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Abstract—Eftective Decomber [987 and Janygary 1988, the maximum specd limi on mcal loited
uceess Hirhways 1 Michigan wae raised troee 35 mgph o 03 inplte. This siody examined ihe effects
of the taised limit on imjuey morhedity and moralicg. A mulople dme-series desigm was wied,
omparing roeads whiere the speed limicowss raised wich roads whese the limi cemained uachanged.,
Dara were collected on timbers and rates of awtomaobile crashes, injuries, and deaths from
Junuary 1¥7% theoogh Drecember 1985, Temeseries inlerventon analyses were condusted 1o
cstimate cffecty associated with the specd limit chenge while emurothing for long-tcom tronds,
seasanal cycles, and other patterns. Stacisties] controls were alse included for major tactors
kow o nflaetce crask and injucy eates. Resolis revealed sipnificant inoresses in casualies on
roadds whers the speed Bmit was raised, incloding & 19.2% increase in facaliigs, s 3%, 85 increase
I soTHi iogunes. and & 24445 merease @ moderale sjunies. Falaldies dlso inereased on 53
mph limited access froeways, sugaosting that the 05 mph limic mar have spillover effecrs on
sepanenls of freeways whera the lunit sas ot changed. No significant changes in falites or
imjuriss were [ound en ether ivpes of roads. The ineoeised convemence of redoeed travel nme
wilh the higher speed fimil & obtaieed a1 oa significant oost inwerms of injury morbidity and
ity

Wo megsured the elfects on morbidity and mortality due o motor vehicle crashes of
raising the maximum speed limit from 35 neph to 65 mph on Michigan®s rueral interstate
highways and other rural highways built to interstate standards. In Apri] 1987, TS,
Senate Bill HR-2 was passed permirting states to raise the maximum speed limit o 63
mpl on rural interstates, Michigan's governor signed Peblic Act 154 of 1987 on October
4, 1987, increasing speed limits on segments of Michigun's rural interstate highways
from 55 to 65 mph. with no change in the minimum allowable speed of 45 mph. New
speed limit signs were in place and the speed limit was officially increased to 65 mph on
Michigan’s rural jnterstute system on November 27, 1987, Furthermore, as a part of the
massive budget reconciliation package passed in late Decamber 1987, the .5, Congress
authorized a four-yvear demonstration praject in which 20 states were permitied 1o in-
crease muaximuem speed limits from 55 to 65 mph on #erinterstate highways built o
interstate standards, Michigan chose to participate in the demonstration praject, and 63
mph speed lanit signs were i place and the new limt was in force on all affected sections
of rural noninterstate highwavs by the end of January 1U8E.

There are two major dimensions of the expected effects of the speed limit on crash
involvement: average speed and variance in speeds. Higher speeds produce preater
impact [orees in crashes. increasing the probability of serious injury or death, Assuming
that a vehicle strikes a fixed. unmoving ohject (such as a bridge abutmoenl), the kinegjc
enetgy of the accupants must be dissipated in a fraction of & second. If vehicle oceupants
are not wearing safety belts, this enerpy will be dissipated by the body against the
windshield, dashboard. stecring column, or against a seat-back. Since the kinetic energy
increases with the syuare of the speed, invreased speed disproportionately increases the

*This study was conduered while the seniod awthor was m the Univemity of Mchigan TTansporiation
Itcscarch [nstituee.
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probability that occupomts are injured. According to estimates of (iamotty and associates
{1980}, a crash with an impact speed of 40 mph 15 Mice as likely to result in serious
injury (overall AlS grester than 2) than a crash with an impact speed of 30 mph. Tn
short, if raising the speed limit o 65 mph increases average speeds on the road, the
average speed ar impact n tratfic crashes would likely increase, with a consequent
increase in probability of serious imjury oF death resulting from those crashes. In addition,
higher speeds reduce the time available for drivers 1o execute aveidance maneuvers,
ponentially increasing the number of crashes,

