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NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM 

Systematic, well-designed research provides the most effec-
tive approach to the solution of many problems facing high-
way administrators and engineers. Often, highway problems 
are of local interest and can best be studied by highway 
departments individually or in cooperation with their state 
universities and others. However, the accelerating growth of 
highway transportation develops increasingly complex prob-
lems of wide interest to highway authorities. These problems 
are best studied through a coordinated program of coopera-
tive research. 

In recognition of these needs, the highway administrators 
of the American Association of State Highway and Transpor-
tation Officials initiated in 1962 an objective national 
highway research program employing modern scientific tech-• 
niques. This program is supported on a continuing basis by 
funds from participating member states of the Association 
and it receives the full cooperation and support of the Federal 
Highway Administration, United States Department of 
Transportation. 

The Transportation Research Board of the National Re-
search Council was requested by the Association to ad-
minister the research program because of the Board's recog-
nized objectivity and understanding of modern research 
practices. The Board is uniquely suited for this purpose as: 
it maintains an extensive committee structure from which 
authorities on any highway transportation subject may be 
drawn; it possesses avenues of communications and cooper-
ation with federal, state, and local governmental agencies, 
universities, and industry; its relationship to its parent orga-
nization, the National Academy of Sciences, a private, non-
profit institution, is an insurance of objectivity; it maintains 
a full-time research correlation staff of specialists in highway 
transportation matters to bring the findings of research 
directly to those who are in a position to use them. 

The program is developed on the basis of research needs 
identified by chief administrators of the highway and trans-
portation departments and by committees of AASHTO. 
Each year, specific areas of research needs to be included in 
the program are proposed to the Academy and the Board by 
the American Association of State Highway and Transporta-
tion Officials. Research projects to fulfill these needs are 
defined by the Board, and qualified research agencies are 
selected from those that have submitted proposals. Adminis-
tration and surveillance ofesearch contracts are the respon-
sibilities of the Academy and its Transportation Research 
Board. 

The needs for highway research are many, and the Na-
tional Cooperative Highway Research Program can make 
significant contributions to the solution of highway transpor-
tation problems of mutual concern to many responsible 
groups. The program, however, is intended to complement 
rather than to substitute for or duplicate other highway re-
search programs. 
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PREFACE 	A vast storehouse of information exists on nearly every subject of concern to 
highway administrators and engineers. Much of this information has resulted from 
both research and the successful application of solutions to the problems faced by 
practitioners in their daily work. Because previously there has been no systematic 
means for compiling such useful information and makingit available to the entire 
highway community, the American Association of State Highway and Transporta-
tion Officials has, through the mechanism of the National Cooperative Highway 
Research Program, authorized the Transportation Research Board to undertake a 
continuing project to search out and synthesize useful knowledge from all avail-
able sources and to prepare documented reports on current practices in the subject 
areas of concern. 	 - 

This synthesis series reports on various practices, making specific recommen-
dations where appropriate but without the detailed directions usually found in 
handbooks or design manuals. Nonetheless, these documents can serve similar 
purposes, for each is a compendium of the best knowledge available on those 
measures found to be the most successful in resolving specific problems. The 
extent to which these reports are useful will be tempered by the user's knowledge 
and experience in the particular problem area. 

This report will be of particular interest to transportation administrators and others 
concerned with highway safety. Detailed information is presented on procedures 
for storage, retrieval, and analysis of information on highway accidents. 

Administrators, engineers, and researchers are continually faced with highway 
problems on which much information exists, either in the form of reports or in 
terms of undocumented experience and practice. Unfortunately, this information 
often is scattered and unevaluated, and, as a consequence, in seeking solutions, 
full information on what has been learned about a problem frequently is not 
assembled. Costly research findings may go unused, valuable experience may be 
overlooked, and full consideration may not be given to available practices for 
solving or alleviating the problem. In an effort to correct this situation, a continu-
ing NCHRP project, carried out by the Transportation Research Board as the 
research agency, has the objective of reporting on common highway problems and 
synthesizing available information. The synthesis reports from this endeavor con-
stitute an NCHRP publication series in which various forms of relevant informa-
tion are assembled into single concise documents pertaining to specific highway 
problems or sets of closely related problems. 

FOREWORD 
By Staff 

Transportation 
Research Board 



Highway agencies use data files to identify high accident locations and to 
institute countermeasures as well as for other purposes. The primary types of data 
files are accident files, traffic files, and highway files. This report of the Transpor-
tation Research Board contains information on highway accident analysis systems 
including procedures for storing, retrieving, and analyzing information on highway 
accidents. 

To develop this synthesis in a comprehensive manner and to ensure inclusion 
of significant knowledge, the Board analyzed available information assembled 
from numerous sources, including a large number of state highway and transpor-
tation departments. A topic panel of experts in the subject area was established to 
guide the researcher in organizing and evaluating the collected data, and to review 
the final synthesis report. 

This synthesis is an immediately useful document that records practices that 
were acceptable within the limitations of the knowledge available at the time of its 
preparation. As the processes of advancement continue, new knowledge can be 
expected to be added to that now at hand. 
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HIGHWAY ACCIDENT 
ANALYSIS SYSTEMS 

SUM MARY 	A highway accident analysis system is the total set of procedures for storing, 
maintaining, retrieving, and analyzing information related to highway locations. 
These procedures include the reference method used along highways (e.g., mile-
post method), merging or interfacing data files, processing accident and other data 
files, identifying problem locations, and evaluating the effectiveness of completed 
projects. Roadway and traffic files (including selective-enforcement data) are also 
used in highway accident analysis systems as well as for safety research purposes. 

In order to successfully perform accident analysis, an appropriate highway 
location reference method for the highway network must be selected. The types 
and uses of highway location reference methods vary widely among highway 
agencies. Reference methods include the milepost and 'reference post methods 
(using posts in the field) and document-oriented methods. The manner in which the 
referencing method is applied is a major factor in ensuring locational reporting 
accuracy. 

One way to improve the accuracy and efficiency of location referencing and 
data processing is to use a computerized accident data system, which, at the least, 
is a computer file containing the route numbers and! or names within the highway 
network along with linear distances between intersection points. 

The three basic types of data files that are referenced to specific highway 
locations are accident, traffic (e.g., speeds, volumes, traffic mix), and highway 
files (e.g., roadway geometrics, roadside obstacle data, traffic control infor-
mation). Accident and roadway data files are used primarily to identify high 
accident locations and features, produce systemwide accident summaries, process 
information for countermeasure selection, and evaluate the effectiveness of âci-
dent countermeasures. Also, the data may be used for accident research or'by 
police agencies for selective-enforcement activities. 

The merging of data files is useful both for accident analysis and research 
purposes. Data interfacing or linking is commonly conducted for routine analysis 
activities, such as computing accident rates for specific highway classes. The 
essential element of data merging is a compatible referencing method. 

