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FOREWORD

The four papers in this RECORD are representative of several of the key elements of a
highway safety evaluation system.

In the first paper, Weaver, Woods, and Post describe a formalized implementation
procedure to program roadside safety improvements on controlled- and non-controlled-
access highways. The procedure is based on an NCHRP project that presented a con-
ceptual probabilistic model as a management tool to establish priorities for roadside
safety improvements on freeways. Although that model was to be applicable on a
national scale, the Texas Highway Department in cooperation with the Texas Trans-
portation Institute developed the procedures described in this paper to suit Texas con-
ditions.

Deacon, Zegeer, and Deen report in the second paper on a procedure for identifying
hazardous rural highway locations by using the quality control technique to calculate
critical accident rates. Specific recommendations are given for use by the Kentucky
Bureau of Highways.

The identification of hazardous highway locations by processing accumulated acci-
dent experience is highly dependent on the particular methods that are used to locate
accidents in the field. The paper by Goolsby and Yu describes the development of a
quasi-coordinate link-node system for locating accidents. The paper discusses the use
of the link-node system on urban and rural highways in Iowa. The flexibility of the
location technique is illustrated in a brief description of the Iowa accident retrieval
system.

The last paper, by Reiss, Berger, and Vallette, describes the creation of a motor-
cycle accident data base that was used to determine accident causation factors, to
identify voids in motorcycle accident information, and to suggest a basis for future
educational and public information programs. An accident typology was developed that
identifies accident categories for which specific countermeasures can be designed.

—William T. Baker

iv



COST-EFFECTIVENESS ANALYSIS
OF ROADSIDE SAFETY IMPROVEMENTS

Graeme D. Weaver and Donald L. Woods,
Texas Transportation Institute; and
Edward R. Post, University of Nebraska

Roadside safety improvement programs must compete with other highway
construction and maintenance programs for limited funds. As emphasis
on roadside safety increases, the need for methods by which administra-
tors may evaluate alternative safety improvements becomes apparent.
This paper concerns the development of an implementable procedure for
evaluating safety improvements for hazards along controlled- and non-
controlled-access rural highways by using a general computerized analysis
model to accommodate both. A cost-effectiveness conceptual model de-
veloped in a recently completed NCHRP research study provides the basic
technique for comparing recommended safety improvements. The con-
ceptual model, developed specifically for freeway evaluation, was extended
to accommodate non-controlled-access roadways, and the implementation
procedure was developed to fit the particular needs of the Texas Highway
Department. The implementation procedure comprises three functions:
conducting a detailed inventory of a highwayto locate and define each road-
side hazard, recommending feasible safety improvement alternatives for
each hazard or group of hazards, and evaluating the recommended alter-
natives by using the computer model. A hazard inventory form on which
to record information regarding the existing hazard and a hazard improve-
ment form on which to record suggested improvements were developed.
The data from these forms are transferred to computer cards to provide
the necessary input information for cost-effectiveness analysis of the safety
alternatives. Each phase of the procedure is discussed including compo-
sition of inventory team, methods to locate existing hazards, details of the
two data forms, operation of the computer analysis model, and interpre-
tation of the analysis results. Also included are case examples illustrating
typical analysis results.

*HIGHWAY safety administrators currently are faced with the problem of attaining
goals that are becoming increasingly more difficult to achieve in an inflated economy.
Within these constraints and the stringent limitations on available safety funds, the
choices of safety improvements are of necessity reduced to those that return the
largest payoff for the safety dollar. The realistic approach becomes one of evaluating
the safety improvement alternatives on a common basis, ranking them on a priority
scale, and including in a safety program those that yield the greatest economic return.
The principle of economic efficiency to achieve the highest quality product is basic
to good engineering practice. The product in roadside safety is hazard reduction.
Alternatives must be evaluated and trade-offs must be made to reach an acceptable
level of stability between the two elements in the economic principle. Further, if
alternatives are to be evaluated uniformly across large regions, specific hazards and
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saiety improvemeni aiiernaiives must bé identified, criteria must be selecled (o eiisuie
commonality in analysis, and procedures must be developed to apply the principle in
the real world.

Safety improvement programs generally have consisted of the following four steps:

1. Remove roadside obstacles,

2. Relocate those obstacles that cannot be removed (i.e., to a protected location or
laterally),

3. Reduce the impact severity of those obstacles that cannot be removed (e.g., pro-
viding breakaway devices, turning down the ends of guardrails, and flattening roadside
slopes), and

4, Protect the driver from those obstacles that cannot be improved otherwise by
using impact-~attenuation or redirection devices.

This approach would be ideal if sufficient funds were available to accomplish all four
steps. Under ever-present economic constraints, trade-offs must be made, even within
each of the four steps. Which obstacles should be removed? Should certain obstacles
be relocated, or can redirection devices achieve the same safety benefit ?

Highway safety engineers must evaluate many alternatives of this nature. Unfor-
tunately, engineers have been handicapped by the lack of uniform objective criteria on
which to evaluate viable safety alternatives.

As the emphasis on roadside safety has increased, the need for methods with which
administrators may evaluate alternative safety improvements and program those to
realize the greatest return on available safety improvement funds has become apparent.

The cost-effectiveness model developed in an NCHRP study (1) provides a basic
technique for comparing recommended safety improvements. It relies on quantification
of vehicle encroachment characteristics, physical dimensions and impact severity of
the roadside obstacle, and cost information related to the existing and improved status.
The conceptual model, developed specifically for freeway evaluation, was highly gen-
eralized and, therefore, was not readily implementable for specific needs. Further, it
required expansion to accommodate roadways other than freeways. To implement the
concept, each state would have to adapt the findings to its own specific needs and ad-
ministrative structure.

The Texas Highway Department and the Texas Transportation Institute, through the
cooperative research program, developed a formalized implementation procedure, com-
patible with Texas Highway Department policy, to program roadside safety improve-
ments based on the generalized NCHRP research (2). In a follow-up study (3), the
concept and procedure were adapted to include non-controlled-access roadways as well.
The product of the two studies is a procedure that is applicable for the two types of
highways and that uses a general computer program. This paper presents an overview
of the procedure, which is undergoing statewide implementation in Texas.

RESEARCH APPROACH

Conceptual Design

Glennon's conceptual model (1) provides a basic foundation for a structured method
with which to evaluate safety alternatives; however, it is not readily implementable in
its current state. It requires much obstacle and traffic information that is unique to a
particular roadway. To develop the model into an operational tool requires that a
methodology be designed for acquiring and synthesizing the information and for present-
ing it in a form that is suitable for the conceptual model. Further, the concept must be
extended for evaluating safety improvements not only along freeways but also on non-
controlled-access roadways.

The objective of the research reported was to develop methodology to implement a
roadside hazard improvement evaluation program by using Glennon's basic cost-



effectiveness model as an analysis tool. The adaptation of the resulting procedure to
computerized analysis techniques was a primary requisite.
The procedural concept was developed to achieve the following objectives:

1. Identify the information needs of the conceptual model (input data necessary for
analysis), and determine which data may be obtained from previous studies and which
data necessitate additional research;

2. Examine available information to determine which portion is usable in its current
format and which portion requires modification or restructuring for input use;

3. Develop methods to obtain the information that is not currently available;

4. Develop computer techniques to incorporate necessary model data and permit
evaluation of recommended safety improvements; and

5. Test the procedure under actual highway conditions.

Research Tasks

The research tasks for applying the theoretical concept to existing highways were as
listed below:

1. Identify those obstacles that constitute a hazard to a vehicle encroaching on the
roadside;

2. Assign a severity index value to each obstacle;

3. Define vehicle encroachment criteria under which a roadside obstacle can be ex-
pected to be impacted;

4. Develop a procedure for locating obstacles alongside roadways and a mechanism
to record the information needed for analysis of the hazard;

5. Define viable safety alternatives for each hazard;

6. Develop a mechanism for selecting safety alternatives for each hazard or group
of hazards and for recording the information for comparative analysis of the selected
alternatives;

7. Develop computer techniques to incorporate the information collected in steps 1
through 6 and analyze the cost effectiveness of the alternatives.

8. Test the hazard identification list, the inventory procedure, the alternative selec-
tion procedure, and the computer analysis model.

These tasks are discussed below, and examples are presented to illustrate the
safety improvement procedure and the analysis results from the computer analysis
model.

IDENTIFICATION OF ROADSIDE HAZARDS

To computerize the safety improvement evaluation procedure required that all roadside
hazards be specifically identified. Basic to identifying roadside hazards is defining what
a hazardous roadside obstacle is. Hazard connotes severity of impact. Technically,
any roadside obstacle projecting above the ground surface, any surface depression, or
any terrain feature that produces a vector change in vehicle acceleration can be con-
sidered a hazard.

Roadside obstacles that met this general definition of hazard were included in the
hazard inventory list. In the basic list, no regard was given to the severity of impact.
The basic list contained approximately 10 categories for classifying obstacles.

Highway field trials were conducted to determine deficiencies in the basic list.
These trial inventories revealed not only obstacles that had been omitted from the basic
list but also the need for further subclassification of obstacles. Several extensions
and refinements were made as a result of continued field trials. A list of roadside ob-
stacles is given below; hazards were grouped under general identification code designa-
tions and, where necessary, were further subdivided:



. Utility poies;

Trees;

Rigid signposts, including single-pole mounted, double-pole mounted, triple-pole
mounted cantilever support, and overhead sign brxdge

4, R1g1d luminaire support base;

5. Curbs, including mountable design, nonmountable design (less than 10 in. high),
and barrier design greater than 10 in. high;

6. Guardrail or median barrier, including W-section with standard 6-ft 3-in. post
spacing (including departing guardrail at bridge), W-section with other than standard
spacing, bridge approach guardrail with decreased post spacing (3 ft 1 in.) adjacent to
bridge, bridge approach guardrail with post spacing not decreased, post and cable, metal
beam guard fence (barrier) in median, and median barrier (concrete or equivalent);

7. Roadside slope, including sod, rubble rip-rap, or concrete-faced positive or
negative slopes;

8. Ditches, including those formed by erosion but not those formed by intersection
of front and back slopes;

9. Culverts, including headwall or exposed end of pipe, gap between culverts on
parallel roadways, and sloped culverts with or without grate;

10. Inlets, including raised or depressed drop inlet and sloped inlet;

11. Roadway under bridge structure, including piers and vertical- and sloped-faced
abutments;

12. Roadway over bridge structure, including open or closed gap between parallel
bridges, rigid or semirigid bridge rail (smooth and continuous construction), other
bridge rail (probable penetration, snagging, pocketing, or vaulting), and elevated gore
abutment; and

13. Retaining wall, including face and exposed end.

0 D

For purposes of inventorying, all hazards were categorized as point hazards, longi-
tudinal hazards, or slopes. This general classification system was selected so that
inventory data could be recorded and the computer program logic organized.

SEVERITY INDEX ASSIGNMENT

The severity index is the relative measure of the effect on the vehicle or its occupants
when a collision with an obstacle occurs. To quantify the severity of roadside hazards,
we developed a two-part questionnaire and distributed it throughout the state of Texas
to professionals in fields related to highway safety: design, operations, maintenance,
law enforcement, and administration.

The first part of the questionnaire consisted of 98 hazard comparison statements with
which respondents were requested to agree or disagree. The second part consisted of an
evaluation of 52 roadside hazards and conditions; respondents were requested to numer-
ically rate the potential hazard of each on a 0 to 10 linear rating scale. A rating of 0
indicated negligible injury to vehicle occupants, and 10 indicated probable fatality.

Although the linear scale is convenient for consistent ratings from field personnel,
it has some inherent disadvantages in the cost-effectiveness model. In particular, a
change in the severity index value means different things at each end of the scale. For
example, a change from 9 to 7 represents a reduction from a highly probable fatal im-
pact to one producing only injury, whereas a numerical change from 4 to 2 represents
only minor significance, both being property-damage-only impacts. Therefore, the
linear hazard indexes were adjusted on a nonlinear scale in proportion to cost relation-
ships associated with property damage, injury, and fatal accidents; the cost of a fatal
accident was set at $200,000.

VEHICLE ENCROACHMENT CHARACTERISTICS

The quantification of certain traffic operating characteristics is vital to Glennon's con-



ceptual model. The specific information required includes roadside encroachment
frequency, encroachment orientation, lateral displacement, and vehicle speed. The
distribution of encroachment frequency and lateral displacement developed by Hutchinson
and Kennedy (4) is included in the computer analysis model. The 11-deg encroach-
ment angle selected by Glennon was also used in this research with a 60-mph vehicle
speed.

DEFINITION OF SAFETY IMPROVEMENT ALTERNATIVES

An approach similar to that used in establishing the hazard list was used to define
possible safety improvements for each hazard. An extensive list was developed of
possible improvements for each obstacle on the hazard inventory list. The list was
expanded to include improvements to groups of obstacles that occur along the roadside.
During this phase, any improvement was included in the list without regard to cost, re-
sulting severity, or, to a certain degree, the practicality of the improvement. The
basic list was taken to the field repeatedly to determine deficiencies and was extended
or refined as necessary until a final list was selected.