A second potential effect of raising the speed limir is increased speed variance.
Speed vanance refers to the distribution of speeds present on a given toad in a given
urea. That is, how many cary are gong fusier or slower than the average spead? An
increase in the proporrion of vehicles on the road that ave traveling sigmificantly slawer
oI faster than the average speed increases the probability of traffic crashes (Lave 1983;
Crarber and Gadiraw 1988). Conversely, having all vehicles traveling at the same specd
reduces the probahility of traffic crashes. The role of changing the speed limit on speed
vaplance 1% not [ully understood. There s 2 peneral statistical phenomenon that the
variance of a measure increases as fhe mean inereasas. Baked on this commoen pattern,
an increase in average speed resulting from raising the speed limit would also be expected
ter increase the variance in specds. This is intuitively reasonable, sinee some drivers, who
prefer drivimg at 55 mph. will continue 0 do so alter the limig s raised. Other dovers
will take advantapge of the raised limit 1o increase their speeds. The result is increased
speed variance, which s likely o inerease the number of crashes. In short, il the 65 mph
limit increases specd variance. a possible result is an mereascd number of traflic crashes,
causing an increase in the number of motorists killed or injurad.

Dresipn specd may also influence how the spead limit chanpe affects speed variance,
Design speed is “the maxtnum safe speed that can be maintained over a specified section
of highway when conditions are favorable such that the design features of the highway
govern” (Garber and Gadiraw 1985%). Garber and Gadiran found that speed voriance
increased as the difference between the posted speed limit and the design specd of the
road segment increased. Perhaps this is because drivers tend to inercase their driving
speed as the geometric characteristics of the roadway improve, regardlass of the posted
speed limit. Speed variance was found to be at & minimum on road segmueats where the
posted speed limit was 6 to 12 mph below the design speed. If this pattern holds truc
across jurisdictions and across time, raising the speed hmit would aot increase speed
variance as much as otherwise expected, and would ne have as deleterious effects on
injury morbidity and mortality as expected. To help isolate the ctfeets of the raised
speed limit, average speed and speed vurianes, we cxamined both nombers of trattic
crashes and levels of injury severity. But we did n colleet detailed information on
design speed and speed variance by road segment. Therefore, our results show the eficets
of the raised limit on injury outcomes, but do not fully resolve gquestions regarding the
relative contribution of changes in average speed or speed variance 1o obiscrved increases
in morbidity and mortality.

Several studics of the effect of the recent United Stules policy change permitiing
states 1o raise the speed limit from 335 o 65 mph have appesred. These reports indicate
the following effects on roads with rmscd specd limits: 20% increase in fatud and serious-
injury crashes in Texas {Brackett and Pendicton 198%). IK% increase in crushes
Alabama (Brown et al. 1989), 939 increase in the faal erash rate in New Mexico
{Gallaher ¢t al. 1989). 15% agpregate increase in fatalitics in 38 states that raised rhe
limit (Bawm et al, 1989}, 1455 aggregate increase in fatalities in 38 states that vaised the
limit {National Highway Traffic Safely Adminisitation 19893, 15% apggregale increase
in fatalities in #) states that raised the imit (Garber and Graham 1980). and 27%
ageregate increase in fatalities in 20 states that raised the hmit {McKnight et al. 1989).
Results ure not cunsistent across staes, and some of these findings are based on suspoct
analytic methods, such as use of chi-squared tests and analysis of variamee techniques
o serially correlated time-series data,
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Research design

Alternate explanations for observed changes in morbidity and martality at the time
of the speed Timit change were contralied m three ways. First, 2 monthly time-series
design was used to control for mmlti-year trends, seasonal cycles, and other regular
patterms in the outcome varables. Measurement of a significant change beginning in the
exacl month the speed liotit was raised sirengthens the argument that observed differ-
ences were due to changes in speed limit.

Second, the ime-series statistical models included several covariates, such as vehicle
miizs traveled, unemployment, and slechol consumpuion, o control for their effects on
deaths, injuries, and property damage. Inclusion of covariates in the time-setes models
further increase confidence that observed differences are a result of changes in speed
limit. In addition, elfeels of other major policy changes known to influence injury rates,
such as a compulsory safety belt law, were statistically controlled.