Numerous types of data summaries, statistical reports, and publications can 
be generated from co'mputerized accident analysis systems. Several statistical 
software packages currently in use, including SPSS, SAS, DART, and RAPID, 
can provide a wide range of statistical analyses for systemwide accident data 
summaries for use in problem identification and for other purposes. 
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One of the primary applications of accident analysis is the identification of 
problem (hazardous, unsafe, abnormal, etc.) locations. The commonly used iden-
tification methods are the frequency, accident rate, frequency rate, rate quality 
control, and accident severity methods. In addition to identifying and reviewing 
locations that have high accident experience (i.e., high accident numbers, rates 
and/or severity), it is important to identify and correct locations with a high 
accident potential. A hazardous roadway features inventory can provide informa-
tion on potential accident problems. The criteria for selecting a method (or 
methods) to identify problem locations include the types of data available and the 
level of sophistication desired. 

After problem locations have been identified, field visits are usually con-
ducted along with a wide range of safety engineering studies to help in the selection 
of accident countermeasures. The final selection of an improvement is based on 
the expected cost of the project, the available budget, and the desirability of the 
project. Many agencies compute expected accident savings (benefits) for each 
project and apply economic measures (incremental benefit-to-cost ratio, net bene-
fits, rate of return, etc.) to make final project selections. Dynamic or integer 
programming is also used to select projects in an attempt to obtain the most safety 
benefits under a given funding level. 

After projects have been completed, accident data can be used to evaluate 
their effectiveness in reducing accident frequency and/ severity. The results of 
safety evaluations are useful in the selection of future projects. Traffic exposure, 
past accident trends, and other external factors that can affect the evaluation 
results should be considered. Control or comparison sites have been used to 
improve the reliability of evaluations. Although most agencies do not maintain a 
data base readily suitable for performing project or program evaluations, a few 
agencies have developed computer software to facilitate accident-based evalua-
tions. 

Recommendations for the improvement of accident analysis systems include 
(a) increased emphasis on the accuracy of accident information, particularly with 
respect to the accident location, (b) development and use of computerized road- 
way networks; (c) use of more appropriate reference methods, improved field 
referencing, log reference books, and closer interaction between safety engineers 
and police personnel, which can result in more accurate accident information; and 
(d) streamlining accident report forms, which can ease the burden on the reporting 
officers and office data handlers but still ensure that essential data are obtained. 

For data processing, the development of compatible reference methods is 
recommended to allow for interfacing or merging data files. The use by agencies 
of one or more available software packages can provide most or all the required 
types of statistical summaries without developing new software. Most states and 
cities could benefit substantially by taking advantage of the model analysis 
systems of other agencies to supplement their own efforts. 

To enforce a standardized accident analysis system would be totally inappro-
priate, because of the wide differences among highway agencies with respect to 
resources, level of expertise, overall goals, and size and type of highway network. 
However, agencies can minimize duplicated or wasted efforts both by publicizing 
their own successes and faihires and taking advantage of the efforts of others. 



CHAPTER ONE 

INTRODUCTION 

The purpose of highway safety programs is to reduce the 
level of human and economic losses on the nation's highway 
system. Specific guidelines for planning, implementing, and 
evaluating highway safety programs were established by the 
U.S. Congress in the Highway Safety Act of 1966, and later 
modified by such legislation as the 1973 Highway Safety Act 
and the 1978 Surface Transportation Assistance Act. In addi-
tion to this significant legislation, numerous federal programs 
and guidelines developed in recent years have helped to 
define the actions needed for improving highway safety. 

SAFETY STANDARDS 

Federal safety efforts are intended to supplement state, 
local, and private efforts. To provide guidance to state and 
local agencies in conforming with highway safety programs, 
the U.S. Department of Transportation developed the High-
way Safety Program Manual (1). Of the 18 safety standards 
listed in the Highway Safety Program Manual, those most 
related to data processing and highway accident analysis are 
Standards 9, 10, 13, and 18 (1). 

Standard 9, Identification and Surveillance of Accident 
Locations, requires each state to develop a program to iden-
tify accident locations and maintain surveillance of locations 
with high accident rates. The state is required to take appro-
priate measures to reduce the number of accidents at those 
locations and to evaluate the effectiveness of the safety im-
provements. The standard also calls for the development of 
corrective treatments for "potentially" high accident loca-
tions. Periodic evaluations of the program are also required. 

Standard 10, Traffic Records, requires states to maintain a 
traffic records system containing statewide data on drivers, 
vehicles, accidents, and highways for use in analysis and 
corrective treatments. Local governments should have 
systems that are compatible with the state system, and states 
are required to provide accident summaries and special anal-
yses to the local agencies on request. 

Standard 13, Traffic Engineering Services, requires that 
states have a program for applying traffic engineering mea-
sures and techniques, including traffic-control devices, to 
reduce accident frequency and severity. A manpower de-
velopment plan is required to ensure that adequate traffic 
engineering capability is available. Development of a plan to 
inventory and maintain traffic-control devices according to 
federal guidelines is also required. A program must also be 
established to maintain surveillance of the highway system 
for potentially high accident locations, such as sharp curves, 
steep grades, and railroad crossings, and to develop appro-
priate countermeasures for such locations. 

The purpose of Standard 18, Accident Reporting and In-
vestigation, is to establish a uniform comprehensive program 
for gathering information related to motor-vehicle accidents. 
Each state and political subdivision is required to collect, 
store, and process accident information and to provide infor- 

mation required by users. The standard requires each state to 
establish procedures for entering accident information into 
the statewide traffic records system. Informational items that 
must be included for each accident are also specified. 

DATA FILES 

There are three basic types of files for which information 
on the highway network should be maintained based on high-
way location reference methods: 

Accident files. Information on location, time, type, 
severity, environmental conditions, contributing circum-
stances, and other factors related to traffic accidents. 

Highway files. Information on the physical highway 
environment, including traffic-control devices, location of 
roadside obstacles, roadway curvatures, pavement and 
shoulder widths, and other geometric characteristics. 

Traffic files. Information on the traffic stream, includ-
ing vehicle speeds, traffic volumes, vehicle classification 
counts, and the like. 

Additional files that are not usually referenced to specific 
points on the highway network are vehicle and driver files. 

HIGHWAY LOCATION REFERENCE 
METHODS AND SYSTEMS 

To effectively meet the requirements of the highway safety 
standards and properly utilize the various types of data files, 
highway agencies must have the capabilities to collect, main-
tain, and utilize the data related to their highway systems. 
Highway agencies not only need to collect such data, but 
they must have the capability to sort and store information by 
highway location. This requires the development and use of 
efficient methods for referencing specific highway locations. 

NCHRP Synthesis of Highway Practice 21: Highway 
Location Reference Methods (2) provides a comprehensive 
report on reference methods and systems. In this report, a 
highway location reference system is defined as "the proce-
dures that relate all locations to each other and includes 
techniques for storing, maintaining, and retrieving location, 
information"; and a highway location reference method, 
which is only one part of the total reference system, is 
defined as "a way to identify a specific location with respect 
to a known point" (2). Three elements common to all loca-
tion reference methods are also identified (2): "(a) identifica-
tion of a known point, (b) a measurement from the known 
point, and (c) a direction of measurement." The two basic 
categories of location reference methods are sign-oriented 
methods (using field signs) and document-oriented methods 
(referencing information on office records) (2). 

