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Reductions in Police-reported Injuries
Associated with Michigan’s Safety Belt Law

Fredrick M. Streff, Alexander C. Wagenaar, and Robert H. Schultz

This research measured the effects of Michigan's compulsory safety belt use
law on traffic crashes and injuries of various severities. Using time-series
methods, the authors analyzed monthly frequencies of crash-induced injuries
and fatalities from January 1978 through December 1987. Exposure to risk of
occupant injury was controlled statistically by including aggregate frequency
of crashes as a covariate in time-series models. Effects of economic conditions
on traffic crashes were controlled by including an index of unemployment as
a covariate. The following statistically significant effects were associated with
the safety belt law: (a) In crashes with minor vehicle damage, there was a
14.6% reduction in B-level injuries, an 11.0% reduction in C-level injuries, and
a 13.0% reduction in aggregate (KABC) injuries; (b} in crashes with moderate
vehicle damage, there was a 16.8% reduction in A-level injuries, an 11.6%
reduction in B-level injuries, a 10.7% reduction in C-level injuries, and a 3.6%
reduction in aggregate (KABC) injuries; (c) in crashes with severe vehicle
damage, there was a 6.3% reduction in fatalities, an 11.8% reduction in B-level
injuries, a 4.7% reduction in c-level injuries, and a 5.8% reduction in aggregate
(KABC) injuries; (d) for all vehicle damage severities, there was a 14.0%
reduction in B-level injuries, an 8.3% reduction in C-level injuries, and a 6.4%
reduction in injuries to front-seat occupants. Based on these results,
Michigan's adult safety belt law has prevented 31,710 injuries from July 1985

through December 1988.

The state of Michigan mandated use of
safety belts by drivers and front-seat
passengers age 16 years and older beginning
July 1985. The safety belt law permits
secondary enforcement only. Several studies
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have shown that compulsory belt use laws are
effective in reducing fatalities caused by
motor vehicle crashes (e.g., Campbell, 1988;
Campbell, Stewart, & Campbell, 1987;
Chorba, Reinfurt, & Hulka, 1988; Lund,
Pollner, & Williams, 1987; Partyka, 1988;
Skinner & Hoxie, 1988; Wagenaar, Maybee,
& Sullivan, 1988). However, published
evaluations to date have not thoroughly
examined in detail effects of belt use laws on
the full range of nonfatal injuries.

Campbell (1988) examined effects of North
Carolina’s compulsory safety belt law on
fatal, severe to fatal, and moderate to fatal
injuries. North Carolina’s law, which includes
a primary enforcement provision, was
implemented in two phases. In the first 15-
month phase, enforcement of the law was
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confined to oral or written warnings. The
second phase included full enforcement with
citations and a $25 fine. Using time-series
analyses, Campbell compared motor vehicle
crash casualty figures from a 57-month
baseline period to the 15-month warning-
ticket phase of the law. The warning-ticket
phase resulted in no significant change in
fatalities, a 6.9% decline (p < .10) in serious
to fatal injuries, and a 3.2% decline (p < .10)
in moderate to fatal injuries. Changes in
frequencies of moderate or severe injuries
alone were not reported. Campbell also
compared the 72-month combined baseline
and warning-ticket phases to the available 6
months of data for the full-enforcement phase.
The full-enforcement phase resulted in an
estimated 7.6% reduction in fatalities (p =.10),
a 13.6% reduction in serious to fatal injuries
(p < .01), and a 9.8% reduction in moderate
to fatal injuries (p < .01).

In a second study of the effects of North
Carolina’s safety belt use law, Chorba et al.
(1988) found that the law was associated with
significant reductions in injury. These
researchers examined North Carolina State
Police crash data, using tests for linear trends
in proportions and chi-square analyses. Trend
analyses showed that both the warning-ticket
and full-enforcement phases resulted in
significant decreasing trends in fatal and
severe injuries among front-seat occupants
and drivers, but no change in injuries among
rear-seat occupants. Injury severity and
frequency were stratified by vehicle damage
severity and impact location. The wamning-
ticket period was found to be responsible for a
significant decrease in the proportion of
drivers who experienced fatal or severe
injuries in nonfrontal crashes of medium
severity. The proportion of right-front-seat
occupants who experienced fatal or severe
injuries in frontal crashes of medium severity
also decreased compared to prelaw levels.
Full enforcement resulted in significant
decreases in the proportion of fatal or severe
injuries suffered by drivers in frontal crashes
of medium severity and in the proportion of
fatal or severe injuries among front-seat
occupants involved in severe frontal crashes
and in nonfrontal crashes of medium severity.

