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Abstract

This paper presents andyses of data from the Highway Safety Information System (HSIS) for
the State of Illinois. Our andyses focuses on whether various changesin road network
infrastructure and geometric design can be associated with changesin road fatdities and
reported accidents. We aso evauate models that control for demographic changes. County-
leved time-series datais used and fixed effect negative binomia models are estimated.

Results cannot confirm the hypothesis that changes in road infrastructure and geometric
design have been beneficid for safety. Increasesin the number of lanes gppearsto be
associated with both increased traffic-related accidents and fatalities. Increased lane widths
appears to be associated with increased fatdities. Increasesin outside shoulder width appesar
to be associated with a decrease in accidents.  Inclusion of demographic results does not
sgnificantly change these results but does capture much of the resdud time trend in the
modds. Potentidly mis-leading results are found when the time trend is not included. In this
case a hegative association between vertica curvature and both accidents and fatdities. No
datidticd association with changesin safety isfound for median widths, ingde shoulder

widths, and horizonta and vertica curvature.

Keywords: transport safety, road infrastructure, geometric design, negative binomial modd,
Highway Safety Information System



Introduction

Reductions in traffic casudties, especidly fatalities, have traditionally been linked to three
generd areas of transport policy. These include efforts to change risk-taking behavior, such
as drunk driving, regulations to improve the safety of vehicles, and effortsto build and design
safer road infrastructure. Recent research by Noland (in press) has explicitly chalenged
whether new and improved road designs actudly have produced fatdity reductionsin the US,
Instead, Noland finds that increased seat-belt usage, demographic change, and improvements
in medica care ssemto be more associated with fatdity reductions over time than various
improvements to the road network.

This study examinesthisissue in more detail. Noland (in press) used state-level data
on various infragtructure variables in hisanalyss. Specificdly, he examined lane widths,
road classes, number of lanes and total lane miles, the latter representing a proxy for new and
better-designed roads. In this study we expand upon this by examining more detailed
infrastructure variables, including median widths, shoulder widths, and both horizontal and
vertica curvature. Thisis made possible by use of the Highway Safety Information System
(HSIS) data, which was obtained for the state of Illinois. This datais consdered more
accurate than the Federd Highway Adminigtration (FHWA) Highway Statistics (US DOT,
1998) data used in Noland (in press) and has the advantage of providing more detail on
various infrastructure e ements.

As Elvik (2002) points out, many safety studies do not control for confounding factors
that may also affect safety. Elvik (2002) shows how this can often serioudy inflate the
edimated safety benefit of various infragtructure improvements. Our analysisincludes
demographic effects and atime trend to control for potentia confounding factors.

Statigtical models are estimated with both total fatalities and tota crashes asthe

dependent variable. Demographic dataisincluded in the andyses, especialy age cohort data.



County level datais used over four years and for 102 countiesin Illinois. Resultstend to
support the hypothesis that most infrastructure variables (with some exceptions) have no
effect on fatalities and crashes when demographic changes are controlled for. Larger outside
shoulder widths appear to reduce crashes, while increased |ane widths appear to be associated
with increased fatdities. Increasesin the number of |anes appears to be associated with
increased accidents and somewhat with increased fataities. Mogt other effects are not
satigicaly sgnificant, which disputes many of the established findings in the traffic
engineering literature.

This paper is organized asfollows. Firdt, we review some of the recent literature in
this areafocusing on more recent studies that have used gppropriate statistica techniques.
Thisisfollowed by adiscusson of the data and methods used. Results are then discussed

followed by conclusions.

Literature Review

Mogt previous statistical analyses of road infrastructure effects have had sgnificant
shortcomings. In addition to normaly not controlling for other effects over time, many older
sudies have estimated mis-gpecified modd sructures. In particular, linear regresson models
that assume anormaly distributed error structure were frequently used. These do not
adequately account for the non-negative count structure of accident and fatality data (Jovanis
& Chang, 1986; Miaou et d., 1993). In addition, accident rates are frequently modelled, but
much evidence suggests that rates (such as accidents per capita or per VMT) may not be
linear (Olmstead, 2002). Findly, most estimates tend to combine fatd and injury accident
data, alogica step when datais sparse, but potentidly mis-leading as the infrastructure
factors associated with fatdities could be quite different than those associated with injuries

(Noland & Quddus, 2002).