Third, multiple comparison time series were used o inerease confidence that the
ratsed speed limit is responsible for observed changes in morbidity and mortality, Com-
parisons wore made botween specitic road scpments where the speed linir was raised
and roads where the limit remained unchanged. Specifically, we compared changes in
the ooteome measures for road scgments where the lindl was raised o 63 mph with (1)
limited aceess highway road segments where the limit remained at 55 mph and (2} all
other roads, where existing speed limits remained unchanged. The pumary effects of
the new 65 mph limit were expected only on those segments with the higher hmil. While
there may be some spillover ceffects on other road segments where the speed limin
remained unchanged. any such spillover effects were expected to be small comparcd to
the primary effects.

Data colfection

Jata on motor vehicle crashes from January 1978 through December 1988 were
abtaingd from the Michigan Stae Police. Records were available onoall traflic erashes
occurring in Michigan reported to any state, county, or municipal police agency. Cases
included in all time scries were filtered to exclude motcr vehicle crashes involving pe-
destrians and/or pedaleyeles, sinee the raised speed limit is unlikely w affcet the behavior
of pedestrians and pedakcvelists. Each crash and injury record was seratified by whether
the crash accurred on a section of limited-access highway currently posted at 65 mph,
a sectiom of limired-scvess bighway where the speed limit remained 3% mph, or another
class of read. Furthermore, we stratified outeome measures by crash configuration (sin-
gle-vehicle, car-car, car-truck), vehicle damage level, and gender, age. and injury severity
of crash victims.”

Covarjales used in the manthly time-sercs models imclude implementation of an
adult safeiy belt law in July 1983, estimated number of vehicle miles traveled in the
state, proportion of licensed drivers under ape 23, appragate hegr consumption in the
statc. and percentage of the labor force unemployed. Data on vehicle miies traveled
and the number of licensed dovers by age and pender were ohtzined from the Federal
Highway Administration. Monthly whaolesale beer distribution figures were abtained
from the LS. HBeer Institote. Data on percentage of the labor force unempliyed wene
obtamed from the Michigan Department of Management and Budget.

Finally, quarterly dats on measured speeds of vehicles on the road were obtained
rom the Michigan Department of Transportation for the 1982-1988 period. Data are
vallected wilh pneumatic tube speed measuring devices at some locations and permanart
magnetic speed loops imbedded in the pavement at other lacations. Speeds are sampled

“Specilic operational dofiions and univariale disudloiens fon afl variabdes ace availabic Toom the authors.
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at 44 sites cach vear® Approximately one-third of these siloy are sampled quarnerly,
with the remaining sampled annually. We identified the location of each samgple site and
the current posted speed limit at each site to assess changes in driving speeds on the
road segments where the limit was rajsed to 65 mph,

Statistical analyses

The goal of the time-serics analyses was to estimate chunges in the frequency of
crashes, injugies. and deaths ussoctated with raising speed limits from 55 to 65 mph.
Box-Tenkins and Box-Tiao methods were employed 10 control for [ong-term tremds and
seasonal cycles, and tn estimate changes beginning the first month the increased specd
limit took eftect (Box and Jenkins 1976; Box and Tiao 1975). The Box-Jenkins approach
s a versatile time-series modeling stratepy that can model o wide vanety of trend,
seasonal, and other recurring patterns.

Ar a conceptual level, the analytic strategy invobves explaining us much of the
variance in each variahle as possible on the busis of its pasr history, before attribaring
any of the variance to another variable, such as the increased speed limit, The inter-
vention-analysis approach is particularly appropriate (or this study, because the objoective
was to identify significant changes in injury morbidity and mortality assoetated with the
increased specd limit. independent of observed regularities in the history of each variable.
Controlling for baseline rrends and cveles with time-series models avoids biased standard
error estimates that typically vesult from the use of conventional statistical procedures
o lime-series dati, viodating sssumptions of independence.