Many different types of reference methods and data anal- 



ysis systems are currently used by state and local highway 
agencies for highway and accident analysis. The selection 
and use of an appropriate system is one of the key elements 
in the success of an agency's traffic records system. 
However, many of the accident data analysis systems in use 
today are inefficient, cumbersome, and unsuitable for file 
merging due to incompatible location reference information. 
Some states that have the capability to merge two or more 
data files may do so only for planning or research purposes, 
but not for safety analysis. Often, the data systems are not 
utilized in an optimal manner to provide a list of the locations 
that are most in need of investigation and improvements. 
Even after highway improvements are made, adequate proj-
ect evaluations are often not conducted, as many data sys-
tems are not designed to readily allow for such evaluations. 

Because of the need for effective traffic records systems 
and the many problems inherent to data systems in general, 
appropriate system modifications are necessary. However, 
before modifications can be considered by agencies, both 
successful and unsuccessful past experiences with reference 
systems should be examined. Agencies need to select or 
develop a system that is most compatible with current and 
future needs. The system must be sensitive to the specific 
data elements desired for safety analyses. Then the appro-
priate processing techniques can be formulated to produce 
the desired information. However, unless there is a commit-
ment to establishing and maintaining an adequate data base, 
no highway accident analysis system will be of much value. 

PURPOSE OF SYNTHESIS 

There is a pressing need among state and local highway 
agencies to develop better highway accident analysis 
systems. This report is intended to expand on NCHRP Syn-
thesis 21 (2), which is a detailed summary of the types and 
uses of highway location reference methods. The total high-
way accident analysis system is discussed here, including the 
storing, maintaining, retrieving, and analysis of information 
related to highway locations. This report focuses on the use 
of data files to (a) identify high accident locations and fea-
tures, (b) produce desired accident summaries, (c) process 
information for countermeasure selection, and (d) evaluate 
the effectiveness of countermeasures. The use of data 
systems by police agencies and for research purposes is also 
discussed. The required resources and the impediments to 
data processing and analysis are addressed, based on infor-
mation supplied by state and local highway agencies. Finally, 
recommendations for improving highway accident analysis 
systems are provided. 

Sources of Information 

The information on which this synthesis is based was gath-
ered from two basic sources. First, an in-depth review of the 
available literature was conducted. More than 60 references 
that specifically address one or more of the relevant topics 
were reviewed. Second, a survey was conducted of selected 
state highway agencies known to have progressive data pro-
cessing systems and/or to place emphasis on the efficient 
operation of data files. On-site interviews were conducted 
with state agencies in California, Illinois, Alabama, and 

Michigan. Detailed information was also obtained from Wis-
consin and West Virginia, from FHWA officials, and from 
state police agencies within selected states. 

DEFINITIONS OF TERMS 

Definitions of commonly used terms relating to data pro-
cessing, highway location reference methods, and highway 
accident analysis systems are given below. 

Coordinate reference method. Method for locating indi-
vidual highway locations by grid coordinates. 

Data base. Collection or file of information that serves as 
the basis of an information retrieval system. 

DIME/GBF (dual independent map encoding/geographic 
base file). Geographic base file originally prepared by the 
Bureau of Census for use in coding census data to specific 
areas. This is basically a computerized version of a street 
map. 

File interfacing. Process of sorting and/or manipulating 
two or more data files to obtain and process data for one or 
more common referencing units (e.g., highway locations, 
drivers, or vehicles). 

File merging. The joining of two or more data files into a 
common file using a common referencing unit. 

Hazardous location. Highway spots, intersections, or 
sections with an abnormally high accident experience 
(frequency, severity, or rate) or potential. 

Roadwayfeatures inventory. List of various highway char-
acteristics for use in planning activities or in highway safety 
analysis, which can include such characteristics as highway 
alignment; gradient; lane width; pavement width; surface 
conditions; location of traffic-control devices, bridges and 
culverts; and such variables as narrow bridges, steep road-
side slopes, rigid, fixed objects close to roadway edge, etc. 

Highway location reference method. Specific technique 
used for referencing a highway point or segment either in the 
field or in the office with respect to a known point. 

Highway location reference system. Total set of proce-
dures for determining and retaining a record of specific 
points along a highway. The system includes the location 
reference method(s) together with the procedures for storing, 
maintaining, and retrieving location information related to 
points and segments on the highways (2). 

Link-node reference method. Method for locating indi-
vidual accidents by longitudinal distance along the highway 
from a referenced node. 

Loran C. Method for locating x-y coordinates of a high-
way location using radio signals from transmitting stations. 

Milepoint. Term for the numerical value of the mileage 
displacement from a base point to any location (2). 

Location dictionary processor. Conversion routine that 
can be used to automatically convert one highway location 
reference method to another for use in data interaction and 
processing. 

Reference point. Fixed, identifiable feature, such as an 
intersection, railroad crossing, or bridge from which a loca-
tion can be measured or referenced (2). 

Traffic records system. The personnel, equipment, facili-
ties, information, and procedures necessary to correlate ac-
cident data with vehicle, driver, and/or highway data. 



CHAPTER TWO 

HIGHWAY LOCATION REFERENCE METHODS 

The purpose of a highway location reference method is to 
permit the designation, recording, and storing of specific 
geographic highway information. The availability and use of 
an accurate location reference method provides for highway 
information to be modified or updated when necessary and 
the merging of various types of highway data files for analysis 
purposes. 

TYPES OF REFERENCE METHODS 

A variety of highway location reference methods are used 
today, and the terminology and applications of the methods 
vary widely. 

Reference methods are discussed in detail in NC!!!?!' Syn-
thesis 21(2) under the following categories: 

Sign-oriented methods 
Milepost method 
Reference post method 

Document-oriented methods 
Document Method I 
Document Method II 

Other methods 
Coordinate method 
Referencing to roadway features (bridges, utility 
poles, railroad crossings, mailboxes with addresses. 
etc.) 

Also, three basic types of reference methods are described 
in Standard 9 of the Highway Safely Program Manual (1): 
(a) linear method: (h) coordinate method: and (c) links and 
nodes method. In addition, five reference methods are men-
tioned in the 1982 Federal Highway Administration's report 
to Congress (3): (a) mileposting: (b) paper mileposting: (c) 
grid system: (d) link-node system: and (e) physical features. 
Most of the methods are self-explanatory or are explained 
later in this chapter. 

Sign-Oriented Methods 

Milepost i%'Ietlzod 

The milepost method is the reference method most com-
monly used by state highway agencies for locating accidents 
on the highways (2). This method involves using physical 
milepost signs in the field to represent the distance from a 
base point to any location. The base (zero) point may be a 
county or state line, the beginning of a route, or another 
clearly defined highway feature. Milepost field markers are 
often placed at even intervals (e.g. I mile apart) on Interstate 
or major state routes. Milepost signs may provide only the 
milepoint of the location or may also include the route  

number and county. Due to construction changes in the 
length of a highway route, mileposts may not indicate the 
true milepoint of a location. In such cases, an equation is 
often used in the office to relate the milepost number to the 
true milepoint of the route, and the reported mileposts of 
accident sites can be converted to the true milepoints. States 
using the milepost method include Oregon, California, 
Washington, and Nevada. 

A summary of the characteristics, use, advantages, and 
disadvantages of the milepost method is given in Table 1. A 
typical milepost is shown in Figure I. 