APPLICATION

General Procedure

The approach used to obtain hazard information involved conducting a detailed physical
inventory of the highway. Although time-consuming, this method permitted accurate
determination of all necessary roadside obstacle information. The inventory technique
offered several other advantages also. On-site assessments of the hazard were made
with respect to the roadway cross section and the relationship of one hazard to others
in its immediate vicinity. In many cases, on-site inspection was necessary to fully
evaluate potential remedial treatment. The need for precise hazard location, in con-
junction with the on-site remedial evaluation, led to the decision to conduct a physical
inventory of the total roadway. From this decision evolved the concept of a safety
team simultaneously conducting the hazard inventory and making improvement recom-
mendations.

The procedure to evaluate safety improvements for roadside hazards comprises
three related functions:

1. Conducting a detailed inventory of the highway system to identify and locate each
roadside hazard,

2. Recommending feasible safety improvement alternatives for each hazard or
group of hazards, and

3. Evaluating the recommended safety improvement alternatives by using a com-
puterized cost-effectiveness model.

In the inventory phase, the milepoint of each applicable hazard is identified by using a
vehicle equipped with an odometer that records to one-thousandth of a mile (approxi-
mately 5 ft). As each hazard or group of hazards is located and evaluated, recom-
mendations for remedial safety improvement are made. Hazard inventory information
and improvement recommendations are recorded on forms described later in this paper.
The hazard inventory information and improvement recommendations are the basic
input for the cost-effectiveness model.

A primary consideration throughout this research was that the procedures developed
be implementable on existing highways and within real-world constraints, primarily
time constraints. Conducting an inventory requires a substantial expenditure of per-
sonnel and equipment. To minimize these costs, methods and measuring devices were
designed to obtain the hazard information as easily and quickly as possible yet with the
necessary accuracy.
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Seope

The lateral boundaries within which safety improvements will be made are determined
by the administrator, although in most roadside improvement programs the primary
and secondary recovery areas (30-ft lateral clearance) are generally sufficient. Avail-
able information (4) indicates that safety improvements within this region benefit ap-
proximately 85 percent of drivers encroaching the roadside. The inventory procedure
developed in this research includes all roadside hazards located in the median or
within 30 ft of the outer edge of the traveled lane.

Inventory Team

The quality of the analysis depends to a very large degree on the quality of the input
data. Inasmuch as the recommendations for alternative safety improvements govern

to a great extent the cost-effectiveness results, the inventory team must have con-
siderable experience in traffic operations, geometric design, maintenance, and cost
estimating. Field trials of the inventory procedure indicated that a four-person team
represents an efficient working force, to include as a minimum a driver, a data recorder,
and two decision makers to recommend safety improvements. The more experienced
the team members are, the more flexibility there is to rotate duties. The following
procedure was found to work very efficiently. The driver assumed the responsibility

of identifying each hazard as he drove along the highway at low speed; he stopped
adjacent to each hazard to read the odometer. All hazard inventory data were recorded
by a member of the team who was familiar with the hazard inventory form. The driver
called out the hazard milepoint and identified the hazard by name. These were recorded,
and necessary identification codes were assigned. Offset distances and other applicable
data were recorded while two decision makers evaluated the hazard situation to select
improvement alternatives., The decision makers completed the improvement form.

Recording Existing Hazard Information

Because there are so many hazards that must be inventoried along a section of roadway,
the coding process must be systematic for eventual analysis by computer. The inven-
tory team manually recorded all necessary information on each roadside obstacle in-
cluded in the hazard inventory list on a one-page form. The hazard inventory form
(Figure 1) was developed in several stages and reflects repeated field trials and modi-
fications resulting therefrom. The form is applicable for both controlled- and non-
controlled-access roadways; the analysis procedures are accommodated within the
computer analysis model depending on the highway type and classification code entered
on the form.

The form was developed to permit direct transfer of inventory data to computer card
for entry to the cost-effectiveness program. Only those data within the numbered
spaces in each box are entered on computer cards; the number below each space denotes
the column number on the computer card.

Since any roadside obstacle encountered can be classified in only one of the three
possible categories, only the information in the box containing the particular hazard
type is recorded on the form to fully describe the hazard. Boxes 1 and 2 are com-
pleted on every form; only one of boxes 3, 4, or 5 is completed on each form.

Recording Safety Improvement Information

A roadside hazard improvement form was designed to provide a mechanism to record

improvement information in a format acceptable for computer analysis. The hazard

improvement form (Figure 2) was also developed as a result of repeated field trials.
Recorded on the hazard improvement form are the recommended safety treatments;



Figure 1. Roadside hazard inventory form,
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it provides the data for computation of the after condition hazard index for cost-
effectiveness analysis. Box 1 and only one of boxes 2 through 5 are completed on each
form.

COMPUTER ANALYSIS MODEL

The computerized evaluation analysis performs the cost-effectiveness mathematical
computations and is structured so that all possible alternatives can be evaluated with

a minimum of input information. Therefore, it was desirable to incorporate within the
analysis model hazard severity, vehicle encroachment, and other such information.
This reduced the input requirements to specific hazard information such as dimensions
and location and specification of a particular improvement.

The computer analysis model, written in FORTRAN, uses 39 subroutines and a main
program, In addition to simplifying the logic and model validation, subroutines provide
the necessary flexibility for modifying or extending the analysis procedure to accom-
modate unique situations that may be encountered in the field.

Capabilities of Analysis Model

The model is capable of evaluating four improvement alternatives for a single hazard
or a hazard grouping containing a maximum of 15 hazards with four improvement al-
ternatives per hazard. Only in rare instances were more than two alternatives required.

Error and Flag Messages

Because operation of a computer program relies on precise data input, error messages
were incorporated into the program to identify input errors. Because of the complexity
of the program and extensive branching within subroutines from several data sources,
data input errors will occur. To avoid program termination (which would normally
occur for each data error), the program bypasses erroneous data, prints out an error
message, and continues with the next data input.

Fifty-one error messages have been incorporated. The list of numbered messages
is printed out for each computer run, and each error message is identified in the data
output by reference number. Also printed out is the location within the program or
subroutine in which the data error affected program execution. The message indicates
the type of error and provides direction to remedy the data error. The program auto-
matically terminates if 100 error messages are printed during any run.

Analysis Model Data Output

The computer output provides a listing of hazard data, improvement data including costs,
and the cost-effectiveness value. Two case examples are presented to illustrate
typical output.

Case 1. Point Hazard in Median

Figure 3 shows a typical point hazard—a set of three closely spaced bridge piers in a
median. For analysis purposes, the three piers are considered as one point hazard with
dimensions of the peripheral boundaries because avehicle cannot pass between two adja-
cent piers. The four safety alternatives evaluated are (a) remove the piers (replace the
bridge with a single-span structure), (b) install guardrail around the piers, (c) install a
concrete median barrier integral with the piers, and (d) install an impact-attenuation
system at the ends of the pier formation. Figure 4 shows the computer program out-
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put for each of these alternatives.

Case 2: Group of Hazards in Median

Figure 5 shows the locations of five hazards in a grouping. Each cluster of trees is
considered to be a point hazard within the group. The group also includes a guardrail,
a critical slope, and a raised drop inlet. Each hazard within the group is inventoried
individually. Although several alternatives exist, only two are discussed. The first
alternative is upgrading the existing guardrail to full safety standards to protect the
slope and leaving the other hazards as they exist. The second alternative is removing
the guardrail, replacing the raised inlet with a flush inlet (removal of hazard), and re-
moving the two clumps of trees. Figure 6 shows the analysis of these two alternatives.

Interpretation of Analysis Results

The program output basically is of two forms—individual hazards (point, longitudinal,

or slope hazards) or a group of hazards containing several hazards of the same category
or of mixed categories but for which a single improvement is recommended. Case 1
output is typical of the former; case 2 output illustrates the latter. For improvements
to a group of hazards, the message ''group'’ appears in the cost-effectiveness column
adjacent to each individual hazard within the group except the last hazard. The cost-
effectiveness value for the safety improvement of the complete group is shown adjacent
to the last hazard in the group.

The output column headings generally are self-explanatory; however, the cost columns
require some amplification. The first cost is the net cost to improve the existing
hazard to the desired level. Hazard 101 in Figure 6 (guardrail) requires a first cost
of $650 to upgrade it to full safety standards. The annual cost is the sum of the first
cost, the cost of routine maintenance, and the repair cost per collision, all annualized
over the life of the object. The present worth is the annual cost discounted to the
present at an 8 percent interest rate. Object life and interest rate may be varied in
the computer program.

Nature of the Cost-Effectiveness Value

Cost-effectiveness analysis relates the improvement cost of a hazard to the degree of
hazard reduction achieved in comparison to the existing state. The conceptual model
(1) that forms the analysis basis of the work is probabilistic rather than being based on
accident experience. The general form of the model is

cost (to the agency) (1)
relative hazard reduction

C/E =

where

C/E = cost-effectiveness value (dollars per fatal or serious injury
accident eliminated during the life of the improvement),
cost = annualized total cost (included normal annual maintenance
cost and per-hit repair cost of the existing obstacle),
hazard reduction = difference in hazard index before and after improvement (h . .~

h after )'

The cost elements, incurred at different points in time, must be convertedtoacommon
base. Annual costs over the life of the improvement are used in cost-effectiveness
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analysis. A service life of 20 years and an interest rate of 8 percent have been as-
sumed in the development of the cost-effectiveness computer program; however, other
values may be substituted.

The numerator in equation 1 is composed of three major cost elements: annualized
cost of improvement, difference in annualized routine maintenance cost before and after
improvement, and difference in the annualized cost of repair following each expected
collision with the existing object and after improvements. The denominator is the dif-
ference in the degree of hazard between the existing and the recommended improved
states. The hazard index includes both the probability of the existing obstacle or the
improvement being struck and the severity of the resulting collision. The difference
in the hazard indexes before and after improvement is a measure of the effectiveness
of the improvement.

As the cost of an improvement increases, the relative desirability of the improve-
ment decreases; and as the change in hazard increases, the relative desirability of the
improvement increases. Thus, the analysis model is internally consistent, and the
smaller cost-effectiveness value represents the higher priority improvement.

The cost-effectiveness value is expressed as annualized dollars required to reduce
one fatal or serious injury accident. The numerical value at which any given improve-
ment alternative is considered to be cost effective is arbitrary. However, the cost-
effectiveness analysis permits development of a priority listing of alternative improve-
ments, and, therefore, improvements with large cost-effectiveness values are given
lower priority.

Priority Rankings for Improvement Alternatives

Cases 1 and 2 represent only a sample of data obtained from a complete inventory.
After the improvements throughout a particular section of roadway are evaluated, the
various alternatives may be ranked in several ways: by cost-effectiveness value, by
individual cost, by cumulative cost with respect to cost-effectiveness value, or in a
variety of other ways depending on the desired use.

Safety improvement programs established from the cost-effectiveness analysis must
be reviewed carefully to determine the practicality of the improvements. For example,
assume that removing a system of trees is given the highest priority. With the current
emphasis on beautification and preservation of natural beauty, it may not be politically
feasible to remove the trees, particularly if these trees were planted as part of a recent
beautification program. Sound engineering is a vital ingredient in evaluating the output
and establishing a safety improvement program.

FIELD TESTING THE PROCEDURE

The validity of the procedure—hazard identification, hazard inventory, hazard improve-
ments, and analysis—is highly dependent on the strengths and weaknesses of each of the
facets. Each was subjected to rigorous field testing during the developmental stage.

One district in Texas was selected to validate the procedure and the analysis model
under operational conditions. Several thousand roadside hazards were inventoried and
analyzed during approximately 6 months. Separate data files were maintained for
problem situations. After the data were collected, the problem areas were categorized.
The hazard identification list was expanded where necessary to permit coding obstacles
not previously included. The hazard inventory and improvement forms were modified
to accommodate hazards and improvement alternatives not identified during initial field
trials.

The entire analysis model was reworked and expanded to be responsive to the prob-
lems encountered in the full-scale implementation testing. All data collected were
reanalyzed after the major program revision until the problems were alleviated. The
procedure reported here represents the current status of the identification list, the
inventory and improvements, and the analysis model as a result of all validation studies.
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Since the latest procedural modifications were incorporated, the complete controlled-
access roadway mileage in one district has been inventoried and analyzed; only very
minor problems arose during procedure application.

SUMMARY OF FINDINGS AND RECOMMENDATIONS

The results of this research provide a rational procedure for evaluating safety alter-
natives for roadside hazards and for establishing priorities to develop a safety im-
provement program. This procedure uses a safety evaluation team to conduct a com-
prehensive roadside inventory and recommend viable safety alternatives. The evalua-
tive process and data forms developed provide an implementable method of obtaining the
information necessary to use cost-effectiveness techniques in a consistent manner.
The procedure can be applied throughout large regions, yet reflect cost differences
that may exist within or between particular regions.

