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Abstract 
 
This paper presents analyses of data from the Highway Safety Information System (HSIS) for 

the State of Illinois.  Our analyses focuses on whether various changes in road network 

infrastructure and geometric design can be associated with changes in road fatalities and 

reported accidents.  We also evaluate models that control for demographic changes.  County-

level time-series data is used and fixed effect negative binomial models are estimated.  

Results cannot confirm the hypothesis that changes in road infrastructure and geometric 

design have been beneficial for safety.  Increases in the number of lanes appears to be 

associated with both increased traffic-related accidents and fatalities.  Increased lane widths 

appears to be associated with increased fatalities.  Increases in outside shoulder width appear 

to be associated with a decrease in accidents.   Inclusion of demographic results does not 

significantly change these results but does capture much of the residual time trend in the 

models.  Potentially mis-leading results are found when the time trend is not included.  In this 

case a negative association between vertical curvature and both accidents and fatalities.  No 

statistical association with changes in safety is found for median widths, inside shoulder 

widths, and horizontal and vertical curvature. 

 

 

Keywords:  transport safety, road infrastructure, geometric design, negative binomial model, 
Highway Safety Information System 
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Introduction 
 
Reductions in traffic casualties, especially fatalities, have traditionally been linked to three 

general areas of transport policy.  These include efforts to change risk-taking behavior, such 

as drunk driving, regulations to improve the safety of vehicles, and efforts to build and design 

safer road infrastructure.  Recent research by Noland (in press) has explicitly challenged 

whether new and improved road designs actually have produced fatality reductions in the US.  

Instead, Noland finds that increased seat-belt usage, demographic change, and improvements 

in medical care seem to be more associated with fatality reductions over time than various 

improvements to the road network. 

This study examines this issue in more detail.  Noland (in press) used state-level data 

on various infrastructure variables in his analysis.  Specifically, 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 

vertical curvature.  This is made possible by use of the Highway Safety Information System 

(HSIS) data, which was obtained for the state of Illinois.  This data is considered more 

accurate than the Federal Highway Administration (FHWA) Highway Statistics (US DOT, 

1998) data used in Noland (in press) and has the advantage of providing more detail on 

various infrastructure elements. 

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 seriously inflate the 

estimated safety benefit of various infrastructure improvements.  Our analysis includes 

demographic effects and a time trend to control for potential confounding factors. 

Statistical models are estimated with both total fatalities and total crashes as the 

dependent variable.  Demographic data is included in the analyses, especially age cohort data.  
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County level data is used over four years and for 102 counties in Illinois.  Results tend 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 lane widths appear to be associated 

with increased fatalities.  Increases in the number of lanes appears to be associated with 

increased accidents and somewhat with increased fatalities.  Most other effects are not 

statistically significant, which disputes many of the established findings in the traffic 

engineering literature.  

This paper is organized as follows.  First, we review some of the recent literature in 

this area focusing on more recent studies that have used appropriate statistical techniques.  

This is followed by a discussion of the data and methods used.  Results are then discussed 

followed by conclusions. 

 
Literature Review 
 
Most previous statistical analyses of road infrastructure effects have had significant 

shortcomings.  In addition to normally not controlling for other effects over time, many older 

studies have estimated mis-specified model structures.  In particular, linear regression models 

that assume a normally 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 al., 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).  Finally, most estimates tend to combine fatal and injury accident 

data, a logical step when data is sparse, but potentially mis-leading as the infrastructure 

factors associated with fatalities could be quite different than those associated with injuries 

(Noland & Quddus, 2002).   
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In addition, many studies have focussed on individual links within a road network, 

thereby missing potential 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 behavioral effect “blackspot migration”.  Link level analysis also 

makes controlling for other policy instruments and exogenous change problematic. 

McGee et al. (1995) and Transportation Research Board (1987) were two major 

studies that were aimed at developing statistical “accident reduction factors”.  That is, they 

estimate models with infrastructure 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 also fail to distinguish between the severity of different crash types which is crucial 

information needed for cost-benefit analysis.  In addition, studies that report coefficient 

estimates of road safety factors normally do not show the confidence intervals surrounding 

these estimates, which can be quite large (Noland & Karlaftis, 2003). 

 Those studies that have attempted to account for many of these statistical issues have 

had unanticipated findings.  Fridstrom & Ingebrigsten (1991) estimate a model using monthly 

data on traffic accidents for 18 counties in Norway.  They find that extensions and 

improvements to the national road network do not have the expected effect of improving 

safety.  Karlaftis & Tarko (1998) analyze county level data from the state of Indiana and find 

that increased road mileage is associated with increased accidents.  Both these studies use 

aggregate cross-sectional time-series data and a negative binomial regression as is done in the 

analysis presented here. 