Reference Post Method 

The reference post method is different from the milepost 
method, as the reference post itself does not usually provide 
locational information in terms of miles (2). Therefore the 
location of a highway point (accident location) is given in 
terms of the distance and direction from the nearest refer-
ence post marker. This information is then converted in the 
office to the corresponding milepoint number from appro-
priate maps or route logs. The reference post method was 
developed to minimize the problems caused by changes in 
route lengths, which affect milepost numbers. States using 
the reference post method include Arizona, Wisconsin, and 
Maine (2). A summary of the characteristics, use, advan-
tages, and disadvantages of the reference post method is 
given in Table I. 

Document-Oriented Methods 

The document methods involve the referencing of high-
way locations on office maps and/or files and do not utilize 

FIGURE 1 Typical milepost. 



The milepoint is not computed 
in the field when this method 
is used. The distance, direction 
of measurement, and sign number 
must be recorded, leaving the 
computation of the actual milepoint 
to office procedures. 

Changes in route lengths 
caused by construction do not 
affect the placement of signs 
or the validity of the numbers 
on them. 

The signs apply to all 
concurrent routes. 

Spacing of the signs is 
frequent enough so that users 
will not have to travel long 
distances withuut encountering 
one. 

Depending on the sign numbers, 
the motoring public may not be 
provided information for charting 
progress. 

The placement of signs along 
highways can create problems 
for maintenance forces. 

TABLE 1 
COMPARISON OF MILEPOSTS AND REFERENCE POSTS (2) 

<71 

Characteristics 

MILEPOSTS 	. Signs may be placed at any spacing 
(usually I mile). 

Signs contain the actual milepoints 
or approximate mileages of the locations. 

Zero points are usually at route 
beginnings, at county lines, or at 
control section limits. 

The messages on the signs may 
or may not be readable from a moving 
vehicle. 

Use 

Because this method incorporates 
signs containing milepoints, the 
actual milepoint for a location 
of interest on a highway can be 
readily determined in the field. 
The distance from the location 
to a sign is added to or subtracted 
from the number on the sign, 
depending on the direction of 
travel. 

An alternate procedure is 
to record the distance, direction 
of measurement, and sign number, 
leaving the computation of the 
actual milepoint to office procedures. 

Advantages 

Because the signs reflect 
mileage, which is familiar to 
most people, this method can 
be easily learned. 

The motoring public is usually 
provided information for charting 
progress along the roadway. 

There is fairly uniform 
spacing, so the user does not 
have to proceed more than some 
fixed distance to find a marker. 

The numerical sequence 
provides easy Orientation. 

Disadvantages 

Changes in the length of 
a route after initial placement 
of signs result in numbers not 
reflecting true milepoints. 

Where there are concurrent 
routes, the numbers on the signs 
reflect mileages for only one 
of the routes. 

The placement of signs along 
highways can create problems 
for maintenance forces. 

REFERENCE 	• Signs may be placed at any spacing. 
POSTS 	In some cases, placement is at major 

intersections and jurisdictional boundaries, 
at fixed uniform intervals, or a 
combination of these two plus placement 
at special roadside features. 

Central office records containing 
the true milepoints of reference post 
signs must be kept. 

Signs ordinarily contain numbers 
that are not related to a milepoint. 
The signs also may include route number 
and jurisdictional information. 

The signs may or may not be 
in numerical sequence along a route. 

The messages on the signs may 
or may not be readable from a moving 
vehicle. 



field reference signs. A summary of the characteristics, use, 
advantages, and disadvantages of the document-oriented 
methods is given in Table 2. 

Document Method I 

The Document Method I involves the use of diagrams or 
route logs of physical roadway features with milepoints (2). 
Paper strip maps or logs, containing milepoint numbers of 
intersections, bridges, railroad crossings, or other features, 
are used in the office to convert an officer's narrative site 
description to the corresponding milepoint number. This 
method is comparable to that called a "paper milepost" or 
"paper milepoint" method by some agencies, and is used in 
many states on the portions of the highway network where 
field markers do not currently exist. 

Document Method II 

The Document Method II is based on the use of street 
maps to locate a highway point by street name and the dis-
tance and direction to the nearest intersecting street (2). In 
many cases, the site can be converted to the corresponding 
milepoint number by office personnel if such milepoint infor-
mation is provided on the maps. The Document Method II is 
widely used for locating accidents on city streets as well as 
on many low-volume roads. In some cases, street names and 
addresses may be referenced in the field. In many cities, the 
referencing of accidents to the nearest intersection is an in-
formal use of this method. 

Coordinate Method 

The coordinate method involves locating an accident site 
with a unique set of x andy coordinates. Before this method 
can be used, a complete set of grid coordinate maps must be 
available. The x and y coordinates of a field location are 
determined in the office by using a location description to 
plot the point on agrid map. U.S. Geological Survey (USGS) 
topographic maps are considered appropriate for determin-
ingx andy coordinates. In most states, such maps are avail-
able at a scale of 1 in. = 4,000 ft. At this scale, a 50-ft field 
distance is represented by 0.01 in.; thus accuracy may be 
somewhat limited. However, in some states, USGS maps are 
available with a scale of 1 in. = 2,000 ft, which provides a 
higher degree of accuracy (4). Coordinate methods can be 
costly to implement and cumbersome to maintain compared 
to other reference methods because of reliance on detailed 
maps and plotting capabilities. 

Loran-C Method 

One of the applications of the coordinate method involves 
the loran-C (long range navigational) method that was devel-
oped by the U.S. Coast Guard for marine navigation in U.S. 
coastal waters. This method is essentially a radio system 
using three transmitting stations (a master and two or more  

secondary stations) in a triangular pattern. The transmitting 
stations are located about 500 miles apart and broadcast low-
frequency radio pulses. For highway location referencing, a 
loran receiver automatically measures and displays the 
numeric code for the x andy coordinates of a highway loca-
tion. The number displayed is the numeric difference in ar-
rival time between the master signal and its secondary sta-
tions. These time differences describe hyperbolic lines of 
position by which the exact location of the loran receiver is 
indicated (5). 

The loran-C method has been tested on an experimental 
basis in Los Angeles (6) and by several states, including 
Kentucky, Tennessee, and Ohio, to determine its potential 
for use in accident reporting; further testing of loran-C is 
necessary regarding feasibility of the method for accident 
location. 	 - 

The accuracy of the loran-C method (or any coordinate 
method) can be described in terms of relative and absolute 
accuracy. Relative accuracy refers to the accuracy in finding 
a location in the field that was found and reported previously. 
With the loran-C method, the reported geographic coordi-
nates may be less accurate than the true coordinates due to 
distortions in the transmission of radio waves. Absolute ac-
curacy refers to the ability to accurately define a location in 
terms of its true geographic coordinates. Previous testing of 
loran-C for highway referencing has shown this method to be 
better in terms of relative accuracy than absolute accuracy. 

Linear Methods 

Linear methods are described in Standard 9 of the High-
way Safety Program Manual (1): 

Linear methods reference the locations on each street and 
highway by measuring the distance from the beginning of the 
road or some other origin to the desired location. Ordinarily 
the measurement is expressed in miles, stations, or feet. 
However, street and house numbers or other consecutive 
numbering systems can be used if other records, such as 
traffic volumes and geometrics, can be identified with acci-
dent locations specified in this manner. Linear referencing of 
accident locations depends upon the existence of reference 
points in the field. Field references include: 

Milepost markers 
Log mile markers 
Log mileage signs or stickers on structures and/or signs 
Street names and house numbers 
Intersections 
Easily recognizable landmarks 

It is obvious from the above statements that the broad 
category of linear methods cannot be totally equated with 
any of the referencing methods mentioned previously. 
However, the milepost, reference post, and Document I and 
II methods are all based on the recording of linear distances 
of an accident site from a known point, and these points an 
often be converted to linear milepoints. 

