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Abstract

A cross-sectiona time series database of U.S. data on fatditiesand injuriesis
andysed using afixed effects negative binomia regresson. Data from 50 states over
14 yearsis used to examine the effect of various highway improvements on both
faditiesand injuries. Theseinclude the total lane miles of capacity, totd average
number of lanes by functiona road category (interdates, arterids, and collectors),
lane widths and the rel ative balance of the various road categories within each Sate.
Results strongly refute the hypothesi's that engineering design improvements have
been beneficid for reducing totd fatdities and injuries. While controlling for other
effectsit isfound that demographic changesin age cohorts, increased seetbelt use,
and increases in medica technology have accounted for alarge share of overdl
reductionsin fatdities. These results have mgor implications for the cost benefit
andysis of highway projects and for new Federd planning regulations that require

safety to be conddered as a planning factor.



Introduction

The upgrading of road infrastructure has normally been seen as a technique for
reducing fatdities and injuries associated with traffic crashes. Historical trends would
tend to support this viewpoint as fatdities per mile travelled have declined
subgtantialy over the last 30-40 yearsin the U.S. This has coincided with the
congruction of the Interstate highway system and changes in engineering standards
that have resulted in roads that generdly have fewer curves, fewer roadside hazards,
and both wider travel lanes and more travel lanes.

Conventiond traffic engineering would not question the assumption that
“safer” and newer roads reduce fataities. However, this type of approach tendsto
ignore behaviord reactions to safety improvements that may off- set fatdity reduction
gods. For example, if atwo lane road is expanded to four lanes, then many drivers
will travel at higher speeds, potentialy leading to no gainsin safety. Of course,
increased speeds dlow increased mobility benefits even if the costs associated with
crashes are not reduced.

Micro-scde analyss of specific safety improvements may show thet various
crash types can be reduced by road improvements. Thistype of andysiswill nat,
however, show what the system-wide effects” on total fatdities and injuries may be,
nor will it necessarily control for other effects and changes that occur Smultaneoudly,
such as demographic changes or increased seetbelt usage. This paper anayzes
aggregate Sate-wide data on fatdities and injuries to determine whether road
infrastructure has been beneficid in reducing fatdities and injuries. Severd variables

are used to define road infrastructure. These are total 1ane miles, the number of lanes

! systemwide effects are defined to include interactions between the road infrastructure, the vehicle,
and the behavior of the driver.



for aternative road classes, the lane widths for aternative road classes, and the
fractiond percent of each road classwithin agiven date. Changesin horizontd
curvature, shoulder widths, the separation of lanes with medians, and the presence of
roadside hazards, are not examined. However, one would expect new lane miles
constructed over time to have fewer of these characteristics than older infrastructure.
Thus the lane mile variable serves as a proxy to represent these “improvements’ in
road design. Cross-sectiond time-series datais used in afixed effects negetive
binomid regresson andyssto andyze the impact of these infrastructure variables.
This technique controls for unmeasured variables that may aso be affecting the
dependent variable.

The underlying engineering hypothesisis that road infrastructure
“improvements’ will reduce both fatdities and injuries. However, it is not found that
this hypothes's can be supported. Results actudly tend to suggest the counter-
intuitive hypothesis that these type of road “ safety improvements’ actudly lead to
gatisticaly sgnificant, though small, increasesin totdl fatdities and injuries, dl dse
equd. Thisresult has dso been suggested by other recent research using aggregate
safety data, which is reviewed in the next section.

Having found this counter-intuitive result other factors that may have led to
the observed decreasesiin totd traffic-related fataities are andyzed. Changesin
demographics, measured by changes in age cohorts are found to have the largest
effect, primarily fewer young people and more elderly people. Improvementsin
medica technology, measured using a proxy of white infant mortdity ratesis found to
aso be highly sgnificant. Increased seatbdlt usage dso has had amgor effect on

reducing fatdities.



The paper is organized asfollows. A brief review of relevant literature on
behaviora aspects of safety and some previous empirica andyss that supports the
counter-intuitive hypothesisis presented. Trendsin the data are then examined. This
isfollowed by the estimation of severa models and a discussion of the results.

Conclusons and implications for transport and safety policy are then discussed.



Literature Review and Theor etical Background

Much of the research in highway safety and the relationship to infrastructure has
focussed on specific design elements and attempts to quantify their accident reduction
potentia (Transportation Research Board, 1987; McGee et d, 1995). Much of this
previous research has focussed on calculating “ accident reduction factors’ associated
with “improvements’ in pecific design dements. The Trangportation Research
Board (1987) evduated much of the exigting literature and moddling effortsto
develop accident reduction factors. Various gaps in knowledge were identified but
the report generally concluded that new and better design standards were leading to
safety improvements.

The National Cooperative Highway Research Program (McGee et d., 1995)
attempted to fill some of the identified gaps in knowledge and produced a number of
new moddling results. All these modds, however, do not control for other effects
and do not consider system-wide impacts. Many dso fall to distinguish between the
Severity of different crash typeswhich is crucid information needed for cost benefit
andyds.

Vogt and Bared (1998) evauate changes in design parameters for two lane
rurd roads usng data from the Highway Sefety Information Sysem. Using a
population of highway segments for two dates (Washington and Minnesota) they
derive detailed satistical models linking design e ements to both total crashes and
more serious crashes involving afataity or injury (however, not disaggregating
between these two). The results of their modelling support the conventiona
engineering hypothesis. For example, they find that increasing lane widths and less
horizontal curvature reducestota crashes. While usng time-series data they do not

appear to control for timein their modd, nor other factors that may change over time.



They acknowledge the limitations of their model and that various key variables may
be omitted. Thelack of controlling for time series effects, as well as cross-sectiond
effects, islikely to bias the results of this study.

Inan analyss of sysem-wide safety effects, Boyle and Wright (1984)
hypothesized that safety treatments of accident ‘ blackspots may result in increased
accidents at other locations. They analyze data for London that suggests some
increase in accidents, though atota reduction still appears to occur. They speculate
that this effect may be due to drivers encountering fewer ‘near miss Stuations within
the previous blackspot location. This could result in areduction in cautionary
behavior and consequently an increase in accidents in locations near the previous
blackspot that would not be measured in atraditiond safety study. This type of
behaviora reaction implies that drivers now percaive their risk leve to belessthan it
was previoudy. Mogt studies of specific behaviord trestmentsfail to catch the
system-wide effects such as those studied by Boyle and Wright (1984).

More recently, aggregate data analysis has dlowed other factorsin addition to
infrastructure related factors to be andlysed. Fridstrom & Ingebrigsten (1991)
esimate a modd using monthly deata on traffic accidents for 18 countiesin Norway.
They find that extensons and improvements to the nationa road network do not have
the expected effect of improving safety. They dso find that more congested roads
leads to fewer casudties. This study controlled for many different causa factors that
aso contribute to crashes. Karlaftis & Tarko (1998) analyze county level datafrom
the state of Indiana and find that increased road mileage leads to increased accidents.
Both these studies use aggregate cross-sectiond time-series data and a negative

binomid regression asis done in the analyss presented here.



Milton & Mannering (1998) find smilar results usng data from the State of
Washington. While they find that average annud daily traffic leadsto an increasein
accidents, they dso find that when the percent of this traffic a the peak increases,
then accidents decrease (i.e., congestion leads to reduced accidents).

Milton & Mannering (1998) aso examine various geometric desgn dements.
They find that increasing the number of lanes on a given road segment, leads to more
accidents and that in Eastern Washington, narrower “substandard” lane widths (of less
than 3.5 metres or 11.5 ft) reduce accident frequency. They aso found that horizontal
curvature does not by itsalf increase accidents but was dependent upon whether large
straight sections preceded the curves. While this latter result supports the hypothesis
that reducing horizontal curvature reduces accidents, it does suggest that roads with
extensive curvature may not necessarily be less safe than straighter roads. Milton &
Mannering (1998) do not control for any time series or demographic effects in their
study.

Shankar et a. (1995) estimated a series of negative binomia regresson
models in astudy of the Interstate 91 corridor in Washington state. They found that
when curves are spaced further apart (i.e., fewer curves per mile) more severe
overturn accidents increase. This same study dso found that highway segments that
have curves with lower design speeds result in fewer accidents relative to those with
higher design speeds; though the presence of snowfall tended to increase accidents on
those segments with curves of lower design speeds. Shankar et d. (1995) found that
those accidents attributable to curves of lower design speeds tended to be less severe
than those associated with curves of higher design speeds.

Abdel-Aty & Radwan (2000) found thet ‘improvements in geometric design

variables reduce accidents. These included the degree of horizonta curvature and



shoulder, lane and median widths. They estimated a negative binomia regresson
modd with road segment data from an arteria highway in Horida. One problem with
this sudy (other than the lack of control for time and demographic effects) is that it
does not control for repeated observations (that is, multiple sampling of accidents
from each segment). Shankar et d. (1995) do control for this by including section-
specific congantsin their models. This could perhaps account for the very different
results shown by these two studies.