After controlling for long-term trends, cycles, and ether regularities with ARIMA
models, we added an intervention siep function for the month the speed limit was raised,
wr estimate the associaled change 10 each outcome variable. We added w second inter-
vention function 1o the time-series models to estimate the anticipatory effect of the policy
change. Consderable debate and moedia coverage of the speed limit issue oecurred
throughout 1987, as bills were introduced, passed, und sigoed at the federal and stuate
level. The resulting publicity may have resulted in a small portion of the law's effects
oceurting hefore the law actually ook effect. To determine whether this was the case,
wo construeted a second intervention variable a priori. based on knowledge of publicity
concerning the speed limit. The anticipatory effect variable had the valoe zero from
January 1978 through December 1986 (Fig. 1) To inecemented 01 per month from
January through March 19587, because of publicity surrounding discussions of possible
speed limit increase legislation. An additional increment of .31 was added in April to
account for the sudden increase in publicity associated with the April congressional
override of the president’s velo of the bill raising the speed limin. An additional .02 per
month increment was added {or May through Scprember, representing the Mictigan
discussion and debate of a proposed increase in speed limlt. An increment of 52 was
added in October 1987, the month Governor Blanchard signed the Dill raising the speed
limit. Finally, an increment of 04 was added for Movember 1987, such that all monthly
ingrements summed o 1.0,

A number of covariates were included in the time-series madels to wecounl for
changes in casualtics due 1o otber Factors, Covariates included Michigan's compulsory
sufety belt use law, aggregate vehicle miles traveled, propurtion of the Licensed driver
population under age 23, beer consumption, and unemployvment. These variables are
patential confoutiding fuctors because of established associations with traffic crash in-
volvement, The salety belt law signilicantly reduced injury rates in Michigan Streff et
al. 1O}, Agerepate vehicle miles traveled is a major index of exposure t risk of injury
(Jovanis and Chang 1986}, The preportion of young drivers influences Injury rates be-
cause of the overreprescniation of voung drivers in traffic crashes (Wagenaar 1983), A
miasure of wlcohal consumption was included because of the substantial proportion of
crushes that involye alcohol-impaired drivers {National Highway Trallic Safety Admin-

“Drara oo measured travel speeds sre olassificd missing for the tirsy gquartier of 1940 and the im0 quartes
of LBET due w prahlems with the menirering couipme .



575

Effects of 65 mph on injury morbidicy and morcality

Al
| 'ﬁug
.III :
| ]
|
]
1
|
]
!
0 ME—&E-EE@-&E—ME@ B BT S R b g
' i
1
1T T~ -T" T 11T r "7 """ 1" T 7 T T 1 T T I T T 1 T T
1 2 3 4 5 &7 8§ 1011121 2 24 5 6 7 8 102121 2 2 4 5 6 7 8 3101112
1087 | 1348

19EE
Fig, 1. Eunctiomal fnem of snticipatery effect varabis.

istralion 1988}, Wholesale Deer distribution was selected asx the measure of alcohol
consuimplion in preferenee 1o wial absolute aleohol from all beverages (beer, wine, and
distilled spirits) because the majority of impaired drivers are mmpatred as a result af beer
consumption (Beiger and Snortum 1985). Furthermore. previous tescarch has docy-
mented the relationship between whalesale beer distribation and the nomber of traffic
crashes (at lags of zero to two months) {Wagcnaar [9841), Finally. the unemployment

Tuble 1. Efects of increoss in maximuorm speeed Bimil: Resolts from lime-saries models wilk anticipatorny and
implementation eflec
B0E Contldenes

2849

334

Tnterval
Standanl Percent -
Estimatc Iror change Low High
Falalities
&5 MPH highways
ARIMA L0 5060, L. L)
R =03
Anticvipatory ellect .2R81 1. 2%
Impicimentaion effoct 01754 L1k 14.2 -0,5 42,
33 limited access hiphwars
ARIMA [k i (0.1 1),
R =017
Anticipatomy ptfoct 0.3zl M3kz3
impicmentation cticet 0.3231" 0.1454 L) 4o B
Al other rouds
ARIMA (14, 1, 1) (1. 1. 1),,
R - nm
Anticipatory cftcot LaTe 04278
Iniplementation eifect HRLR] £, 1085 R —-98
SeTias injuries
63 MPH higlhways
ARIMA {00, 0340, 1, 13-
R: - ﬂ'dﬁ . -
0.4937 .1424
11,3353~ HRILLT] 08 271

Ancicipatary citoct
liplemac neation eftect
53 limitad aceass higheoayy
ARIMA (0, 1) (0. 1. 1],
R =03
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Table 1. [Conticoed)