This research has extended current technology from a basic concept for evaluating
freeways to a practical procedure that is readily applicable on both controlled- and
non-controlled-access rural roadways. In addition, the concept and procedures de-
veloped in this research may be applied at the design stage to evaluate alternative de-
signs; they are not limited to evaluation of existing hazards.

The process developed in this research provides a technique to put a basic concept
to work in the area of roadside safety for all types of roadways—a technique that is
readily adaptable to individual requirements and agency policies. Full success of the
process as an administrative tool for the development of a priority safety improvement
program is dependent on its flexibility for modification and expansion that may result
from further field implementation and subsequent research.

Although the procedure can be implemented immediately, subsequent research will
contribute to refinement and growth of the process. Specific recommendations for
future research are as follows.

1. Vehicle encroachment characteristics for non-controlled-access highways, par-
ticularly those without medians, should be determined. The current analysis model
incorporates encroachment data based on research findings concerning median en-
croachments.

2. Encroachment data applicable for horizontal curvature and bridges should be
determined. These geomeiric features influence the encroachment characteristics
and, hence, modify the encroachment data for tangent sections on which the analysis
currently is based.

3. Additional field trials of the procedure on non-controlled-access highways will
identify deficiencies that may exist in inventorying or improvement alternatives. After
approximately 1 year, the process should be revised, as appropriate, to reflect the
input from the results of the field trial. It is highly probable that the hazard inventory
list will require extension to accommodate additional roadside obstacles.

4. Computerized file systems should be developed to summarize model output for
administrative use in developing a safety priority program. Such file systems must be
structured to meet the needs of the particular user.

5. As experience is gained through evaluation of analysis data from inventoried
roadway mileage, it may become apparent that certain roadside obstacles currently
being evaluated do not exhibit cost-effective improvements. The analysis output should
be critically reviewed to identify those obstacles, and they should be omitted from sub-
sequent inventorying or certain improvement recommendations that consistently produce
non-cost-effective alternatives should be omitted.

6. Close liaison between design personnel andthe safety evaluationteam is encouraged.
Only through cooperative effort can the results of the roadside safety evaluation be
applied at the design stage where they can be most effectively applied to produce safer
roadways.
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IDENTIFICATION OF
HAZARDOUS RURAL HIGHWAY LOCATIONS

John A. Deacon, University of Kentucky; and
Charles V. Zegeer and Robert C. Deen, Bureau of Highways,
Kentucky Department of Transportation

An effective procedure was developed for identifying hazardous rural high-
way locations based on accident statistics. Indicators of accident experi-
ence that are necessary include the number of fatal accidents, total number
of accidents, number of equivalent-property-damage-only accidents, and the
nature of the local safety improvement program, local traffic and roadway
conditions, and prevailing attitudes toward highway safety. Specific rec-
ommendations are given for use of the procedure in Kentucky. Critical
accident rates are established by using quality control procedures. In
identification of hazardous highway locations, distinction is made between
short highway segments (spots) and large segments (sections), and spots
are further classified as intersection and nonintersection locations. Inter-
section spots should include a distance of 0.15 mile (0.24 km) along all ap-
proaches; nonintersection spots should be 0.3-mile {0.48-km ) floating seg-
ments; and sections should be 3-mile (4.8-km) floating segments. Both
spots and sections should be classified by highway type and location. The
use of 1- and 2-year intervals for accumulating and evaluating accident
statistics was found to be desirable.

¢EFFORTS to reduce the large toll of highway accidents include the identification and
subsequent improvement of locations that are dangerous or hazardous. The Kentucky
Bureau of Highways has maintained a formal program for improving hazardous loca-
tions since 1968. Hazardous locations are segments of 0.1 mile (0.16 km) that have
three or more accidents in a 12-month period. These locations are screened monthly
in the central office to identify those most suited to spot improvements. The approxi-
mately 10 percent identified for further study are investigated more thoroughly in the
field by teams composed of traffic engineers, maintenance engineers, and police per-
sonnel. Improvements recommended by the teams are then implemented through the
spot improvement program.

The spot improvement program has resulted in significant reductions in accidents
and favorable benefit-cost ratios at locations where improvements have been made (1).
However, despite the effectiveness of the overall program, the method for identifying
hazardous locations has some serious weaknesses: Personal judgment is required in
the preliminary office screening, errors in accurately determining accident locations
and the random or chance nature of accident occurrences are not properly taken into
account, and administrative costs are high inasmuch as approximately 35 percent of
the locations investigated in the field do not warrant improvement.

The primary purpose of this study was to define and evaluate alternate methods for
identifying hazardous rural highway segments based on accident statistics.

Publication of this paper sponsored by Committee on Traffic Records.
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BACKGROUND AND SCOPE

Highway Safety Improvement Programs

Highway safety improvement programs have proliferated in recent years partly as a
result of federal assistance to state and local governments made available through the
Highway Safety Act of 1966 (2). Essential components of these programs include identi-
fication of potentially hazardous locations, office investigations, on-site investigations,
design studies, programming, implementation of improvements, and continual reviews
and evaluation.

Safety improvement programs require an effective means for identifying hazardous
or potentially hazardous highway locations. Hazardous locations are those at which the
accident patterns are abnormally severe when compared with similar locations else-
where and for which improvements, such as superior operational control and safer
roadside appurtenances, can be made through techniques available to the highway man-
agement agency.

Input to the identification of hazardous locations is generated from several sources
including citizens, enforcement agencies, legislative bodies, and the highway manage-
ment agency. Citizen input often takes the form of complaints from individuals, news
media, and automobile and trucking associations. Enforcement agencies provide input
through accident reports and files. In addition, patrolmen may identify hazardous sites
before serious accident patterns develop. Hazard reports, such as those used in Vir-
ginia, represent a good way to formally solicit input from enforcement agencies (3).
Legislative bodies can identify classes of hazards by making appropriations for specific
types of improvements such as for rail-highway crossings (4). Finally, highway agency
input includes hazard indexes, skid resistance and roughness studies, sufficiency ratings,
routine surveillance by maintenance and traffic personnel, special safety programs and
studies, and accident records.

Another important component of highway improvement programs is office investiga-
tions in which traffic data, accident reports, and other data for hazardous locations are
assimilated. Locations that can be corrected or improved under the available programs
are identified, and an improvement priority is tentatively established. On-site investi-
gations are used to confirm or modify office findings, to gather additional field data,
and to identify specific measures for alleviating hazards. The design study encom-
passes final improvement design and cost estimates. Improvements are programmed
based on available funds and improvement priorities of all hazardous locations. The
final two components of highway improvement programs are implementation of im-
provements (installation, reconstruction, etc.) and continual evaluation of program ef-
fectiveness.

Scope of Study

This study examined one component of highway safety improvement programs: identifi-
cation of hazardous rural highway locations. It was further restricted to identification
methods based on the use of accident statistics. It must be emphasized, however, that
other techniques are useful in preventing the occurrence of accidents. In fact, their
use is required by federal directives (E, 6). Therefore, a balanced highway safety im-
provement program must contain definite, formalized procedures for identifying poten-
tially high accident locations before unacceptable accident patterns emerge.

Assumptions

The following assumptions form the foundation of this study:

1. The purpose of identifying hazardous locations is to support a highway safety
improvement program,
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2. The highway safoty improvemeont program cncompagges a large
system;

3. The computerized accident data file contains as a minimum the location, date,
and severity of each accident occurring during the previous 2 years;

4. Accidents are located to the nearest 0.1 mile (0.16 km) from a known location or
reference along each route in the system;

5. Potentially hazardous locations are identified monthly;

6. All locations that are identified as potentially hazardous are subjected to a pre-
liminary office investigation; and

7. Individual accident reports are available for use in the office investigation.

iochwavy
lghway

Criteria for Evaluating Alternate Identification Methods

A number of criteria are useful in evaluating alternate methods for identifying hazard-
ous locations: maximizing utility of the results, maximizing program efficiency, max-
imizing reliability in identifying hazardous locations, and minimizing administrative
costs.

The first criterion is that the utility of results be maximized. To ensure that the
identification method has maximum utility requires that interactions between the identi-
fication procedures and the safety improvement program be recognized. The identifica-
tion method must be compatible with available financial and personnel resources. For
example, little would be gained by identifying a hazardous 10-mile (16-km) highway
section if funds were available only for minor spot improvements. In addition, the
identification method must be sensitive to functional differences among highway types
and the nature of traffic. Five accidents on a low-volume highway might be indicative
of a very severe hazard, whereas five accidents on a high~volume highway might be
acceptable. Safety standards vary with highway type, and lower accident rates are ex-
pected, for example, on controlled-access highways than on other types. Finally, both
accident patterns and prevailing attitudes toward their acceptability change with time.
The identification method must be updated to reflect these continuing changes.

The second criterion is that the identification method maximize program efficiency.
Locations ahould be identified that are correctable by techniques available to the high-
way management agency through the safety improvement program. Furthermore, loca-
tions should be identified for which corrections are likely to yield the maximum benefits
per dollar invested.

The third criterion is that the identification method maximize reliability in identifying
hazardous locations. The probability of identifying a truly hazardous location as hazard-
ous should be maximized, and the probability of identifying a safe location as hazardous
should be minimized. Accident patterns vary in a somewhat random manner; the ac-
cident pattern observed during any particular period may or may not be indicative of the
long-term accident experience at that location.

Finally, the identification method should minimize administrative costs of the safety
improvement program and must therefore be fully compatible with the highway, accident,
and traffic records systems. Manual requirements and personal judgments should be
minimized. Minimizing the number of locations that are incorrectly identified as haz-
ardous or that are not correctable under the improvement program will reduce the costs
of office and on-site investigations.

TREATMENT OF RANDOMNESS

A major problem in using accident data to identify locations warranting improvement is
randomness of the data. Accidents are frequently caused by a multitude of factors, such
as vehicle defects and driver error, that are unrelated to deficiencies of the roadway

or traffic control elements. When many of these types of accidents occur at a particular
location during a given time period, that location may erroneously be identified as haz-
ardous, thus necessitating needless and expensive office and on-site investigations.
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The problem may be alleviated in two ways. First, accident records may be scru-
tinized in the office to determine whether roadway and traffic control elements contrib-
uted significantly to the excessive accident pattern. Second, the length of highway
segments and the time interval for assimilating accident data may be carefully selected
to minimize the undesirable effects of randomness.

The latter procedure requires some knowledge of the probability distribution of ac-
cidents. The number of accidents occurring at a given location during a given time
period can be closely approximated by the Poisson distribution (1):

Pn)=e™ a¥n! (1)

where

P(n) = probability that n accidents will occur at a given location during a given time
period,
e = base of natural logarithms, and
a = expected number of accidents at the given location during the given time
period.

Equation 1 may also be expressed as
P@) = e™(m)*/n! 2)

where

A = expected accident rate in accidents per million vehicle miles and
m = number of vehicle miles in millions.

As shown subsequently, equation 1 is helpful in selecting optimal segment lengths
and time intervals for assimilating accident data. It is also useful in quality control
methods for identifying hazardous locations, where a location is considered hazardous
if the observed number of accidents exceeds a previously determined critical number
(CN) or if the observed accident rate exceeds a previously determined critical rate
(CR). The critical number or critical rate is chosen for a particular type of highway
such that the probability that a normal location of that type will be judged hazardous is
a small, predetermined quantity, p. Satisfactory approximations used to determine
CN and CR are as follows (8, 9):

CN=a+kVa+ % (3)
CR=x+kJx/m+%m 4)

where k = a constant related to the probability p as follows:

P k P L

0.0001 3.719 0.0100 2.326
0.0005 3.290 0.0500 1.645
0.0010 3.090 0.1000 1.282

0.0050 2.576



20

Alocation thatl expericiices a larger nuinber of accidents than the CN or a larger acci-
dent rate than the CR is said to be hazardous, for the severe accident pattern cannot be
reasonably attributed to randomness.

TEST SAMPLE AND MEASURES OF MERIT

As part of the spot improvement program in Kentucky, approximately 100 rural loca-
tions are identified each month as hazardous; that is, they exceed the criterion of three
accidents per 0.1-mile (0.16-km) segment in the previous 12 months. All of these loca-
tions are examined in the office, and approximately 10 percent warrant on-site investi-
gations. A sample of 170 of these locations was chosen for detailed evaluation in this
study. Eighty-six of these were locations for which improvements were recommended
and completed (IR), whereas the remaining 84 were locations for which no improvement
was recommended (NIR).

Benefits and costs were computed for each of the 170 locations. For IR locations,
benefits were defined as the difference between average annual accident costs for the 2
years immediately prior to the date of identification and the accident costs for the first
year after completion of improvements. Costs were defined as the sum of a fixed ad-
ministrative cost of $500 per location and the actual cost of the improvement. For
NIR locations, benefits were set equal to zero and costs were set equal to the fixed ad-
ministrative cost of $500 per location. The following accident costs were used: $9,880
for a fatal accident, $4,570 for an A type of injury accident, $2,635 for a B type of
injury accident, $1,525 for a C type of injury accident, and $585 foraproperty-damage-
only (PDO) accident (1).