Milton & Mannering (1998) also examine various geometric design elements.  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 
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11.5 ft) reduce accident frequency.  They also found that horizontal curvature does not by 

itself increase accidents but is 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 al. (1995) estimated a series of negative binomial regression models in a 

study 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 also 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 al. (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 horizontal curvature and shoulder, 

lane and median widths.  They estimated a negative binomial regression model with road 

segment data from an arterial highway in Florida.  One problem with this study (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 al. 

(1995) do control for this by including section-specific constants 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 rural roads 

using 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 
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crashes and more serious crashes involving a fatality or injury (however, not disaggregating 

between these two).  They find that increasing lane widths and less horizontal curvature 

reduces total crashes.  While using time-series data they do not appear to control for time in 

their model, nor other factors that may change over time.  They acknowledge the limitations 

of their model and that various key variables may be omitted.  The lack of controlling for 

time series effects, as well as cross-sectional effects, is likely to bias the results of this study. 

Ivan et al. (2000) using data from Connecticut found that link segments with larger 

shoulder widths have more single-vehicle crashes.  As will be shown, this contradicts the 

result found in this paper.  Ivan et al. also 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 

links with lower levels of congestion may have more crashes, a finding which is consistent 

with Zhou & Sisiokipu (1997) and other recent work documenting the safety benefits of 

congestion.  While Ivan et al. use count models for analyzing their data, they do not 

disaggregate by severity level and have no way of controlling for time series or demographic 

effects. 

Many studies that find unexpected or unconventional results tend to dismiss these 

results as aberrations within their dataset and have not examined the issue in further detail.  In 

addition, one would expect that many studies that challenge accepted hypotheses would 

suffer from publication bias; that is, they would have a more difficult time passing the 

requirements of peer review. 

The results of many of these studies lead us to conclude that the impact of various 

infrastructure and geometric design elements on safety are inconclusive.  Most studies using 

more sophisticated statistical techniques either find no association or an unexpected 

association from infrastructure changes assumed to be beneficial.  In most cases, they do not 
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control for other more important effects that change over time (such as demographics, seat-

belt usage, and alcohol consumption). 

Mahalel & Szternfeld (1986) proposed a theory as to why various improvements in 

the driving environment could adversely affect safety.  They observed that many design 

changes tend to make the driving task easier and less taxing on the driver.  This could reduce 

the level of concentration needed to maintain the same level 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 also allow greater speeds 

which could off-set the safety improvements associated with the road.  This is essentially risk 

compensating behavior as originally described by Peltzman (1975).  This theory would lead 

one to conclude that infrastructure changes will have no effect on safety outcomes, if risk 

reductions are off-set by increases in risk taking.   

This paper does not attempt to propose alternative theories but focuses on empirical 

analyses of HSIS data from Illinois.  As will be seen, we cannot show, in most cases, that 

infrastructure changes are beneficial from our analyses of the Illinois data. The next section 

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

 
Illinois road and socio-demographic data 
 

The State of Illinois is 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 density is estimated at 223.4 persons per 

square mile, though this varies considerably between urbanized and rural areas.  In 1987 there 

were 49830 reported accidents and 785 fatalities on state-maintained roads in the HSIS 

database.  In 1990 these had decreased to 43394 reported accidents and 715 fatalities. 

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

for the years 1987 to 1994 for the State of Illinois.  This contains four main datasets: accident 
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fatality/injury statistics, occupants involved, vehicle information and most significantly for 

the current analysis, 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 

consist of the State System Mileage which is roughly 12.5% of Illinois State total mileage.  

HSIS data is considered to be of very high quality and greater care is taken in the collection 

of infrastructure information as opposed to that collected for the Highway Performance 

Monitoring System. 

The HSIS for Illinois is based on approximately 15,000 state mile posts which were 

used as measuring points for identifying accidents as well as infrastructure characteristics of 

the network.  Various different road categories are included in the data and are shown in 

Figure 1.  As can be seen, rural two-lane roads account for the vast majority of state-

maintained road mileage in the state.  The various infrastructure characteristics were 

aggregated to the county-level according to the description in Table 1.  This includes total 

lane mileage, the average number of lanes, average lane widths, average median widths, 

mean inside and outside shoulder widths, and measures of horizontal and vertical curvature.  

