 9,953.93
3-leg Intersections 1,882 na 4,730.29 na na na
4-leg Intersections 827 na 4,353.81 na na na

Note: Avg. = average; na = not applicable. This table presents the weighted average AADT and the weighted average degree of curvature.
*For intersections: average AADT represents the average major road AADT.

Table 2. Segment Crash Summary Statistics

Site group Crash type Min. (/site/year) Max. (/site/year) Avg. (/site/Year) Total

Group 1 Total 0 5 0.092 3,169
Injury (KABC) 0 3 0.035 1,208

Injury (KAB) 0 2 0.019 657
Group 2 Total 0 6 0.092 5,169

Injury (KABC) 0 5 0.033 1,850
Injury (KAB) 0 3 0.019 1,066

Group 3 Total 0 9 0.111 4,260
Injury (KABC) 0 4 0.041 1,570

Injury (KAB) 0 3 0.022 841

Note: Min. = minimum; Max. = maximum; Avg. = average.

Table 3. Intersection Crash Summary Statistics

Site group Crash type

3-leg intersections 4-leg intersections

Min.
(/site/year)

Max.
(/site/year)

Avg.
(/site/year) Sum

Min.
(/site/year)

Max.
(/site/year)

Avg.
(/site/year) Total

Group 1 Total 0 6 0.1048 1262 0 6 0.1638 1,363
Injury (KABC) 0 4 0.0415 500 0 4 0.0672 559
Injury (KAB) 0 4 0.0203 245 0 3 0.0350 291

Group 2 Total 0 14 0.1041 1868 0 13 0.1648 1,696
Injury (KABC) 0 4 0.0386 692 0 6 0.0673 693
Injury (KAB) 0 3 0.0189 339 0 4 0.0357 367

Group 3 Total 0 19 0.1816 2392 0 18 0.3939 2,280
Injury (KABC) 0 5 0.0660 870 0 7 0.1472 852
Injury (KAB) 0 4 0.0295 389 0 4 0.0674 390

Note: Min. = minimum; Max. = maximum; Avg. = average.
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Table 5. SPFs and ACFs for intersection crashes are
available in the final report of the MnDOT project (3). It
should be noted that intersections’ SPFs were developed
only using major road AADTs, because of the non-
availability of minor road AADTs.

Results and Discussion

The estimated crash safety effects for segments are shown
in Table 6. For each crash type, the EB expected crashes
in the after period had the speed limit change not been
implemented are shown, along with the actual number of
crashes observed in the ‘‘after’’ period, the CMF, the
standard error of the CMF, and 95% confidence interval
of the CMFs.

The results indicate that increasing the speed limits
from 55mph to 60mph had minor impacts on segment
crashes, especially for the more important injury crashes.
The total crashes show an increase of 7.1% (statistically
significant at the 5% significance level), along with a
4.6% increase in KABC injury crashes and 3.2% reduc-
tion in injury (KAB) crashes, both of these were not sta-
tistically significant.

Intersections were divided into two different groups
(further divided into four different subgroups each) for
estimation of crash safety effects. CMFs were estimated

for each of the four subgroups, alongside aggregate
CMFs for the two groups.

� Intersections on two-lane, two-way state highway
road segments—all control types:
s 3-legged intersections with lighting (n=66)
s 3-legged intersections with no lighting

(n=1,656)
s 4-legged intersections with lighting (n=92)
s 4-legged intersections with no lighting (n=

1,099)
� Intersections on two-lane, two-way state highway

road segments—minor-road stop-control only:
s 3-legged intersections with lighting (n=64)
s 3-legged intersections with no lighting (n=

1,653)
s 4-legged intersections with lighting (n=85)
s 4-legged intersections with no lighting (n=

1,085)

The estimated crash safety effects for the four sub-
groups of intersection with all traffic control types and
minor-road stop-control are shown in Tables 7 and 8.

The results indicate the increasing the speed limits
from 55mph to 60mph had varying impacts on intersec-
tion crashes at intersections with all traffic control types.