The two measures of merit were the benefit-cost ratio and net benefits, which are
the difference between total benefits and total costs (including both improvement and
administrative costs).

COMPONENTS OF IDENTIFICATION METHODS

Segment Length

Certainly one of the more important considerations in selecting an identification method
is the length of highway segments for which accident data are to be accumulated. A
distinction must be made between spots and sections. Spots are short segments of
highway used to identify hazardous point locations such as a dangerous bridge, grade,
curve, or intersection or an improperly designed or located control device. However,
longer roadway sections can also be hazardous, usually because the cross section,
geometrics, or pavement surface is insufficient to safely accommodate increased traf-
fic volumes, weights, and speeds.

Spots

Kentucky, as well as other states including Virginia, Florida, Idaho, Oklahoma, Cali-
fornia, and Connecticut (1, 3, 10-14), defines spot locations as 0.1-mile (0.16-km) seg-
ments. Other states, however, define spot locations differently: Michigan uses a
0.2-mile (0.32-km) segment (14); Alabama, a 0.4-mile (0.64-km) segment; and North
Carolina, a variable 0.1~ to I-mile (0.16- to 1.6-km) segment (15).

Several considerations are paramount to determining appropriate spot length. First,
the spot length can be no smaller than the minimum distance increment for reporting
accident locations. If accidents are reported to the nearest 0.1 mile (0.16 km), then
the spot length can be as small as 0.1 mile. However, if the locations of accidents are
reported to the nearest 0.5 mile (0.8 km), then the spot length can obviously be no
smaller than 0.5 mile.
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Second, the spot length should influence errors that will occur in reporting accident
locations. Such errors are inevitable because of the field conditions surrounding ac-
cident investigations and because reference markers are often located no more fre-
quently than one per mile and an accident scene may extend several hundred yards in
length. A spot length of 0.3 mile (0.48 km) is adequate to accommodate reporting
errors if markers are placed every mile and if enforcement personnel are well trained.

Third, spot length should be at least as large as the area of influence of a highway
hazard. An inadequate control device, a slippery bridge, or a dangerous curve may
contribute to accidents that occur over a range of several hundred yards. A spot length
of at least 0.3 mile (0.48 km) better approximates the area of influence of a hazard than
does the commonly used 0.1 mile (0.16 km).

Fourth, reliability in identifying hazardous locations is directly related to the spot
length. As spot length increases, the probability of identifying a truly hazardous loca-
tion as hazardous increases and the probability of identifying a safe location as hazard-
ous decreases. A simple example, based on the Poisson distribution of equation 1,
serves to illustrate this point.

Assume that, for a particular class of highway, a hazardous segment is one having
a long-term average of 30 or more accidents per mile per year. The probability that
a given spot has 30 or more accidents per mile during a particular 12-month period is
shown in Figure 1 as a function of both spot length and the average long-term accident
experience. The probability of correctly identifying truly hazardous locations (such as
those represented by the curves for expected accidents of 50, 40, and 35 per mile per
year) as hazardous generally increases as spot length increases. Furthermore, the
probability of incorrectly identifying safe locations (such as those represented by the
curves for expected accidents of 25, 20, and 10 per mile per year) as hazardous de-
creases as spot length increases. It is apparent, therefore, that errors in identifying
hazardous locations caused by the random nature of accident occurrences can be mini-
mized by the use of longer spots.

Fifth, spot length affects the computation of benefits derived from safety improve-
ments. The following table gives summary results for the 170-location test sample.

Spot Net Benefit -
Length Benefit Cost
(mile) (dollars) Ratio
0.1 146 1.20

0.3 582 1.80

As is plainly evident, computed benefits increase as spot length increases from 0.1 to
0.3 mile (0.16 to 0.48 km). As some larger spot length is approached, the computed
benefits become stabilized about a constant value representative of actual benefits
achieved. Therefore, the spot length used in evaluating the benefits of safety improve-
ments should be as large as practical.

Sixth, if spots as small as 0.1 mile (0.16 km) are used, there is little discrimination
among them by numbers of accidents since most such spots have at most one accident.
This difficulty can be overcome by using spot lengths of at least 0.3 mile (0.48 km) (16).

Even though prior considerations suggest that spot length should be as large as pos-
sible, a practical constraint is the ability of office and field personnel to readily discern
the hazardous condition within the given spot length. If the spot length is excessive, it
may be difficult and time-consuming to isolate the hazard so that suitable corrective action
can be taken. Therefore, spot length should probably be limited to a maximum of about
0.5 mile (0.80 km) and preferably to 0.3 mile (0,48 km).

Finally, spots may be considered as either fixed or floating locations. For example,
if the spot length is 0.3 mile (0.48 km), one spot might be located within an interval
along a route of 9.0 to 9.2 miles (14.4 to 14.8 km) from the reference point. The next
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spot would thon be loecated from 9.3 to 9.5 milas (14.9 to 15.2 km), the next from 9.8 ta
9. 8 miles (15.4 to 15.7 km), and so on. A difficulty with this fxxed scheme arises when
a hazard is located near the boundary of two spots, for example, at 9.5 miles (15.2 km).
Some accidents would be reported as occurring within one spot length and the remainder
would be reported as within the adjacent spot length. Conceivably, neither of the two
spots might be identified as hazardous and the hazardous condition might remain unde-
tected. This situation can be easily prevented by using floating rather than fixed spots.
Spots would then be defined as 0.3-mile (0.48-km) segments centered on points 9.0, 9.1,
and 9.2 miles (14.4, 14.6, and 14.8 km) from the reference point. Use of floating spots
avoids the necessity for a priori determinations of the locations of hazardous conditions.

Sections

Currently Kentucky does not systematically identify highway sections that are unusually
hazardous primarily because it does not have a highway improvement program funded
at a level sufficient to make necessary improvements. However, hazardous sections
are identified by several other states including Virginia, Florida, Idaho, Oklahoma,
Oregon, North Carolina, and Ohio (3, 10-12, 14, 15, 17).

There is little agreement on what constitutes an acceptable section length although 1
mile (1.6 km) seems to be a reasonable minimum. Preferably, each section should
contain a pavement of uniform type and condition, a roadway of homogeneous design,
and traffic of constant type and volume. Sections so defined would be of variable length
and fixed by the locations of intersections and other roadway and traffic conditions.
However, traffic, accident, and highway records systems may make it difficult to
designate sections in this way. Additionally, the interpretation of accident data is com-
plicated for sections of variable length, for observed accident rates are dependent on
section length: High accident rates have been observed on short sections, and low ac-
cident rates on long sections (16). This dependency is related to the way in which sec-
tions are designated; long sections tend to have lower traffic volumes and fewer factors
of traffic interference such as intersections, changes in the number of lanes, and ac-
cess points.

For these reasons, it is recommended that section length be constant. A length
within the range of 2 to 5 miles (3.2 to 8.0 km) that is allowed to float appears to be ac-
ceptable. Under conditions encountered in Kentucky, a 3-mile (4.8-km) section is near
optimal because sections identified for maintenance purposes average about 3 miles and
because most major intersections in rural areas are spaced at least 3 miles apart.
Use of the floating procedure minimizes incompatibilities between section designations
and the physical features of the roadway.

Time Interval

The time interval for accumulating accident statistics varies among the states from a
minimum of 1 month in Michigan (14) to a maximum of 3 years in North Carolina (16).
The most common period, 1 year, is used in Kentucky, Virginia, Flomda, Idaho,
California, Utah, and Ohio (1, 8, 10, 11, 14, 17). Oregon uses 2’4 years (14), and
Illinois (14}, Oklahoma (12} “and North Carolina (15) use a combination of two or more
time periods.

Several factors must be considered in selecting an optimal time interval. The
time interval should preferably be a multiple of 1 year to avoid complexities due to sea-
sonal influences on accident patterns. It should be as short as possible to identify loca-
tions where sudden changes have occurred that warrant immediate correction. These
two considerations suggest that the time interval should be set at 1 year.

At the same time, the reliability with which hazardous locations are identified is an
important characteristic. Reliability is generally increased as the time interval is in-
creased. This can be illustrated by using, once again, the Poisson distribution to
calculate the probability of identifying a spot as hazardous given its expected accident
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experience and by varying the time interval. Figure 2 shows the results of such an
analysis assuming that the spot length is 0.1 mile (0.16 km) and the hazardous criterion
is 30 or more accidents per mile per year. The probability of correctly identifying
truly hazardous locations (such as those corresponding to 50, 40, and 35 annual ex-
pected accidents per mile) as hazardous generally increases as the time interval in-
creases. The probability of incorrectly identifying safe locations (such as those cor-
responding to 25, 20, and 10 annual expected accidents per mile) as hazardous generally
decreases as the time interval increases.

May (18) studied the effect of time interval on the reliability with which truly hazard-
ous locations can be isolated from those exhibiting severe short-term accident patterns
due to the chance occurrence of many unexplained accidents. Based on an analysis of
accident statistics accumulated over a 13-year period at 433 intersections, he con-
cluded that the minimum time interval should be 3 years and that little would be gained
by increasing the interval beyond 3 years.

Thus, it is well established that time intervals in excess of 1 year should be used to
improve reliability. At the same time, excessively long intervals should be avoided to
reduce data storage requirements and to minimize the likelihood that substantial changes
in traffic volumes, pavement surfaces, and the like may alter the accident pattern.
Although others may prefer a 3-year interval, we have concluded that 2 years is a rea-
sonable maximum time interval.

In summary, it is recommended that dual time intervals be used to identify hazard-
ous locations. One year is recommended to ensure responsiveness to sudden changes
in accident patterns and 2 years to ensure maximum reliability.

Accident Data

Accident data can be presented in various ways to reflect not only the number of acci-
dents but also their severity and rate. Indicators that might be used to identify hazard-
ous locations include total number of accidents, number of fatal accidents, number of
equivalent-property-damage-only (EPDO) accidents, total accident rate, fatal accident
rate, and EPDO accident rate. These indicators may be used singly or in combination
to determine whether a location is hazardous based on a comparison of the observed
accident pattern with the established critical limits.

A number of states including Kentucky, California, Utah, Michigan, and Alabama
have used total number of accidents as the primary indicator of accident experience
(1, 13, 14). The advantage of this indicator is that the degree of hazard is directly
related to the total number of accidents and the number of accidents can be obtained
very simply from accident files without supplementary identifications (such as accident
type) or calculations (such as EPDO) and without the use of traffic data (such as rates).
On the other hand, it is insensitive to both traffic exposure and accident severity.

Another indicator, the number of fatal accidents, is attractive because fatal accidents
are most costly and evoke wide publicity and concerned public reaction. However, be-
cause fatal accidents are relatively rare, statistics based thereon are somewhat un-
stable. Another disadvantage is that hazardous conditions may exist at locations that
have experienced a large number of accidents but no fatalities.

Use of EPDO combines the primary advantages of the above two indicators by re-
flecting not only the total number of accidents but also their severity. For purposes
of this study, the number of EPDO accidents (l) was calculated from

EPDO =9.5 (F+ A) + 3.5 (B + C)+ PDO (5)
where

F = number of fatal accidents,
A = number of A type of injury accidents,
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B = number of B type of injury accidents,
C = number of C type of injury accidents, and
PDO = number of property-damage-only accidents.

Other attempts to combine the number and severity of accidents into a single index have
been made; for example, Oklahoma assigned a severity number of two to each PDO ac-
cident and four to each fatal or injury accident (12).

The above three indicators fail to distinguish among locations based on traffic ex-
posure. This difficulty is circumvented by using accident rates such as the total num-
ber of accidents per million vehicle miles, the number of fatal accidents per million
vehicle miles, or the number of EPDO accidents per million vehicle miles. Virginia,
Florida, Idaho, Oregon, and Ohio are among those using total accident rate to identify
hazardous locations (3, 10, 11, 14, 17). All of these except Oregon use quality control
techniques to establish the critical rate. North Carolina (15) uses the EPDO rate to
assign improvement priorities. o

In a comparison of indicators of accident experience, another factor of importance
is the desire to identify locations for which corrections will yield the maximum benefit
per dollar invested. The sample of 170 locations provides a mechanism through which
various indicators can be compared. The locations were ranked by each of four indi-
cators (total accidents, total accident rate, EPDO accidents, and EPDO accident rate)
from highest (1) to lowest (170) accident experience. For each indicator, the average
net benefit for 0.3-mile (0.48-km) spots was plotted as a function of rank number as
shown in Figure 3. The average net benefit was computed by averaging the difference
between the sum of benefits and the sum of the costs for all locations of equal or more
severe accident experience.