Ivan et d. (2000) using data from Connecticut found that link segments with
larger shoulder widths have more sngle-vehicle crashes, but do not explore this result
in detall.

Council & Stewart (1999) andysed the safety effects of converting two lane
rurd roads to ether four lane divided roads or four lane undivided roads. They found
some significant reduction in accidents for the conversion to divided roads but less
sgnificant results for undivided roads. They consider their research preliminary and
inconclusve; however, it does suggest that while specific improvements such as
separating lanes (or ingtaling medians) may be rdatively effective, merdly adding
more lanesisnot. Hadi et d. (1995) anaysed specific road improvements such as
increasing shoulder and lane widths and found some effectiveness for these
treatments. A study by Porter & England (2000) found that red-light running was
more likely at intersections with more lanes, this could imply thet the likelihood of a
crash a these intersections may be greater.

Increased congestion levels have often been assumed to lead to increased risk
for drivers. Thiswould imply that infrastructure changes or capacity increases that
reduce congestion and increase flow would lead to reductionsin risk. For example,

wider lanes are acknowledged to lead to increases in vehicle speeds and hence are



effectively adding capacity (Trangportation Research Board, 1987). Zhou &
Ssopiku (1997) andlyze a specific highway link in Michigan and find that the
relationship between the volume/capacity ratio and accidents follows a U- shaped
curve; initidly asthe ratio increases, accidents decrease, then turn up again at higher
congestion levels. More importantly, fatal accidents were found to decrease
conggtently with higher congestion levels. Thisis not a surprising result since speeds
will belower under congested conditions. One would expect more minor vehicle
interactions (i.e., fender benders) under congested conditions, but fewer fatdities.
Ivan et d. (2000) in astudy of link-segments in Connecticut found that single-vehide
crash rates are highest when volume- capacity ratios are low, but found no significance
for multi-vehicle crashes.

Shefer & Rietveld (1997) argue that the benefits of congestion reduction must
be off-set by higher accident costs. They present some empirica datato support thelr
hypothesis, but do not control for other factors. Currently, most justifications for
highway projects assume lower accident costs with decreasing congestion.

Theoreticaly, the results of these studies are not surprising despite the absence
of these type of congderationsin risk reduction strategies and cost benefit analysis.
To alarge extent the idea that both increased capacity and infrastructure
improvements may lead to increased risk is not inconsistent with the theory of risk
compensation as formulated by Peltzman (1975). This theory statesthat reductionsin
the risk of driving will be off-set by changesin driver behavior. Peltzman analysed
the impact of automobile safety regulations in the U.S. and concluded that they were
virtudly ineffective a decreasng fatdities. As postulated by Peltzman, “driving
intengity” increasesin response to safer vehicles— or aternatively, driverstake

additiond risks knowing thet their vehicles are safer and therefore the severity of a



crash, should it occur, isreduced. An dternative formulation would be that * safer”
roads result in increased mohility aswell as faster speeds and less attentive driving,
resulting in less than expected reductionsin risk.

Peltzman’ s hypothesis and methodology has undergone extensive debate in
the safety literature. Evans (1986), Graham and Garber (1984), Joksch (1976a, b) and
Robertson (19773, b; 1981) dl conducted similar studies that tended to refute the risk
compensation hypothesis, generdly by specifying different functiona formsfor the
estimated modd. Other research, using different data and techniques has tended to
support the hypothesis, including Zlatoper (1984), McCarthy (1986), Conybeare
(1980), Singh and Thayer (1992) and Traynor (1993). In addition, Wilde (1982)
specified asimilar theory of risk homeostasis based upon the literature in behaviora
psychology.

If one considers risk compensation from an economic perspective one can
consder drivers as consumers of abundle of goods, one of which is safety. Peltzman
assumed that increased consumption of safety led to increased risk taking. However,
it ismore plausble tha drivers dso consume increased mobility — thet is, increased
driving and longer distance driving. Thisincrease in exposure results in increased
risk taking smilar to Petzman’s hypothesis thet the “driving intengty” of individuas
increases.

Figure 1 illustrates potential behaviord effects graphicdly. If one assumes
that individuas (and society) decide upon explicit trade- offs between risk and
mohility then the isoquant shown in the figure illustrates this choice for a given leve
of technology. The technology represents safety devicesin vehicles (e.g. air bags)
and the exigting road infrastructure. Movement aong a given isoquant represents the

trade-off that an individua makesin sdecting agiven bundle of safety and mohility.



The more safety one desires, the less mohility one will have and vice-versa. Point A
represents a given consumer's choice where the demand curve is tangent to the
isoquant of production. If it isnow possble to provide more mobility a the same
level of safety, for example through some technologica improvement such as
congtruction of the interstate highway system or larger lane widths, then the isoquant
shifts outward. The new choice along the curve will depend, however, on the shape
of the demand curves. As can be seen in the graph, if point B is chosen, then one
achieves both safety and mobility improvements. Point C, however, while providing
greater mobility improvements actually resultsin areduction in safety (the dternative,
not shown, is aso possible which would be less mobility and more safety). This
graph could aso be extended into a third dimension which would represent
Pdtzman's “driving intendty,” one component of which might be more aggressive
driving, such as increased tail-gating, which would be a complement to increased
mohility.

The modds estimated in this paper do not analyze the full spectrum of
infragtructure " improvements’” hypothesized to improve safety. Four explicit
variables are andysed, the increase in total lane miles, changes in average number of
lanes by functiond category, changesin lane widths, and increasesin the fraction of
total lanes for each functiona road type. Capturing the interactions between road
categoriesisimportant. Chu (1999) shows how shifts to interstates may have resulted
in sgnificant reductionsin fatdities, though the increase in capacity may have
generated sgnificantly more travel (Noland, 2001).

No literature appears to have andysed the impact of medica technology
improvements on fatdities and injuries. Lave (1985) used hospitals per square mile to

attempt to account for access to medica services (in the event of acrash). Thiswould
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serve to control for rurd areas being less ble to fast medica carefor
emergencies. He found this variable to be sgnificant, though his anadlyss suffers
from not controlling for either cross-sectiond or time- series effects.

The moded developed below uses white infant mortdity rates as a proxy for
medica technology. This does not appear to have been sudied within the safety
literature. However, thereisastrand of literature that hypothesized that high
aggresson levelsin society lead to increased traffic fatdities. To examinethis
hypothess Sivak (1983) corrdated homicide rates and fatality rates from other
accidents with vehicle fatdity rates. Thiswas done using one year of data a the State
level, thusit does not control for ether cross-sectiond or time-series effects.
Neverthdess, Sivak (1983) found a correlation between homicide fatality rates and
traffic fatdity rates. He aso found a correlation with fatdity rates from other
accidents. It is possible that these corrdations are merely driven by underlying
differencesin medica technology between States.

It is clear from areview of the relevant safety literature that most analyses
have not controlled for time-series and cross-sectiond effects. The two exceptions
are Fridstrom & Ingebrigsten (1991) and Karlaftis & Tarko (1998) who found results
that question whether new infrastructure (represented by new lane miles) leads to
reduced fatalities. Y et many of the other studies, such as Milton & Mannering (1998)
have results suggesting that conventiona engineering wisdom may be suspect. The
large literature on risk compensation aso suggests counter-intuitive results but has not
focussed on road design variables. In genera, none of these studies have highlighted
their unexpected reaults, but taken as awhole, certainly suggest that conventiona

hypotheses that road “improvements’ improve safety should be reevaluated. The
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analyses presented below eval uates these issues, but first the next section discusses
the data used, various trends in the data, and the estimation methodology used.

Data, Trends, and Methodology

To anayze the relationship between road infrastructure and safety a cross-sectiond
time- series data base was collected for al 50 U.S. states over 14 years (from 1984 to
1997). Thisdatawas collected from the Federal Highway Adminigtration (FHWA)
Highway Statistics series (see, for example, US DOT, 1998). Totdl fatdities and tota
injuries by state was collected. The fatdity datawas avallable for every ate over the
14 years (for atota of 700 observations). The injury data had some omissions for
some sates and years giving atotal of 657 observations. Figure 2 showstrendsin
tota US traffic fatalities and injuries between 1967 and 1995. Totd fatdities have
generdly been decreasing over thistime period while totd injuries have shown an
upward trend. If measured per vehicle miles of travel (VMT), both fatdities and
injuries have decreased sgnificantly over time.

Data on road infrastructure included tota lane miles (excluding loca roads),
average number of lanes by functiona road category (interdtetes, arterias, and
collectors), percent of center-line miles with a given lane width by road category, and
the fractiond percent of each road category in a given state (including loca roads
within the denominator). Interstates are controlled access highways built to the most
rigorous and consistent design sandards. Arterias are generdly magor multi-lane or
intercity roads, perhaps with some controlled access, but generdly not. Thesedso
tend to be mgjor connector roads within cities and suburban areas. Collector roads are
smdler scaeroads that generdly connect local distributor roads with arterids.