Table 4. Safety Performance Functions (SPFs) for Segment Crashes

Parameter Total (SE) Injury (KABC) (SE) Injury (KAB) (SE)

Intercept 27.6944 (0.2504) 27.7534 (0.3785) 28.3011 (0.5128)
LN(AADT) 0.8298 (0.0349) 0.6946 (0.0526) 0.7198 (0.072)
AADT/10000 0.2173 (0.0998) 0.4317 (0.1493) 0.0996 (0.2156)
Degree of curvature 0.1191 (0.0064) 0.1202 (0.0081) 0.1232 (0.0093)
Yearly factor—2012 20.1294 (0.0583) 20.0274 (0.0924) 20.3313 (0.1206)
Yearly factor—2013 0.0375 (0.0571) 0.043 (0.0914) 20.2191 (0.1183)
Yearly factor—2014 20.0187 (0.0574) 20.0539 (0.0925) 20.2956 (0.1197)
Yearly factor—2015 20.1199 (0.0603) 20.0893 (0.0964) 20.1852 (0.1221)
Yearly factor—2016 0.1023 (0.0589) 0.1917 (0.0932) 0.1885 (0.1163)
Yearly factor—2017 0.0823 (0.0617) 0.1018 (0.0985) 0.1719 (0.1213)
Yearly factor—2018 0 (0) 0 (0) 0 (0)
Dispersion 0.6886 (0.0566) 0.6348 (0.1374) 0.4287 (0.234)

Note: AADT = average annual daily traffic; LN = natural logarithm; SE = standard error.

Table 5. Annual Calibration Factors (ACFs) for Segment Crashes

Crash type ACF 2012 ACF 2013 ACF 2014 ACF 2015 ACF 2016 ACF 2017 ACF 2018

Total 0.985 0.981 0.992 0.981 0.988 0.985 0.985
Injury (KABC) 0.993 0.995 0.998 0.991 0.996 0.995 0.996
Injury (KAB) 0.999 0.998 0.998 0.997 0.998 0.996 0.995
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Table 6. Estimated Segment Crash Safety Effects

Crash type
Crashes in the
‘‘after’’ period

Expected crashes in the ‘‘after’’
period without treatment CMF

Standard
error of CMF

Range of CMFs
(95% confidence interval)

Total 1,191 1,111.69 1.071* 0.035 1.002–1.140
Injury (KABC) 456 435.62 1.046 0.052 0.944–1.147
Injury (KAB) 279 288.22 0.968 0.059 0.852–1.087

Note: CMF = crash modification factor.
*Statistically significant at the 5% significance level.

Table 7. Estimated Intersection Crash Safety Effects (3-Leg Intersections)

Control type Lighting Crash type
Crashes in the
‘‘after’’ period

Expected crashes
in the ‘‘after’’

period without
treatment CMF

Standard
error

of CMF

Range of CMFs
(95% confidence

interval)

All No Total 282 269.58 1.045 0.070 0.908–1.182
Injury (KABC) 111 102.09 1.085 0.113 0.864–1.306
Injury (KAB) 63 57.78 1.088 0.147 0.800–1.376

Minor-road stop No Total 277 265.92 1.040 0.070 0.903–1.177
Injury (KABC) 110 101.26 1.084 0.113 0.863–1.305
Injury (KAB) 63 53.84 1.166 0.161 0.850–1.482

All Yes Total 35 38.08 0.911 0.174 0.570–1.252
Injury (KABC) 7 12.73 0.541* 0.212 0.125–0.957
Injury (KAB) 4 6.26 0.625 0.319 0.000–1.250

Minor-road stop Yes Total 31 35.67 0.861 0.173 0.522–1.200
Injury (KABC) 6 12.29 0.479* 0.202 0.083–0.875
Injury (KAB) 4 5.95 0.654 0.335 20.003–1.311

Note: CMF = crash modification factor.
*Statistically significant at the 5% significance level.

Table 8. Estimated Intersection Crash Safety Effects (4-Leg Intersections)

Control type Lighting Crash type
Crashes in the
‘‘after’’ period

Expected crashes
in the ‘‘after’’

period without
treatment CMF

Standard
error

of CMF

Range of CMFs
(95% confidence

interval)

All No Total 214 256.82 0.832* 0.063 0.709–0.955
Injury (KABC) 101 110.47 0.912 0.099 0.718–1.106
Injury (KAB) 68 62.84 1.078 0.144 0.796–1.360

Minor-road stop No Total 212 248.44 0.852* 0.065 0.725–0.979
Injury (KABC) 100 108.34 0.921 0.100 0.725–1.117
Injury (KAB) 68 61.91 1.094 0.147 0.806–1.382

All Yes Total 81 75.85 1.062 0.139 0.790–1.334
Injury (KABC) 31 27.50 1.117 0.225 0.676–1.558
Injury (KAB) 16 16.75 0.941 0.258 0.435–1.447