Data on road characteristics covered only state-maintained infrastructure.  Thus, we do not 

include characteristics associated with local road networks.  The vast majority of traffic, 

however, is normally carried on the state-maintained system, and thus this restriction is not a 

problem in our analyses.  Only those crashes that occurred on the state-maintained system are 

used in the analyses. 

To calculate mean values for the road characteristics it was assumed that those 

characteristics were constant for each road section (as delineated by the mileposts in the 

data).  For example, the mean lane width was estimated by calculating the section miles times 

the width of each section and averaged by the total county road miles. This applies to all 

mean dimensions such as mean road width, median width and shoulder width. 
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Horizontal curvature is measured by the radius of the distance between the road 

tangent and the center of the curve.  A large radius implies a large circle, hence a flat 

curvature or straight 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 

deflection is.  The total 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 was used as a 

covariate in our model.  

For vertical curves, the key measurement point is the approach and downside gradient 

and the distance separating them. The HSIS Illinois State guidelines suggest that these 

variables are only coded in those cases in which the field engineering staff considers the 

existing vertical 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 manual). The variable used is the number of such 

"substandard" vertical curves for each mile averaged over the entire county.   

Road medians are also included in the database.  The majority of road miles are rural 

and do not have median dividers.  Median installations on these non-urban roads are observed 

to be minimal, consisting 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 inside shoulder.  Our analyses of the data included models both with 

and without the median and inside shoulder data, but the latter resulted in the omission of 33 

rural counties since they did not have any roads with medians.1   

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

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

analyses of the HSIS data we found various inconsistencies between years in the AADT data.  

We were unable to resolve the source of these inconsistencies and consequently omitted this 

variable from our analysis. 

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

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

Census Bureau (US Department of Commerce, http://www.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.2 

HSIS data for Illinois was available for the years 1987-1992 and for 1994.  

Unfortunately, we found that data for years after 1990 appeared to have some definitional 

changes.  We were unable to determine what those changes were and hence could not adjust 

the data to be consistent with earlier years.  Therefore, our analyses includes only the years 

1987-1990.  The statistical analyses methods used are described in the next section followed 

by a discussion of results. 

 
Methodology 
 

As discussed previously, accident data consists of counts and thus violates the 

normality assumptions of standard linear regression models.  For this reason we estimate a 

negative binomial model which is a generalization of the Poisson regression model.  Since 

our data is a mix of time-series and cross-sectional data we utilize the method derived by 

                                                                                                                                                        
1 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 also estimated models without Cook county (metropolitan Chicago).  This was 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 
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Hausman et al. (1984) for estimating negative binomial model with panel data.  This method 

has the advantage of factoring out the overdispersion parameters and accounting for 

heterogeneity in the data. 

To account for the fixed individual effects in the negative binomial model, we rewrite 

the Poisson parameter as, 

 iitit ??? ?  (1) 
 

where, 

 
 )exp()( ititit nE Xß???        TtNi ........2, ,1                 ,....2 ,1 ??  (2) 

 
in which it?  is the Poisson parameter indicating expected numbers of casualties in an 

observation unit i, in a given time period t, itn  is the number of observed casualties in an 

observation unit i, during a given time period t, itX  is a vector of covariates which describe 

the characteristics of an observation unit i, during a given time period t, ß  is a vector of 

estimable coefficients representing the effects of the covariates, and i?  is the individual-

specific fixed effect. To derive the joint probability of the fixed effect negative binomial 

model, it is necessary to find a convenient distribution for the sum of events for a given 

individual, ? t itn . A detailed derivation can be found in Hausman et al. (1984). The 

resulting joint probability of the ith individual conditional on total years is 
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which includes ß  via it?  but does not include i?  and the overdispersion parameter k. From 

this the likelihood function can be derived as, 

                                                                                                                                                        
variation in the population of the county.  Results were not substantively different from results including all 
counties. 
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This method appears quite robust for analyses of accident data as shown by Noland & 

Karlaftis (2002).  Use of ordinary least squares with an exposure variable, such as fatalities 

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 initial objective in analyzing the data was to examine the association between the 

infrastructure and geometric design variables and total reported accidents and fatalities.  The 

standard hypothesis is that newer and improved infrastructure leads to fewer accidents and 

fatalities and we test these hypotheses for the variables in the dataset.  We also test whether 

inclusion of variables to correct for changes over time have an effect.  This is done by 

including fixed effect year dummy variables.  Finally, 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 binomial models are shown in Table 2 for total reported accidents and Table 3 

for total fatalities.  All models have logarithmic independent variables to minimize 

heteroskedasticity in the data. 

