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The Highway Safety Information System:
Applications and Future Directions

Jeffrey F. Paniati and Forrest M. Council

Introduction

The Highway Safety Information
System (HSIS) is a new highway
safety data base developed by the
Federal Highway Administration
(FHWA) and the University of
North Carolina Highway Safety Re­
search Center (HSRC). Safetyana­
lysts and highway engineers are
using the HSIS to access accident,
traffic, and roadway data for a vari­
ety of applications, ranging from
basic problem identification to
modeling efforts that attempt to
predict future accidents. Note that
the goal of the HSIS is not to pro-

vide national accident statistics;
rather, the HSIS is designed to pro­
vide a detailed system linking acci­
dent, roadway, and traffic data for
problem analysis.

This article describes the capabili­
ties and characteristics of the HSIS
and provides five problem analysis
examples that illustrate how the
HSIS can be used as a problem
solving tool. The article also dis­
cusses future enhancements to the
system that might significantly im­
prove the range of analyses for
which the HSIS can be used.
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To compensate for the missing
data, the analyst merged the acci­
dent data with each vertical curve
and determined the distance from
each accident to the crest of the
curve. A plot of accidents versus
these distances was made to gain
insight into how accidents cluster
with respect to vertical crests.

As expected, the State files did not
contain specific roadway data on
the stopping sight distance associ­
ated with each vertical curve.
State inventory files cannot cap­
ture all the desired variables re­
lated to the roadway.

over, this distance is used to deter­
mine the minimum length of a
crest vertical curve. Although, the
American Association of State
Highway and Transportation Offi­
cials: Policy on Geometric Design
of Highways and Streets provides
guidelines on the design of such
curves, in recent years, the ad­
equacy of these guidelines has
been questioned.

HSIS analysis steps

The critical variables, as defined in
this feasibility study, were vertical
grade and related stopping sight
distance information. A review of
the State files found that two of
the five HSIS States had grade lo­
cation data; however, one could
not be used because it contained
data only for substandard vertical
curves. The remaining State had
appropriate information for all
grades, and from these data, nearly
2,400 crest vertical curves were
identified.( 1)1

Figure 1 illustrates the results which
are plotted both for curves with a
grade differential (upgrade plus
downgrade) of less than 6 percent
and for those with more than 6 per­
cent. The graph shows that a
greater proportion of the accidents
are found within .02 mi (32.19 rn) of
the crest and that increased grade
differentials show an even greater
proportion of accidents. Because
grade differential and length of verti­
cal curve determine the available
stopping sight distance, these data
indicate a potential problem.

'Italic numbers in parentheses identify
references on page 278.

Initially designed as a mainframe
system in which all activities were
conducted on the HSRCand the
FHWA mainframe facilities, the HSIS
was recently converted to a micro­
computer-based system. Thus, it is
now more accessible for use in mea­
suring highway safety in terms of
accident frequency or rates, and re­
lating those measures to factors
such as highway geometric design,
traffic control devices, roadside
hardware and operating policies.

The following problem analysis
examples illustrate the range of
analyses that the HSIS can per­
form. While the issues and scope
in each case differ, the first step
for conducting the analysis is the
same: the analyst must define the
critical variables and determine the
feasibility of using the data avail­
able to address the problem.

Grade Differences on Crest
Vertical Curves:

e------e = Ito <6%.--.= <!6%

A feasibility study using HSIS data
for quantifying the accident effects
of crest vertical curves was re­
cently completed.

Problem

1: Sight Distance

On rural highways, stopping sight
distance-the required distance
needed by a vehicle to stop before
reaching a stationary object-is of­
ten factor-related to safety. More-
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Background
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A location-based accident system,
the HSIS combines high-quality ac­
cident, roadway, and traffic data in
a computer-linkable format. The
system uses raw data already col­
lected by a select group of States.