Minor-road stop Yes Total 63 73.61 0.850 0.126 0.603–1.097
Injury (KABC) 26 28.17 0.913 0.198 0.525–1.301
Injury (KAB) 15 18.09 0.817 0.228 0.370–1.264

Note: CMF = crash modification factor.
*Statistically significant at the 5% significance level.
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Most of the safety effects were statistically insignificant
except for total crashes (on 4-leg intersections with no
lighting—16.8% reduction) and injury (KABC) crashes
(on 3-leg intersections with lighting—45.9% reduction),
both statistically significant at the 5% significance level.

For intersections with minor-road stop-control, the
results indicate that increasing the speed limits from
55mph to 60mph had varying impacts. Most of the
safety effects were statistically insignificant except for
total crashes (on 4-leg intersections with no lighting—
14.8% reduction) and injury (KABC) crashes (on 3-leg
intersections with lighting—52.1% reduction) showing
statistically significant safety effects at the 5% signifi-
cance level.

The ranges of the CMFs for intersections with all traf-
fic control types and minor-road stop-control only show
a wide spread of values showing increases and reduction
in crashes. However, the insignificant results coupled with
low injury crash counts in some cases makes it difficult to
conclude the effects of speed limit change on crashes.

The aggregate estimated crash safety effects for the
two main groups of intersections (all traffic control types
and thru-stop control only) are shown in Table 9.

The results indicate that increasing the speed limits
from 55mph to 60mph had varying impacts on aggregate
intersection crashes at intersections with all traffic control
types and minor-road stop-control. For intersections with

all traffic control types, a 4.5% reduction was seen in total
crashes, alongside a 1.2% reduction in injury (KABC)
crashes and a 5% increase in injury (KAB) crashes, all of
which were statistically insignificant. For intersections
with minor-road stop-control only, a 6.6% reduction was
seen in total crashes (statistically significant at the 15%
significance level), alongside a 3.3% reduction in injury
(KABC) crashes and a 7.1% increase in injury (KAB)
crashes, both of which were statistically insignificant.

The aggregate estimated crash safety effects (for total
and injury crashes) for combined segments and intersec-
tion sites are shown in Table 10.

The results indicate that increasing the speed limits
from 55mph to 60mph leads to a 2.9% increase in total
crashes, a 2.5% increase in injury (KABC) crashes, and
a 0.05% reduction in the injury (KAB) crashes when all
the segments and intersections are used to derive an
aggregate safety effect. These aggregate results show that
increasing the speed limit had minor impact on the total,
injury (KABC), and injury (KAB) crashes. However, it
is important to understand that these results align with a
study by the Minnesota Department of Transportation
that compared the ‘‘before’’ and ‘‘after’’ operating speed
changes following the speed limit increase (2). They
found that the 85th percentile operating speed remained
at 65mph both before and after the speed limit change,
whereas the mean operating speed increased by 1mph

Table 9. Estimated Aggregate Intersection Crash Safety Effects (3- and 4-Leg Intersections)

Control type Crash type
Crashes in the
‘‘after’’ period

Expected crashes
in the ‘‘after’’

period without
treatment CMF

Standard
error of

CMF

Range of CMFs
(95% confidence

interval)

All Total 612 640.33 0.955 0.044 0.870–1.041
Injury (KABC) 250 252.79 0.988 0.069 0.854–1.123
Injury (KAB) 151 143.63 1.050 0.093 0.867–1.233

Minor-road stop Total 583 623.65 0.934* 0.044 0.848–1.020
Injury (KABC) 242 250.06 0.967 0.068 0.833–1.101
Injury (KAB) 150 139.80 1.071 0.097 0.882–1.261

Note: CMF = crash modification factor.
*Statistically significant at the 15% significance level.

Table 10. Estimated Aggregate Crash Safety Effects (All Segments and Intersections)

Crash type
Crashes in

the ‘‘after’’ period

Expected crashes
in the ‘‘after’’ period
without treatment CMF

Standard error
of CMF

Range of CMFs (95%
confidence interval)

Total 1,803 1,752.02 1.029 0.027 0.975–1.083
Injury (KABC) 706 688.41 1.025 0.042 0.944–1.107
Injury (KAB) 430 431.84 0.995 0.050 0.897–1.094

Note: CMF = crash modification factor.
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from 59mph in the ‘‘before’’ period to 60mph in the
‘‘after’’ period. The operating speed results are an indica-
tion of MnDOT’s data-driven process to select corridors
appropriate for a 60mph speed limit.