In addition, many studies have focussed on individua links within a road network,
thereby missing potentia system-wide effects. For example, improved perceptions of safety
in one location may lead to increased risk taking on other parts of the network. Boyle &
Wright (1984) termed this behaviord effect “blackspot migration”. Link level andysisaso
makes controlling for other policy instruments and exogenous change problematic.

McGee et d. (1995) and Transportation Research Board (1987) were two major
gudiesthat were amed a developing Satistical “accident reduction factors’. That is, they
estimate modd s with infragtructure and geometric design variables with the purpose of
developing specific coefficient estimates to use in cost-benefit analyses. Their models,
however, do not control for confounding effects and do not consider system-wide impacts.
Many aso fall to distinguish between the severity of different crash typeswhichiscrucid
information needed for cost-benefit andyss. In addition, studies that report coefficient
estimates of road safety factors normaly do not show the confidence intervals surrounding
these estimates, which can be quite large (Noland & Karlaftis, 2003).

Those studies that have atempted to account for many of these satistical issues have
had unanticipated findings. Fridstrom & Ingebrigsten (1991) estimate a modd using monthly
data on traffic accidents for 18 countiesin Norway. They find that extensons and
improvements to the nationd road network do not have the expected effect of improving
safety. Karlaftis & Tarko (1998) andyze county level datafrom the state of Indiana and find
that increased road mileage is associated with increased accidents. Both these studies use
aggregate cross-sectiond time-series data and a negative binomid regression asisdone in the
anaysis presented here.

Milton & Mannering (1998) dso examine various geometric design eements. 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
itself increase accidents but is dependent upon whether large straight sections preceded the
curves. Whilethislatter result supports the hypothesis that reducing horizonta 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 effectsin their study.

Shankar et a. (1995) estimated a series of negative binomia regresson moddsin a
study of the Interstate 91 corridor in Washington State. They found that when curves are
spaced further gpart (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
snowfdl 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 that ‘improvements in geometric design
variables reduce accidents. These included the degree of horizonta curvature and shoulder,
lane and median widths. They estimated a negetive binomia regresson modd with road
segment data from an arteriad highway in Florida. One problem with this study (other than
the lack of control for time and demographic effects) isthat it does not control for repeated
observations (that is, multiple sampling of accidents from each segment). Shankar et Al.
(1995) do contral for this by including section-specific congtants in their models. This could
perhaps account for the very different results shown by these two studies.

Vogt and Bared (1998) evaluate changes in design parameters for two lane rurd roads
usng HSIS data. Using a population of highway segments for two states (Washington and

Minnesota) they derive detailed statistical models linking design elements to both total



crashes and more serious crashes involving afataity or injury (however, not disaggregating
between these two). They find that increasing lane widths and less horizonta curvature
reducestota crashes. While usng time-series data they do not gppear to control for timein
their mode, 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 wdll as cross-sectiond effects, islikely to bias the results of this study.

Ivan et a. (2000) usng data from Connecticut found that link segments with larger
shoulder widths have more single-vehicle crashes. Aswill be shown, this contradicts the
result found in this paper. Ivan et d. aso found that those links with lower volume/capacity
ratios had more crashes, even when controlling for the time of day of the crash. That is, those
linkswith lower levels of congestion may have more crashes, afinding which is consstent
with Zhou & Sisiokipu (1997) and other recent work documenting the safety benefits of
congestion. While lvan et d. use count modds for andyzing their data, they do not
disaggregeate by severity levd and have no way of contralling for time series or demographic
effects.

Many studies that find unexpected or unconventiona results tend to dismiss these
results as aberrations within their dataset and have not examined the issueiin further detall. In
addition, one would expect that many studies that challenge accepted hypotheses would
suffer from publication bias; thet is, they would have amore difficult time passing the
requirements of peer review.

The results of many of these studies lead us to conclude that the impact of various
infragtructure and geometric design e ements on safety are inconclusve. Most sudies using
more sophidticated Statistical techniques elther find no association or an unexpected

associaion from infrastructure changes assumed to be beneficial. In most cases, they do not



control for other more important effects that change over time (such as demographics, seet-
belt usage, and acohol consumption).