Links and Nodes Method 

The links and nodes reference method is described in Stan-
dard 9 of the Highway Safety Program Manual (1): 

Links and nodes referencing is basically a combination of 
the coordinate and linear referencing systems. Accident loca- 



TABLE 2 
COMPARISON OF DOCUMENT METHODS I AND 11(2) 

Characteristics 	 Use 	 Advantages 	 Disadvantages 

DOCUMENT 	• The true milepoint is assigned 
METHOD I 	to each identifiable feature 

shown on a strip map or straight-
line diagram. 

Printed logs list identifiable 
features, using the name by 
which the feature is known 
in the field. The true milepoint 
of each feature is printed following 
the name. The log generally 
is in order by route number. 

A variation of the foregoing 
two methods is use of a reference 
number in place of the true 
milepoint. 

The method can be employed 
either in the field or in the 
office. 

Because this method does not employ 
special signs along the highway, the actual 
milepoint of a location is determined by: 
(I) identifying a topographic feature on a 
diagram or log that is nearest to the location 
in the field, and (2) measuring the distance 
and recording the direction from the location 
to the feature as identified on the diagram 
or log. The milepoint is then calculated by 
adding to or subtracting from the milepoint 
of the feature on the log the measured distance 
from the location. The calculation may be 
done either in the field or in the office. 

An alternative approach is to use reference 
numbers in lieu of milepoints for the features 
on the diagram or log. When reference numbers 
are used, the procedure followed is generally 
the same as that for the reference post method. 

Special signs are not needed. When construction changes 
require revisions to diagram 
or log milepoints and street maps, 
steps must be taken to ensure 
that users of the method receive 
the revisions. 

The motoring public is excluded 
as a potential user of the method. 

There may be instances of 
misspelled names, street and 
road names that are similar or 
identical, roads and streets with 
no names or numbers,, or roads 
with more than one name that 
require special consideration. 

DOCUMENT 	• Names of intersecting streets 
METHOD II 	as seen on maps are used as 

reference points. Names of streets 
shown on maps in conjunction 
with addresses recorded in the 
field may also be used to identify 
locations. 

The method is especially 
applicable in urban areas, but 
it is often applied on low-volume 
rural roads as well. 

The method can be employed 
either in the field or in the 
office. 

The name of the street (or highway) on 
which the location of interest lies and the 
name of the intersecting street that is nearest 
to the location are recorded, as well as the 
distance from the location to the intersecting 
street. A milepoint number may be determined 
by office personnel, using maps or logs showing 
the true milepoint of the intersection. Where 
the milepoint of the location is not desired, 
the recorded information is retained in the 
submitted form. 

An alternate procedure uses street names 
and addresses. The name of the street on 
which the location of interest lies and the 
street address number closest to the location 
are recorded. Office personnel then determine 
the position of the location with respect to 
the beginning of the street or to a particular 
block. 

Special signs are not needed. When construction changes 
require revisions to diagram 
or log milepoints and street maps, 
steps must be taken to ensure 
that users of the method receive 
the revisions. 

The motoring public is excluded 
as a potential user of the method. 

There may be instances of 
misspelled names, street and 
road names that are Similar or 
identical, roads and streets with 
no names or numbers, or roads 
with more than one name that 
require special consideration. 

00 



tions are referenced by linear measurements from a given 
node. Field markers, intersections, or any easily identified 
landmarks may be designated nodes in the system and the 
sections of highway between nodes are the links. The nodes 
are fitted into a theoretical grid system which is particularly 
applicable to electronic data processing. Other highway rec-
ords can be referenced by the same system. 

In addition to the reference methods described above, 

roadside objects and features. e.g., railroad grade crossings, 

bridges, telephone and light poles, and mail boxes, are some-
times used for location referencing. For example. in Illinois 
reference numbers are placed on light poles along urban free-

ways that have continuous lighting (Figure 2). 

Summary 

The discussion of the various reference methods can be 
summarized as follows (2): 

To the casual user of a highway location reference method, 
there appear to be many widely different methods in use 
today. 'rhre is a tendeliLy to "see" significant differences 

FIGURE 2 Reference marker on light pole in Illinois.  

between methods on the basis of different names. To make 
matters more confusing, terms such as "straight-line dia-
gram," "route log." "coordinates." "milepoint," and even 
"milepost" and "reference post" are used rather loosely in 
connection with location reference methods. The initiate con-
fronted with this situation must somehow determine the 
"best" method for his particular agency. 

The preceding discussion has attempted to show that there 
really is not a great deal of fundamental difference between 
the several most commonly used methods. The method that 
incorporates the use of both milepost signs and strip maps is 
virtually the same as the method that is based on the use of 
reference posts and the same strip maps. Further, a nodal sign 
at an intersection or, for that matter, any sign at all, really is 
a landmark like any other, such as a bridge or even an inter-
section itself. 

Regardless of the name assigned to the method, all use a 
distance measurement from an "incident" to a known point, 
the direction of measurement, and a description of the known 
point. The characteristics are the same whether the calcula-
tion for tnie milepoint is done in the field, accomplished 
manually in the office from a straight-line diagram, or per-
formed by the computer. 

STATUS OF THE USE OF REFERENCE METHODS 

The percentage of the highway network on which refer-

ence methods are used varies widely among states. In 1982, 
the FHWA reported to the U.S. Congress that state-
numbered highway systems are completely referenced in 
90 percent of the states, and local highway systems are ref-
erenced in only 58 percent of the states (3). The following is 
a summary of the status of the use of reference methods 
throughout the country (3): 

STATUS NO. STATES* 

All highways complete 31 
Incomplete 21 
Not reporting 3 

EXPECTED COMPLETION DATE NO. STATES 

1981-1982 2 
1983-1985 6 
Unknown 10 
Not reported 3 

*The  50 states plus the District of Columbia, Puerto 
Rico, Samoa, Guam, and the Virgin Islands. 

A summary of the percentage of highway coverage by loca-

tion reference systems in each state is given in Table 3. The 
percentage of coverage is given for each highway class and, 

if less than 100 percent, the expected completion date is also 
provided (3). 

ACCURACY OF ACCIDENT LOCATION REPORTING 

An accurate highway location reference method is a key 

element of a traffic records system. If an agency cannot 
pinpoint the location of accidents or other roadway data, 

then problem locations cannot be accurately identified and 
analyzed. 

The links and nodes method of locational referencing does 
not necessarily depend on any physical field reference posts 

and, therefore, can be considered, in most cases, as a 
document-oriented method. In principle, the link-node 

system (as normally used by highway agencies) most closely 

resembles the Document II Method, as both methods are 
usually based on the referencing of locations to intersections. 

However, differences in the strict definitions of these meth-
ods prevent the terms from being used interchangeably. 