Currently, the HSIS includes 5
years of data (1985-89) from five
States: Illinois, Maine, Michigan,
Minnesota, Utah. These States
were selected based on three pri­
mary criteria: the quantity of data
collected, the quality of the data,
and the demonstrated ability to
merge data from different files.

The FHWA acquires these data an­
nually, conducts quality control
checks, prepares the data in a stan­
dard format (SAS), and downloads
the data to a microcomputer.
These data can then be merged for
use in traffic safety analyses. Given
the quality and quantity of HSIS
data and the ability of the files to
be merged with each other, the
HSIS is a powerful, flexible tool for
analyzing numerous safety issues.
For example, if an analyst is study­
ing driver or roadway factors, the
HSIS can be used to determine ba­
sic problem identification issues. If
the analyst needs to predict the na­
ture and location of future accidents
using accident, roadway, traffic vari­
ables, the HSIS can be used to con­
struct multivariate models.

Figure 1.-Accident frequency relative to distance from crest vertical curves.
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HSIS analysis steps

By combining the accident, road­
way, and traffic files in the HSIS,
analysts can use the data to iden­
tify the situations where older driv­
ers are overrepresented. These
analyses can be conducted on a
State-by-State basis to see if the
trends are consistent.

This HSIS study of older drivers is
still continuing; however, one
State's data has been analyzed. For
this State, the accident patterns for
both the "young elderly" (ages 65 to
74) and the "old elderly" (ages 75
and older) were compared to those
for younger drivers (ages 30 to 50).
A wide range of variables was ex­
amined and the frequency and pro­
portion of accidents were compared
among the three age groups.

Figure 2 illustrates the findings
from a comparison of intersection
and nonintersection accidents for
the three groups. The graph shows
that both the elderly groups are in­
volved in a higher proportion of in­
tersection accidents than younger
drivers. This was true both for ur­
ban and rural locations. Examining
the type of intersection accidents
where older drivers are overrep­
resented (figure 3) shows, older
drivers are involved in a greater

The FHWA has developed a re­
search program whose goal is to
identify, develop, and evaluate en­
gineering enhancements to the
highway system to meet the needs
of older drivers. Information on the
accident patterns of the older
driver is needed to identify the ex­
tent of the problem, isolate prob­
lem areas, and develop solutions.

This quick examination of the avail­
able data was only part of the fea­
sibility study. The study also rec­
ommended other roadway and
traffic variables to be examined in
more detail and suggested other
non-HSIS States that may have
useful vertical grade data. Any full
analysis will require additional field
measures of actual sight distance
and vertical curve geometrics to
determine the relationship be­
tween grade differential and stop­
ping sight distance.

Problem identification represents
another type of typical HSIS analy­
sis. Here driver, vehicle, roadway,
or traffic characteristics that are
thought to contribute to an acci­
dent problem are investigated. The
findings are then used to direct fu­
ture research and select appropri­
ate countermeasures.

Figure 2.-Location of urban accidents (by age group).

Problem

Recent research has shown that
older drivers, as a group, have sig­
nificantly higher accident rates
than average. This research has
major ramifications considering
the rapid aging of the U.S. popula­
tion and projections that older driv­
ers in the next generation will rely
even more heavily on automobile
mobility than today's older drivers. Figure 3.-Urban intersection accident types (by age group).

2: The Older Driver

PUBLIC ROADS • Vol. 54, No.4 273



Figure 4.-Effect of traffic control on urban intersection accidents (by age group).

percentage of angle and turning
accidents. Further study revealed
that the major source of this acci­
dent problem was at two-way
stop controlled intersections
rather than at signalized inter­
sections (See figure 4.)

Clearly, problem identification
analysis cannot define the specific
risk levels of older drivers, because
the HSIS does not classify expo­
sure information by age of driver.
Also, overrepresentation at stop­
controlled intersections may be
partially a result of the fact that
more older drivers travel in areas
where more stop-controlled inter­
sections are found. However, high­
way engineers can use this infor­
mation to gain insight both into lo­
cations where accidents involving
the elderly occur and into the type
of accidents they are involved in.