Mahdd & Szternfeld (1986) proposed a theory asto why various improvementsin
the driving environment could adversely affect safety. They observed that many design
changes tend to make the driving task essier and less taxing on the driver. This could reduce
the level of concentration needed to maintain the same leve of safety. If driver perceptions
then lead to an underestimation of the difficulties associated with the driving task the net
result could be an increase in accidents. Most road improvements aso alow greater speeds
which could off- set the safety improvements associated with the road. Thisis essentidly risk
compensating behavior as originally described by Petzman (1975). Thistheory would lead
one to conclude that infrastructure changes will have no effect on safety outcomes, if risk
reductions are off-set by increasesin risk taking.

This paper does not attempt to propose dternative theories but focuses on empirical
andyses of HSIS data from Illinois. Aswill be seen, we cannot show, in most cases, that
infragtructure changes are beneficia from our analyses of the Illinois data. The next section

describes the data that was analysed and the process of preparing it for andysis.

[llinoisroad and socio-demographic data

The State of Illinoisis composed of 102 counties populated by 12.4 million people (in
year 2000) over an area of 55,584 square miles. The rate of population increase was 8.6%
over the past decade and the corresponding mean dendity is estimated at 223.4 persons per
sguare mile, though this varies consderably between urbanized and rurd aress. 1n 1987 there
were 49830 reported accidents and 785 fatalities on state-maintained roads in the HSIS
database. 1n 1990 these had decreased to 43394 reported accidents and 715 fatalities.

HSIS data was made available by the US Federd Highway Administration (FHWA)

for the years 1987 to 1994 for the State of Illinois. This contains four main datasets: accident



fadity/injury saigtics, occupants involved, vehicle information and most significantly for
the current analysi's, the characteristics of the road infrastructure. These data have been
provided to the FHWA by participating States and the roads covered by the HSIS scheme
consg of the State System Mileage which isroughly 12.5% of Illinois State total mileage.
HSIS datais considered to be of very high qudity and greeter careistaken in the collection
of infrastructure information as opposed to that collected for the Highway Performance
Monitoring System.

The HS Sfor Illinoisis based on approximately 15,000 state mile posts which were
used as measuring points for identifying accidents as well as infrastructure characterigtics of
the network. Various different road categories are included in the data and are shown in
Figure 1. Ascan be seen, rura two-lane roads account for the vast mgjority of state-
maintained road milesge in the state. The various infrastructure characteristics were
aggregated to the county-leve according to the description in Table 1. Thisincludes totd
lane mileage, the average number of lanes, average lane widths, average median widths,
mean insde and outside shoulder widths, and measures of horizontal and vertical curvature.
Data on road characterigtics covered only state-maintained infrastructure. Thus, we do not
include characteristics associated with loca road networks. The vast mgority of traffic,
however, is normdly carried on the state-maintained system, and thus this restriction isnot a
problem in our andyses. Only those crashes that occurred on the state-maintained system are
used in the analyses.

To calculate mean vaues for the road characterigtics it was assumed thet those
characteristics were constant for each road section (as delineated by the milepostsin the
data). For example, the mean lane width was estimated by cd culating the section milestimes
the width of each section and averaged by the total county road miles. This gppliesto all

mean dimengons such as mean road width, median width and shoulder width.



Horizonta curvature is measured by the radius of the distance between the road
tangent and the center of the curve. A large radiusimpliesalarge circle, hence aflat
curvature or sraight road. Only those curves greater than 2.5 degrees (or radius of less than
2293 feet) are measured. The larger the angle of curvature the higher the severity of
deflectionis. Thetota number of mile posts whose deflection angles are larger than 2.5
degrees were counted for each mile and averaged over the entire county’ s road network. The
actual average deflection angles (as opposed to radii) at the county level wasused asa
covariate in our model.