Other Methods 



TABLE 3 
PERCENT COVERAGE OF HIGHWAY LOCATION REFERENCE 
SYSTEMS (3) 

STATE 

MILES COVERED 
(PERCENT) 

//://i//y/s/ 

EXPECTED COPLETIOM 
(YEAR) 

AAS.Na 100 100 100 100 100 1 - 	- 	- 	- - 
100 100 100 * - 	- 	- 	- * 

100 100 100 85 75 - 	 - 	3] 3] 
ARKA.SAS 100 100 100 30 30 - 	- 	- 	1985 1985 

________ 100 100 100 100 100 - 	- 	- 	- - 
COLORADO 100 100 100 100 100 - 	- 	- 	- - 
co....icieu' 10 
OCLAIWARE 

 100 100 100 100 - 	- 	- 	- - 
100 100 100 - - - 	- 	- 	- - 

__ 100 100 100 68 26 - V 
100 100 100 100 100 - 	- 	- 	• - 

.3] 100 100 100 37 0 - 	- 	- 	1983 UNK 
IDAHO 100 100 100 100 100 -- 	- 	- - 

_100 100 100 90 90 -- 	- 	1985 1985 
4/ 100 100 100 100 2 - 	- 	- 	- 1985 

100 100 100 100 100 - 	- 	- 	- - 
100 100 100 0 0 - 	- 	- 	1984 1984 

Xt"TUCK, 100 100 100 0 0 - 	- 	- 	LINK UNK 
100 100 100  
100 100 100 100 100 - 	- 	- 	- - 

WANTLAND 
 

100 100 100 100 100 - 	- 	- 	- - 
100 100 100 100 100 - 	- 	- 	- - 
100 100 100 100 100 - 	- 	- 	- - 
100 100 100 .100 100 - 	- 	- 	- - 
100 100 100 100 100 -- 	- 	- - 
100 100 100 UNK UNK - 	_- 	UNK UNK 
100 100 100 100 100 - 	- 	- 	- - 
100 100 100 100 100 -- 	- 	- - 

NtVAPA ______________ 100 100 100 100 100 -- 	- 	- - 
. 	- 100 96 93 75 75 - 	1985 	1985 	1985 1985 

e.ic.icv 100 100 100 100 100 -- 	- 	- - 
100 100 100 100 100 -- 	- 	- - 

Go. 100 100 100 80 80 -- 	- 	1981 1981 
100 100 100 100 100 -- 	- 	- - 
100 100 100 100 100 -- 	- 	- - 
100 100 100 100 100 -- 	- 	- - 
100 100 100 100 100 - 	- 	- 	- - 

OtCO.. 100 100 100 90 75 - 	- 	- 	UNK UNK 
100 100 88 UNK UNK - 	- 	UNK 	UNK UNK 
100 100 100 100 100 - 	- 	- 

iou'" c*io. 100 100 100 100 1 00 
 

- 	- 	- 	- - 
$OutDaiOT* 100 100 100 100 100 - 	- 	- 	- - 

100 100 100 100 58 - 	- 	- 	- 1983 
""as * 100 100 100 

100 100 100 100 UTAH 

 

95 - 	- 	- 	- 1982 * * * * * * 	* 	* 	* * 
100 80 10 UNK UNK - 	UNK 	UNK 	UNK UNK 
100 100 - 100 100 - 	- 	- 	- - 

IALAY Vi*O* 100 100 100 - - - 	- 	- 	- - 
100 100 100 100 100 - 	- 	- 	- - 

V0*G 100 100 100 100 95 - 	 - 	- UNK 
DIt. OF CDL. 100 100 100 - - 	- 	- 	- - 
.uti'o..co - 100 100 100 100 - 	- 	- 	- - 

- 65 0 - - 	. - 	UNK 	UNK 	- - 
*&* * * a * * * 	* 	* 	* * 

* a * a a a 	* 	a 	a * 
UNK = Unknown. 	I Continual update. 
- = Not applicable. 	2 Complete coverage not planned. 
* = Not reported. 	3 A11 intersections covered for local roads. 

4Future plans call for all local N.F.A. routes to be covered; however, 
only 5-10% are expected to be covered by 1985. 

0• 
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The following information on accuracy in accident report-
ing is from Standard 9 of the Highway Safety Program 
Manual (1): 

Levels of accuracy for locating the site of an accident 
should be adequate to identify sufficiently for later purposes 
of corrective action the roadway design and other environ-
mental features that may have contributed to the hazard at the 
location. Both the points of initiation and termination of the 
accident sequence should be located by the investigating of-
ficial, utilizing as a frame of reference any significant physical 
features of the crash site and its immediate vicinity. Recom-
mended as minimum levels of accuracy are: 

Measurement should be made to the nearest 1/100 of it 
mile for residential and commercial streets in urban 
areas, urban expressways and freeways, rural roads 
within the area of influence of an intersection, and all 
other locations where there is a convenient reference. 

In all other cases it is desirable to obtain as much ac-
curacy as practicable under the conditions. Generally, it 
is practical to measure accident locations to the nearest 
1/100 of a mile using hundredth mile odometers. Odom-
eters should be calibrated regularly in order to maintain 
accuracy. 

In the 1977 FHWA report "Evaluation of the Highway-
Related Safety Program Standards" the following accuracy 
criterion for identifying accident locations was specified (7): 
"All states should be able to identify accident locations ac-
curately to within one-tenth of a mile in rural areas and within 
100 feet in urban areas on their Federal and State highway 
systems by December 31, 1973, and by December 31, 1975 
for all public roads." 

The actual reporting accuracy varies widely among state 
and local agencies, but, at the least, many states attempt to 
determine accident locations to the nearest 0.1 mile (0.16km) 
in rural areas and/or 100 ft (30 m) in urban areas. Some state 
agencies indicate that a sizable portion (10 to 30 percent) of 
accidents. cannot be located due to obvious locational coding 
errors or omission of location referencing information. The 
accuracy or completeness of the locational description as 
recorded by the police officer is largely a function of the 
importance placed on the accuracy of this particular item of 
data and an awareness of this importance by the police 
agency/officer. In some instances, police officers are aware 
of the need for accurate location description of each acci-
dent. In other cases, little effort is made to accurately mea-
sure the distance from a field reference point. Also problems 
arise because many police agencies are understaffed and 
must attend to other police duties, and thus accident report 
accuracy may not have a high priority. 

The identification of an accident location from a known 
point can be accomplished in several ways: 

Measuring with a tape measure or wheel; 
Stepping off by the officer; 
Using a vehicle odometer; 
Measuring with a DM1 (distance measuring instrument); 
Estimating distances (e.g., counting pavement lane 

stripes or roadway delineators). 

The specific method of determining accident locations may 
vary widely even within a jurisdiction. 

Officers frequently round off the distance from an accident 
to the closest identifiable feature to the nearest 0.1, 0.5, or  

1.0 mile. If distances are measured from field milepost 
markers and recorded to the nearest 0.1 mile, an accident 
could be expected to occur 0.5 miles from a bench mark only 
one-tenth of the time (8). Where the average spacing of 
bench marks is less than 1 mile, the distribution of distances 
from a marker should be larger at 0.1- and 0.2-mile distances 
than at 0.5 and 1.0. Figure 3 shows the number of reported 
accidents in one state (1972-1977) and the distances from 
reference points (8). It appears that two of the most dan-
gerous locations are at 0.5 and 1.0 mile from a milepost 
marker. This study demonstrates the inaccuracies that can 
occur in location reporting due to the rounding of accident 
locations to the nearest 0.5 or 1.0 mile (8). 