Trendsin each of these variables, for the entire US, between 1985 and 1996,

aredescribed in Table 1. In generdl, these show that policies aimed a upgrading the
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design of road infragtructure have been very effective. We see that total lane miles
(exduding locd roads) have grown margindly over thistime period. The average
number of lanes on interstates and arterids has grown dightly while there has been a
small decrease in the average number of lanes on collectors. In generd, there are
more lane miles of higher functiond classification, with the percent of interdtate lane
miles growing by 5.75% and the percent of arteria lane miles growing by 8.73%.
This has been & the expense of the percent of collector lane miles which have shrunk
by 3.26%. The changesin arterid and collector lane widths have been most dramatic.
The percent of arterias with lane widths of 9 ft or less has shrunk by 48.59% while
arterids with lane widths of 12 ft or greater have increased by 10.33%. Some 67% of
arterias dready had 12 ft or greater lane widths in 1985 and this fraction increased to
74% by 1995. A similar trend is gpparent for collector road lane widths, with amove
towards more roads with wider 11 or 12 ft lanes and fewer with 9 ft or 10 ft lanes.
Obvioudy, acasud interpretation of these trends and those for totd fataities would
suggest that as we have upgraded highway facilities, we have reduced fatdlities.

In addition, estimates of seatbelt usage, by State, were used to control for the
effects of increased seatbelt use. This datawas only available since 1990. The
anadyses d 0 atemptsto control for seatbdt effects by including dummy variables for
those states with either primary or secondary seatbelt laws (described further below).

Data on total population, VMT, per capitaincome, acohol consumption and
population by age cohorts was aso collected. These are used in the models discussed
below primarily to control for other factors thet are likely to affect fatalities and
injuries.

The occurrence of traffic crashes and the resulting injuries and fatdities are

poisson distributed. Ordinary least squares regression is inappropriate for count data
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snceitisnot normdly distributed. In addition, count data is inherently non-negative.
The use of apoisson regression will, however, suffer from over-dispersion in the error
term due to the inequdity of the mean and variance withinthe data. Thisiseesly
corrected by using a negative binomia regression (Karlaftis & Tarko, 1998).

The use of cross-sectiond time-series datain this analyss introduces the
problem of heterogeneity in the data. These are unobserved factors that might be
associated with a given cross-section (or state in the data used here) or time period.
Not accounting for heterogeneity can lead to biased coefficient etimates. A
technique to account for thiswas developed by Hausman et a. (1984) and has been
described as a negative binomid fixed effectsmodel. The Stata software package
(Stata Corp., 1999) provides a procedure for implementing this estimation method
which isused in the analysis below.

Themoded can be written as,

Inl , =k, +b%,, i=1,..N, t=1,.T;

The parameter k; is a vector representing the effect of excluded variables for each
cross-sectiond unit; N represents the number of cross-sectiond units, and T; isthe
time period. The vector of parameters to be estimated is b while x;; isthe matrix of
independent variables. Hausman et d. (1984) provide further details on the model
used. Theindependent varigbles are further specified logarithmicaly in the models
that follow.

Lave (1989) criticizes the use of aggregate datain accident anadlysis. He
compares results using statewide data for al highway types with data disaggregated
by highway type and shows different results on key policy variables. Hisandyss,
however, uses a one-year cross-section of data and hence cannot adequately control

for the many other factors that may influence the modd. Likewise, Loeb (1987) uses
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aggregate data with various socio-economic variables to anayze fatdity rates. While
showing severa formulations that suggest robust results, the use of aone-year cross-
section cannot control for heterogeneity in the data for the various states? Fridstrom
and Ingebrigsten (1991) point out that the key advantage of using aggregate detais
that it can capture effects such as blackspot migration which could be potentidly lost
using disaggregate data (Boyle & Wright, 1984). Despite this, the studies of Loeb
(1987) and other work criticized by Lave (1989) are probably not deficient for the use
of aggregate data, but rather for the use of indadequate satistical techniques that do
not account for heterogeneity and effects unmeasurable to the andyst as causal
factors.
Modelling Results
A number of different models were estimated using the data described previoudy.
The key variables of interest are the infrastructure variables. Other variables known
to effect crashes are dso included, specificaly age cohorts, per capitaincome, state
population, and VMT. VMT and population can not be included in the same model
dueto being highly collinear. Separate models for each are therefore estimated.
Table 2 has results for models estimated controlling for State population while
Table 3 has amilar modds but with vehicle miles of travel (VMT) substituted for
population. The results are quite robust across both moded specifications. The
discusson that follows focuses on Table 2 for brevity, but could equally apply to the
resultsin Table 3. The dependent variables are indicated on the top row of each
column; these are the total desths (DEATHS) and totdl injuries (INJURED) from

traffic-related crashes.

2 L oeb (1987) identifies three policy variables that may affect fatality rates. These are statewide beer
consumption, whether or not the state has a vehicle inspection program, and speed. Interestingly, he
finds that highway miles are not significant.
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Models A and B contain al the relevant infrastructure variables. In modelsC
and D, the lane width variables are dropped to test the robustness of the model
without these variables. Models E and F include ethanol consumption as an
independent variable while dropping population due to the high correlation between
these two variables (and likewise with VMT). Modds G and H, which we discuss
further below, contain seatbelt usage as an independent variable and are estimated
only for the years 1990-1997.

Totd lane miles are found to be highly significant acrossmodels A — F for
both totdl fatalities and injuries® The coefficient values are relaively robust, though
in models E and F the lane mile coefficient is reduced in value. Thisisdueto a
relaively high and coincidental correlation between lane miles and ethanol
consumption. Mode G, based on asmaler data set, does not give a significant result
on the lane mile varigble,

No sgnificant effect isfound for increases in the average amount of intersate
lanes on fatdities. Thisis an important result thet refutes the assumption that more
lanes necessarily reduces fatdities. Of more importance, adding interdtate lanesis
found to increase totd injuries. Modd G shows this variable to be sgnificant with
respect to totd fatdities over the shorter time span of 1990-1997. It isunclear why
this result occurs.

Incresses in the average number of arteria lanesisfound to be sgnificant in
increasing totd fatdities and tota injuries while increases in the average number of
collector lanes does not affect injuries but results in increased fatdities. It gppears
that having large arterids and collectors with multiple lanes increases fatdities while

this does not happen for interstates. This may be due to cross-traffic, turning
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movements, and other roadside distractions that would not be present on an interdtate.
However, multiple lane interstates clearly have safety problems that result in more
traffic rlated injuries.

The percent of lane miles by each road category shows that those states with
more lane miles of interdtate (relative to other categories) have agtaidticaly
sgnificant reduction ininjuries. Thisis condgstent with the hypothesis that interstate
highways are safer, relative to other road categories (probably due to access controls).
However, thereis not atigicdly sgnificant reduction in fatdities when a Sate has
proportionaly more interstate lane miles. States with alarger share of arteria lane
milesin their networks have more fatdities and injuries, while those with more
collectors have moreinjuries. Thisresult tends to support conventiona engineering
wisdom that interdtate highways are safer but is confounded by the positive
coefficient on the average number of interstate lanes increasing totd injuries.

Those states with more arterias with lane widths of 9 ft or less have fewer
traffic injuries; the coefficient on this varigble is not Sgnificant for the fatdity
models, though it is pogtive. The coefficients for arterias with lane widths of 10 ft
are dl negative and significant, while those for arterids with lane widths of 11 ft are
dl inggnificant. The coefficient for arterid lane widths of 12 ft or greater isaso not
sgnificant for ether injuries or fatdities.

For collector lane widths we see asmilar, but dightly different pattern. The
coefficient for collectors with lane widths of 9 ft or less are negative and significant
indicating thet smdler lane widths reduce both fatdities and injuries. For 10 ft lane

widths there is no satistical sgnificance and for 11 ft lane widths there is a negative

3 Given that the conventional engineering hypothesis assumes that added (or new) |lane miles should
reduce fatalities and injuries we can use a one-tailed test to reject this hypothesis. Therefore our 95%
confidenceinterval isequivalent to atest statistic of 1.65.

17



and dgnificant effect. The coefficient for lane widths of 12 ft or greeter on collectors
isSgnificant and pogtive for fatdities but inggnificant for injuries.

The data on the lane width variables was dso andysed by including only one
of the corresponding variablesin each model. Thiswas done due to moderate (but not
large) correlation between some of the lane width variables. Generdly, the
correlations between these variables were about 0.50 with only 3 of the 28
correlations exceeding 0.70. In Table 4 these coefficient values and their test datistic
are shown (other coefficients had smilar valuesto thosein Tables2 and 3 and are
omitted for brevity). The pattern in the coefficients for both the fatdity and injury
modelsis quite clear. Asmore arterial and collector lane widths are increased up to
12 ft or more, traffic fataities and injuriesincrease. The coefficients for 12 foot or
greater lane widths are the only estimates that are positive and sgnificant. Estimates
for coefficients of smaller lane widths are either Sgnificantly negative or
inggnificant.

These results are quite stunning asiit is generd practice to improve the safety
of roads by increasing lane widths. Clearly these results suggest that drivers must
react to increased lane widths, which can increase driver comfort, by reducing their
caution, increasing their speeds and therefore off- setting expected safety benefits.