For vertica curves, the key measurement point is the gpproach and downside gradient
and the distance separating them. The HS S Illinois State guiddines suggest that these
variables are only coded in those casesin which the fidld engineering saff consdersthe
exiding verticd curve to be "substandard” in nature. It is assumed to imply that the
observations are taken where the measurements are below some specified standard for road
design (not stated in the HSIS manud). The variable used is the number of such
"substandard” vertical curves for each mile averaged over the entire county.

Road medians are dso included in the database. The mgority of road milesare rura
and do not have median dividers. Median installations on these non-urban roads are observed
to be minima, congsting of less than 5% of the total road miles. Moreover, most of these
were ‘painted” medians (as opposed to barriers) and have no substantial width. Consequently,
no median implies no ingde shoulder. Our andyses of the data included models both with
and without the median and ingde shoulder data, but the latter resulted in the omission of 33
rural counties since they did not have any roads with medians*

Traffic volume is represented by annud average daily traffic (AADT) collected by

automatic traffic recorders (ATR). In addition to 49 permanent counters that operates 24



hours each day for 365 days, a series of short-term “coverage’ surveys were carried out at the
county level. AADT was estimated by averaging the roads over the entire county. In our
andyses of the HSI'S data we found various incons stencies between yearsin the AADT data
We were unable to resolve the source of these inconsstencies and consequently omitted this
variable from our andyss.

Income data was collected from the Bureau of Economic Analyss (BEA, US

Department of Commerce, http://www.bea.doc.gov/) and the demographic data from the US

Census Bureau (US Department of Commerce, http:/Amww.census.gov/). The magnitudes of

the counties within the State vary significantly. For example, the county population ranges
from just over 4000 (Pope) to 5 million (Cook). Age cohorts for each county were
calculated.?

HSIS data for Illinois was available for the years 1987-1992 and for 1994.
Unfortunately, we found that data for years after 1990 gppeared to have some definitiona
changes. We were unable to determine what those changes were and hence could not adjust
the data to be consstent with earlier years. Therefore, our analysesincludes only the years
1987-1990. The gatigtical analyses methods used are described in the next section followed

by adiscusson of results.

M ethodology

As discussed previoudy, accident data condsts of counts and thus violates the
normdity assumptions of standard linear regresson models. For this reason we estimate a
negative binomia modd which is a generdization of the Poisson regresson modd. Since

our dataisamix of time-series and cross-sectiona data we utilize the method derived by

! These models found that mean median width and mean inside shoulder width were not statistically significant
variables. These results are not presented for brevity.

2 We al'so estimated models without Cook county (metropolitan Chicago). Thiswas due to recommendations
that data from Chicago may not be of the same quality as the rest of the state and also because of the large



Hausman et d. (1984) for estimating negative binomiad modd with pand data. This method
has the advantage of factoring out the overdispersion parameters and accounting for
heterogendity in the data.

To account for the fixed individua effects in the negative binomia modd, we rewrite

the Poisson parameter as,

2.2 2.2, D
where,

2. ? E(ny) 2exp(B X))  i?1,2...N t?21,2,....T 2

inwhich ?;, isthe Poisson parameter indicating expected numbers of casudtiesin an
observation unit i, in agiven time period t, n,, isthe number of observed casudtiesin an
observation unit i, during agiven time period t, X,, isavector of covariates which describe
the characteristics of an observation unit i, during agiventime period t, 2 isavector of
estimable coefficients representing the effects of the covariates, and? ; isthe individua-

gpecific fixed effect. To derive the joint probability of the fixed effect negative binomid

modd, it is necessary to find a convenient digtribution for the sum of eventsfor agiven

individud, 2 Ny . A detailed derivation can be found in Hausman et d. (1984). The
resulting joint probability of thei™ individua conditiond on totd yearsis
?(?it ?nit) 7,) 2?(?t?it)?(?tnit 91)7 (3)

3
Pr(ni,...... it | ?2Niy) ? 37 ¢
(M 17m) ?7 ?(?n)?(nn)?lg 5 22,202 2.m) %

whichincludes 2 via ?,, but doesnotinclude ?, and the overdigpersion parameter k. From

this the likdlihood function can be derived as,

variation in the population of the county. Resultswere not substantively different from resultsincluding all
counties.
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(4)

This method gppears quite robust for anadyses of accident data as shown by Noland &
Karlaftis (2002). Use of ordinary least squares with an exposure variable, such as fatdities
per capita, as the dependent variable, appears to reduce the robustness of coefficient
estimates.