The curves of Figure 3 converge at a rank of 170. The best accident indicator is the
one that has the largest average net benefit for ranks less than 170. The best indicator
in this respect is EPDO accidents followed by EPDO rate, total number of accidents,
and accident rate. This conclusion was also verified by using the cumulative benefit-
cost ratio as the measure of merit.

From this brief analysis, we concluded that the best indicator for ensuring the max-
imum benefit per dollar invested was the number of EPDO accidents. This is logical
since benefits are computed from accident costs and since the number of EPDO acci-
dents is directly related to accident costs (1).

Segment Classification

Although some states, such as Kentucky (1) and Idaho (11), do not distinguish between
locations by highway type or design features, many others do. Oklahoma (12) and
North Carolina (15) make the simple but important distinction between intersection and
nonintersection locations. Florida (10) uses a slightly more complex scheme in which
segments are classified by location (urban or rural) and by type (Interstate, two-lane,
four-lane divided, and four-lane undivided). Virginia (3)uses a classification of two-
lane, four-lane divided, four-lane undivided, freeways, and intersections. Still more
complex classification schemes are used by others such as Ohio (17).

The basic questions regarding segment classification are, Should segments be
classified by type, and, if so, what classification scheme should be used? The answer
to the first question is yes simply because safety standards and expectations vary with
highway type and location. The objective of safety improvement programs is to upgrade
hazardous locations to conform to acceptable standards for locations of similar type.
Thus, there is no expectation that two-lane, uncontrolled-access facilities can or should
be upgraded to safety standards for freeways. Neither should similar accident patterns
and safety standards be expected in both rural and urban areas.

The answer to the second question is more complex, for it depends on the nature of
the improvement program and on local conditions. A distinction should be made be-
tween rural and urban locations because of the different anticipated accident patterns.
There should also be a distinction based on highway type, which, as a minimum, should
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recognize number of lanes, median separation, and access control. A minimum classi-
fication based on highway type would include two-lane, uncontrolled-access; multilane,
undivided, uncontrolled-access; multilane, divided, uncontrolled-access; and multilane,
divided, controlled-access. Depending on the local situation, other classifications
might also be added.

Classification based on location and highway type is sufficient for the analysis of
highway sections. As a minimum, spots must also be classified according to location
and highway type by using the same scheme as that used for sections. However, further
classification based on the predominant roadway feature within the spot segment, such
as curves, grades, structures, intersections, visibility restrictions, and railroad
crossings, is often used.

Spots located at intersections should be distinguished from those located on open
stretches of highway. Accident patterns are generally different for these two locations,
and exposure to traffic at intersections is normally measured in terms of the number
of vehicles that enter the intersection from all approaches rather than the number of
vehicle miles. However, there is little justification for further classification of spots
by predominant roadway feature. Resources must be allocated to those spots having the
most severe accident experiences; the nature of the predominant roadway feature only
affects the type of corrective action required.

RECOMMENDATIONS FOR IDENTIFYING HAZARDOUS
ROADWAY SEGMENTS

Based on the foregoing analysis, specific recommendations have been formulated for
identification of hazardous highway locations. However, identification procedures will
vary from state to state depending on local traffic and roadway conditions and the nature
of the improvement program as reflected primarily by money, time, and manpower
available for investigation and improvement of hazardous locations.

General Scheme

If the improvement program will permit, both hazardous spots and sections should be
identified. Nonintersection spots should be floating 0.3-mile (0.48-km) segments cen-
tered on successive 0.1-mile (0.16-km) locations. If accident reporting errors appear
to be excessively large, a spot length of 0.5 mile (0.8 km) is preferred. Highway sec-
tions should be floating segments having a constant length of 2 to 5 miles (3.2 to 8.0 km)
and generally centered on successive 1-mile (1.6-km) locations. A length of 3 miles
(4.8 km) is recommended for conditions similar to those encountered in Kentucky. As
a minimum, both spots and sections should be classified according to location and high-
way type. Spots should be further classified as intersection or nonintersection loca-
tions. Intersection spots should be defined to include a distance of 0.15 mile (0.24 km)
along all approaches to the intersection. The measure of traffic exposure at an inter-
section should be the number of vehicles entering the intersection.

Two time intervals for accumulating accident statistics are recommended both for
spots and for sections. One year is recommended for ensuring maximum responsive-
ness to changing conditions and minimum difficulties due to seasonal accident patterns.
Two years is recommended to maximize reliability in identifying locations with longer
term accident problems.

The overall procedure for identifying and investigating hazardous highway segments
is shown in Figure 4. Four accident indicators are used to determine whether aparticu-
lar segment of highway is hazardous: number of fatal accidents, total number of acci-
dents, number of EPDO accidents, and the accident rate.

The first warrant for a hazardous segment is an excessive number of fatal accidents.
Concern for the number of fatal accidents is based on their large cost and on public
reaction. We believe that each fatal accident site should be investigated in the office
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hy compatent highway nersonnel; different critical numbers of fatal accidents need not
be applied for different highway classes.

The second warrant is an excessive total number of accidents. This warrant pro-
vides a rapid means for screening a very large number of segments. Locations de-
clared to be potentially hazardous by this warrant are further tested by the third and
fourth warrants before an office investigation is initiated. Locations judged as safe by
this warrant are not examined further. As a further simplification, the same critical
number of accidents can be used for all highway classes.

The third warrant is an excessive number of EPDO accidents. The economic ef-
ficiency of an improvement is better related to the number of EPDO accidents than any
other indicator of accident experience. All segments having a large number of EPDO
accidents should, therefore, be investigated in the office. Again it is recommended
that the critical number of EPDO accidents be the same for all highway classes.

The fourth warrant is an excessive accident rate. Segments not identified by the
EPDO warrant should be further examined to determine whether they have excessive
accident rates when compared to other locations of similar type. This is the only point
where segments need to be classified by location, highway type, and possibly predomi-
nant roadway characteristic. It is also the only point at which traffic volume and ac~
cident data must be merged, so as to minimize manual operations for those agencies
that do not have compatible computerized accident and traffic data files. Total accident
rate is recommended as the final warrant because of the desirability for incorporating
a measure of traffic exposure and because of the ease of establishing critical rates by
using quality control techniques (equation 4). Through use of quality control techniques,
the identification method can easily be refined and updated to reflect changing accident
patterns and changing attitudes toward the acceptability of various accident histories.
Different critical rates can be established for different highway classifications, and
the critical rates can be simply adjusted to ensure compatibility between the identifica-
tion method and the resources available through the safety improvement program.

Critical Values

Critical values of accident indicators reflect not only the traffic and roadway conditions
existing in a given state but also the resources available under the safety improvement
program. Furthermore, they change in time not only as roadway and traffic conditions
and the improvement program change but also as experience accumulates and attitudes
toward highway safety change. The following critical values are recommended for
conditions similar to those in Kentucky. Unfortunately data with which to establish
critical values for intersection spots were not available.

Critical Number of Fatal Accidents

Each fatal accident site should be identified as potentially hazardous and should be
subjected to an office investigation. Thus, the CN of fatal accidents for the spot identi-
fication procedures is one during the prior 12 months. A second critical number is

not required for the 2-year period. For the identification of potentially hazardous
3-mile (4.8-km) sections, the critical number of fatal accidents for the prior 12 months
should be two with no additional specification for the 2-year period.

Critical Total Number of Accidents

The warrant for total number of accidents is recommended as a screening procedure
to reduce the total number of spots or sections to a manageable size. Critical values
need to be set sufficiently low to minimize the change of overlooking a truly hazardous
location and sufficiently high to avoid identifying too many locations for further pro-
cessing. Recommended values are (a) for 0.3-mile {0.48-km) nonintersection spots,
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five accidents in the prior year or seven accidents in the prior 2 years and (b)for 3-mile
(4.8-km) sections, 17 accidents in the prior year or 25 accidents in the prior 2 years.

These critical values were chosen to identify slightly more spots (and the corre-
sponding number of sections) than have been formerly identified monthly in Kentucky.
Equation 3 was used to select these values. The expected number of accidents, a, was
based on an observed statewide accident pattern of one accident per mile per year (19).
The value of a in equation 3 was thus taken to be 0.1 for 0.1-mile (0.16-km) spots in 1
year, 0.3 for 0.3-mile (0.48-km) spots in 1 year, 0.6 for 0.3-mile (0.48-km) spots in
2 years, 3.0 for 3-mile (4.8-km) sections in 1 year, and 6.0 for 3-mile (4.8-km) sec-
tions in 2 years. The value of k was determined from equation 3 by using a critical
number of three accidents for 0.1-mile (0.16-km) spots in 1 year (corresponding to the
current Kentucky criterion). Once k had been determined, equation 3 was used to de-
rive the critical numbers for the other segment lengths and time intervals.

As a brief check on the reasonableness of these critical numbers, the ratio of the
total number of accidents on 0.3-mile (0.48-km) segments to the total number on 0.1-
mile (0.16-km) segments for 578 locations included in the spot improvement program
in Kentucky was computed to be 1.67. Applying this ratio to the current Kentucky
criterion of three accidents per 0.1 mile (0.16 km) per year yields the recommended
limit of five accidents per 0.3-mile (0.48-km) spot per year. These critical numbers
can and should be altered as necessary depending on local conditions and experience
gained through the safety improvement program.

Critical Number of EPDO Accidents

The EPDO warrant identifies locations for which improvements are likely to yield the
maximum benefit per dollar invested. Critical numbers for the EPDO warrant were
selected by ranking the 170 test locations with respect to numbers of EPDO accidents
within a 0.3-mile (0.48-km) segment (1 has the highest EPDO and 170 the lowest). The
cumulative net benefits were then computed for any location rank by adding the net
benefits for that location to those for locations of lower rank (higher EPDO). Figure 5
shows the results of these computations. For location ranks beyond 70, the cumulative
net benefit does not increase. Thus, investments in the improvement program for these
locations failed to yield a return greater than the investment cost and, hence, were not
profitable. Recommended critical levels for the EPDO warrant were, therefore, se-
lected as those corresponding to a rank of 70, i.e., 16.0 EPDO accidents for 0.3-mile
(0.48-km) nonintersection spots for the 1-year period and 23.0 EPDO accidents for the
2-year period.

These critical levels for the EPDO warrant must not be used indiscriminately. Their
use is justified only for the kinds of improvements made possible under the Kentucky
spot improvement program.

Because Kentucky has little experience with a program for improving hazardous
highway sections, it is difficult to justify the selection of critical numbers of EPDO ac-
cidents for 3-mile (4.8-km) sections. However, such numbers may be derived by ap-
plying the ratio of the critical values for the EPDO warrant and the total accidents
warrant for 0.3-mile (0.48-km) spots to the critical numbers of accidents for 3-mile
(4.8-km) sections. Such a computation yields critical numbers of EPDO accidents for
3-mile (4.8-km) sections of 55 and 80 for 1 and 2 years of accident data. These limits
are suggested only as guidelines for initiating a section improvement program.

Critical Accident Rate

The accident rate warrant identifies hazardous locations not previously selected by the
fatal accident and EPDO warrants. If the critical accident rate is a fixed quantity for
a given highway type, that is, it does not vary with traffic volume, the accident rate
warrant can yield misleading information. For example, a low-volume location with
only one or two accidents per year can have a relatively high accident rate, whereas
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a high-volume location with many accidents can have a low accident rate. This potential
difficulty can be circumvented by using the quality control procedure to establish critical
rates. With this procedure, the accident rate at low-volume locations must be larger
than that at high-volume locations to be considered critical.

Critical rates established by this procedure (equation 4) are dependent on the expected
accident rate, X, for locations of like characteristics; a measure of traffic exposure,

m (the number of vehicle miles of travel in millions); and a predetermined small proba~
bility, p, that a normal location will have an accident rate in excess of the critical rate.
The probability parameter is selected at a level that will identify the desired number of
locations. It may be set at different levels for different classes of highways if it is
desired to concentrate improvement funding on particular highway types. Florida, Ohio,
and Oklahoma have used probabilities of 0.005, 0.005, and 0.05 respectively (10, 17, 12).
The expected accident rate, A, may be recomputed periodically from routine acc1dent
data for whatever classification of highways may be desired.

Based on Kentucky experience, a probability of 0.001 is acceptable for use with the
recommended identification system. The following statewide average accident rates
(per million vehicle miles) are used: two-lane routes, 2.39; three-lane routes, 2.44;
four-lane, undivided routes, 3.13; four-lane, divided routes, 1.56; and Interstate and
parkway routes, 0.84 (19). Critical accident rates are shown as functions of average
daily traffic volumes in Figure 6. Similar curves can be constructed by using equation
4 for other probability levels, highway classifications, and average accident rates.
Examination of Figure 6 reveals that the critical accident rate is reduced as traffic
volume, time interval, and segment length increase.

To test whether a segment is hazardous by the accident rate warrant, a point is
located on the appropriate figure by using the observed accident rate and the observed
ADT. If the point lies above the critical curve for the appropriate highway classifica-
tion, the segment is judged to be hazardous; otherwise, it is judged to be safe.