Table 5 summarizes the conventiona engineering wisdom on how highway
engineering “improvements’ affect safety and are compared with the results derived
here. Ascan be seen, itisin generd, not possible to support the engineering
hypotheses. The one result consstent with engineering hypotheses is thet arteria
roads are generaly less safe than controlled access facilities (interstates). This
andydis found sgnificant injury reduction benefits from controlled access facilities

compared to more fatdities and injuries due to arterid roads.
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Other varigbles are included in the regressions primarily to control for other
effects. However, these variables dso show some interesting results and help explain
the observed trends in total traffic related fatdities and injureis. States with higher
per capitaincome tend to have higher fatalities and injuries. Larger population does
not seem to conclusvely lead to more fataities (modd C shows a significant effect,
while A does not), but does lead to fewer injuries. Increased VMT (Table 3) is
sgnificant in incressing fatdities and in decreasing injuries. Most importantly it was
found that changesin age cohorts has alarge Sgnificant effect on both fatdities and
injuries. The percent of the population between 15 and 24 years of age increases both
fatdities and injuries as one would expect, Snce driversin this age group are well
known for being involved in more crashes. However, increases in the percent of the
population over age 75 leads to fewer fatdities and injuries, which isasurprisng
result.*

Modes E and F in Table 1 replace the population variable with a variable for
tota ethanol consumption. These variables are highly correlated with each other and
thus cannot be included in the same model. Other variables, with some minor
exceptions are quite robust. Lane milesisaso relatively correlated with ethanol
consumption and shows a reduced vaue in both the fatdity and injury modd.

Ethanol consumption is, not surprisngly, highly sgnificant in the fatdity modd, but
not in the injury moad.

Two different sets of variables are included to capture effects from seatbelt
use. Thefirg istheincluson of adummy varigble representing whether a sate has
ether aprimary seatbelt law, a secondary seetbdt law, or none at dl. Primary laws

alow police officersto ticket those they see who are not wearing seeatbelts.

* Interestingly, some preliminary analysis of impacts on pedestrian fatalities shows that stateswith a
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Secondary laws only alow tickets to be given if drivers have committed some other
moving violaion. Mog dates have secondary laws while afew have recently enacted
primary laws. Thesevariablesareincluded in ModdsA — F. Primary lavs seem to
reduce fatdities and injuries, while secondary laws result in an increase in fatdities.
McCarthy (1999), usng Cdifornia data, found that enactment of a seatbelt law had no
sgnificant effect on fatdities. Both laws are found to increase seat belt usage, as
shownin Table 6. Modds G and H include seatbelt usage and thisis found to be
highly sgnificant & decreasing fatdities, but not significant for decreasing injuries.
These reaults are quite interesting and deserve more exploration, but are not examined
further in this paper. These variables are included only to control for these effects to
verify the robustness of our key variables of interest which are the infrastructure
varigbles.

The year variable, which represents atime trend, is negative and significant
for desths. This meansthat over time the overal number of deathsis decreasing due
to unmeasured factors not included in the regresson. Injuries show an increase over
time in the models contralled for VMT (Table 3). In the fatality modd with seatbelt
use data (Modd G), however, the year variable becomes insgnificant, suggesting that
much of the unmeasured downward trend is picked up by increased seatbdlt use.
Modd G, however, uses only 8 years of data and thereforeit is difficult to know
whether the lack of sgnificance may also be dueto ashorter timetrend. The year
trend isindgnificant for injuries but shows a sgnificant positive effect in the seetbelt
model (Modd H). The fixed effects methodology used accounts for state- gpecific

effectsthat are missing in the model, such as seetbelt usage in Modds A — D.

higher fraction of elderly people have more pedestrian fatalities.
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Therefore, it islikely that the change in Sgnificance levelsin Models G and H are a
least partly due to the shorter time trend.

Thiswas tested by running Models A-D with data for the shorter time trend
(1990-1997). Resaults (not shown here for brevity) indicate thet the year varigbleis
bardy sgnificant at the 90% level. The coefficient leve is about —0.008, which is
about midway between the values estimated with the full time trend and the seetbelt
usage model. This suggests that some of the time trend is probably captured by the
seatbelt coefficient, but not necessarily dl of it.

Another factor that could be missing from the modd are various
improvementsin vehicle safety over thistime frame. The largest innovation that
occurs within the time frame of the datais the introduction of air bags, starting about
1993. Given that airbag penetration rates within the total vehicle fleet were not yet
subgtantia within the data s, thisis unlikely to be amgor influence. 1t may be
having more of an effect within the seatbelt modd with a shorter time series and
arbag use could perhaps aso make seatbelts more effective.

Another possibility isthat improvementsin medical technology may aso be
playing asgnificant role in reducing overdl traffic-related fatdities. To examinethis
effect, two variadbles aretested. Thefirg, isthe dengty of hospitals within a Sate
which may serve as a proxy for emergency response times and for the relative amount
of rurd areas within astate. One would expect a higher density of hospitals to result
in fewer fatdities. Lave (1985) showed that this was a Sgnificant variable, with those
dates having ahigher dengty of hospitals per square mile having fewer fatdlities,
however, he did not use time series datain hisanalyss. This variable was not

ggnificant in the models estimated.
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A better reflection of changesin medica technology isto find agood proxy
for life saving capabilities. Many of these are often correlated with per capitaincome.
For this reason, white infant mortdity levelsistested, to avoid the stronger
corrdaions that total infant mortaity or expected life expectancy per sate would
have. Thisvariable shows alarge variation both across time and across Sates.
Nationwide white infant mortdity rates have decreased by 34%, from 9.43 to 6.18
deaths per 1000 births between 1985 and 1996. For agiven year, thereisalarge
variability between gates, ranging from aminimum of 7.5 deaths per 1000 birthsin
1985 for the states of Hawaii and Massachusetts to a high of 12.2 deaths per 1000
births for the states of Wyoming and Delaware. In 1996 the range was 4.4 to 8.4 with
Hawaii and Maine having the lowest rate and Nebraska and Arkansas having the
highest rates. Overdl correlation with per capitaincome is only 0.48.

Thisvariable is used in the modd s presented in Tables 7 and 8 (for population
and VMT modeds, respectively). The logarithm of the inverse of the white infant
mortality rateis used so that increasing values represent an increase in the leve of
medica technology. Datawas available only for 1985 — 1986, 1988, 1990, and 1992-
1996. Missing years werefilled in with averaged vaues from bordering years. Tests
of the mode with missing years produced essentidly the same results.

As can be seen, this variable is negative and highly significant in the fatdity
models, implying that increasesin medica technology reduce totd traffic-related
fadities. The coefficient isdso sgnificant in Modd G which explicitly controls for
seetbelt usage. Equdly important, the varigbleis not at dl sgnificant in the injury
modes. Therefore, it gppearsto be picking up the ability of medicd technology to
reduce the incidence of fatditiesin the most severe crashes; though, as one would

expect, injuries would not be affected by medical technology improvements.
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The year trend variable is reduced in magnitude when the medica technology
proxy isincluded in the modd. Whilethetimetrend is generdly ill Sgnificant, in
some of the estimatesit is no longer Sgnificant a the 95% level. Thereisless
difference in the time trend for the injury modds. While thisindicates that there are
gtill some other unmeasured factors that are reducing fatalities over time, accounting
for medical technology effects picks up some of thiseffect. It is probable that the
remaining unmeasured effects are due to various improvements in vehicle technology
over time.

As mentioned previoudy, the seatbelt modds (Mode G) aso capture much of
the time trend effect. When Models A-D are estimated with the shorter time trend
data and with the medica technology proxy, it is still sgnificant. The timetrend
variable, however, has about the same magnitude, though it is not Sgnificant at the
95% leve. Thistendsto suggest that medica technology improvements are picking
up some of the resdud time trend effect in the data, at least between 1985-1996, and
mogt likely in the shorter time trend from 1990-1996.

These results show that in generd, infrastructure “improvements’ have led to
an increase in totd traffic-related fatdities, while demographic changes and medical
technology improvements have decreased fatdities. Increased seatbelt usage also
appears to have decreased fatdities though the impact of seetbdlt legidation isless
clear. A relevant question iswhat the relative impact of changes over time have been.

Table 9 and Table 10 show for the population and VMT models (A and B)
how 1985 fatdities and injuries would have changed with the infrastructure,
demographics and medica technology levelsfor 1996. Medicd technology
improvements (as measured by the proxy) indicate that between 3767 — 4158 fewer

fataities would have occurred in 1985 if 1996 medical technology were available.
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Thisisamogt 10% of dl treffic-related fataities. If 1996 infrastructure were
avallable in 1985, this would have resulted in between about 1995-2249 additional
fatalities and 302,000 to 489,000 more injuries. Amongst the infrastructure variables,
increasesin lane widths to 12 foot widths seems to account for over half of the total
increase in fataities and about one-quarter of the increase ininjuries. Increasesin the
arterid network aso account for alarge share of the increase in fatdities due to
infragtructure” improvements.”