The results of models estimated with this technique are discussed in the next section.

Results

Our initid objective in analyzing the data was to examine the association between the
infrastructure and geometric design variables and tota reported accidents and fatalities. The
standard hypothesisisthat newer and improved infrastructure leads to fewer accidents and
fatalities and we test these hypotheses for the variables in the dataset. We a so test whether
incluson of variablesto correct for changes over time have an effect. Thisis done by
induding fixed effect year dummy varigbles. Findly, the effect of various demographic and
socio-economic variables are examined and the robustness of the results for the infrastructure
variables when these other effects are included is examined. Results for the estimated fixed-
effect negative binomia modedls are shown in Table 2 for tota reported accidents and Table 3
for tota fatdities All modds have logarithmic independent varigbles to minimize
heteroskedadticity in the data.

For the accident models (Table 2) our results show that most of the infrastructure
variables are not gatigticaly sgnificant. Two exceptions are the mean number of lanes and
mean outside shoulder width. Increased numbers of lanesis associated with increasesin
accidents. However, this variableis not Sgnificant when time series effects are not

controlled for. Thisisan important result and demondrates the potentia problem of not
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explicitly controlling for time seriesin the model. Noland (in press) found asmilar effect
from the number of lanes but with differences in effects depending on the functiona class of
road. Our datawas not sufficient to examine this effect for each road category. Thisisan
interesting result as it questions the policy of increesing many two-lane rura roadsto four-
lane roads for safety reasons. The fatdity models (Table 3) find a positive association with
number of lanes, but below the 95% leve of gatistical sgnificance.

Incresses in outside shoulder width seem to be associated with fewer accidents. Note
a0 that increases in lane width has no satidticaly sgnificant effect, suggesting that when
increasing the width of right-of-waysit is more beneficid to devote the new space to creeting
aaufficient outsde shoulder. Thisresult, however, is quite different in the fatdity modds
(Table 3). Inthese modelswe find asmall pogtive (but not Sgnificant) associetion of
increased outside shoulder width with incressed fatdities, but astrong Satisticaly sgnificant
positive association with increased lane widths.,

As mentioned previoudy, we aso examined median width and ingde shoulder
widths. This necessitated dropping 33 counties from the andysis Snce dl their roads were
two-lane roads with no medians and no ingde shoulder. These variables were not found to be
satidicaly sgnificant.

The accident models dso show a negative association with vertical curvature,
dthough thisis gatisticadly insgnificant and the result disgppears when time series effects
are properly controlled for. Thelane mile variabdle in the fatdity modds shows a negetive
association, but thisis not gatiticaly significant.

The coefficients for the fixed effect dummy varigblesfor each year are dl satisticaly
ggnificant and negative. This means thet some unmeasured factor is reducing tota accidents
over time. Thisisaso seen in thefatdity modes (Table 3), though with lower leves of

datigicd ggnificance.
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When our demographic variables are included in the anayses we find that they pick
up much of theresidud effect from the year dummy variables, which are no longer
datigicaly sgnificant. Thisimpliesthat incluson of the demographic variables captures
much of the unmeasured changes over time. Results for the infrastructure variables are
generdly the same when demographic varigbles are included.

Among the demographic variables, population is positively associated with increased
accidents and fatdities but only at the 90% leve of sgnificance. Per capitaincome was not
datigticdly dgnificant. Most studies have found a correlation between accidents and
economic activity, measured asincome, (Noland, in press), but we do not find this effect a
the county levd.

The age cohort variables show that increases in the 15-24 age bracket isweakly
associated with more fatdities but not with more accidents. The 65 and over age group adso
shows aweak association with more fatalities, but not accidents.

The results on the age cohort variables were generdly disgppointing and did not
clearly give the anticipated results. Despite thiswe did find that the higher risk age
categories (younger people and elderly people) seems to be associated with more fatdities
but not more accidents. One reason for the relatively weak statistical significance on these
variables may be the spatid unit (counties) used in the analyses. While the demographic data
was an indicator of the age distribution of the county population, it may not completely
represent those driving in the county, especidly for smaler counties. Therefore, as a control
for demographic factors alarger spatia unit for age cohorts may be preferable. Noland (in
press) found a strong effect on age cohort variables when using states as the unit of spatia
anayses.