Based on the ‘‘before’’ and ‘‘after’’ operating speed
data and the aggregate segment and intersection crash
safety effects, the speed limit increase from 55mph to
60mph had a very minor to no effect on total and injury
crashes when looking at the aggregate safety effects for
combined segment and intersection sites. However, for
segments (Table 6), the 4.6% increase in injury (KABC)
crashes is very close to the 5% increase in injury crashes
mentioned in the Highway Safety Manual (Table 3E-2,
Page 3–57) for a 1mph increase in average operating
speeds at 60mph (9).

Conclusions

The objective of this study was to evaluate safety impacts
of increasing the speed limit from 55mph to 60mph on
two-lane, two-way state highway road segments. EB
analysis was done to estimate CMFs for both segments
and intersections.

The segment analysis showed a 7% increase in total
crashes that was statistically significant, alongside insig-
nificant increases/decreases in injury crashes. The inter-
section analysis was split into two groups (all traffic
control types and minor-road stop-control only). The
aggregate CMFs for all intersections within these two
groups show that most of the CMFs were close to 1.
Analysis was also performed on four subgroups (3- and 4-
leg, lighting/no lighting) within the two main intersection
groups. Disaggregating the intersections into further groups
led to smaller sample sizes that led to higher standard errors
showing a widespread range of CMFs around 1.

The aggregate analysis conducted using all the seg-
ment and intersection data showed very minor increase/
decrease in the total and injury crashes. This aggregate
result, along with ‘‘before’’ and ‘‘after’’ operating speed
data from another MnDOT study showing that the 85th
percentile operating speed remained the same and that
the mean operating speeds increased by 1mph following
the speed limit increase, can lead to a conclusion that the
speed limit increase from 55mph to 60mph had a very
minor to no effect on total and injury crashes when look-
ing at the aggregate safety effects for combined segment
and intersection sites (2). It is important to note that
these results are specific to the corridors that were
selected by MnDOT for the increase in speed limit; cau-
tion must be exercised when extending these to system-
wide increases in speed limits in Minnesota or in other
states, and when estimating long-term effects of speed
limit increases, as operating speeds can change over a
longer period of time (10).

Acknowledgments

The authors acknowledge the support of MnDOT in providing
the data that was used in this research. The authors also thank
MnDOT for their support and guidance throughout this effort.
The authors would also like to thank Daniel Levitt, Mike
Vann, and Amy Worzella for their support in data collection.

Author Contributions

The authors confirm contribution to the paper as follows: study
conception and design: T. Saleem; R. Srinivasan; data collec-
tion: T. Saleem; R. Srinivasan; analysis and interpretation of
results: T. Saleem; R. Srinivasan; draft manuscript preparation:
T. Saleem. All authors reviewed the results and approved the
final version of the manuscript.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Funding

The author(s) disclosed receipt of the following financial sup-
port for the research, authorship, and/or publication of this
article: This research was funded by the Minnesota Department
of Transportation (MnDOT) as part of contract entitled Traffic

Safety Evaluation, which was led by HDR.

ORCID iDs

Taha Saleem https://orcid.org/0000-0002-2878-0980
Raghavan Srinivasan https://orcid.org/0000-0002-3097-5154

References

1. Minnessota Legislature. Chapter 312, Article 11, Section

36. 2014Laws of Minnesota, 2014. https://www.revisor.mn.

gov/laws/2014/0/312/.
2. Minnessota Department of Transportation. Evaluation of

Certain Trunk Highway Speed Limits. MN DoT, 2019.

https://www.dot.state.mn.us/govrel/reports/2019/2018%20

TH%20Speed%20Limit%20Report-final%20year%20rep

ort.pdf.
3. Saleem, T., R. Srinivasan, M. Vann, D. Levitt, and A.

Worzella. Speed Limit Change (55 mph to 60 mph) Safety

Evaluation. Report No. MN-2020-06. Minnesota Depart-

ment of Transportation, 2020. http://www.dot.state.mn.us/

research/reports/2020/202006.pdf.
4. IIHS. Status Report Newsletter. Insurance Institute of

Highway Safety, Vol. 54, No. 3, 2019, pp. 1–8.
5. Sayed, T., and E. Sacchi. Evaluating the Safety Impact of

Increased Limits on Rural Highways in British Columbia.