Hpe Confidence

Tokerval
Stisncdird Perenl
bstymags cryar chingc Low Hieh
Anticipatory =lect (1.27a% 1719
Implementation offec (1412972 R | 204 1332
Al other roads
ARIMA (b, 1. 1140, L, L-
Re o= (LR
Adqnicipatory effect (141539 AR
Tmplementation offect 04551 00874 R 27 257
Mloderare injurics
3 MPH highways
ARTMA (B, 0, 7710, 1. Y],
RF =150
Anicipatary ellvel 2197+ 10,1252
Tmnplemenlation eilzel 1,226 KT 254 [ kLA
55 himivedd acoess highways
ARINA O L L [ 1.
RE R
Amticipatory eftect AL 01477
Tmnplementation eifecl 010254 1,133 2.a 11.3 211
All orther roads
ARIMA {0, 1. 17 (D, 1,13,
o= 1054
Anticipatary etfest N.x26 KT (Y
Lmplemchation ettect INIERES [.ara ER] - 161
Minor mjunes
&3 mph highwavs
AWIMA (0,0, 710, L L.
R 1.6
Antigipatory cffoct 02147 01733
Implemcucazion ctiect [ERI e 000555 i . i A
53 limiked access higlways,
ARIMA 4%, 1. 17280, T, 11,
R = 037
Anticipatory effect N8 (1R
Tinplementation elfioct noLs 0.4472 T4 —13.7 6.0
All other roads
ARIMA L L L0, L 1y
R-=077
Amtivipatery effect 01862 0AlE57
ltnplementation elfioct N30 00853 3.0 -85 21.1
Froperry damage only ceashes
0% mphe highways
ARIMA D, 0, 130 1, 10
RY =082
Antictpatacy affec 0,547 1335
Tmnplementation eftcer 0,040 NAIR1E L6l 4.9 K3
35 limited access highways
ARIMA (L, L 1) (1, 1)
By
Anicipanry effeot i, 1284 0. 1686
Implemantatan ciboct ()00 0], 1600 I11.5 —13.3 T3
Al other coads
ARIMA (0, 1. 1) (1, 1, 1],
B2 o« i3
Antesnatory effeer 0,100 ,1252
Implcmentation elicct U 1147 145,100 12.2 ) kLRI

*statistically sipmificant ar p < 03 one-Gided e,

rate was incloded {with lags of zero to four months) because previous rescarch has shown
its relationship with motor vehicle crash involvement (JToksch 1984 Partyka 1984: Wag-
enaar 1Y84h; Evans and Crrabam 1988 Wagenaur and Strelf 1959).

RESULTS

Results clearly revealed sigoificant increwses in crash-induced injuries on road seg-
ments where the masitmum speed limit incressed from 35 mph o 65 mph (Table 1.
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Figure 2). Effecis attributable to the increased speed Hmit include o 39.8% (g < .05}
incresse in senous (A-level) injuries and a 25.4% (p < 03) increase in moderaie {B-
level}y injuries on road sepments with the 65 mph limit. "Fhe number of minor (C-level}
injuries did not change significantly. The nomber of vehicles invalved in property-dam-
age-only crashes increased 16.1% (p << 05) after the limit was increased. Finally. the
number of dearths on freswayvs with the 65 mph limit inereased 19.2% (p < .08) and
fatalities on limited acecss freeways posted at 55 mph incressed 38.4% {p < 5}

We believe these results reflect increased morbidity, mortality, and property damage
causally attributable o the policy raising the speed limit for two reasons. First, the
increases hegan immediately after the signs for the higher speed limit were posted.
Second. with the notable exception of fatalities on himited acecss highways that remained
at 55 mph, the increases were only found on those specific road scgments where the
posted speed limit was changed. However, it is important to notice the size of the
eomfidence intervals shown in Fig. 2 and the size of the standard ervars in Tables |
through 4. Specific pairwise comparisons between two particular road class/injury se-
verity estimates are in most cases not statistically significant. For example, our results
do not demonsirate that the ruised speed limit increased A-level mjurics sigmificantly
more thun itinereased B-Yevel injuries. The reason for the relatively large standard errors
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Table 2. Cffects of increwse in maximum spead Hmit: Resalls from rme-serigs models with implementation
cffcet ooly