Given the above data, the engi­
neer, when designing roadway im­
provements, can focus on those
situations where the driver must
judge the available gap and the
speed of approaching vehicles.
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Possible countermeasures may
involve treatments such as increas­
ing sight distance or improving
intersection control.

3: Median Crossover
Accident Rates

The previous analyses focused on
problem identification involving ac­
cident and roadway information
and used accident frequencies (and
proportions) to measure highway
"unsafety." The following analysis
is an example in which accident
and roadway information must be
merged with traffic data to produce
accident rates (accidents per mil­
lion vehicle miles). Instead of at­
taching certain roadway variables
to each accident, a sample of road­
way sections is defined by certain
characteristics, and the appropriate
accidents and traffic information
are extracted for each section. In
this way, the HSIS can be used to
study a problem by examining how
changes in roadway and traffic fea­
tures affect accident rates.(2)

Problem

The increase in travel demand in
the United States has resulted in
high levels of congestion in many
urban and suburban areas. In re­
sponse to the growing congestion,
highway agencies are seeking op­
portunities to increase the capacity
of existing freeways by adding
lanes. Because the amount of
right-of-way available for this ex­
pansion is limited, additional lanes
are often constructed by using por­
tions of the existing highway right­
of-way, including the median. Re­
ducing the median width, however,
has led highway engineers to ques­
tion the safety of the remaining
median width and has forced them
to make decisions regarding the
use of median barriers.

Specifically, the engineer must
trade off the need to minimize
the number of median crossover
accidents (accidents in which a
vehicle from one side of the high­
way crosses the median and strikes
a vehicle in the opposite direction)
with a decision to install a median
barrier that could result in less
recovery area, more fixed object
impacts, and more redirected acci­
dents (accidents where a vehicle
strikes a barrier and is redirected
into the traffic stream). To exa­
mine the possible implications of
either decision, the engineer must
look at information on existing
roadways covering a range of
median conditions.

HSIS analysis steps

An effort to develop median cross­
over accident rates was undertaken.
This task required the linking of in­
formation about the accident type
with roadway data (median width
and type), with traffic data.

In reviewing the HSIS data files,
three of the five HSIS States had
the roadway information necessary
to conduct this analysis. However,
none of these States recorded me­
dian crossover accidents as such:
instead they grouped these acci-
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dents under more general catego­
ries-head-on and sideswipe acci­
dents. To estimate the number of
median crossover accidents, the
analyst looked at the number of
head-on and sideswipe opposite
direction accidents that occurred
on divided roadways. However,
analysis of the resulting crashes
(involving both computer runs and
limited hard-copy accident report
analysis) indicated that some were
intersection/interchange related,
some were "wrong-way" crashes,
and some involved vehicles that
had spun on icy roads and struck
vehicles head-on in their own
lanes-none of which were true
"cross-median" crashes. To reduce
possible biases in the rates, the
data file was then screened to
eliminate (as best possible) inter­
section accidents, accidents involv­
ing "wrong-way" vehicles, and acci­
dents occurring during the six
months when ice and snow were
most probable.

Similar tables were developed in
the other two States for divided
highways without median barriers.
An analysis and comparison of
these results, further examination
of hard-copy accident reports, and
development of accident rates for
divided highways with median bar­
riers are underway. A full report
documenting the results will be
available later in 1991.

4: Head-On Accidents

The analysis examples cited previ­
ously have all required significant
effort to design the required data
runs, compile the necessary data,
and analyze the results. The fol­
lowing problem analysis, however,
illustrates how the analyst can use
the HSIS to quickly access informa­
tion about a particular type of acci­
dent to grasp the scope of a prob­
lem or to check trends.

Problem

Although head-on accidents occur
infrequently, they often result in
severe injuries to vehicle occu­
pants. Moreover, highway safety
professionals recognize that their
efforts are best devoted to plan­
ning programs or policies in those
areas where the potential reduction
in severe injury is the greatest.
Therefore, a problem identification
analysis of head-on accidents was
conducted. Its purpose was to pro­
vide better information regarding
the extent of the head-on accident
problem and the conditions under
which these accidents occur.