The findings of Chorba et al. (1988)
showed that the law was most effective in
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reducing injury in crashes of medium severity,
reflecting the effectiveness of belts previously
reported by Campbell (1987). Although
previous evaluations of belt laws in the U.S.
suggest that such laws are effective in
reducing nonfatal injuries, separate analyses
of minor, moderate, and severe injury
severities have not been conducted. As a
result, we examined effects of Michigan’s belt
law separately for minor, moderate, severe,
and fatal injuries and stratified these injuries
by crash severity.

Most evaluations have failed to control for
effects that changing economic conditions
have on traffic crashes. Several researchers
(e.g., Evans & Graham, 1987; Hoxie, Skinner,
& Wang, 1984; Joksch, 1984; Partyka, 1984;
Wagenaar, 1984; Wagenaar & Streff, 1989)
have found that economic conditions can have
a significant effect on casualties caused by
traffic crashes. Typically, as economic
conditions improve (measured by decreases in
unemployment and increases in production
indices, retail sales, and personal income),
traffic casualties tend to increase, Precise
mechanisms for this relationship have not yet
been determined, and continued research is
needed to fully understand these effects.
Possible explanations for the relationship
between improving economic conditions and
increased traffic casualties may include
increased travel (especially by teenagers, a
high risk group), increased alcohol
consumption away from home, and increased
inclinations for risk-taking during periods of
prosperity. It is unlikely that any one of these
mechanisms alone is responsible for the
observed relationship, and many other factors
are probably involved. For the purpose of
evaluating effects of belt use laws, it is
sufficient to know that there is a relationship
between economic indicators and traffic
casualty rates and to control for economic
effects statistically before assessing effects of
a safety belt law.

METHOD

A monthly time-series design was used to
control for numerous factors influencing the
number of crash injuries and fatalities that
were evident in multiyear trends, cycles, or
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other patterns. Analyses of the effects of the
safety belt law were based on a prelaw
baseline of 90 months (January 1978 through
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months (July 1985 through December 1987).
In addition, estimates of the law's effect on
injuries to rear-seat and front-seat occupants
were compared.

Data on injured occupants involved in
motor vehicle crashes were obtained from the
Michigan State Police. Records were
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Michigan reported to local or state police
agencies. Information was collected on
vehicle damage severity, as well as occupant
age, sex, and injury severity. Monthly fatality
and injury totals were computed for occupants
age 16 and over riding in passenger cars, vans,
and light trucks. Injuries and fatalities

involving ambulances, buses, specialized

vehicles, and medium and heavy trucks were
excluded because they are either exempt from
the provisions of Michigan restraint laws or

rnvarad hy nra_avigting lawe ar reanlatinng
COVEICa oYy pro-CXisiiig 1aws Or 1Cguiatisiis.

Data on monthly crash frequency and the rate
of unemployment were used to control for
other changes influencing injury and fatality
rates during the 1978-1987 period examined.
Monthly rates of unemployment among
noninstitutionalized Michigan residents age
16 and over were obtained from the U.S.
Bureau of Labor Statistics.