Increasesin per capitaincome account for the greatest estimated increasein
fatalitiesand injuries. Increased seatbelt usage gppears to have the greatest impact on
fatality reduction based upon estimated nationwide usage of only 21% in 1985
increasing to 68% nationwide in 1996 (US DOT, 1998). Applying the estimate from
Modd G, using just 8 years of datato 1985 — 1996, some 15574 fatdities could have
been avoided if 1996 seatbdt usage rates were occurring in 1985. The other largest
influence on reducing fatdities is the reduction in the percent of people aged between
15-24 and the increase in those aged over 75. If 1996 population cohorts are applied
to 1985, then in totd, over 10,000 fatdities and nearly 1,000,000 injuries would have
been avoided.

Conclusons

The results of thisanalysis suggest that changesin highway infrastructure that have
occurred between 1984 and 1997 have not reduced traffic fatdities and injuries and
have even had the effect of increasing totd fatditiesand injuries. Thisconcluson
conflicts with conventiona engineering wisdom on the benefits of “improving’
highway facilities and achieving higher sandards of design (Trangportation Research
Board, 1987). While not dl explicit highway design improvements were anaysed,

the fact that adding new and higher design slandard lane miles leads to increased
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fatdities and injuries suggests that new “improved” design standards are not
achieving safety bendfits The review of the literature identified other studies that
have found this effect, though these sudies have not clearly interpreted the
implications for trangport and safety policy.

Other factors, primarily changes in the demographic age mix of the
population, increased seatbelt usage, and improvements in medica technology are
responsible for the downward trend in total fatal accidents. To date, these changes
have been more than sufficient to off-set the effect of increasing per capitaincome
and the effects of various infrastructure improvements.

The results tend to support the theory of risk compensation, in that driver
behaviord changeswill off-set various factors aimed at improving safety. Inthe
results of our modds, much of this may result from higher design standards alowing
drivers to increase their speeds on roads and reduce their levels of caution. This
alowsthe driver to make atrade-off between mobility and safety. It dso impliestha
to reduce fataitiesit is necessary to change driver behavior, as demonstrated by the
effectiveness of increased seetbelt usage.

Treffic caming initiatives were not anadlysed in thisstudy.  Traffic caming
safety enhancements, however, tend to lower driving speeds and require the driver to
increase their attentiveness. To some extent, this could result in abehaviourd effect
opposite of that resulting from higher design standards. Thiswould suggest that
traffic caming, while not explicitly studied here, may be an effective infrastructure
change for improving safety.

Currently the US Department of Transportation uses the Highway Economics
Requirements System (HERS) to forecast future financia requirements for

nationwide highway needs. This modeling system includes explicit consderation of
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various engineering design criteria, such as lane widths, shoulder widths, and
horizonta curvature and calculates crash reduction rates based upon various
engineering studies (Cambridge Systematics, 1998; US DOT, 1999). These studies
provide explicit coefficient linking infrastructure improvements to crash reduction.
However, they do not control for other effects as the analysis here does. It isnot
known how the contribution of estimated safety benefitsin the current HERS model
affects total forecast needs, but presumably if the current safety relationships were
removed the financia need for more highway spending would be reduced.

Highway project decison making is criticaly linked to current assumptions
about the beneficid aspects of “improved” design stlandards. Many projects are
justified based upon their crash reduction benefits, for example, as stated in
environmenta impact atements. Implied in thisis the decision thet dlowing some
levd of environmenta damage is acceptable when safety benefits can be achieved.
The Clean Air Act explicitly exempts safety related projects from the need to conform
with ar quality requirements as dated in ate implementation plans. Obvioudy, if
safety benefits cannot be achieved while adlowing environmenta degradation, this
chdlenges a criticd judtification for many projects.

Thisisnot to say that al highway projects that may decrease sifety are
necessily not beneficia. Mohbility improvements may still be achievable, though
explicitly recognizing any safety costs would improve decision making.

Whileit is difficult to forecast what future trends in fatdities will occur,
current demographic trends with an increase in the elderly population and fewer
younger people suggest that downward trends will continue. It is even more difficult
to know how much more medica technology will improve over time, but it is

certainly possible that the pace of improvement may be less rgpid than in the past (or
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dternatively it may accelerate). Increased seatbdt usage is Hill feasible and can ill
be effective a reducing future fatdities. It islikely that downward trends may
continue despite increased design upgrading of highway and road infrastructure.

The modelling framework used in this paper can be expanded in severd ways.
Fird, it should be feasible to andyze various sub-categories of crash types, such as
pededtrian fatdities and injuries or those involving children. In addition, it would be
desirable to include data on other infrastructure e ements, such as horizontal curvature
and shoulder widths. This datamay be available in the Highway Performance
Monitoring System database. It is hoped that further andysis of these relationships
will help to darify the effects found here.
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Tablel
Trendsin Highway Infrastructure Variables

1985vauel 1996 vdue Percent

change

Totd Lane Miles (excludes local roads) 8,015,290 8,174,379 1.98%
Average Number of Interstate Lanes 4.39 452 2.78%
Average Number of Arterid Lanes 2.38 2.44 2.40%
Average Number of Collector Lanes 2.02 2.02 -0.04%
Percent of Lane Milesthat are Interstates 2.37% 2.50% 5.75%
Percent of Lane Milesthat are Arterids 10.58% 11.50% 8.73%
Percent of Lane Milesthat are Collectors 20.27% 19.61% -3.26%
Percent Arteridswith 9 ft or less Lane Widths 3.06% 1.57% -48.59%
Percent Arterias with 10 ft Lane Widths 12.87% 9.50% -26.12%)
Percent Arterids with 11 ft Lane Widths 17.01% 14.93% -12.24%
Percent Arteridswith 12 ft or greater Lane Widths 67.07% 74.00% 10.33%
Percent Collectors with 9 ft or less Lane Widths 16.21% 11.03% -31.95%
Percent Collectors with 10 ft Lane Widths 31.60% 27.54% -12.83%
Percent Collectors with 11 ft Lane Widths 20.25% 22.73% 12.26%
Percent Collectors with 12 ft or greater Lane Widths 31.95% 38.70% 21.13%
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Table?2

Fixed Effect Negative Binomial Regressionswith State Data (controlled for

population)
Aggregate State Data Dependent Variable
DEATHS INJURED DEATHS INJURED
(A) (B) © (D)
Y ears of data 1984-1997 1984-1997 1984-1997 1984-1997
Log(total lane miles) 0.403 0.661 0.378 0.675
(3.632) (4.914) (3.585) (4.833)
Log(average number of interstate lanes) -0.030 2.486 -0.172 2.203
(-0.116) (6.186) (-0.673) (5.252)
Log(average number of arterid lanes) 0.208 0.531 0.309 0.808
(1.829) (2.215) (2.836) (3.125)
Log(average number of collector lanes) 1281 -0.751 1.339 -0.028
(3.226) (-0.775) (3.249) (-0.025)
Log(percent interstate lane miles) 0.099 -0.224 0.045 -0.386
(1.112) (-1.781) (0.511) (-2.945)
Log(percent arteria lane miles) 0.181 0.277 0.208 0.474
(2.301) (2.066) (2.715) (3.368)
Log(percent collector lane miles) 0.088 0.332 0.072 0.326
(1.207) (3.603) (0.981) (3.459)
Log(per capitaincome) 1.267 1.053 1.270 1.097
(11.536) (5.398) (11.615) (5.301)
Log(population) 0.029 -0.503 0.151 -0.586
(0.314) (-4.760) (1.825) (-5.552)
Log(percent population aged 15-24) 0.680 0.639 0.682 0.626
(9.609) (5.649) (9.992) (5.196)
Log(percent population over age 75) -0.651 -0.732 -0.604 -0.621
(-7.517) (-5.847) (-7.287) (-4.543)
Year -0.012 0.008 -0.013 0.013
(-4.312) (1.829) (-4.860) (2.761)
Log(percent arterials with lane widths of 9 0.007 -0.022 - -
ft. or less) (1.461) (-2.819)
Log(percent arterials with lane widths of -0.020 -0.031 - -
10ft.) (-2.066) (-2.362)
Log(percent arterials with lane widths of 0.001 -0.017 - -
111t.) (0.100) (-1.067)
Log(percent arterials with lane widths of -0.013 0.096 - -
12 ft. or greater) (-0.233) (0.896)
Log(percent collectors with lane widths of -0.021 -0.031 - -
9 ft. or less) (-2.806) (-2.805)
Log(percent collectors with lane widths of 0.029 -0.013 - -
10ft.) (1.603) (-0.432)
Log(percent collectors with lane widths of -0.028 -0.048 - -
111t.) (-2.971) (-3.804)
Log(percent collectors with lane widths of 0.064 0.015 - -
12 ft. or greater) (2.367) (0.263)
Primary Seatbelt Law -0.060 -0.050 -0.054 -0.051
(-3.966) (-1.618) (-3.627) (-1.568)
Secondary Sestbelt Law 0.022 0.015 0.028 0.012
(2.181) (0.777) (2.750) (0.580)
Constant 11.501 -27.952 11.569 -36.307
(2.339) (-3.406) (2.490) (-4.409)
N 700 657 700 657
Log likelihood -3307.06 -6026.78 -3321.85 -6060.95