HSIS analysis steps

To conduct a quick examination of
the head-on accident problem in the
HSIS States, analysts reviewed re­
cent data for four of the HSIS States.

Accident rates were then devel­
oped for nonbarrier situations on
divided urban and rural interstates
and freeways, and other roads, cat­
egorized by median width (0 to 10
ft [0 to 3.04 m], 11 to 30 ft [3.35 to
9.14 rnl , 31 to 60 ft [9.45 to 18.29
ml. 61 ft [18.59 mJ and over).
Table 1 provides the results for one
State during the 6-month analysis
period, including the number of ac­
cidents, the amount of roadway
mileage, and the accident rate.

Since all "biases" could not be
eliminated from the rates, they are
considered "best estimates" at this
time. They are felt to be "liberal"
(i.e., higher than true "cross­
median" rates) since all biasing
crashes (e.g. some head-on
crashes due to spinning in the
same lane) could not be screened
out. They are perhaps "conserva­
tive" since they do not include
single-vehicle crashes in which a
vehicle crosses the median and
strikes some roadside object or
overturns rather than striking an
oncoming vehicle.

PUBLIC ROADS' Vol. 54, No.4

Table I.-Median crossover accident rates (2)

Urban Interstate/Freeway Urban Other

Median Rate' Miles Accidents' Rate Miles Accidents
Width

1-10 - • - - 3.95 105 50

11-30 0.93 17 4 2.17 137 34

31-60 0.13 135 3 0.55 85 4

61+ 0.35 143 5 0.00 7 0

Rural Interstate Rural Other

Median Rate' Miles Accidents Rate Miles Accidents
Width

1-10 - - - - - -

11-30 - - - 0.61 61 I

31-60 0.00 221 0 1.40 76 6

61+ 0.13 1.265 9 0.00 19 0

'Rates are in accidents per one hundred million vehicle miles.
"Insufficient raodway mileage available.
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The first step was to examine the ex­
tent and severity of the problem by
comparing the head-on accident
data to that for all accidents.

As shown in table 2, while head-on
accidents are a small part of the
total accident problem, they com­
prise a significant percentage of
all fatal accidents.

The second step was to isolate con­
ditions under which head-on acci­
dents occur; here, the proportion of
total accidents was compared to the
proportion of head-on accidents oc­
curring under key environmental
and roadway conditions.

Since the results were consistent
across the States, the data were
combined to produce the following
figures. Figure 5 indicates that ice
and snow road surface conditions
are overrepresented in head-on ac­
cidents. Figure 6 shows that the
dark and dark-with-street-Iight con­
ditions are overrepresented in
head-on accidents. Finally, Figure
7 illustrates that head-on accidents
are more likely to occur on curves.

A full investigation of the head-on
accident problem would require
additional analysis of the interac­
tion of these variables-light, road
surface conditions and roadway
alignment-and a comparison with
data from non-snow States. How­
ever, this example illustrates how
the HSIS can quickly provide infor­
mation on the extent of a problem
and potential contributing factors.

5: Urban Freeway Lighting

Table 2.--Comparison of bead-on accidents with all accidents

Stale Head-On Head-On All All Head-On Fatal
accidents fatals accidents fatals percent percent

(I) (2) (3) (4) (5) (2)/(4) (3)/(5)

I 5,319 432 492,812 2.442 1.I 17.7

2 8,951 394 429,959 1,762 2.1 22.4

3 5.257 225 218,158 1,503 2.4 15.0

4 1.986 68 141,802 819 1.4 8.3

Figure 5.-Effect of road surface condition on accidents.

This problem analysis example illus­
trates a situation where the HSIS
contains the necessary accident data
and some of the required roadway
information, but where additional
non-HSIS data are also needed.