Accident Analysis and Prevention, Vol. 95, 2016,

pp. 172–177.
6. Monsere, C., S. Kothuri, and J. Anderson. Preliminary

Analysis of Speed Limit Changes in Eastern Oregon. Ore-

gon Department of Transportation, Salem, 2018.

Saleem and Srinivasan 9

https://orcid.org/0000-0002-2878-0980
https://orcid.org/0000-0002-3097-5154
https://www.revisor.mn.gov/laws/2014/0/312/
https://www.revisor.mn.gov/laws/2014/0/312/
https://www.dot.state.mn.us/govrel/reports/2019/2018%20TH%20Speed%20Limit%20Report-final%20year%20report.pdf
https://www.dot.state.mn.us/govrel/reports/2019/2018%20TH%20Speed%20Limit%20Report-final%20year%20report.pdf
https://www.dot.state.mn.us/govrel/reports/2019/2018%20TH%20Speed%20Limit%20Report-final%20year%20report.pdf
http://www.dot.state.mn.us/research/reports/2020/202006.pdf
http://www.dot.state.mn.us/research/reports/2020/202006.pdf


7. Vadeby, A., and A. Forsman. Traffic Safety Effects of
New Speed Limits in Sweden. Accident Analysis and Pre-

vention, Vol. 114, 2018, pp. 34–39.
8. Gayah, V. V., E. T. Donnell, Z. Yu, and L. Li. Safety and

Operational Impacts of Setting Speed Limits Below Engi-
neering Recommendations. Accident Analysis and Preven-

tion, Vol. 121, 2018, pp. 43–52.
9. AASTHO. Highway Safety Manual, 1st ed. AASTHO,

Washington, D.C., 2010.
10. Hauer, E. Speed and Safety. Transportation Research

Record: Journal of the Transportation Research Board,
2009. 2103: 10–17.

11. Solomon, D. Accidents on Main Rural Highways Related to

Speed, Driver, and Vehicle. United States Bureau of Public
Roads, Washington, D.C., 1964.

12. Cirillo, J. A. Interstate System Accident Research Study II,
Interim Report II. Public Roads, Vol. 35, No. 3, 1968,
pp. 71–75.

13. Fildes, B., G. Rumbold, and A. Leening. Speed Behaviour

and Drivers’ Attitude to Speeding. Monash University Acci-
dent Research Centre, Australia, 1991.

14. Maycock, G., P. Brocklebank, and R. Hall. Road Layout
Design Standards and Driver Behavior. Proceedings of the
ICE-Transport, Vol. 135, No. 3, 1999, pp. 115–122.

15. Quimby, A., G. Maycock, C. Palmer, and S. Buttress. The
Factors That Influence a Driver’s Choice of Speed: A

Questionnaire Study. Transport Research Laboratory,
Crowthorne, 1999.

16. Finch, D., P. Kompfner, C. R. Lockwood, and G. Mayock.
Speed, Speed Limits and Crashes. Transport Research
Laboratory, Crowthorne, 1994.

17. Albee, M., and P. Bobitz. Making our Roads Safer: One

Countermeasure at a Time. Report No. FHWA-SA-21-071.
Federal Highway Administration Office of Safety,
Washington, D.C., 2021.

18. Montella, A., L. L. Imbriani, V. Marzano, and F. Maur-
iello. Effects on Speed and Safety of Point-to-Point Speed
Enforcement Systems: Evaluation on the Urban Motorway
A56 Tangenziale Di Napoli. Accident Analysis and Preven-

tion, Vol. 75, 2015, pp. 164–178.
19. La Torre, F., N. Meocci, and A. Nocentini. Safety Effects

of Automated Section Speed Control on the Italian Motor-
way Network. Journal of Safety Research, Vol. 69, 2019,
pp. 115–123.

20. Hauer, E. Observational Before-After Studies in Road

Safety. Pergamon Press, Oxford, UK, 1997.
21. Persaud, B., and C. Lyon. Empirical Bayes Before-After

Safety Studies: Lessons Learned From Two Decades of
Experience and Future Directions. Accident Analysis and

Prevention, Vol. 39, No. 3, 2007, pp. 546–555.
22. Hauer, E. The Art of Regression Modeling in Road Safety.

Springer International Publishing, New York, NY, 2015.

10 Transportation Research Record 00(0)