Test statistic isin parentheses
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Table 2 (continued)

Fixed Effect Negative Binomial Regressionswith State Data (controlled for

population)
Aggregate State Data Dependent Variable
DEATHS INJURED DEATHS INJURED
B (3] G) (H)
Y ears of data 1984-1997 1984-1997 1990-1997 1990-1997
Log(totd lane miles) 0.190 0.441 -0.228 0.895
(1.933) (3.679) (-0.995) (3.284)
Log(average number of interstate lanes) -0.192 2.129 1.334 2.308
(-0.791) (5.424) (3.259) (3.143)
Log(average number of arterid lanes) 0.146 0.505 0.389 0.702
(1.332) (2.090) (2.193) (1.350)
Log(average number of collector lanes) 1157 -0.512 0.033 0.511
(2.961) (-0.522) (0.060) (0.353)
Log(percent interstate lane miles) 0.069 -0.321 -0.008 -0.104
(0.800) (-2.652) (-0.049) (-0.356)
Log(percent arteria lane miles) 0.076 0.122 -0.075 0.307
(1.072) (0.960) (-0.676) (1.403)
Log(percent collector lane miles) 0.047 0.287 -0.047 0.159
(0.711) (3.048) (-0.509) (1.638)
Log(total ethanol consumed) 0.326 -0.319 - -
(5.236) (-3.165)
Log(per capitaincome) 1.094 1.160 1.130 -0.684
(9.870) (5.441) (6.037) (1.814)
Log(population) - - 0.167 -0.949
(1.008) (-4.315)
Log(percent population aged 15-24) 0.546 0.720 0.885 0.963
(7.282) (5.941) (5.920) (3.607)
Log(percent population over age 75) -0.566 -0.732 -0.494 -0.797
(-6.476) (-5.643) (-2.393) (-2.549)
Year -0.009 0.005 -0.004 0.024
(-3.328) (0.708) (-0.803) (2.727)
Log(percent arterials with lane widths of 9 0.007 -0.019 0.008 -0.022
ft. or less) (1.530) (-2.468) (1.317) (-2.499)
Log(percent arterials with lane widths of -0.018 -0.037 -0.009 0.012
10ft.) (-1.789) (-2.762) (-0.635) (0.614)
Log(percent arterials with lane widths of -0.005 -0.0012 -0.010 0.003
111ft.) (-0.393) (-0.736) (-0.620) (0.144)
Log(percent arterials with lane widths of -0.029 0.095 -0.152 0.081
12 ft. or greater) (-0.518) (0.867) (-1.219) (0.277)
Log(percent collectors with lane widths of -0.016 -0.030 -0.016 -0.004
9 ft. or less) (-2.190) (-2.538) (-1.438) (-0.237)
Log(percent collectors with lane widths of 0.025 -0.026 0.009 -0.112
10ft.) (1.400) (-0.852) (0.314) (-2.229)
Log(percent collectors with lane widths of -0.020 -0.046 -0.008 -0.048
111ft) (-2.166) (-3.498) (-0.704) (-3.117)
Log(percent collectors with lane widths of 0.055 0.061 0.129 0.161
12 ft. or greater) (2.141) (1.084) (2.853) (1.377)
Primary Seatbelt Law -0.046 -0.059 - -
(-3.208) (-1.880)
Secondary Seatbelt Law 0.020 0.016 - -
(2.001) (0.802)
Log(percent seatbelt usage) - - -0.134 -0.036
(-4.627) (-0.701)
Constant 7.528 -21.481 1.283 -51.475
(1.535) (-2.549) (0.152) (-3.147)
N 700 657 400 378
Log likelihood -3294.40 -6033.08 -1678.00 -3245.00
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Table3

Fixed Effect Negative Binomial Regressonswith State Data (controlled for

VMT)
Aggregate Stete Data Dependent Variable
DEATHS| INJURED DEATHS| INJURED DEATHS| INJURED
(A) (B) © (D) Q) (H)
Y ears of data 1984-1997 | 1984-1997 | 1984-1997 | 1984-1997 | 1990-1997 | 1990-1997
Log(total lane miles) 0.340 0.461 0.354 0.477 -0.175 0.313
(3.526) (3.546) (3.678) (3.412) (-0.817) (1.419)
Log(average number of interstate lanes) -0.078 2.188 -0.147 1.879 1.397 1.693
(-0.311) (5.544) (-0.594) (4.540) (3.498) (2.523)
Log(average number of arteria lanes) 0.145 0.575 0.227 0.872 0.388 0.585
(1.228) (2.360) (2.005) (3.339) (2.172) (1.167)
Log(average number of collector lanes) 1.303 -1.188 1.373 -0.616 0.049 0.156
(3.274) (-1.231) (3.326) (-0.553) (0.088) (0.112)
Log(percent interstate lane miles) 0.081 -0.294 0.014 -0.429 0.004 -0.606
(0.901) (-2.385) (0.161) (-3.266) (0.022) (-2.431)
Log(percent arteria lane miles) 0.151 0.122 0.205 0.299 -0.050 -0.023
(2.101) (0.960) (2.942) (2.218) (-0.474) (-0.116)
Log(percent collector lane miles) 0.063 0.342 0.076 0.335 -0.027 0.158
(0.927) (3.533) (1.114) (3.321) (-0.306) (1.389)
Log(per capitaincome) 1.186 1117 1.148 1.209 1.104 0.388
(10.113) (5.344) (9.769) (5.473) (5.672) (0.980)
Log(VMT) 0.132 -0.307 0.199 -0.396 0.097 -0.407
(1.925) (-3.039) (2.969) (-3.719) (0.757) (-2.244)
Log(percent population aged 15-24) 0.667 0.652 0.650 0.672 0.891 0.751
(9.391) (5.650) (9.572) (5.437) (5.937) (2.696)
Log(percent population over age 75) -0.633 -0.708 -0.578 -0.649 -0.457 -0.922
(-7.186) (-5.659) (-6.833) (-4.823) (-2.054) (-3.214)
Year -0.014 0.012 -0.016 0.020 -0.005 0.034
(-4.728) (2.520) (-5.512) (4.061) (-0.909) (3.640)
Log(percent arterials with lane widths of 9 0.007 -0.021 - - 0.007 -0.021
ft. or less) (1.522) (-2.712) (1.238) (-2.222)
Log(percent arterials with lane widths of -0.020 -0.033 - - -0.009 -0.000
101t.) (-2.083) (-2.401) (-0.640) (-0.009)
Log(percent arterials with lane widths of 0.003 -0.021 - - -0.009 -0.011
111t.) (0.281) (-1.316) (-0.555) (-0.498)
Log(percent arterials with lane widths of -0.012 0.084 - - -0.151 0.137
12 ft. or greater) (-0.202) (0.765) (-1.204) (0.455)
Log(percent collectors with lane widths of -0.021 -0.026 - - -0.017 0.003
9 ft. or less) (-2.872) (-2.287) (-1.574) (0.165)
Log(percent collectors with lane widths of 0.028 -0.024 - - 0.005 -0.117
10ft.) (1.514) (-0.792) (0.172) (-2.280)
Log(percent collectors with lane widths of -0.027 -0.042 - - -0.008 -0.046
111ft.) (-2.906) (-3.383) (-0.745) (-3.063)
Log(percent collectors with lane widths of 0.059 0.066 - - 0.117 0.232
12 ft. or greater) (2.219) (1.184) (2.576) (1.951)
Primary Seatbelt Law -0.055 -0.064 -0.049 -0.064 - -
(-3.677) (-2.084) (-3.344) (-1.951)
Secondary Seatbelt Law 0.020 0.022 0.023 0.022 - -
(1.949) (1.101) (2.252) (1.047)
Log(percent seatbelt usage) - - - - -0.133 -0.045
(-4.607) (-0.768)
Constant 16.548 -38.157 19.098 -53.205 5.135 -73.854
(2.959) (-4.173) (3.609) (-6.012) (0.461) (-4.246)
N 700 657 700 657 400 378
Log likelihood -3305.28 -6033.55 -3319.18 -6069.13 -1678.20 -3252.31

Test statistic isin parentheses
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Table4
Coefficients on Lane Width Variableswhen Modelled Individually in Population
M odel

Fatality Models|  Injury Models

Percent Arterialswith 9 ft or less Lane Widths 0.001 -0.035
(0.103) (-4.130)

Percent Arterialswith 10 ft Lane Widths -0.029 -0.063
(-2.758) (-3.988)

Percent Arterials with 11 ft Lane Widths -0.025, -0.064
(-2.252) (-4.026)

Percent Arterials with 12 ft or greater Lane Widths 0.091 0.310
(1.647) (2.769)