Another important factor in accurately reporting the acci-
dent location is the level of effort made in office coding 
and/or checking of milepoints or other reference numbers to 
each accident site. In California, for example, a team of 
about 10 to 12 office personnel work full time assigning mile-
point numbers to the nearest 0.01 mile. Detailed milepoint 
maps and corresponding route referencing logs are important 
components of accurate location reporting in many states. 
These route logs provide a sequential list of the milepoint 
numbers of roadside features, including stores, residences, 
commercial businesses, intersections, city limits, etc. Up-
dating the route logs is necessary to maintain accuracy. 

The levels of accuracy attained with each location refer-
ence method can vary greatly, depending on how the method 
is used. With any method, the accuracy in reporting an acci-
dent location can only be as accurate as the site description 
given on the accident report form. The accurate determina-
tion of the designated distance and direction from the point 
of reference (as recorded on the accident report form) is the 
key to the accuracy of accident locational information. 

Although most of the reference methods have the potential 
of providing high degrees of accuracy in many cases, often 
this is not the actual case. Many agencies use the officer's 
estimate of a location (e.g., about 0.5 mile north of milepost 
number 24, or about 5 miles north of Central City). These 

I 2 3 4 5 6 7 8 9 IS II 12 13 14 IS 16 17 IS 19 20 

DISTANCE FROM REFERENCE POINT (TENTHS OP MILES) 

FIGURE 3 Number of reported Interstate accidents in 
North Carolina (1972-1977) and the reported distances from 
the nearest mileposts (8). 
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estimates may be in error by as much as I mile or more, 
particularly in low-volume rural areas where identifiable 
reference points are infrequently spaced. Also, at complex 
highway junctions or routes, such as at multilevel freeway 
interchanges (see Figure 4), a single milepoint number is not 
sufficient to properly describe the location of an accident. As 
it is desirable to determine the specific ramps where acci-
dents are occurring, the use of specific reference points or 
nodes (e.g., each overpass, underpass, and entrance and exit 
ramp junction point may be assigned a unique reference 
number) at such locations generally results in greater accu-
racy than using only a milepoint value or approximate x and 
y coordinates. 

Another factor that influences the accuracy in reporting 
accident location is the form of the coded locational descrip-
tion. For example, with the coordinate method, the .v and v 
coordinates must be assigned to each accident by office per-
sonnel, which can be a tedious task. Locational accuracy is 
dependent not only on the officers description but also on 
the level of detail and accuracy of the maps used. With any 
reference method, data checks are necessary to minimize 
human error. 

The subject of accuracy in accident reporting was ad-
dressed in a 1981 report by the U.S. Department of Transpor-
tation (9). Specific findings of the report include: 

A manual review or edit of the State officer's report is 
made in most States at both the field level (98 percent) and at  

the headquarters level (94 percent). It is manually checked for 
accuracies and inconsistencies in all but I State. 

A manual review or edit of the local officers report is 
believed made in all States upon receipt at local headquarters. 
It is manually checked for accuracy and inconsistencies in 92 
percent of the applicable States. Two States have no local 
reporting agencies. 

Feedback is routinely provided by the State central acci-
dent records repository to the State reporting agency in 43 
percent of the applicable States (22). One State has no State 
reporting agency. 

Feedback is routinely provided by the State to the local 
reporting agency in 32 percent of the applicable States (16). 
Two States have no local reporting agencies. 

There is a value check or valid code check made on all 
reports by the computer in 94 percent of the States (49). A two 
dimensional check was provided by the computer in 75 per-
cent of the States (39). 

The estimated overall error rate from the computer 
checks was not stated or unknown in 29 percent of the States 
(15). Of the 37 States that reported, there was a range of 0.1 
to 40 percent: 38 percent reported it was 2 percent or less, 65 
percent reported 5 percent or less, 19 percent reported more 
than 10 percent were in error. 

The overall conclusion of this report is that although most 
states make a reasonable attempt at reporting accuracy, rou-
tine feedback, which is essential for improving accuracy in 
reporting accident locations, is usually not conducted in most 
state agencies. Such feedback was found to be performed by 
fewer than half of the state reporting agencies and even fewer 
local reporting agencies (9). 

• 

FIGURE 4 Freeway interchanges can cause problems in accurate reporting of accident locations (Virginia Department 
of Highways and Transportation). 
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Location Tolerance 

Not only is accident location information not reported 
within acceptable levels of accuracy in most states, but the 
degree of accuracy is unknown after the information is in the 
computer. For example, suppose that two accidents are both 
coded as having occurred at milepoint 10.50 along a specific 
route. However, one of the accidents involved hitting a 
bridge located exactly at milepoint 10.50, whereas with the 
other accident, the police officer did not know the milepoint, 
but estimated that the accident occurred somewhere be-
tween milepoint 10.0 and milepoint 11.0 and thus coded it as 
occurring at milepoint 10.5. Unless office personnel can re-
view the locational description (e.g., 200 ft east of Ridge 
Road), both accidents will be keyed into the computer as 
occurring at the same location. 

One way to assess the degree of accuracy in the identifica-
tion of an accident location is the use of a location tolerance. 
In West Virginia, if the exact accident site is reported as 
occurring between two known locations, the milepoint is 
computed as the midpoint of the two known locations. The 
tolerance is computed as half the difference of the known 
mileposts. For example, if an accident is reported as oc-
curring on Route 29 between the post office (known milepost 
3.5) and the intersection of Route 80 (known milepost 6.3), 
the midpoint is 3.5 + (6.3 - 3.5)12 = 3.5 + 1.4 = 4.9 with a 
tolerance of 1.4 miles (personal communication, R. Lewis 
and C. Kendrick, West Virginia Department of Highways). 
Other tolerance values in West Virginia are computed in the 
following manner: 

IF LOCATION is: 	 TOLERANCE (IN MILES) is: 

1. Tied to straight-line maps 0.02 
directly in feet 

2. Tied to straight-line maps in 
tenths 'of a mile 

0.1-0.9 mile 0.05 
1.0-2.9 miles 0.10 
3.0-4.9 miles 0.20 
5.0-9.9 miles 0.30 

10.0 or more miles 0.40 

3. Tied to straight-line maps 
approximations 

Less than I mile 0.10 
1-3 miles 0.20 
3-5 miles 0.30 
5-10 miles 0.40 
Over 10 miles 0.50 

Examples of the use of these tolerance values are given 
below: 

LOCATION 	 TOLERANCE 

150 ft east of Jack's Exxon 0.02 
About 0.5 mile south of County Route 25 0.10 
0.8 mile west of Fairview Drive-In 0.05 
4.2 miles east of Wheeling City limits 0.20 
About 2.5 miles north of County Route 19/4 0.20 
About 12 miles above Charleston 0.50 
In front of the Ponderosa 0.02 

The assignment of such tolerance values to each reported 
accident location may be desirable, particularly when the 
accident file contains a wide range of accuracy levels in the 
reporting of accident locations. 