Validation

The recommended identification method was further validated by applying it to the 170~
location sample to ascertain the number of spots that would have been identified as
hazardous by the new procedure and to determine the resulting economic efficiency -of
the spot improvement program. Of the 170 spots, 28 were identified as hazardous by
the new fatal accident warrant, 61 were identified by the combined total number of
accidents and EPDO warrants, and 21 were identified by the combined total number of
accidents and accident rate warrants. Sixty of the 170 locations were not identified as
hazardous by the new procedure.

The remaining 110 spots yielded an average net benefit of $1,548 per location as
compared to an average of $582 per location with present identification procedures. It
is concluded, therefore, that the economic efficiency of the spot improvement program
would be enhanced through adoption of the recommended identification procedure.

SUMMARY AND CONCLUSIONS

The purpose of this study was to develop an efficient procedure for identifying hazardous
rural highway locations based on accident statistics. An optimal procedure must be
compatible with:the nature of the attendant safety improvement program and should
identify those locations where improvements will result in the maximum reduction in
accident costs per dollar invested. In addition, administrative costs should be minimal,
and the reliability with which locations are identified as safe or hazardous should be
maximal. These and other considerations led to the following conclusions.

1. An important distinction must be made between spots and sections. The purpose
of identifying hazardous spots is to locate and correct point hazards such as a dangerous
bridge or intersection. The purpose of identifying hazardous sections is to locate and
correct dangerous conditions such as a slippery surface or an inadequate shoulder that
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ovigta ovor o gimphle distance. Hazardous spots and gsecetions ghould be identified
separately for the purpose of programming corrective actions.

2. The lengths of nonintersection spots and sections should be constant but both
should be allowed to float along a given route with overlapping of adjacent segments.
The optimal nonintersection spot length is 0.3 mile (0.48 km) under most conditions.
Intersection spots should include a distance of 0.15 mile (0.24 km) along all approaches
to the intersection. The constant section length should be within the range of 2 to 5
miles (3.2 to 8.0 km), depending on local conditions. A section length of 3 miles (4.8
km) was found to be optimal for conditions in Kentucky.

3. Accident statistics should be accumulated and evaluated for 1- and 2-year periods.
The shorter period ensures maximum responsiveness to rapid changes in roadway and
traffic conditions, whereas the longer period ensures maximum reliability in identifying
hazardous segments.

4. Significant advantages accrue by the use of multiple indicators of accident ex~
perience in the identification of hazardous locations. Recommended indicators include
the number of fatal accidents, the total number of accidents, the number of EPDO
accidents, and the accident rate. The number of fatal accidents warrant ensures that
locations of these costly and well-publicized accidents are thoroughly investigated. The
total number of accidents warrant is useful as an initial screening device to reduce the
large number of potentially hazardous locations to manageable size. The EPDO warrant
flags locations that offer the greatest possible improvement benefit. Finally, the acci-
dent rate warrantidentifies locations having abnormally severe accident patterns.

5. Critical levels of these four indicators will vary from state to state, depending
on the nature of the local safety improvement program as well as local traffic and
roadway conditions and prevailing attitudes toward highway safety.

6. Critical accident rates should be established by using quality control procedures,
which allow rapid adjustments for statewide changes in accident patterns and other
changes such as in the funding level of the improvement program.

7. Spots and sections should be classified by location (urban or rural) and by high-
way type. The minimum classification based on highway type includes the following:
two-lane, uncontrolled-access; multilane, undivided, uncontrolled-access; multilane,
divided, uncontrolled-access; and multilane, divided, controlled-access. Such a clas-
sification is necessary simply because safety expectations and standards vary with
highway type and location. Spots must be further classified as intersection or noninter-
section locations.

8. Finally, input for identifying potentially hazardous highway segments is gen-
erated from numerous sources in addition to accident statistics. The safety improve-
ment program should be structured in such a manner as to exploit these sources to the
maximum possible extent. Although they are very important indicators of hazardous
conditions, accident statistics are, unfortunately, often accumulated after irreparable
damage has been done.
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USE OF A QUASI-COORDINATE LINK-NODE SYSTEM
FOR LOCATING ACCIDENTS

Merrell E. Goolsby and Frank C. Yu, Wilbur Smith and Associates

The U.S. Public Land Survey method for land subdivision was used as the
basis for development of a quasi-coordinate accident location system. The
accident location and analysis system developed in Iowa is a link-node sys-
tem that has been adapted to this quasi-coordinate method for recording
accident location. This system is used to accurately identify accident loca-
tions for input to the computer system. This paper discusses the develop-
ment of the system and the methodology for applying it to the complete net-
work of urban and rural roadways in Iowa; sample maps developed for use
by accident coders are included. The system is highly user oriented to
provide a wide range of summaries and analyses for highway and traffic
engineers and law enforcement agencies.

o« TRAFFIC ACCIDENT RECORDS are a basic element in any safety program to reduce
the incidence or severity of highway collisions. Without a readily accessible informa-
tion base containing accident history, trends, and relationships, the identification of
deficiencies and decisions for improvement at specific locations are necessarily diffi-
cult and often subjective.

A usable traffic accident information system for accurately identifying the locations
where accident losses have been significant would facilitate engineering or law enforce-
ment countermeasures.

The U.S. Department of Transportation's Highway Safety Program Manual stipulates
that ''each state, in cooperation with county and other local governments, shall have a
program for identifying accident locations and for maintaining surveillance of those
locations having high accident rates or losses'' (1).

This paper is based on 2 study conducted for the Iowa State Highway Commission to
develop accident location and analysis concepts for a statewide computer-based acci-
dent records system that is responsive to local and state needs and conforms to the
requirement of the U.S. Department of Transportation. The system developed has ap-
plication to accidents occurring on all Iowa streets and highways. Iowa has one of the
most intensely developed highway networks in the country: more than 112,000 miles
(180 000 km) of streets and highways, of which 99,000 miles (159 000 km) are rural
highways.

The objectives of the study were to develop a systematic procedure for accurately
describing the location of accidents and to develop methods for analysis of interrelated
accident, roadway, and traffic data to aid in determining appropriate remedial action.

This system will contain all accident reports for the entire state, including those on
the state highway system, county road system, and local municipal streets. Because
of the many accident reporting sources involved and the variety of methods used to re-
port the locations of accidents, the coding of accident records for input to the state's
computerized accident records system will be centralized.

It is axiomatic that any accident records system can be only as accurate as the in-
formation that comes from the field. Law enforcement agencies in Iowa will be
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requested to report accident locations to the desired degree of accuracy [generally
0.1 mile (0.16 km) in rural areas and 0.01 mile (0.016 km) in urban areas].

Although various methods of referencing accident locations in the field exist (2), all
use a distance measurement from the point of incident to a known reference point and
specify the direction of measurement. The characteristics of all data reduction from
field recordings are essentially the same, whether the reduction is manual or compu-
terized.

In order that accident information can be stored and retrieved systematically by lo-
cation, accidents must be keyed internally in the computer.

A link-node concept was developed, based on a quasi-coordinate location system,
that is applicable to the entire state of Jowa. Appropriate locational information is
coded at the central processing facility for the state. This locational method and basic
aspects of the function of the computer system are discussed later.

QUASI-COORDINATE NODAL SYSTEM FOR IOWA

In the link-node method, a unique node number is assigned to each intersection or other
prominent feature of the roadway, such as railroad grade crossings and bridges.
Thereby, a single node number identifies the location of a traffic accident occurring
at that point. For an accident occurring between nodes, the link is identified by the
nearest node in each direction and the distance from one of the nodes.

If node numbers are assigned arbitrarily without considering their spatial interre-
lationship, it may be difficult to assemble accident data on an areawide basis. It also
is difficult to locate any given node on a map on the basis of its number alone. Even
if nodes are initially numbered in a systematic manner, it may not be possible to re-
late new node numbers necessitated by land subdivision and new streets and highways
to those numbers previously assigned. Therefore, a quasi-coordinate nodal system
was developed (3). The system adopts the basic units of the U.S. Public Land Survey
method and incorporates them in a nodal assignment system for identifying accident
locations.

U.S. Public Land Survey Method

The public lands of many states, including Iowa, were originally subdivided into town-
ships and sections under a rectangular system of land subdivision developed in 1785.
These congressional townships are fixed land areas, each approximately 6 miles (9.6
km) square, bounded by meridional and latitudinal lines. (In contrast, civil townships
are subdivisions established for purposes of political jurisdiction.) Congressional
townships are divided into 36 secondary units called sections, each approximately 1
mile (1.6 km) square. A row of townships extending north and south is called a range,
and a row extending east and west is called a tier (often referred to as township). The
relationship of township, range, tier, and section is shown in Figure 1.

The Iowa State Highway Commission county and city maps contain no reference
either to latitude and longitude lines or to any plane-coordinate system. Each map,
however, does include a complete description of the system of congressional townships,
ranges, and sections. County boundaries in Iowa include a number of complete con-
gressional townships. This public land subdivision grid provided the basis on which
the node-numbering scheme was developed. This readily available source of locational
identification was a primary consideration in development of the quasi-coordinate sys-
tem.

Selection of Nodes

The network of numbered nodes used in accident location coding includes all locations
that an officer or motorist would ordinarily use as reference points to identify the
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Figure 1. Relationship of township, range, tiar; and section in the
U.S. Public Land Survey method.
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location of an accident. Furthermore, to be usable in coding the accident location for
the accident records system, all node locations must be identifiable on a county or city
map.

Consequently, the following elements of the roadway network are assigned node num-
bers:

Intersections (except alleys),
Ramp terminals,

Railroad crossings,

Grade separation structures,
Bridges,

Road ends,

Ninety-deg turns, and
County boundaries.

OO =T U1 W NM

The corporate limits of cities and towns are subject to change from year to year;
therefore, they are not treated as nodes.

Numbering System

A special set of maps was developed for coverage of the complete state for use by
office coders. County maps are used for indicating node numbers on rural highways,
whereas larger scale maps are used for indicating nodes in cities and urbanized areas.
These node maps were prepared by using specially developed scales to determine the
appropriate node identification.

A six-digit number is assigned to each node. The first two digits represent the
township in which the node is located. The first digit indicates the tier within a county,
numbered sequentially from south to north, and the second digit indicates the range,
numbered from west to east (Figure 2). This marking system gives county-level
uniqueness only. For statewide uniqueness, a two-digit county number, which also
appears in accident coding, is linked to this six-digit node number.

Each congressional township then is divided into 96 units in both the south-north
and west-east directions. The third and fourth digits, therefore, indicate the south-
north coordinate position, and the fifth and sixth digits indicate the west-east position
within the township. A node is identified by the coordinate position that is closest to
the scaled location of the node. The average spacing between available node numbers
is approximately 330 ft (100 m) in each direction.

Some nodes, of course, are closer than the average spacing, whereas others are
farther apart. It therefore is necessary to deviate somewhat from rigid coordinate
positions in some instances in order to accommodate all nodes requiring numbers.
Thus the system is not a true coordinate system,; it is called a quasi-coordinate sys-
tem because assignment of node numbers is based on approximate location in the grid.
Generally nodes along a route are numbered in ascending order from south to north,
or from west to east, within a county. For example, an intersection located in the
second township at the center of the south edge of section 2 would be assigned the node
number 2 1 81 73.

Dual node numbers are assigned to nodes on county borders (one for each county) on
individual county maps, so that (a) both nodes on a single link that ends at the county
boundary are assigned to the same county and (b) an accident occurring on the boundary
may be assigned by county to the correct investigating agency (which varies from county
to county).

Accidents at highway interchanges are assigned a node number to each ramp ter-
minus. An example of interchange node numbering is shown in Figure 3. Sample
node numbering on rural and urban maps is shown in Figures 4 and 5 respectively.
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Figure 5. Example of urban street node coding.
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Accident Location Coding

In the central office coding of accident reports, accidents occurring at intersections or
other nodes are given a single-number location descriptor. Accidents occurring be-
tween nodes are coded by indicating (a) one of the two nodes defining the link on which
the accident occurred, usually the nearer, (b) the distance from the first node in the
direction of the second node, and (c) the second node.

For example, if an accident occurs 0.02 mile (0.03 km) west of an intersection bear-
ing the node number 2 1 81 73, its location is coded as 218173/002/218172. No con-
vention for deciding on the node to be referenced need be established. If the accident
is 0.04 mile (0.06 km) west of node 218173, the location could also be coded as 218172/
004/218173. The equivalency of these two location descriptions would be established
by the computer accident system, which is interfaced with the roadway inventory sys-
tem for roadway segment lengths.

Incomplete Locational Data
If an accident location cannot be determined from the information given on the accident

report, zeros are coded in place of the unknown portions. For example, if the town-
ship alone is known, the location would be coded as 210000 (or 210000/0000/210000 for
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link accidents). Similarly; if the node numhers for a link accident are known but not
the distance, the location of the accident would be coded as 281873/000/218172. By
this method, accident information can be used to the extent possible in developing ac-
cident summaries.