Percent Collectorswith 9 ft or less Lane Widths -0.018 -0.039
(-2.524) (-3.255)

Percent Collectors with 10 ft Lane Widths 0.007 -0.031
(0.426) (-1.021)

Percent Collectorswith 11 ft Lane Widths -0.027] -0.073
(-3.255) (-6.392)

Percent Collectorswith 12 ft or greater Lane Widths 0.060 0.110
(2.606) (2.232)

Test statistic isin parentheses
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Tableb

Hypothesized and Modelled Effect of Infrastructure Variables

Fatdlities

Injuries

Engineering
Hypothesis

Results of
Analysis

Engineering
Hypothesis

Results of
Analysis

Total Lane Miles

+

=+

Average Interstate Lanes

*

Average Arterial Lanes

*

Average Collector Lanes

*| +

* 4+ |+

Percent Interstate Lane Miles

Percent Arterial Lane Miles

+

+

Percent Collector Lane Miles

*

*| k| 4

*

+|+

Percent Arterialswith 9 ft or less Lane Widths

Percent Arterials with 10 ft Lane Widths

Percent Arterialswith 11 ft Lane Widths

*| 4| +

¥

*| 4|+

Percent Arterials with 12 ft or greater Lane Widths

Percent Collectorswith 9 ft or less Lane Widths

Percent Collectors with 10 ft Lane Widths

*| 4|+

*

*| + |+

Percent Collectors with 11 ft Lane Widths

Percent Collectorswith 12 ft or greater Lane Widths

+

+ = positive and significant effect
- = negative and significant effect
* = insignificant effect

Table6

Seatbelt Usage, fixed effectsregression
Percent seatbelt usage
Years of data 1990-1997
Primary Seatbelt Law 0.072
(2.855)
Secondary Seatbelt Law 0.112
(8.127)
Year 0.017
(11.540)
Constant -32.974
(-11.396)
N 400
R-& 0517

Test statistic isin parentheses
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Table7
Fixed Effect Negative Binomial Regressionswith State Data (controlled for
population), with Medical Technology variables

Aggregate State Data Dependent Variable

DEATHS INJURED DEATHS INJURED

(A) (B) © (D)

Y ears of data 1985-1996 1985-1996 1985-1996 1985-1996

Log(totd lane miles) 0.435 0.743 0.411 0.826

(3.517) (4.764) (3.430) (5.348)

Log(average number of interstate lanes) -0.077 2.681 -0.128 2.543

(-0.268) (5.961) (-0.450) (5.400)

Log(average number of arterid lanes) 0.119 0.335 0.230 0.565

(0.974) (1.297) (1.987) (2.021)

Log(average number of collector lanes) 1.813 0.174 1.569 0.196

(3.278) (0.152) (2.817) (0.147)

Log(percent interstate lane miles) 0.095 -0.155 0.067 -0.302

(0.957) (-1.068) (0.683) (-2.042)

Log(percent arteria lane miles) 0.196 0.360 0.219 0.582

(2.220) (2.382) (2.549) (3.781)

Log(percent collector lane miles) 0.128 0.360 0.105 0.403

(1.581) (3.464) (1.285) (3.777)

Log(per capitaincome) 1.222 0.785 1.228 0.844

(9.775) (3.409) (9.827) (3.463)

Log(population) 0.129 -0.575 0.227 -0.724

(1.209) (-4.670) (2.350) (-6.298)

Log(percent population aged 15-24) 0.638 0.786 0.649 0.762

(7.692) (5.976) (8.104) (5.538)

Log(percent population over age 75) -0.689 -0.797 -0.679 -0.773

(-6.959) (-5.637) (-7.287) (-5.140)

Year -0.007 0.015 -0.006 0.019

(-1.852) (2.540) (-1.746) (3.266)

Log(percent arterials with lane widths of 9 0.009 -0.023 - -
ft. or less) (1.618) (-2.731)

Log(percent arterials with lane widths of -0.026 -0.040 - -
10ft.) (-2.335) (-2.486)

Log(percent arterials with lane widths of -0.002 0.005 - -
111t.) (-0.133) (0.277)

Log(percent arterials with lane widths of 0.008 0.147 - -
12 ft. or greater) (0.125) (1.143)

Log(percent collectors with lane widths of -0.018 -0.033 - -
9 ft. or less) (-2.193) (-2.743)

Log(percent collectors with lane widths of 0.002 -0.059 - -
10ft.) (0.112) (-1.696)

Log(percent collectors with lane widths of -0.025 -0.054 - -
111t.) (-2.511) (-4.138)

Log(percent collectors with lane widths of 0.066 -0.035 - -
12 ft. or greater) (2.108) (-0.514)

Primary Seatbelt Law -0.043 -0.059 -0.035 -0.064

(-2.471) (-1.581) (-2.017) (-1.643)

Secondary Sestbelt Law 0.004 0.009 0.010 0.005

(0.368) (0.451) (0.954) (0.211)

Log(inverse of white infant mortality rate) -0.181 0.007 -0.192 0.058

(-3.431) (0.994) (-3.603) (0.751)

Log(hospitals per square mile) 0.002 0.008 0.002 0.006

(0.769) (1.350) (0.649) (0.985)

Constant -1.712 -38.073 -3.919 -45.440

(-0.259) (-3.530) (-0.599) (-4.222)

N 597 558 597 558

Log likelihood -2757.64 -5024.79 -2771.57 -5053.70

Test statistic isin parentheses
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Table 7 (continued)
Fixed Effect Negative Binomial Regressionswith State Data (controlled for
population), with Medical Technology variables

Aggregate State Data Dependent Variable
DEATHS INJURED DEATHS INJURED
B) ) Q) (H)
Y ears of data 1985-1996 1985-1996 1990-1996 1990-1996
Log(totd lane miles) 0.300 0.528 -0.049 1.185
(2.675) (3.984) (-0.194) (3.984)
Log(average number of interstate lanes) -0.104 2.337 1.381 2.940
(-0.378) (5.358) (3.100) (3.262)
Log(average number of arterid lanes) 0.091 0.347 0.402 0.570
(0.767) (1.323) (2.316) (0.968)
Log(average number of collector lanes) 1.669 0.612 0.183 1127
(3.103) (0.525) (0.323) (0.657)
Log(percent interstate lane miles) 0.062 -0.277 0.072 0.142
(0.643) (-2.009) (0.394) (0.458)
Log(percent arteria lane miles) 0.135 0.235 0.005 0.382
(1.664) (1.617) (0.047) (1.662)
Log(percent collector lane miles) 0.126 0.298 0.070 0.197
(1.676) (2.835) (0.713) (1.784)
Log(total ethanol consumed) 0.308 -0.425 - -
(4.353) (-3.806)
Log(per capitaincome) 1.057 0.994 1.283 0.988
(8.298) (3.984) (6.598) (2.430)
Log(population) - - 0.293 -1.155
(1.533) (-4.764)
Log(percent population aged 15-24) 0.501 0.895 0.947 1.310
(5.628) (6.399) (5.518) (4.380)
Log(percent population over age 75) -0.605 -0.809 -0.274 -0.765
(-5.998) (-5.589) (-1.148) (-1.812)
Year -0.003 0.009 -0.003 0.021
(-0.888) (1.556) (-0.636) (2.233)
Log(percent arterials with lane widths of 9 0.008 -0.019 0.010 -0.026
ft. or less) (1.562) (-2.264) (1.553) (-2.813)
Log(percent arterials with lane widths of -0.025 -0.050 -0.009 0.016
10ft.) (-2.188) (-3.209) (-0.521) (0.711)
Log(percent arterials with lane widths of -0.009 0.011 -0.009 0.033
111ft.) (-0.660) (0.614) (-0.515) (1.257)
Log(percent arterials with lane widths of -0.007 0.158 -0.068 0.108
12 ft. or greater) (-0.109) (1.198) (-0.528) (0.339)
Log(percent collectors with lane widths of -0.015 -0.031 -0.009 -0.013
9 ft. or less) (-1.807) (-2.443) (-0.734) (-0.782)
Log(percent collectors with lane widths of 0.001 -0.067 -0.012 -0.168
10ft.) (0.030) (-1.921) (-0.393) (-3.166)
Log(percent collectors with lane widths of -0.020 -0.054 -0.002 -0.054
111ft) (-2.102) (-3.919) (-0.128) (-3.305)
Log(percent collectors with lane widths of 0.058 0.018 0.144 0.159
12 ft. or greater) (1.924) (0.264) (3.011) (1.204)
Primary Seatbelt Law -0.032 -0.069 - -
(-1.898) (-1.837)
Secondary Seatbelt Law -0.001 0.009 - -
(-0.124) (0.431)
Log(percent seatbelt usage) - - -0.159 -0.037
(-5.206) (-0.675)
Log(inverse of white infant mortality rate) -0.184 -0.055 -0.147 0.043
(-3.627) (-0.699) (-2.526) (0.446)
Log(hospitals per square mile) 0.001 0.009 -0.001 -0.000
(0.464) (1.551) (-0.181) (-0.010)
Constant -6.142 -32.405 -4.509 -48.095
(-0.923) (-2.937) (-0.460) (-2.643)
N 597 558 347 325
Log likelihood -2749.48 -5028.50 -1405.50 -2714.21