W% Coprlidence

Tnlerval
Standard Pereenl e
Estimaute Rrror Chanrgs Low High
Falalities
&3 mph highwedys
ARTM A 0, 0, 51 ¢01, 1, 17,
R = 103
Linplomacication ctiect 0. lesg [P 1R.3 -0 41.8
55 Timited acosss hivhwiysy
ARIM A 0, 6,87 ¢01, 1, 17,
R* = (LK
Lmplementation «ifecr 0276 (1.1381 113 34 LAl
All vther rouds
ARIMA M, 1, 1), 1,1,
R =072
Linplementation sifect 41352 RS 16 -4.3 18.5
STk injuries
5 mph heghwayy
ARIMA (0, 0, 0h (0, 1, 10,
H' 4]
Implementaricn etfoe [ANch et LAl624 2T 13,4 s51LF
35 limated Access highways
ARTMA (0, 1 A) (0,1, 1),
185 = 41,50
Implementation stfoct - 10,1424 0,a0ng —13.3 -6 im
All uther rowds
ARIMA (00, 1,150, 1, 1),
B0y
Implementarion cticct 110334 1,053 34 &5 13.2
Meuulerate inpuries
05 mph higheays
ARIMA Q0 T30, 1, 1.
R: =144
Implementation ¢flect Mh 220" 1h. LuilH 23 0.5 353
35 himjted aoeess highwavs
ARTMA (0, L 1o, L1,
R - N3
[mplementacion cffoct — L 0s0s 1), (4a4 -44 — &7 1Lt
All ather roads
ARIMA 0,1, 1760, 1, 19,
R- 154
Implenecncation etfoct — 00120 [.0253 —1.2 —R.3 A4
Minoe iejunies
5 mph highways
ARINMA (0, 0. 7) 60,1, 13,
k- = Ihfi
Impleteentation etlect 00456 100896 4.7 9.7 a;
35 lemited wevess higheaws
ARIMA (0,1, 1) 40,1, 1,
R4 = [L57
Fuplewnentation effect —[h(HIE2 [LRLIES! -11,5 - 1A.2 15.1
All crther roads
ARIMA UL 1017 {4, E B
B =07
Imtplettentation elfect [NRCELT: [Loss 1,5 -H2 11,1
Froperly damage only crashes
03 mph highways
ARIMA UL O, (1. )
R* — &2
Implementaiion citoor 01254% n.05RG 13.2 20 244
35 imnited access highwaws
ARIMA M, L, )01, 1),
R = 1Ak
Implemnentation etlect 100128 1. K3 1,2 -154 1.2
All olher roads
ARIMA (0.1, 14 (P, 1. 1k
i = 835
impicmentation cticet —[.0340 0.0795 -3 -15.2 .z

Fhratistically sigmificunt af p < U5, one-tailed est.
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1ahle 3, [iffercntial cffccts of Increase in maximum specd hmi v 65 mph by crash configuration, vehizle
damage level, gender, and age

Q0% contidence

nterval
Seandand Perceal
Estimule erTir chamee Loy High
Crash gandiguration
Single vehicle
ARIMA 01,77 (0.1, L)y
R* A6
Apficipatory ctfect 4,181 [1.1347
Implementation eitcct 0.2031+ 0. LIK6 2L 25 470
Cag-rur
ARIMA (L 1L T7 L5, 1)
R:=1071
Antivipatary elfect 0TS (32195
Implemantation ¢ffeg 1112 L1 | it 13.8 —17.6 513
Lar-truck
ARIMA (D, L, L 1, 1)
R: - 076
Anticipatory ctfioct HELER 13,1704
lplemengation eifect (1LOrKG L 1.0 149.6 NS
Wehicle damage bovel
Fiw
ALRIMA 0.0, 1740, 1, 13,
B =041
Anticipatary ctfioct C1AISE) 11253
Tmplementation cffect 0.1258" 1h %25 13.4 23 5.7
hledium
ARTMA {0, 0140 1, 17,
S
Anticipatory eftect 0T 1. L3000
Tmplementation cfiect 0198~ Mh.DB43 127 I.4 153
High
ARIMA (4,1, 1) {0, L. 1)z
Ri = el
Ancigipatony cttect (L2003 in 1484
Lenplemcatation ettfect 80,1447 11156 1z.4 —4.4 )
Gender
Wlalc 1rriver Kare
ARMA [ AL 0, 1 1Y,
R = .77
Antimpatary elTeel 0,128 1123
Tmpementation ciliect 11437 00933 127 32 3n
Femyale Driver Rate
ARIMA {0, 6, 0140, [ 1),
s = (53
Amticiparory crtect 11,2359 1211
Implementation ellect (1.1481" [+ 1550 L&.0 51 24,1
Apgr
Age L3-24 et
ARDMA M, i 10 L, L
R = 0,77
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i4 the availubility of only 12 months of data after the intervention. {n time-serics models,
standard etrors are the smallest (all else equal) if the intervention occurs in the middle
of the serigs. Thys, when we have 10 years of postintervention data available, to com-
plement the 10 years of baseline data used, we will be able to specify the Jdifferential
effects of the increased speed limit with muoch greater precision.