Our goal was to estimate shifts in each
injury and fatality time series associated with
implementation of the adult safety belt law in
July 1985. Methods of Box and Jenkins
(1976) were employed to control for long-
term trends and seasonal cycles, and
intervention models (Box & Tiao, 1975) were
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FIGURE 1
EFFECTS OF MICHIGAN'S SAFETY BELT LAW ON INJURY AND FATALITY FREQUENCIES FOR ALL
CRASHES: POINT ESTIMATES AND 95% CONFIDENCE INTERVALS
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TABLE 1
EFFECTS OF MICHIGAN'S SAFETY BELT LAW ON INJURY AND FATALITY
FREQUENCIES: TIME-SERIES MODEL ESTIMATES

951 Confidence Interval

Injury Standard b4
Category Model Parameter Estimate Ervor Change Low High
A1 injury Belt law effect -.0645 .0919 -6.25% -4.03 -8.41
(KABC) Crash frequency lag 0 .6100 .0339
Unemployment rate lag O -.0568 .0219

ARIMA (0, 0, 2) (0, 1, 1)12 adjusted R2 = .9505

Fatal injury Belt law effect -.0155 .0453 -1.54 6.77 -9.19
Crash frequency lag 0 ~.2360 L1471
Unemployment rate lag 1 .2128 .1372
Unemployment rate lag 4 -.3729 .1892
Unemployment rate lag 6 -.3192 .1495
ARIMA (0, 0, 1) (0, 1, 1)12 adjusted R2 = .6528
Severe injury Belt law effect .0030 .0211 0.30 4.54 -3.76
Crash frequency lag 0 .3118 .0626
Unemployment rate lag 1 -.2122 .0384
2
ARIMA (0, 0, 1) (0, 1, 1)12 adjusted R~ = .8539
Moderate Belt law effect -.1506 .0211 ~13.98* ~10.35 -17.47
injury Crash frequency lag 0 .3648 .0484
Unemployment rate lag 5 -.1858 .0351

ARIMA (0, 0, 4) (0, 1, l)12 adjusted R2 = .9004

Minor injury Belt law effect -.0864 .0220 -8.28* -4,23 -12.15
Crash frequency lag 0 .7634 .0351
Unemployment rate lag 2 .0439 .0425
Unemployment rate lag 3 -.0531 .0515
Unemployment rate lag 4 .0613 .0499
Unemployment rate lag 5 -.0689 .0430

2
ARIMA (0, 1, 1) (0, 1, 1)12 adjusted R~ = .9616

Front-seat Belt law effect -.0656 .0118 -6.35*% -4.16 -8.49
occupant Crash frequency lag 0 .6233 .0339
injury Unemployment rate lag O -.0576 .0219

ARIMA (0, 0, 2) (0, 1, 1)12 adjusted Rz = .9527

Rear-seat Belt law effect -.0307 .0233 -3.02 1.51 ~7.35
occupant Crash frequency lag 0 .4195 .0788
injury Unemployment rate lag 0 -.1224 .0838

Unemployment rate lag 2 .1919 .0934

Unemployment rate Tag 5 -.1619 .0695

2
ARIMA (0, 0, 1) (0, 1, 1)12 adjusted R = 7863

*p < .05,
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FIGURE 2
EFFECTS OF MICHIGAN'S SAFETY BELT LAW ON INJURY AND FATALITY FREQUENCIES
BY CRASH SEVERITY: POINT ESTIMATES AND 95% CONFIDENCE INTERVALS
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first month the law took effect. At a
conceptual level, the analytic strategy
involves explaining as much of the variance in
each variable as possible on the basis of its
own past history, before attributing any of the
variance to another variable, such as passage
of a law making restraint use compulsory.
The intervention-analysis approach is
particularly appropriate for the present study,
because the objective was to identify
significant shifts in injury and fatality
frequencies associated with the belt law,
independent of observed regularities in the
history of each variable. In short, controlling
for baseline trends and cycles with time-series
models produces more accurate estimates of
the effects of legislation mandating restraint
use.