Test statistic isin parentheses
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Table8

Fixed Effect Negative Binomial Regressionswith State Data (controlled for
VMT), with Medical Technology variables

Aggregate State Data Dependent Variable
DEATHS| INJURED DEATHS| INJURED DEATHS| INJURED
(A) B © (D) () (H)
Y ears of data 1985-1996 | 1985-1996 | 1985-1996 | 1985-1996 [ 1990-1996 | 1990-1996
Log(totd lane miles) 0.471 0.529 0.472 0.644 0.079 0.584
(4.255) (3.400) (4.240) (3.944) (0.323) (2.156)
Log(average number of interstate lanes) -0.031 2410 -0.051 2.233 1.520 2.530
(-0.110) (5.382) (-0.180) (4.714) (3.440) (2.909)
Log(average number of arterid lanes) 0.080 0.428 0.176 0.683 0.396 0.480
(0.626) (1.623) (1.442) (2.404) (2.226) (0.855)
Log(average number of collector lanes) 1.875 -0.365 1.646 -0.501 0.276 0.143
(3.362) (-0.332) (2.897) (-0.379) (0.479) (0.088)
Log(percent interstate lane miles) 0.090 -0.232 0.037 -0.338 0.121 -0.395
(0.888) (-1.623) (0.368) (-2.247) (0.657) (-1.391)
Log(percent arterial lane miles) 0.223 0.189 0.274 0.399 0.053 0.055
(2.738) (1.303) (3.471) (2.645) (0.489) (0.248)
Log(percent collector lane miles) 0.147 0.371 0.153 0.437 0.105 0.207
(1.904) (3.401) (1.991) (3.804) (1.101) (1.598)
Log(per capitaincome) 1.175 0.867 1.140 1.005 1.274 0.752
(8.824) (3.541) (8.439) (3.860) (6.127) (1.728)
Log(VMT) 0.08 -0.349 0.143 -0.535 0.078 -0.577
(1.055) (-2.986) (1.927) (-4.389) (0.559) (-2.621)
Log(percent population aged 15-24) 0.628 0.799 0.614 0.822 0.967 1141
(7.516) (5.855) (7.653) (5.666) (5.600) (3.462)
Log(percent population over age 75) -0.689 -0.780 -0.657 -0.801 -0.273 -1.049
(-6.927) (-5.500) (-6.971) (-5.348) (-1.065) (-2.747)
Year -0.008 0.021 -0.009 0.031 -0.004 0.035
(-2.069) (3.374) (-2.392) (4.957) (-0.640) (3.361)
Log(percent arterials with lane widths of 9 0.008 -0.022 - - 0.009 -0.027
ft. or less) (1.580) (-2.610) (1.328) (-2.456)
Log(percent arterials with lane widths of -0.026 -0.047 - - -0.009 -0.007
10ft.) (-2.327) (-2.810) (-0.589) (-0.242)
Log(percent arterials with lane widths of -0.001 0.000 - - -0.007 0.012
11 ft) (-0.090) (0.006) (-0.427) (0.492)
Log(percent arterials with lane widths of 0.010 0.151 - - -0.081 0.80
12 ft. or greater) (0.154) (1.136) (-0.626) (0.242)
Log(percent collectors with lane widths of -0.021 -0.026 - - -0.012 0.002
9 ft. or less) (-2.640) (-2.041) (-0.987) (0.106)
Log(percent collectors with lane widths of 0.002 -0.067 - - -0.019 -0.171
10ft.) (0.096) (-1.895) (-0.612) (-3.139)
Log(percent collectors with lane widths of -0.027 -0.048 - - -0.005 -0.051
11 ft) (-2.798) (-3.711) (-0.426) (-3.281)
Log(percent collectors with lane widths of 0.057 0.038 - - 0.134 0.264
12 ft. or greater) (1.840) (0.563) (2.712) (1.958)
Primary Seatbelt Law -0.043 -0.075 -0.036 -0.083 - -
(-2.400) (-2.065) (-2.012) (-2.106)
Secondary Seatbelt Law 0.003 0.012 0.008 0.014 - -
(0.299) (0.566) (0.693) (0.631)
Log(percent seatbelt usage) - - - - -0.159 -0.038
(-5.189) (-0.582)
Log(inverse of white infant mortality rate) -0.164 -0.056 -0.160 -0.005 -0.127 -0.023
(-3.220) (-0.693) (-3.122) (-0.057) (-2.269) (-0.215)
Log(hospitals per square mile) 0.002 0.009 0.002 0.007 -0.001 0.002
(0.759) (1.503) (0.6712) (1.169) (-0.310) (0.214)
Constant 2.176 -53.878 3.940 -73.046 -1.231 -79.603
(0.298) (-4.471) (0.552) (-6.214) (-0.105) (-3.997)
N 597 558 597 558 347 325
Log likelihood -2757.81 -5031.30 -2772.44 -5063.20 -1406.49 -2721.56

Test statistic isin parentheses
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Table9

Estimated Changesin Fatalitiesand Injuries using Elagticity Values from Population-based M odels

Resultsfrom Modds 7-A and 7-B Fatality Elasticity [ Injury Elasticity Changein 1985 Changein 1985
fatalitieswith | injurieswith 1996
1996 values of values of each
each variable variable
Total Lane Miles 0.435 0.743 378 50867
Average Interstate Lanes * 2.681 * 256943
Average Arterial Lanes 0.119 * 125 *
Average Collector Lanes 1813 * -28 *
Percent Interstate Lane Miles * * * *
Percent Arteria Lane Miles 0.196 0.360] 749 1083
Percent Collector Lane Miles * 0.360 * -40940
Percent Arterialswith 9 ft or less Lane Widths * -0.023 * 38551
Percent Arterialswith 10 ft Lane Widths -0.026) -0.040 297, 36041
Percent Arterialswith 11 ft Lane Widths * * * *
Percent Arterials with 12 ft or greater Lane Widths * * * *
Percent Collectors with 9 ft or less Lane Widths -0.018 -0.033 252 36372
Percent Collectors with 10 ft Lane Widths * -0.059 * 26118
Percent Collectorswith 11 ft Lane Widths -0.025 -0.054; -134 -22837
Percent Collectorswith 12 ft or greater Lane Widths 0.066] * 610, *
Total for Lane Width Variables 1025 114245
Total for Infrastructure Variables 2249 489509
Average Inverse White Infant Mortality -0.181 * -4158, *
Average Per Capitalncome 1222 0.785 10707 542071
Total Population * -0.575 * *
Total Percent aged 15-24 0.638 0.786 -5258, -510561
Total Percent aged over 75 -0.689 -0.797 -4948, -451122
Seatbelt Use (model 7-G, 7-H) -0.159 -0.037 -15574] -285634]

* Not significant at 90% level



Table 10

Estimated Changesin Fatalitiesand Injuriesusing Elasticity Valuesfrom VM T-based M odels

Reaults from Moddes 8-A and 8-B Fatality Elasticity | Injury Elasticity | Changein 1985 Changein 1985
fatalitieswith | injurieswith 1996
1996 values of values of each
each variable variable
Total Lane Miles 0.471] 0.529 409 36216
Average Interstate Lanes * 2410 * 230970
Average Arterial Lanes * 0428 * 35437
Average Collector Lanes 1875 * -29 *
Percent Interstate Lane Miles * -0.232 * -45984]
Percent Arterial Lane Miles 0.223 * 852 *
Percent Collector Lane Miles 0.147 0.371 -210 -41727
Percent Arterials with 9 ft or less Lane Widths * -0.022 * 36874
Percent Arterialswith 10 ft Lane Widths -0.026 -0.047 297 42348
Percent Arterialswith 11 ft Lane Widths * * * *
Percent Arterials with 12 ft or greater Lane Widths * * * *
Percent Collectors with 9 ft or less Lane Widths -0.021] -0.026 294 28657
Percent Collectors with 10 ft Lane Widths * -0.067| * *
Percent Collectorswith 11 ft Lane Widths -0.027| -0.048 -145 -20299
Percent Collectorswith 12 ft or greater Lane Widths 0.057] * 527 *
Total for Lane Width Variables 973 87580
Total for Infrastructure Variables 1995 302492
Average Inverse White Infant Mortality -0.164 * -3767 *
Average Per Capitalncome 1175 0.867| 10295 598695
Total VMT 0.08 -0.349 1398 -480597
Total Percent aged 15-24 0.628 0.799 -5176) -519006
Total Percent aged over 75 -0.689 -0.780 -4948, -441499
Seatbelt Use (model 8-G, 8-H) -0.159 -0.038 -15574] -293354]

* Not significant at 90% level
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Figurel

Trade-offs Between Safety and Mobility

Safety / Mobility Trade-offs

Safety

Mobility

42



Figure 2
Trendsin US Traffic Fatalitiesand Injuries (index = 100 in 1967)
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