To examine thisin more detail, we estimated model s with age cohort data aggregated

across al neighboring counties. Thet is, we calculated the populetion data for a given county
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by incdluding &l counties with which it shared aborder.® This did not improve the modeling
results and actudly increased the collinearity between some of the age cohort variables (these
results are not shown).

Despite these relatively weak results on the age cohort variables, we il find that the
timetrend is no longer gatisticaly significant when demographic variables are included,
suggesting that these variables are capturing much of the residud effect from changes over
time.

Multi-collinearity in the independent variables does not gppear to be aproblem. The
highest level of corrdation is between two of the age cohort variables, population between
25-34 and population over 65, with a correlation coefficient of —0.74. However, omission of
the age cohort variable for population between 25-34 does not affect the overdl results. In
addition, the lane mileage varidble is moderately correlated with number of lanes, number of
horizontal curves, and number of vertica curves. Omission of the lane mile variable does not
subgtantively affect the coefficients on these other variables. These results are omitted for
brevity.

One of the important results of the analyses is the non-significance of many factors
that are assumed to be beneficid for safety. Thisincludes increased lane mileage, increased
median and ingde shoulder widths (not shown in these results), and reductions in horizonta
and vertica curvature. While it is possible that this result is due to insufficient deta, the
andyses includes over 400 data points, so thisisunlikely. Therefore, we conclude that our
results do not support the hypothesis that improved geometric design and infrastructure

reduces reported accidents and fatdlities, for these specific measures.

3 Thiswas not done, however, for counties bordering other states.
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Conclusons

This paper has andyzed HSIS data for the State of Illinois to evauate the hypothesis
that improved road infrastructure geometric design is beneficid for safety. Our results tend
to rgect this hypothesis in contrast with Sandard assumptions in the traffic safety literature.
However, this result is not inconsstent with many recent studies that have used more
sophidticated statistical techniques and aso those that control for other confounding effects.

Our results suggest that some changesin infrastructure have actualy led to increased
accidents and fatdities. In particular, increases in the number of lanes gppearsto be
associated with increased fatalities and accidents, and incresses in lane widths are associated
with increased fatalities. Increasesin outside shoulder width appear to be associated with
reduced accidents, but show a postive but saidicaly insgnificant association with
increased fatdities. Other factors, including median width, ingde shoulder width, and
horizontd and vertical curvature were not found to be gatidticdly sgnificant. We dso found
that our results did not change much when demographic variables were included, athough
these variables do gppear to capture the resdud time trend associated with reductions in both
fataities and reported accidents. Omission of any time trend in the model appearsto give
different results, for example on our varigble for vertica curvature. This suggests the
importance of contralling for time trend in this type of analyses.

Clearly, these results chalenge some assumptions about the benefits of various road
safety “improvements.” Additional research is clearly needed to better understand these
effects including additional empirica analyses of data. One conclusion isthat care should be
taken to control for changesin other factors over time. This sudy gtill omits two mgjor
potentia effects, which are changes in seat- belt usage and changes in dcohol consumption.
Additiond research can clarify the behaviora responses to changesin infrastructure and how

this affects sfety.
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Figurel

Distribution of Road Categoriesin IllinoisHSI S Data (1992)
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Tablel
Summary of variables

Category Variable (Unit) Notes
Key variables County name 102 counties
Calendar year 1987-1990
Accidents Number of accidents Incapacitating injury = injury other than fatal requiring hospitalization

Non-incapacitating injury = injury evident to others at scene
Possible injury = no visible injury but complaint of pain

Road functional classes

Class10 = Non-urban/urban interstate freeway; Class20 = Non-
urban/urban major highway; Class30 = Non-urban mgjor/minor local ;
collector; Class40 = Urban arterial; Class50 = Urban local collector

Annual average daily traffic

AADT

Not used due to data inconsistencies

Road Infrastructure

Lane miles (miles)

Number of lanes

Lane width (ft)

Median width (ft)

I nside shoulder width (ft)

isO =no shoulder, isl = soft shoulder (earth, sod), is2 = hard shoul der
(aggregate, surface treated, paved), is3 = curb

Outside shoulder width (ft)

0s0 =no shoulder, osl = soft shoulder (earth, sod), 0s2 = hard shoulder
(aggregate, surface treated, paved), 0s3 = curb

Number of horizontal curves

Horizontal curves measure the severity of horizontal curve angles.
Considered asa‘curve' if theradiusislessthan 2293 ft.