Many location measurements on incoming accident reports are given in feet, par-
ticularly in urban areas. Coding personnel use conversion tables to convert from feet
to miles.

Complex Intersections

A complex intersection or interchange containing several nodes, as shown in Figure 3,
is identified by selecting one of the nodes as the intersection identifier and indicating
it as such on the coding map. The intersection identifier is coded, in addition to the
specific location identifiers discussed in the previous section. This field is left blank
for all accidents not occurring within complex intersections.

Accident Location Accuracy

Investigating officers and drivers are required to cite reference points (nodes) on their
respective reports only by their proper names, e.g., the intersection of two streets, a
railroad grade crossing, and so on.

The location measurement given for an accident should be sufficiently accurate to
pinpoint any roadway or environinental features that may have constituted a hazard.
The Highway Safety Program Manual (1) recommends a minimum level of accuracy of
0.01 mile (0.016 km) for residential and commercial streets in urban areas, urban ex-
pressways and freeways, rural roads within the area of influence of an intersection,
and all other locations where there is a convenient reference. In other cases, identi-
fication should be as accurate as possible under the circumstances.

Urban Areas

Accident locations in urban areas are generally referenced to the nearest intersection
(node). If an accident does not occur at a node, a distance measurement is made by
using tape or measuring wheel or possibly by visual estimation. An accuracy of 0.01
mile (0.016 km) is desired in all cases.

Rural Primary System

Accidents occurring on rural primary routes close to nodes may be referenced to the
node by manual measurement, whereas other accidents generally are referenced to a
milepost (which are placed only on the rural primary system) or highway feature by
use of a standard automobile odometer. In this case, the accuracy obtainable would
be approximately 0.1 mile (0.16 km).

Rural Secondary Roads

Many of the secondary roads in Iowa have not been assigned names or numbers. Thus
deseription of these locations is often impossible. It was decided that the existing
practice in Iowa of using reduced-scale county maps to pinpoint accident locations on
these roads would be appropriate. These maps are supplied free of charge to all high-
way patrol districts, county sheriffs, and automobile insurance agencies.

Reports of accidenis on the rural secondary system should be accompanied by a map
with the accident location marked. Instructions to this effect are included in the
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accident report form. These maps are to be used by accident coders to associate an
accident with the proper node or link. Marking a map will not replace an accurate dis-
tance measurement from the referenced node (for link accidents); this distance mea-
surement should also be indicated on the report form.

ACCIDENT INFORMATION SYSTEM

A computerized accident location and analysis system (ALAS) that uses the location
methods described previously was designed for the Iowa State Highway Commission.
The first phase of development of this system became operational in early 1975 (4).
ALAS has the capability of identifying locations of accidents and their characteristics
and frequencies. The system has the flexibility to respond to information needs of

the user and has numerous user-oriented options available. ALAS is being developed
on a staged implementation basis and ultimately will be interfaced with the roadway in-
ventory file as well as other data files to facilitate more detailed causative analyses
and correlation.

The initial development of ALAS provides important new capabilities for identifying
accident locations and permits special analyses to be made by the highway commission
and other users of the system. ALAS can rank accident locations for the entire state
or for individual counties and cities by any one of the following definitions of rank sig-
nificance as specified by the user: total number of accidents, accident severity, and
total value loss. Accident rankings can be obtained for intersections, nodes, or links.
This permits the users of ALAS to identify locations that require special study, analy-
sis, or on-site observation, with the objective of selecting design or control measures
for reducing accident frequency or severity.

ALAS also can rapidly retrieve accident histories for specific locations or with par-
ticular attributes and can compile accident data for specific nodes, intersections, links,
or node strings (sections of roadway). The system user can simply specify the loca-
tion identification or attributes and the time interval of interest and obtain from the
system a listing of accidents, and their characteristics, that took place at the specified
location.

The capabilities of the initial development of ALAS are shown symbolically in Fig-
ure 6. Two types of data requests can be made: one for generalized accident informa-
tion at specific locations or for particular attributes and the other for a high-accident
summary. With either type of request, the range of dates to be covered in the accident
records search must be specified. Following is an explanation of the symbols used in
the figure:

1. Brackets represent alternatives that may be included or omitted, depending on
requirements of the user;

2. Braces represent another choice of alternatives, one (and only one) of which
must be chosen per request run;

3. Brackets within braces denote that one or more of the indicated options must be
chosen, depending on the programming requirements; and

4. Braces within brackets denote that the information may be omitted if desired.

SUMMARY

The quasi-coordinate link-node system adopted in Iowa is based on the U.S. Public
Land Survey method for land subdivision. This method of land subdivision is used
by 30 states. The quasi-coordinate link-node system can be easily implemented for
accident location when the township-range-section identifications are included on ex-
isting maps. It provides a permanent grid on which node numbers can be assigned,
and additional node numbers can be added as new intersections (or other nodes) are
created through realignment or as subdivision of land occurs. The coordinate prop-
erties of the node numbers offer some potential for schematic plotting, which would
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An accident information system using the quasi-coordinate link-node locational
method was developed for Jowa. ALAS provides the capability to identify locations
that have experienced a high accident record and to obtain accident records for se-
lected locations or accidents possessing particular attributes.
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UTILIZATION OF A MOTORCYCLE ACCIDENT TYPOLOGY

Martin L. Reiss, Wallace G. Berger, and Gerald R. Vallette,
BioTechnology, Inc., Falls Church, Virginia

This paper describesthe creation of a motorcycle accident data base during
the performance of a study for the Motorcycle Safety Foundation.  The
objective of the study was to determine the status of motorcycle accident
data, to determine causal factors of accidents, to identify voids in the in-
formation, and to suggest a basis for future improved educational and
public information programs. A motorcycle accident typology was devised
to identify accident categories for which specific countermeasures could
be designed. On the basis of the distribution of 1,191 motorcycle accidents
in Maryland in 1973, 600 police accident reports were sampled in order to
represent the six most prevalent accident types. Using this typology per-
mitted the identification of accident culpability (who or what was at fault)
and of primary and secondary causation factors for each of the accident
types. A primary product of the study, which is described in detail in this
paper, was the identification of statistically significant differences between
accident types on each of the 54 accident variables coded.

*MOTORCYCLING is both a means of transportation and recreation. It is probably the
form of powered transport that is the most exhilarating, economical, and, unfortunately,
dangerous.

In 1945, there were 31 million registered motor vehicles in the United States. Of
these, 198,000 were motorcycles. By 1973 there were 128 million registered motor
vehicles, and slightly more than 4 million of these were motorcycles. Motorcycles
used solely for off-road activities such as competition and trail riding and minibikes
are not reflected in these statistics. Hare and Springer estimate that there were 5
million motorcycles in use nationwide at the end of 1972. This estimate includes the

J-.A— - ad g
trail and competition cycles but excludes minibikes and motorized bicycles (2)

MOTORCYCLE ACCIDENT RESEARCH

Studies of motorcycle accidents in a number of states in the mid-1960s indicated that
the growth of the motorcycle population was accompanied by a directly proportional
growth in the number of motorcycle accidents. Researchers indicated that there is a
high probability that a serious injury or fatality will result from a motorcycle accident
(3-8).

~ A national study found that the fatality rate based on vehicle mileage (exposure) was
five times greater for motorcycles than for passenger cars. The study indicated that
the motorcycle rider has a greater probability of being killed than the user of any other
conventional means of transportation (9).

In 1973, for the first time since 1970, there was a reduction in the number of high-
way accident fatalities. Only the motorcycle, perhaps as a result of increased use in
response to the gasoline shortage, experienced a 20 percent annual rise in fatalities
(Table 1),

Publication of this paper sponsored by Committee on Vehicle Characteristics and Committee on Traffic Records.
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Scope

The challenge facing those responsible for motorcycle safety is one of devising pro-
grams to reduce the frequency and disproportionate severity of motorcycle accidents.

This paper summarizes some of the findings of a recent motoreycle accident study
performed for the Motorcycle Safety Foundation. It describes the methodology used in
developing a motorcycle accident data base and the findings obtained from a statistical
comparison of accident types. The information presented can be used as a guide for
the development of safety countermeasure approaches and local countermeasure
programs.

Methodology and Rationale

The analysis of motorcycle accident data began with an examination of some 50,000
motorcycle accidents listed in the 1971 National Accident Summary File (NASF) of the
National Highway Traffic Safety Administration. The NASF limitation of restricting

the data gathered to 11 variables did not permit determinations of culpability or accident
causation factors. To satisfactorily determine these factors, we needed access to a
large number of police reports containing both narrative descriptions and accident dia-
grams. Analysis of the hard copies of police accident reports would serve the desired
purpose.

A motorcycle accident typology was devised that partitioned the motorcycle accident
data into eight exclusive accident types. The typology was based on three classification
variables: single- versus multiple-vehicle, rural versus urban, and intersection versus
nonintersection accidents. The typology permitted identification of causal factors for
each specific accident type rather than for all accidents.

Design of accident remediation techniques requires identification of the makeup of
each of the major accident types that compose the total motorcycle accident spectrum.
Examination of the accident variables for each of the six major types is more important
than identifying these variables for all motorcycle accidents. In this case, the parts are
greater than the sum. This is because the use of the accident typology permits educa-
tion and training material to be developed for each identified accident type. Comparison
of variables for the multiple~-vehicle, urban intersection accident (type 1) to the single-
vehicle, rural nonintersection accident (type 6) will permit identification of differences
and, therefore, unique remediation for each. Heretofore these differences could not be
identified, and countermeasures were aimed at motorcycle accidents in general, pri-
marily with the objective of ameliorating injuries through use of protective equipment.

In December 1973, the state of Maryland provided a breakdown of 1,191 statewide
1973 motorcycle accidents. Ninety-six percent of these accidents fell into six of the
eight categories. Since it would be necessary to go back over 8 years to obtain 100
usable accidents in the latter category and 3 to 4 years in the former, these twocate-
gories were dropped.

Figure 1 shows the motorcycle accident typology used. One hundred accident re-
ports per accident type were coded from the original police hard copy. Fifty-four
variables were coded for each accident. The coders were trained. A number of acci-
dents were coded, a reliability check was made, a revised definition of the variables
was provided, a larger number of accidents were coded, and more than 90 percent
intercoder agreement was obtained. All 600 accidents were screened before they were
keypunched and input to the computer. The computer was given acceptable limits for
each of the variables to screen out errors in keypunching. These were recoded, and
600 accurately coded motorcycle accidents were combined to form the motorcycle ac-
cident data base. The variables used, especially in the areas of culpability and primary
and secondary causal factors, are definitions specified by BioTechnology and represent
the evaluation of the trained coders, not that of the Maryland investigating officer.
These factors represent motorcycle accident descriptors heretofore not available.

The typology used permitted a comparison of all the variables among each of the six
accident types. It was thus possible to differentiate between statistical significance
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Mode 1972 1973 Change
Pedestrian 10,700 10,600 -1
Pedalcycle 1,100 1,100 -
Motorcycle 2,700 3,300 +22
Total highway 56,600 55,600 -2

"Includes 1,215 grade-crossing fatalities,

Figure 1. Motorcycle accident data base.
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and random occurrence for each of the variables (motorcycle size, time of day, culpa-
bility, curvature of the road, etc.) by accident type. For example, a particular variable
may be more prevalent in one type of accident (single-vehicle, rural nonintersection
versus multiple-vehicle, urban nonintersection). This information can be used to de-
termine data voids as well as to provide an input in the design of programs to reduce
the number of accidents in each accident type.

Figure 2 shows the comparison of each accident type and all accident types for the
variable culpability. The culpability for all accidents was obtained by

Clﬂp (all) = 2 culp(accident types 1-6)weighting faCtor(frequency of accident types 1-6)

SIGNIFICANT DIFFERENCES AMONG ACCIDENT TYPES

Fifteen paired comparisons could be made of the six accident types [n(n - 1)/2]. We
restricted the present analysis to the seven most meaningful comparisons. The intent
of the comparisons was to isolate those accident characteristics that distinguished one
accident type from another. [In most cases a Z-test of uncorrelated proportions was
used to test differences. All differences reported here were significant beyond the
0.05 level (2 tail).] In particular, we were concerned with the characteristics that dif-
ferentiated

1. Multiple- from single-vehicle accidents,
2. Urban from rural accidents, and
3. Intersection from nonintersection accidents.

The construction of the Maryland data base made it possible to determine the dif-
ferences and to control for potential confounding factors. We were, for example, able
to compare the characteristics of multiple~ and single-vehicle accidents when both
types of accidents occurred at urban nonintersections. Thus, we were able to control
the situational context when exploring the differences between various accident types.
Table 2 gives the comparisons used to identify the differences among the three classi-
fication variables listed above.

The results of the accident comparisons are discussed below. Tables are used to
show the characteristics of each accident type; the characteristics were placed under
the accident type that was found to have a higher proportion of that characteristic.