Injury reductions associated with the adult
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injury (KABC) injury
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belt law were examined for each level of
injury severity, using the “KABC” injury
severity scale. K-level injuries are injuries
that were caused by the crash and that resulted
in death within 90 days of the incident. A-
level injuries are incapacitating injuries that
prevent injured persons from continuing
activities they were capable of performing
prior to the injury. B-level injuries include
nonincapacitating injuries that are evident to
observers at the scene of the crash in which
the injury occurred. C-level injuries are
possible injuries reported or claimed, but
which are not fatal, incapacitating, or
nonincapacitating evident injuries (National
Safety Council, 1984). Although more
precise injury severity scoring would be
desirable for examining effects of the belt law
(e.g., the Abbreviated Injury Scale, American
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TABLE 2

EFFECTS OF MICHIGAN'S SAFETY BELT LAW ON INJURY AND FATALITY FREQUENCIES
BY CRASH SEVERITY: TIME-SERIES MODEL ESTIMATES

Crash
Severity 95% Confidence Interval
and
Injury Standard %
Category Kodel Parameter Estimate Error Change Low High
Low Crash Severity
Fatal 1n;]urya
Severe injury Belt law effect -.0401 .0482 -3.93 5.59 -12.59
Crash frequency lag 0 .4032 .1325
Unemployment rate lag O -.3895 .2380
Unemployment rate lag 1 .6402 .3101
Unemployment rate lag 2 -.3222 .2294
ARIMA (0, 0, 0) (0, 1, l)12 adjusted R2 = .3870
Moderate Belt law effect -.1580 .0295 -14.62* -9.53 -19.41
injury Crash frequency lag 0 .5958 .0780
Unemployment rate lag 2 .0772 .0419
ARIMA (0, 0, 0) (0, 1, 1)12 adjusted R2 = .4981
Minor injury Belt law effect -.1162 .0352 -10.97* -4.61 -16.91
Crash frequency lag 0 .7728 .0473
Unemployment rate lag 2 .0928 .0499
Unemployment rate lag 6 -.1057 .0513
2
ARIMA (0, 1, 1) (0, 1, 1)12 adjusted R~ = .9343
A1l injury Belt law effect -.139% .0339 -13.03* -7.05 -18.62
(KABC) Crash frequency lag 0 .8648 .0509
Unemployment rate lag 2 .1164 .0477
Unemployment rate lag 6 -.0783 .0487
2
ARIMA (0, 1, 1) (0, 1, 1)12 adjusted R~ = .9338
Medium Crash Severity
Fatal 'lnjurya
Severe injury Belt law effect -.1843 .0369 -16.83* -10.59 -22.63
Crash frequency lag 0 .5338 .0768
Unemployment rate lag 4 .2473 .0766
Unemployment rate lag 5 -.3316 .0929
ARIMA (0, 1, 1) (0, 1, 1)12 adjusted RZ = ,7795
Moderate Belt law effect -.1231 .0222 ~-11.58* ~7.65 -15.35
injury Crash frequency lag 0 .5868 .0533
Unemployment rate lag 1 .0798 .0342
ARIMA (0, 0, 1) (0, 1, 1)12 adjusted R2 = .8096
Journal of Safety Research



TABLE 2

(CONTINUED)
Crash
Severity 95% Confidence Interval
and
Injury Standard %
Category Model Parameter Estimate Error Change Low High
Medium Crash Severity
(continued)
Minor injury Belt law effect -.1162 .0216 -10.73* -6.72 -14.56
Crash frequency lag 0 .8430 .0344
Unemployment rate lag 2 .0482 .0294
ARIMA (0, 1, 1) (0, 1, l)12 adjusted R2 = .9604
A1l injury Belt law effect -.0369 .0194 -3.62* 0.11 -7.22
(KABC) Crash frequency lag 0 .8674 .0414
Unemployment rate lag 4 .0960 .0455
Unemployment rate lag 6 .0784 .0429
2
ARIMA (0, 0, 3) (0, 1, 1)12 adjusted R~ = .9413
High Crash Severity
Fatal injury Belt Taw effect -.0646 .0303 -6.25% -0.52 -11.66
Crash frequency lag 0 .1210 .1696
UnempToyment rate lag 6 -.3675 .1016
2
ARIMA (0, 0, 0) (0, 1, 1)12 adjustedR™ = ,6445
Severe injury Belt law effect .0267 .0194 2.70 6.69 -1.13
Crash frequency lag 0 .4335 .0707
Unemployment rate lag 1 -.1405 .0492
ARIMA (0, O, 1) (0, 1, 1)12 adjusted R2 = .8711
Moderate Belt Taw effect -.1255 .0117 -11.79* -9,75 -13.79
injury Crash frequency lag 0 .6439 .0534
Unemployment rate lag 5 -.0622 .0344
ARIMA (0, 0, 1) (O, 1, 1)12 adjusted R2 = .9392
Minor injury Belt Taw effect -.0485 .0198 -4,73* -0.96 -8.36
Crash frequency lag 0 .9447 .0443
Unemployment rate lag 6 .0505 .0286
2
ARIMA (0, 1, 1) (0, 1, 1)12 adjusted R~ = ,9650
A1l injury Belt law effect -.0598 .0354 -5.80* 0.97 -12.12
{KABC) Crash frequency lag 0 .3870 .0470
Unemployment rate lag § -.1539 .0631
ARIMA (0, 1, 2) (0, 1, 1)12 adjusted R2 = .9255