We examined availabie data on travel spreds meusurcd at 53 gites throughout the
state of Michigan, to assess rhe effect of the new law omn actual travel speeds. The
propaortion of mororists traveling over the posted speed limit has been increasing throngh-
out the 1980, In addition to this gradual upward trend. there was g noticesble further
increase in travel speeds in 198K, This sudden incredsc in speeds oceorred only at those
sites where the limit was ratsed Lo &5, where the proportion of motonists exceeding 63
mph increased 21.3% from 1987 to 1988 (see the dotted line in Fig. 3). Increasing travel
speeds may rellect a decline in public support and police enforcement of the 35 Limit in
the 1980s (U.5, House of Representatives 1983).

Although the actoal posting of the new 65 mph speed lmit signs occurred in late
November 1957, consuderable discussion and publicity regarding the pending increase
in the limit oceurred throughout 1957, As a result, we hypothesized that a small portion
of the etfect of the increased limit might bave occurced belore the new sigrs were actually
posted, in anticipation of the formal change in late November and December of 1987,
W tested this hvpothesis by incorporating another variable in each time-series model
to estimate this anticipatory effect. The anticipatory and implemontation effects were
then simultaneously estimated. Resulis revealed sipgnificant increases in serous and mod-
erale injorics in anlicipation of the specd limit change, bul no significant apticipatory
effects on fatalities, minar injuries, or property-damage-only crashes [(Table 1). We
recstimated each time-series model excluding the anticipatory effect vanable to deter-
minc the effect of mefusion of (his variable on the esimates of the implementaton
effects. Results showed virtvally no differences in estimated implementation effects
{Table 2). Furthermore, the models with anticipatory effects explained the same amount
of varianee as those without (average R of models with anticipatory ¢flect paramater
wis 580, average R of models without anticipatory elfecl paramater was (582),

In addition to analyses of the speed limit effects by injury severity, we assessed
ditferential effvers of the law by crush configuration, extenl of vehicle diemage, gemder,
andd ape (Table 3), There were no significant differences in the size of the incredse in
crashes associated with the 63 mph limit across any of these grooups. The increased
injuries, deaths, and property damage after the 65 mph limit ok effeer were capericneed
by both males and females.

The quasi-experimental research design, including experimental series of road seg-
ments where the speed limit was raised and comparison series of road sepments where
the limit remained unchanged ., controdled for many threats (0 2 causal interpretstion of
ohserved increases in casualtics. To provide funither confidence that other major factors
influencing crash outcomes could net explain observed effects, we reestimated each time-
serics model including a serigs of covariates that previous stodies have demonstrated
influence crash and injury rates. Results of models including covariates revealed larger
estimated increases in fataliries, moderate injurics, and property-damage-only crashes
assoviated with the 65 mph specd limit than models wiltheot these covarates {Table 4.
Observed increases in casualties associated with the 65 mph speed limit cannot be at-
tributed to other factors such as the compulsory safety belt law, changes in vehicle miles
traveled, economic conditions, aleghol consumption. or changing demographics of the
driver population. 1l apything, estimated effects without statistical controls for these
factors onderstate the deleterious effects of the 65 mph Emil on casually oulcomes.