For the accident models (Table 2) our results show that most of the infrastructure 

variables are not statistically significant.  Two exceptions are the mean number of lanes and 

mean outside shoulder width.  Increased numbers of lanes is associated with increases in 

accidents.  However, this variable is not significant when time series effects are not 

controlled for.  This is an important result and demonstrates the potential problem of not 
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explicitly controlling for time series in the model.  Noland (in press) found a similar effect 

from the number of lanes but with differences in effects depending on the functional class of 

road.  Our data was not sufficient to examine this effect for each road category.  This is an 

interesting result as it questions the policy of increasing many two-lane rural roads to four-

lane roads for safety reasons.  The fatality models (Table 3) find a positive association with 

number of lanes, but below the 95% level of statistical significance. 

Increases in outside shoulder width seem to be associated with fewer accidents.  Note 

also that increases in lane width has no statistically significant effect, suggesting that when 

increasing the width of right-of-ways it is more beneficial to devote the new space to creating 

a sufficient outside shoulder.  This result, however, is quite different in the fatality models 

(Table 3).  In these models we find a small positive (but not significant) association of 

increased outside shoulder width with increased fatalities, but a strong statistically significant 

positive association with increased lane widths. 

As mentioned previously, we also examined median width and inside shoulder 

widths.  This necessitated dropping 33 counties from the analysis since all their roads were 

two-lane roads with no medians and no inside shoulder.  These variables were not found to be 

statistically significant. 

The accident models also show a negative association with vertical curvature, 

although this is statistically insignificant and the result disappears when time series effects 

are properly controlled for.  The lane mile variable in the fatality models shows a negative 

association, but this is not statistically significant.  

The coefficients for the fixed effect dummy variables for each year are all statistically 

significant and negative.  This means that some unmeasured factor is reducing total accidents 

over time.  This is also seen in the fatality models (Table 3), though with lower levels of 

statistical significance.   
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When our demographic variables are included in the analyses we find that they pick 

up much of the residual effect from the year dummy variables, which are no longer 

statistically significant.  This implies that inclusion of the demographic variables captures 

much of the unmeasured changes over time.  Results for the infrastructure variables are 

generally the same when demographic variables are included. 

Among the demographic variables, population is positively associated with increased 

accidents and fatalities but only at the 90% level of significance.  Per capita income was not 

statistically significant.  Most studies have found a correlation between accidents and 

economic activity, measured as income, (Noland, in press), but we do not find this effect at 

the county level.   

The age cohort variables show that increases in the 15-24 age bracket is weakly 

associated with more fatalities but not with more accidents.  The 65 and over age group also 

shows a weak association with more fatalities, but not accidents.   

The results on the age cohort variables were generally disappointing and did not 

clearly give the anticipated results.  Despite this we did find that the higher risk age 

categories (younger people and elderly people) seems to be associated with more fatalities 

but not more accidents.  One reason for the relatively weak statistical significance on these 

variables may be the spatial 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, especially for smaller counties.  Therefore, as a control 

for demographic factors a larger spatial 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 spatial 

analyses.   

To examine this in more detail, we estimated models with age cohort data aggregated 

across all neighboring counties.  That is, we calculated the population data for a given county 
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by including all counties with which it shared a border.3  This did not improve the modelling 

results and actually 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 still find that the 

time trend is no longer statistically significant when demographic variables are included, 

suggesting that these variables are capturing much of the residual effect from changes over 

time. 

Multi-collinearity in the independent variables does not appear to be a problem.  The 

highest level of correlation 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 overall results.  In 

addition, the lane mileage variable is moderately correlated with number of lanes, number of 

horizontal curves, and number of vertical curves.  Omission of the lane mile variable does not 

substantively 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 beneficial for safety.  This includes increased lane mileage, increased 

median and inside shoulder widths (not shown in these results), and reductions in horizontal 

and vertical curvature.  While it is possible that this result is due to insufficient data, the 

analyses includes over 400 data points, so this is unlikely.  Therefore, we conclude that our 

results do not support the hypothesis that improved geometric design and infrastructure 

reduces reported accidents and fatalities, for these specific measures. 

 

                                                 
3 This was not done, however, for counties bordering other states. 
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Conclusions 
 

This paper has analyzed HSIS data for the State of Illinois to evaluate the hypothesis 

that improved road infrastructure geometric design is beneficial for safety.  Our results tend 

to reject this hypothesis in contrast with standard assumptions in the traffic safety literature.  