a . : ; : ;
*p < .05. "Insufficient sample size for time-series analysis.
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TABLE 3
ANNUAL PROJECTED SAVINGS FROM
MICHIGAN'S SAFETY BELT LAW

Injury Injuries

Category Prevented Cost
Fatal 66 $ 99,000,000
A-level 494 19,266,000
B-level 4,244 50,928,000
C-Tevel 4,256 27,527,808
Annual savings 9,060 194,730,000

Association for Automotive Medicine, 1985),
such data were not available from police crash
reports.

Safety belt use laws are expected to affect
injury once a crash has occurred, but not to
affect the number of crashes. Therefore, we
controlled for exposure to the risk of injury by
including monthly aggregate crash frequency
as a covariate in the time-series models. In
addition to controlling for the risk of injury,
we also included an index of unemployment
to statistically control for the effects of
changing economic conditions on traffic
crashes.

Effects of the safety belt law on injury were
examined separately for crashes of various
levels of vehicle damage severity. Crash
damage severity was divided into three groups
using the Traffic Accident Damage (TAD,
National Safety Council, 1971) scale: minor
(TAD levels 1 and 2), moderate (TAD levels 3
and 4 ), and severe (TAD levels 5 through 8).
TAD scale estimates are made by police at the
site of the crash and are determined by the
extent of vehicle deformation caused by the
crash.

RESULTS

Estimated Reductions in Injury and
Fatality Frequencies

Michigan’s safety belt law was effective in
16

reducing motor vehicle crash casualties.
Overall, there was a 6.2% reduction in injury
to vehicle occupants associated with the safety
belt law (Figure 1, Table 1). This figure
includes fatal, A-level, B-level, and C-level
injuries to vehicle occupants, regardless of
their seating position and crash severity.
There was a 6.4% overall reduction in injuries
to front-seat occupants associated with the
law. No significant reduction in injury was
found for rear-seat occupants, supporting the
conclusion that the observed injury reduction
was caused by the implementation of the
safety belt law. When effects of the belt law
on specific injury severity levels were
examined without separating effects of
differing crash severity, there was no
significant change detected in fatal or severe
injury frequencies. However, there was a
14.0% reduction in moderate injuries and an
8.3% reduction in minor injuries associated
with the belt law.

Injury reductions associated with the safety
belt law differed by crash damage severity
(see Figure 2, Table 2). A 6.3% reduction in
fatal injuries in high-severity crashes (high
vehicle damage) was associated with the law.
Small monthly frequencies of fatal crashes
involving minor and moderate vehicle damage
precluded analysis of effects of the belt law on
fatalities in those crashes. A 16.8% reduction
in A-level injuries in crashes of moderate
severity (moderate vehicle damage) was
associated with the law; however, there was
no statistically significant change in A-level
injury frequency in minor or severe crashes.
This is consistent with the findings of
Campbell (1987) and Chorba et al. (1988).
Significant B-level and C-level injury
reductions are associated with the law for
each crash damage severity group.