LISCOSETON

Raising the speed limil 1o 65 mph was followad by increased casuulties due to motor
vehicle crashes. On toad segments where the limit was raised, the percentage increases
in injury and death were targe (16%% ta 40% ), Fortunately, the limited access highways
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Tanle 4, Effects af iperease wnomaamuont speed il Resolls from time-senes modals with anticipaaoy
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Tahle 4, [Continoed)

QI canldeance
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where the limit wis taised are relstively safe, compared to ather roads in the stare.
Because limited access highways have rclatively low injury and death rates. the pro-
portional increase in caswlties on these roads represents a smaller increase in the actuai
number of pecple killed ar injured than woald oceur if the limit were rised on other
types of roads. Mevertheless, our results show that 27 additional people were killed, 222
expericnoed serious injuries, and 271 expeneoced moderate injunies in the first 13 months
with the ralsed limit (Table 3). Estimated total costs in terms of the rational investment
to prevent these additional injuries and fatalities is §57 million. Similar costs to prevent
property-damape-only crashes total 34,8 millicon.

Many observers arguc that there are also sobstantiul benefits of the raised lmit,
primarily cost savings duc to reduced travel time. Mitler argues that the costs of the
raiscd Hmit in terms of years of life lost from premature death and injury are roughly
equal to the years saved from reduced truvel time (Miller 198%), However, Miller also
poinls oul that the costs amd benetits are nol egually distributed—savings acerue to all
drivers and passengers of motor vehicles, bul custs are buon disproportionately by
those who are killed or injured in crashes. Furthermore, the risk of death ar injury is
nert squaily distributed throwghout the population of motonists {young males ate at higher
risk, for example). It is arpued by public health ethicists that equal ageregate costs and
benefits of a public policy should not necessarily be considered oflsetting f the diveri-
Bution of the eosts and benctits 15 unegual {Rawls 1977, Beauchamp 1976).

There ate other Issues that are part of the debate concerning the appropriate max-
unum speed Hmit. One might argue thar there are other policies thar can prevent as
much or more damage than the 35 mph limit, perhaps at lower cost or at least with a
different distribution of costs. The majority of the public supports the 65 mph limit (32%)
{Waugenaar et al. 1988). 4 fuct used to arpue for maintensnce of the 65 mph limit, or to
argue for better dissemination of mformation regarding increased casualticy caused by
higher spocds. Although we found gmbigeous cvidence of spillover effects in this short-
terin study, it is possible that higher speeds on selected (safer) road segments over the
long term may gradually spread wo aother (less safie) road segments, increasing the del-
etenious effects of the faiscd speed limit, Furthermore. increasing the speed lhanit on
some road segments mayv Increase the acceptability of higher speeds by both the driving
public and the law enforcement community. contributing to the “spillover™ cffeet, Fi-
nally. raming the speed limit on some roads buat not other similar roads could diven
some bratfic from the low-speed roads to the higher-speed roads.

Ultimatety, support or opposition to the 65 mph limit must be based on one's
structure of values, Is the increased convenience of faster travel worth the increased
deaths and injuries? Each individual may make his or her own decisions regarding these
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Tahle 3. Estimated mjories acributable @ imerease in specd hmit to 3 mph

Avtual Expeered® Dillercnee Cussty i
Falulities L.555 1,531 7 S:hd, 1472 41000
Sorioms injurics 222450 PN ER L Y A%7 0
Moterate injurics A% 504 45,233 n 3,544 KR
Total vaswalties 073132 i, L 33T 123 ANK
Property dammape anly crashes B30 JALED |1 2,208 A B3 A0H}
Toral (A28 LN 2728 LR RLEY

*Expccted reprascots the cstimated nwmber of deaths or injurics that would have occurred in
the 13-month post-lay peried analyred bad the specd lindt not chanped.

*Based on 1948 adjusred willingness-to-pay values of 51,634,904 per tataliey, 342,508 per sericus
injury. 31307 per moderate injury, 32080 per propery-damage-inly orash (Federal Highway
Aulministration 1988). Origimal caleulawed i 1986 dollars. adjusied annoally by consumer priee index
1 J9RK dodlars.

trade-affs. But a safe and efficient transportation system is inherently a collective gond.
Therefore, collective acknowledgement and public debate on the benefits and costs of
alternative speed limit policies is necessary (Beauchamp 1988). Moreover, decisions
regarchng sappropriate specd fimits must be based on the welfare of the community as a
whaole. Results of the current stady showing increased marhidity and mortality following
the raised specd limit are a central dimension of the dehate,
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