Multiple- Versus Single-Vehicle Accidents

The difference between multiple- and single-vehicle accidents was determined for both
rural nonintersection and urban nonintersection contexts. Table 3 gives these com-
parisons.

Multiple-vehicle accidents were more frequently found to result in incapacitating
injuries, and safety equipment was less often used. The riders were younger and drove
smaller and newer motorcycles. The multiple-vehicle accidents were generally char-
acterized by the failure of the motorcycle rider to obey traffic signals, yield right-of-
way, and notice the other vehicle. Single-vehicle accidents, on the other hand, were
more often associated with excessive speed, road and equipment defects, and avoiding
another vehicle.

In the urban nonintersection context, the multiple-vehicle accident more often re-
sulted in no injuires. The causal factors more frequently were the motorcyclist's failure
to reduce speed and following too closely, and these accidents more often occur in clear
weather. Single-vehicle accidents were more often caused by foreign objects on the
roadway and negligent motorcycle riders.

Looking at both of the situations in which we have tested the multiple- and single~
vehicle accidents, we find that, in addition to the previously discussed items, a series
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Tabie Z. Structure for comparing ine

characteristics associated with the three

classification variables.

Accident
Types
Variable Compared Situational Context
Multiple- versus 2and & Urban nonintersection
single-vehicle 4 and & Rural nonintersection
Urban versus rural fand3 Multiple-vehicle, intersection
2and 4 Multiple-vehicle, nonintersection
5 and 6 Single-vehicle, nonintersection
Intersection versus I and 2 Multiple-vehicle, urban
nonintersection dand 4 Multiple-vehicle, rural

Table 3. Significant {p < 0.05) characteristics of multiple- and single-vehicle accidents.

Accident Type

Multiple-Vehicle

Single-Vehicle

Rural, nonintersection

Urban, nonintersection

1. Incapacitating injuries to motorcycle rider

2. No safety equipment worn

3. Motoercycle rider under 19; bike registered
in parent's name

Newer motorcycle

. Motorcycle failing to obey traffic signal

. Motorcycle failing to yield right-of-way

. Motorcycle failing to keep right of center

. Motorcycle failing to notice other vehicle

. Daylight

. Other vehicle culpable

CO@-ao ub

—

1to 4 p.m,

. Motorcycle stopped in traffic

No injury to motorcycle rider

. Motorcycle rider is owner
Unspecified motorcycle defects
Clear weather

Three-lane roads

. Motorcycle failing to reduce speed
. Motorcycle following too closely

. Daylight

. Motorcycle failing to keep right of center
. Other vehicle culpable

. Surface streets

O AT U D

1. Older rider

2. Nonincapacitating injuries to rider
3. Larger engine size

4, Defective brakes

5. Punctures

6. Darkness; no lights

7. Speed too great for conditions

8. Blowouts

9. Road defects

10. Domestic animals in roadway
11. Motorcycle avoiding other vehicles
12, Environmental factors culpable
13. Vehicle defects culpable
14, 10 p.m. to 1 a.m.
1. Nonincapacitating and incapacitating
injuries to rider
2. Unspecified roadway surfaces
3. Negligent driving
4, Domestic animals in roadway
5. Foreign objects in roadway
6. Environmental {actors culpable
7. Vehicle defects culpable
8. 10 p.m. to 1 a.m.

Table 4. Significant (p < 0.05) characteristics of urban and rural motorcycle accidents.

Accident Typc Urban Rural
Multiple-vehicle, 1. Monday 1. Saturday
intersection 2. Sideswipes 2, Other vehicle slowing or stopping
3. Signalization 3. Other vehicle starting from traffic lane
4, Possible injuries to motorcycle rider 4. Stop sign
5. Other vehicle failing to obey traffic signal 5. Divided roadway
6. Other vehicle failing to notice motorcycle 6. Motorcycle rider properly licensed
7. Safety equipment worn 1. Safety equipment worn
8. Surface streets 8. Other driver older
9. Excessive wear of tires of other vehicle
10. Darkness; street lights off
Multiple-vehicle, 1. Other vehicle turning left 1. Other vehicle going straight ahead
nonintersection 2. Other vehicle starting from parked position 2. Incapacitating injury to motorcycle rider
3. No injury to motorcycle rider 3. Motorcycle rider under 19; bike registered
4. Possible injury to motorcycle rider in parent's name
5. Motoreycle rider is owner . Condition of other driver apparently normal
6. Improper passing for motorcycle . Darkness; no lights
7. Other vehicle failing to yield right-of-way . Four lanes in direction of travel of motorcycle
8. Improper entrance or exit into parking area . Expressways
for other vehicle . Motorcycle speed too great for conditions
9. Surface streets . Other vehicle failing to yield right-of-way
. Other vehicle speed too great for conditions
. Foreign objects in roadway
. Road curvature
13. Environmental factors involved in accident
culpability
Single-vehicle, 1. Thursday . Ran-off-road collision
nonintersection 2. Darkness; street lights on . Motorcycle slowlng or stopping
3. Darkness; no lights . Motorcycle punctures or blowouts
4. Other than dry road surface . Four lanes in direction of travel of motorcycle
5. Two-way, undivided traffic flow . Two-way, divided traffic flow
6. Operator was owner . Expressways
7. Surface streets . Divided roadways

. Motorcycie speed too great for conditions
. Wildlife in roadway

. Road curvature

. Blowouts primary causes
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of common factors emerges across situations. In particular, multiple-vehicle accidents
more often occurred in daylight, and the motorcyclist was more frequently cited as
failing to keep right of center. The other vehicle was more often judged culpable in
multiple-vehicle accidents. In single-vehicle accidents, the environment, vehicle
defects, domestic animals, and unknown causes were more frequently cited as con-
tributory factors. Also, more single-vehicle accidents occurred between 10 p.m. and
1la.m.

Urban Versus Rural Accidents

The differences between urban and rural accidents were determined in three situational
contexts. Table 4 gives these comparisons.

Urban accidents in the multiple~vehicle, intersection context were more frequently
found to consist of sideswipes and occurred more often at signalized intersections. The
other vehicle was more often cited as failing to obey the traffic signal in the urban ac-
cidents and more frequently failed to notice the motorcycle.

Rural accidents in the multiple-vehicle, intersection context, on the other hand, were
found to be involved in accidents with vehicles that were starting up, slowing down, or
stopping. The intersection more often was controlled by a stop sign, and the roads were
more often divided roadways. The motorcycle operator was generally older, was more
often properly licensed, and used the appropriate safety equipment.

Urban accidents in the multiple-vehicle, nonintersection context more often involved
a left turning vehicle. The other vehicle more frequently started from a parked position
and did so improperly. The other vehicle more often failed to yield the right-of-way.
On the other hand, the motorcycle operator was more often found to pass the other ve-
hicle improperly. The urban motorcycle operator more often escaped without serious
injury.

The rural multiple-vehicle, nonintersection accident is more often characterized by
excessive speed on the parts of both the motorcycle and the other vehicle. Environ-
mental factors, foreign objects on the roadway, and road curvature were more fre-
quently cited in rural accidents. The other vehicle was more often going straight, and
the motorcycle more frequently failed to yield the right-of-way.

Urban accidents in the single-vehicle, nonintersection context more often occurred
on two-way, undivided roadways where the road surface was other than dry, and the
operator more often owned the vehicle. Rural accidents in the same situational context
more frequently involved slowing or stopping on the part of the motoreycle, blowouts,
and domestic animals in the roadway. In addition, rural, single-vehicle, nonintersection
accidents more often were associated with road curvature and excessive speed for con-
ditions and occurred more frequently on divided roads or expressways.

The only factors that differentiated urban from rural accidents (for all three situa-
tions) are roadway characteristics. Urban accidents, not surprisingly, occurred more
frequently on surface streets, whereas rural accidents more frequently occurred on
divided and nondivided roadways.

Intersection Versus Nonintersection Accidents

The differences between intersection and nonintersection accidents were determined in
the multiple-vehicle, urban and multiple-vehicle, rural contexts. Table 5 gives these
differences.

The intersection accidents in the multiple-vehicle, urban context more often were
characterized by the other vehicle's failure to obey the traffic signal and failure to
notice the motorcycle. The motorcycle operator was more frequently cited for failure
to yield the right-of-way. These intersection accidents more often occurred on surface
streets and resulted in incapacitating injuries to the cyclist.

Nonintersection accidents in the same context were more frequently associated with
the other vehicle making a U-turn, starting from a parked position and doing so im-
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Table 5. Significant (p < 0.05) characteristics of intersection and nonintersection motorcycle

accidents.

Accident Type Intersection Nonintersection
Multiple-vehicle, 1. Incapacitating injury to motorcycle rider 1. Other vehicle making U-turn
urban 2, Surface streets 2. Other vehicle starting from parked position
3. Motorcycle failing to yield right-of-way 3. Other vehicle stopped in traffic lane
4. Other vehicle failing to obey traffic signal 4. No injury to motorcycle rider
5. Other vehicle {ailing to notice motorcycle 5. Motorcycle rider under 19; bike registered
6. Other vehicle culpable in parent's name
7. Angle collision 6. Motorcycle rider is owner
8. Other vehicle turning both directions 7. One-lane in direction of travel of motorcycle
9. Motorcycle turning left 8. Undivided highway
10, Other vehicle failing to yield 9. Motoreycle following too closely
10. Other vehicle stopped in roadway
11. Other vehicle entering or exiting parking
posltion properly
12. Motorcycle speed too great
13, Motorcycle failing to keep right of center
14, Unexpected rapid deceleration
15. Motoreycle culpable
16. Other vehicle culpable
17, Other vehicle changing lanes
18. Motorcycle culpable
19. Head-on and rear collisions
Multiple-vehicle, 1. 4to 7 p.m. 1. Sideswipes
rural 2. Safety equipment worn 2. Motorcycle slowing or stopping
3. Driver of other vehicle is female 3. Other vehicle going straight ahead
4. Driver of other vehicle drinking 4, Other vehicle starting from traffic lane
5. Darkness; street lights off 5. Other vehicle also motorcycle
6. Divided roadways 6. Defective brakes on motorcycle
T. Motoreycle passing improperly 7. Condition of other driver apparently normal
8. Other vehicle failing to obey stop sign 8. Darkness; no lights
9. Environmental visual obstructions 9. Four lanes in direction of travel of motorcycle
10. Motorcycle and environment culpable 10. Expressways
11, Angle collision 11, Motorcycle speed too great for conditions
12. Other vehicle turning both directions 12, Other vehicle speed too great for conditions
13. Motorcycle turning left 13. Other vehicle failing to keep right of center
14, Other vehicle failing to yield 14. Foreign objects In roadway
15. Motorceycle failing to notice other vehicle
16. Environmental factors culpable
17. Other vehicle culpable
18. Head-on and rear-end collisions
19. Other vehicle changing lanes
20, Other vehicle decelerating rapldly
21. Motorcycle culpable

properly, or stopped in traffic or on the roadway. The motorcycle operator was more
often the owner of the motorcycle and was more often following too closely.

In intersection accidents in the rural, multiple-vehicle context, the other driver's
use of alcohol and his failure to obey stop signs were more often cited. A higher per-
centage of motorcyclists were found to be passing improperly. The cyclist did more

often wear safety equipment.

quent in the intersection accidents.
The nonintersection accidents in the same context had a greater proportion of side-

swipes.

quently as having defective brakes.
other vehicle in the nonintersection accidents.
accident was more often going straight ahead or starting from a traffic lane.
vehicle was also more frequently cited for failure to keep right of center.
were more often cited for excessive speed in these nonintersection accidents.

We also found that visual obstructions were more fre-

The motorcycle was more often slowing or stopping and was cited more fre-
The motorcyclist more often did not notice the

The other vehicle in the nonintersection
The other

Causal

Both vehicles

factors involving the environment were more often noted, including foreign objects on
the roadway.

Analysis of both of the situations in which we tested intersection and nonintersection
accidents revealed some common factors across situations. In particular, intersection
accidents were more often angle collisions and involved another vehicle that was turning
right or left and a motorcycle that was turning left. Failure of the other vehicle to yield
the right-of-way was more frequently cited as a causal factor. On the other hand, non-
intersection accidents were more often head-on and rear-end. The other vehicle was
more often found to be slowing or stopping, changing lanes, or decelerating unexpectedly.
The other vehicle was more often guilty of crowding the motorcycle. The motorcyclist
more often was found to fail to reduce speed and keep right of center. The cyclist was
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also more frequently cited as culpable in nonintersection accidents.

CONCLUSIONS

We have seen that an accident typology can be created to define culpability information
and causal factors for a series of accident types. It is suggested that this information
be used in the design of future motorcycle education and training programs as well as
in the development of accident research programs designed to reduce the frequency of
these accidents.

It is further suggested that a representative sample of additional states be used to
replicate the Maryland data base and serve as the basis for a national data base.
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