Economic Benefits from Restraint Laws

Recent studies have proposed alternative
approaches to valuing the injury and loss of
life resulting from traffic crashes. Kragh,
Miller, and Reinert (1986) compared current
approaches to calculating injury costs. They
suggest the willingness-to-pay method best
represents the totality of costs related to traffic
injuries and death. This method involves an
assessment of several cost categories: (a)
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consumption goods (i.e., goods and services
not used during the remaining lifetime); (b)
human capital costs (loss of ability to perform
vocational and avocational work); (c)
psychosocial and quality of life costs (mental
anguish, drug abuse, family problems, missed
opportunities, loss of contact with
friends/community); and (d) value placed on
life and safety (money, time, freedom, and
other measures of what one is willing to pay
to reduce injuries). Miller, Luchter, and
Brinkman (1989) suggest that agencies use the
willingness-to-pay approach to estimate
rational investment levels to pay for increases
in safety and health. The U.S. Department of
Transportation estimates willingness-to-pay
costs to be (in 1986 dollars): $1.5 million for
each fatal injury, $39,000 for each A-level
injury, $12,000 for each B-level injury, and
$6,000 for each C-level injury (Federal
Highway Administration, 1988).

The value placed on life and safety
estimated by the willingness-to-pay approach
is based on reductions in probabilities of
future events rather than valuing injuries and
deaths which have already occurred. Based
on the estimated injury reductions from our
analyses, we project that 9,060 injuries are
prevented annually because of Michigan’s
safety belt law (Table 3). Based on the
willingness-to-pay cost estimation method, it
would be reasonable to invest over $194
million annually to prevent these injuries.
This acceptable level of investment is far
greater than the actual costs associated with
promoting and maintaining the belt law. The
Michigan State Police Office of Highway
Safety Planning has spent an average of
$628,192 each year to support the law
(including public information and education
campaigns, funding for increased belt law
enforcement, and sponsorship of other special
safety belt use promotion projects) since the
implementation of the law.

DISCUSSION

Significant reductions in each level of
injury severity were associated with the safety
belt law, however, the magnitude of these
reductions differed by crash severity. The belt
law appears to have been more effective in
reducing moderate and minor injuries than
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severe or fatal injuries. There was no
significant effect associated with the belt law
for fatal and severe injuries, with the
exception of significant decreases in fatal
injuries in high-severity crashes and severe
injuries in medium-severity crashes.
Moderate and minor injuries were found to
decrease in the aggregate as well as in each
level of crash severity. Although costs
associated with fatal and severe injury are
higher than those of moderate and minor
injury, a larger proportion of all motor vehicle
crash injury occurs at moderate and minor
injury levels. Thus, significant reductions in
moderate and minor injury have important
implications for public health and economic
well-being. The value associated with the
prevention of 8,500 moderate or minor
injuries in Michigan each year resulting from
the belt use law is over $75 million.

Our results show that it is valuable to
analyze belt law effects by crash severity.
Analyses of the aggregate injury data suggest
there was no effect of the belt law on fatal or
severe injuries. However, when examined by
crash severity, significant declines were
detected in fatal injuries in crashes of high
severity and in severe injuries in crashes of
medium severity. Had the data not been
analyzed by crash severity, these important
effects would have gone undetected, thus
understating the effects of the belt law. The
6.3% reduction in fatal injuries in high
severity crashes and the 16.8% reduction in
severe injuries in crashes of medium severity
prevent 66 deaths and nearly 500 serious
injuries each year in Michigan.

Although Michigan’s belt law has been
effective in reducing both fatal and nonfatal
motor vehicle crash injuries, some critics
contend that it has not produced the injury
reductions that were originally suggested by
proponents of the law. This does not appear
to be true. Based on annual roadside
observation studies of belt use at a probability
sample of 240 intersections throughout
Michigan, belt use increased from about 20%
prior to the law to 45% following its
implementation (Wagenaar & Molnar, 1989).
Using the approach of Evans (1986), observed
increases in belt use in Michigan should
reduce fatalities by 9.2% to 11.7%. Although
our point estimate of a 6.3% decline in fatal
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injuries is slightly lower than these projected
effects, the confidence band of the estimate is
within the range of expected effects.
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