However, this result is not inconsistent with many recent studies that have used more 

sophisticated statistical techniques and also those that control for other confounding effects. 

Our results suggest that some changes in infrastructure have actually led to increased 

accidents and fatalities.  In particular, increases in the number of lanes appears to be 

associated with increased fatalities and accidents, and increases in lane widths are associated 

with increased fatalities.  Increases in outside shoulder width appear to be associated with 

reduced accidents, but show a positive but statistically insignificant association with 

increased fatalities.  Other factors, including median width, inside shoulder width, and 

horizontal and vertical curvature were not found to be statistically significant.  We also found 

that our results did not change much when demographic variables were included, although 

these variables do appear to capture the residual time trend associated with reductions in both 

fatalities and reported accidents.  Omission of any time trend in the model appears to give 

different results, for example on our variable for vertical curvature.  This suggests the 

importance of controlling for time trend in this type of analyses. 

Clearly, these results challenge some assumptions about the benefits of various road 

safety “improvements.”  Additional research is clearly needed to better understand these 

effects including additional empirical analyses of data.  One conclusion is that care should be 

taken to control for changes in other factors over time.  This study still omits two major 

potential effects, which are changes in seat-belt usage and changes in alcohol consumption.  

Additional research can clarify the behavioral responses to changes in infrastructure and how 

this affects safety.  
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Figure 1 
Distribution of Road Categories in Illinois HSIS Data (1992) 
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Table 1  
Summary of variables 
Category Variable (Unit) Notes 

 
County name 102 counties Key variables 
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 major/minor local ; 
collector; Class40 = Urban arterial; Class50 = Urban local collector 

Annual average daily traffic AADT Not used due to data inconsistencies 
Lane miles (miles)  
Number of lanes  
Lane width (ft)  
Median width (ft)  
Inside shoulder width (ft) is0 =no shoulder, is1 = soft shoulder (earth, sod), is2 = hard shoulder 

(aggregate, surface treated, paved), is3 = curb 
Outside shoulder width (ft) os0 =no shoulder, os1 = soft shoulder (earth, sod), os2 = hard shoulder 

(aggregate, surface treated, paved), os3 = curb 
Number of horizontal curves Horizontal curves measure the severity of horizontal curve angles. 

Considered as a ‘curve’ if the radius is less than 2293 ft. 
Horizontal deflection angle 
(degrees) 

County means of all curves. 

Road Infrastructure 

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

Demographics & 
socioeconomics 

County age group as percent of 
total population 

Age bands: [15-24], [25-34], [35-64], [65+]  
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Table 2  
Conditional fixed-effects negative binomial (Years 1987-1990): Dependent variable = Number of accidents  

Dependent variable = Number of Accidents  
Model without time correction Model with year dummy 

variables 
Model with demographic 

variables 
 Coef. ß/S.E. Coef. ß/S.E. Coef. ß/S.E. 
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) 0.218 1.58 -0.019 -0.14 0.032 0.23 
log (Mean number of lanes) 0.033 0.08 1.206 2.72 1.249 2.84 
log (Mean lane width) 0.069 0.21 0.216 0.69 0.182 0.59 
log (Mean 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 0.273 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 3.45 8.967 2.84 
LL(0) -1191.29  -1191.29  -1191.29  
LL(?) -1182.74  -1164.12  -1161.06  
N 408  408  408  
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Table 3 
Conditional fixed-effects negative binomial (Years 1987-1990): Dependent variable = Number of fatalities 

Dependent variable = Number of Fatalities  
Model without time correction Model with year dummy 

variables 
Model with demographic 

variables 
 Coef. ß/S.E. Coef. ß/S.E. Coef. ß/S.E. 
Dummy for year =1988   0.085 1.69 0.106 1.37 
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 -1.48 -0.821 -1.42 
log (Mean number of lanes) 1.211 0.70 3.329 1.75 2.952 1.53 
log (Mean lane width) 2.560 1.91 2.848 2.09 2.942 2.12 
log (Mean outside shoulder width) 1.437 1.40 1.427 1.38 1.145 1.08 
log (Number of horizontal curves per mile) 1.413 1.40 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 (Population)     0.059 1.92 
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)     0.472 1.03 
log (Percent 65+ years of age)     0.388 1.63 
Constant 14.290 0.04 11.248 0.06 13.110 0.03 
LL(0) -543.82  -543.82  -543.82  
LL(?) -538.44  -529.73  -525.53  
N 404  404  404  
 

 