Problem

Nationwide accident statistics
show that more than 50 percent of
fatal accidents occur during the
hours of darkness. Because travel
statistics show that only 25 percent
of travel occurs during the same
period, the fatality rate is actually
nearly three times higher at night
than during the day.
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The installation of overhead lighting
is a potential countermeasure to this
nighttime accident problem. How­
ever, this is expensive, and because
research to date offers conflicting re­
sults about its cost effectiveness, an
HSIS study is being conducted to ex­
amine the potential benefit of using
lighting in high-volume situations
such as urban freeways.

HSIS analysis steps

Although the investigation of the
cost effectiveness of urban freeway
lighting is still in its early stages, a
significant effort has been devoted

to assembling the necessary infor­
mation. An examination of the HSIS
data files revealed that the desired
accident and roadway variables
were present, but none of the States
had complete lighting information.
Moreover, the traffic data in the
HSIS provides an indication only of
the average daily traffic, not the 24­
hour distribution needed to develop
day versus night accident rates.

The next step was to determine
whether the HSIS States had addi­
tional noncomputerized files that
could provide lighting information
and traffic data, Because the miss­
ing data were lighting and traffic
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Figure 7.-Effect of roadway alignment on accidents.

Figure 6.-Effect of light conditions on accidents.

• Use the system for wide range of
analysis activities.

• Evaluate the system to determine
if modifications or enhancements
are required.

• Truck accidents that will examine
the relationship between truck ac­
cidents and highway characteris­
tics-horizontal curvature, vertical
grades, lane width, etc. The study

way, and traffic files, and sunrise!
sunset information provided by
the U.S. Naval Observatory for a
more precise assessment of acci­
dent occurrences.

Although the HSIS is now fully op­
erational, it is intended to be a dy­
namic data base that will adjust to
meet the changing needs for safety
data. To do this will require a peri­
odic assessment of how well the
system is functioning and an iden­
tification of potential modifications.
The HSRC under contract from the
FHWA is conducting such an evalu­
ation. Having converted the HSIS
to a microcomputer-based system,
the HSRC is charged with two
other broad provisions to:

This problem analysis example
demonstrates how both HSIS and
non-HSIS data can be combined to
address a safety question. While,
the HSIS accident, roadway inven­
tory, and traffic files will often pro­
vide the "core" variables, they fre­
quently must be supplemented by
field data collection or acquisition
of noncomputerized data files.

The Future of the HSIS

Analysis activities

To date, more than 15 HSIS analysis
projects have been identified; they
include completed or ongoing ef­
forts by HSIS contract staff, FHWA
researchers, FHWA graduate re­
search fellowship students, and out­
side contractors. To fully evaluate
the system's effectiveness, the HSIS
must be used for a wide range of
analysis activities. While it is ex­
pected that many of these analysis
activities will be short term respond­
ing to current issues, several long­
range studies have been planned.
These include studies of:

ing along urban freeways, as well
as 24-hour traffic distributions from
automatic traffic recorders.

This information provided by the
States is now being matched with
the existing HSIS accident, road-

information for urban freeways,
the three HSIS States with large ur­
ban areas were contacted first.
Two of the three States provided
information about the locations,
type, and installation dates of light-

PUBLIC ROADS· Vol. 54, No.4 277



-
will develop predictive equations New information generated would analyses of complex problems using
for use in identifying deficient include: roadside recovery dis- HSIS data in combination with
highway sections. tance, a subjective roadside hazard supplemental data. By incorporat-

• Roadside hazards that will develop
rating, the number of and distance ing accident, roadway inventory,
to roadside obstacles (utility poles, and traffic data files from five differ-

a severity index to quantify the ef- trees), and sideslope data. ent States, the system can be used
fects of roadside hazards on acci- to study numerous issues and pro-
dent severity. This index could be Linking with the Highway Perfor- vides the ability to check the consis-
used to evaluate the cost effective- mance Monitoring System. Cur- tency of findings across States.
ness of roadside improvements- rently, each State reports to the Planned enhancements will increase
relocating utility poles, breakaway FHWA highway features and traffic the flexibility of the system and its
sign supports, crash cushions, etc. data for a sample of their highway range of applications. As with any
Both HSIS and non-HSIS data sections. The data are used to com- data system, the long-term success
sources will be used. pile national statistics. They could of the HSIS will depend on the ex-