Horizontal deflection angle

County means of all curves.

(degrees)
Number of vertical curves
Demographics & Population
Socioeconomics Income per capita (US $) Consumer Price index (CPI) applied to normalize to 1992 real values

County age group as percent of
total population

Age bands: [15-24], [25-34], [35-64], [65t]
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Table?2

Conditional fixed-effects negative binomial (Y ears 1987-1990): Dependent variable = Number of accidents

Dependent variable= Number of Accidents

M odd without time correction M odd with year dummy M odel with demographic
variables variables
Coef. [SE. Coef. [SE. Coef. [SE.

Dummy for year =1988 -0.044 -3.02 -0.028 -1.47
Dummy for year =1989 -0.078 -4.78 -0.035 -0.92
Dummy for year =1990 -0.103 -6.27 -0.050 -1.07
log (Total lane miles) 0218 158 -0.019 -0.14 0.032 0.23
log (Mean nunber of lanes) 0.033 0.08 1.206 272 1.249 2.84
log (Mean lane width) 0.069 0.21 0.216 0.69 0.182 0.59
log (M ean outside shoulder width) -0.722 -2.78 -0.737 -3.07 -0.797 -3.33
log (Number of horizontal curves per mile) 0.280 1.09 0.335 1.36 0273 1.10
log (Mean horizontal deflection angle) -0.170 -0.56 -0.144 -0.50 -0.185 -0.64
log (Number of vertical curves per mile) -0.453 -1.62 -0.301 -1.13 -0.259 -0.97
log (Population) 0.012 1.65
log (Income per capita, 1992%) -0.331 -1.24
log (Percent 15-24 years of age) -0.004 -0.10
log (Percentt 25-34 years of age) -0.145 -1.26
log (Percent 65+ years of age) -0.037 -0.60
Constant 7.002 3.69 6.123 345 8.967 2.84
LL(O) -1191.29 -1191.29 -1191.29
LL(?) -1182.74 -1164.12 -1161.06
N 408 408 408

20




Table3

Conditional fixed-effects negative binomial (Y ears1987-1990): Dependent variable = Number of fatalities

Dependent variable = Number of Fatalities

M odel without time correction Modd with year dummy M ode with demographic
variables variables
Cosf. [JSE. Cosf. [JSE. Cosf. J/SE.

Dummy for year =1988 0.085 169 0.106 137
Dummy for year =1989 -0.093 -1.45 -0.066 -0.44
Dummy for year =1990 -0.162 -2.53 -0.142 -0.72
log (Total lane miles) -0.132 -0.26 -0.845 -148 -0.821 -1.42
log (Mean number of lanes) 1211 0.70 3.329 175 2952 153
log (Mean lane width) 2.560 191 2.848 2.09 2.942 212
log (M ean outside shoulder width) 1.437 140 1427 138 1.145 1.08
log (Number of horizontal curves per mile) 1413 140 0.982 0.98 0.879 0.86
log (Mean horizontal deflection angle) -0.300 -0.24 0.249 0.20 -0.082 -0.06
log (Number of vertical curves per mile) -1.987 -2.01 -0.961 -0.95 -0.736 -0.71
log (Popul ation) 0.059 192
log (Income per capita, 1992%) 0.016 0.02
log (Percent 15-24 years of age) 0.267 1.63
log (Percentt 25-34 years of age) 0472 1.03
log (Percent 65+ years of age) 0.388 1.63
Constant 14.290 0.04 11.248 0.06 13110 0.03
LL(O) -543.82 -543.82 -543.82
LL(?) -538.44 -529.73 -525.53
N 404 404 404
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