• Intersection accidents that will iso-
also be used to supplement the ex- pertise, inquisitiveness, and innova-
isting HSIS data files. Potential tion of its users. ~

late the intersection characteristics variables include: pavement rough-
that are overrepresented in acci- ness, passing sight distance, de- Referencesdents such as number and type of sign speed, and roadway capacity. .;;
lanes, intersection geometry, traffic
volume, traffic distribution, etc. Using bridge/railroad crossing

(1) C. Zeegar and F.M. Council. Use of
The HSI$ For Quantifying Accident

files. These files were recently ac- Effects of Crest Vertical Curves, Un-
System enhancements quired for each State. Due to time published report, University of North

In planning for the future of the
limitations, however, the raw files Carolina Highway Research Center,
have not yet been converted to Raleigh, NC, August 1990.

HSIS, a number of system enhance- SAS format. The bridge files con-
ments are being examined, includ- tain information on bridge width, (2) D. Reinfurt and F.M. Council.
ing those for improving the user- railing type, guardrail transitions, Median Crossover Accident Rates,
friendliness of the system and for etc. The railroad files contain data Unpublished report, University of
adding new States or additional data on the crossing geometry, type of

North Carolina Highway Research

files to the system. protection, train volumes, etc.
Center, Raleigh, NC, January 1991.

In the near term, enhancement Using videodisc photologs. A least Jeffrey F. Paniati is a highway
research engineer in the Informa-efforts will concentrate on improv- one HSIS State has photologs (pic-
tion and Behavioral Systems Divi-ing the data available for the exist- tures taken each 0.01 mi [16.09 m])

ing HSIS States. Data enhance- available on videodisc for the en- sion, Office of Safety and Traffic
ments include: tire State-maintained highway sys- Operations Research and Develop-

ment, Federal Highway Administra-
Using vehicle identification num-

tem. Videodiscs, which are similar tion (FHWA). Mr. Paniati is the
to the compact discs used for stor-

bers (VIN). A VIN is a unique num- ing audio information, allow the
manager of the Highway Safety In-

ber assigned to each manufactured photo log pictures to be efficiently formation System. He is a 1985
vehicle. Processing the VIN through stored (500 or more mi [804.7 kml graduate of the FHWA Highway En-
an available decodirtg program will per disc) and rapidly accessed. gineer Training Program and is a
generate information on the size Videodiscs would provide the ca- professional engineer registered in
and weight of the vehicle. These pability to collect "new" roadway the Commonwealth of Virginia.
data are useful for studying the inventory data from an office set-

Forrest M. Council is deputy di-performance of roadside hardware ting. This data could include the 10-
and the handling of vehicles on cations of fixed lighting, speed Iim- rector of the University of North
certain roadside geometries. its, or roadside hardware. Carolina Highway Safety Research

Center. He is currently the principal i'
'I

Merging of a cross-section data investigator on the study involving u

base. A detailed cross-section data Conclusion the maintenance, enhancement, ;
base was developed for 4,950 mi and analytical use of the Highway
(7966 km) of roadway in seven The five problem analysis examples Safety Information System (HSIS)
States-two of which are HSIS illustrate that the HSIS can be used for the FHWA. Since 1968, his
States-as part of an earlier FHWA for a range of tasks, from perform- work at the research center has in-
effort. Merging this cross-section ing basic problem identification us- volved roadway safety using State
data base with the current HSIS ing only one file to developing acci- data files. He served as principal in-
data files would provide access to dent rate models, to performing vestigator for the project in which
information not available in any the HSIS was developed.
roadway inventory file in the U.S.
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