COMPUTERIZED HIGHWAY NETWORKS 

A computerized highway network is a computer file con-
taining the route numbers or names within the highway net-
work, along with the linear distances between intersection 
points. The file may or may not contain linear x andy coor-
dinates of intersections and other points of reference. When 
using any of the highway location reference methods, it can 
be beneficial to develop a computerized highway network to: 

Improve the accuracy of the coded locational informa- 
tion; 

Reduce the number of office personnel required for as-
signing location information to accidents; and 

Improve the ease and accuracy and reduce the costs of 
merging different data files. 

There are a number of ways to develop and utilize a com-
puterized highway network to aid in accident and highway 
data processing. Examples of computerized location net-
works currently used by some agencies are the Michigan 
Accident Location Index (MALI) and the Dual Independent 
Map Encoding/Geographic Base File (DIME/GBF). One of 
the basic differences between these two systems is that the 
MALI system involves the use of linear coordinates 
(distance along a route) and the DIME/GBF system uses 
geographic (x and y coordinates) information. 

Michigan Accident Location Index 

The MALI system was developed in Michigan to provide 
fast and accurate traffic accident information for all public 
roadways within the state. The system generates a com-
puterized description of all accident locations by assigning a 
milepoint number directly from the physical location infor-
mation reported by the police officer (10). The street index 
consists of a description of the street network that is stored 
on the computer. The midpoints of each intersection and the 
distance between intersections serve as the basis for locating 
accidents. The police officer in the field merely codes the 
distance and direction of each accident from the nearest in-
tersection, and the exact milepoint number is generated by 
computer. The gathering of additional information at the ac-
cident scene is not required, nor are maps, logs, or indexes 
necessary. Only those accidents rejected by the system edit 
checks require manual processing (JO). In a pilot test of the 
reporting accuracy in one county, 97 percent of the accidents 
were located correctly by the MALI system, compared to 81 
percent correctly located by the manual procedure (11). 

The cost for coding 85,000 miles (136,000 km) of the street 
network in 72 counties in Michigan in 1978 and 1979 by a 
consulting firm was reported to be about $6.75 per mile 
($4. 18/km). The cost included network coding for congested 
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urban areas, such as Detroit and Wayne County, as well as 	code, census tract number, county and state code, zip code, 
sparsely populated areas in northern Michigan. Coding of the 	and the lowest and highcst address ranges for city streets. A 
street network took about 18 months (12). 	 typical DIME map, as used in Rhode Island, is shown in 

Figure 5(13). 
In order to use the DIME/GBF for accident location, an 

Dual Independent Map Encoding/Geographic Base File 	intersection file must be generated. The traffic accidents 
must be reported according to specific intersection or non- 

The DIME/GBF is a geographic highway base file origin- 	intersection locations. The location description of the acci- 
ally developed for the Bureau of the Census for coding cen- 	dent is then compared to the intersection file to locate the 
sus data to specific areas, but it also has application to lo- 	accident on the network. The intersection file uses such loca- 
eating accident sites. The file is essentially a computerized 	tion information as city, census tract, block, street name, and 
version of a street map composed of segment records speci- 	node number. Computer programs such as the UNIMATCH 
fled in the system as a length of street between two nodes. In 	program allow for a probable match, wherein minor mis- 
the system used by Rhode Island, the segments are described 	spelling and other shifting of characters can sometimes be 
by street name, node numbers, x and v coordinates for each 	handled (/3). 
node, geographic area codes, block number, municipality 	In 1974 the DIME/GBF was applied to the Providence- 
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FIGURE 5 Typical DIME map (14). 
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Pawtucket-Warwick metropolitan area to match 17,430 acci-
dents. The following results were reported by Crevo and 
Manning (14): 

The first matching operation resulted in a match rate of 49 
percent (8,585 of 17,430). These were perfect matches on 
city/town, first street name, first street prefix and suffix, sec-
ond street name, and second street prefix and suffix. 

The second match operation produced a 22 percent match 
(3,751 of 17,430). These were probabilistic matches where 
certain differences in spelling were allowed. 

The third match was between the remaining non-geocoded 
accidents and a special file prepared for unusual places and 
names such as schools, churches, and parking lots, not in the 
original DIME/GBF. The result of this operation was a 9 
percent match (1,594 of 17,430). 

The remaining 20 percent of the accidents (3,500 of 17,430) 
was reported with whatever information was available. Ap-
proximately one-half of these non-geocodable locations were 
not matched because the second street name was missing. 
This type of location could not be geocoded in a manual 
system either, because of lack of information. 

The computer processing for the accidents in Rhode Island 
was done on an IBM S 370/155 system. The cost sum-
mary for this processing, as reported in 1976 (14), is given 
below: 

COST PER ACCIDENT 

Data Processing (Labor Costs) 
Data transcription 	 0.68 
Handling, editing, corrections 	 0.51 

$1.19 (labor) 

Computer Costs 
Intersection reference file processing 0.09 
Accident records file processing 0.03 
Match intersections and accidents 0. 15 
Generate reports 0.03 

$0.30 (computer) 

Total cost per accident (labor + computer) $1.49 

IMPACT ON SOFTWARE PROCESSING AND FILE MERGING 

In order to process accident data, the locational informa-
tion must include the route name and/or number and the 
distance and direction from a known point of reference. With 
most of the reference methods, an accident location can be 
converted to the appropriate milepoint number or directly 
tied to a specific intersection or other feature (e.g., bridge, 
railroad crossing, driveway). 

The assignment of a milepoint description permits a search ,  
of the computer accident file in variable increments of length 
(0.1 mile, 0.3 mile, 1 mile, 3 miles, etc.) to identify highway 
segments that have experienced an abnormally high number 
of accidents in a given time period. Any specified lengths can 
be chosen to "float" sequentially through the accident data 
file, which is desirable for location identification purposes. 
Data files that use milepoint values can be cross-referenced 
with other data bases that use such referencing units as x and 
y coordinates, node numbers, intersection names, etc., only 
if a location conversion file is available. 

A problem in using milepoints for data processing is that 
data related to intersections and interchanges are usually 
more difficult to process than data tied to other highway 
locations. For example, when scanning the accident file for 
high accident locations, the accidents occurring at an inter-
section often cannot be distinguished from those occurring at 
other locations, and this may preclude the use of different 
identification criteria for intersections. As previously dis-
cussed, many data processing problems can be solved by the 
use of a computerized network file. 

The use of coordinates alone can present problems when 
merging files or processing data. If only route number and 
x-y coordinate information are used, utilizing the accident file 
for automatic identification of high-accident locations be-
comes complicated, unless other referencing units (e.g., 
milepoints) are used in combination with the coordinates. An 
example of a combined reference method is the Quasi-
Coordinate Link Node system as developed and used in Iowa 
(15). The assignment of node numbers and corresponding 
coordinates of each node allows for accident referencing by 
node numbers; coordinates for each node are obtained for 
the highway network and stored on the computer file. 

The processing of data files referenced to intersections or 
other physical reference features (nodes) has both advan-
tages and disadvantages. If accidents are referenced to 
appropriate nodes, the processing of data related to spot 
locations (intersections, bridges, interchanges, railroad 
crossings, etc.) is usually feasible as long as the data files 
(accident data file, traffic volume file, etc.) are similarly tied 
to the same nodes or reference points. This allows for easier 
data processing, file interaction, and/or file merging of data 
at specific highway points. However, without sequential 
mileage-based information (i.e., milepoints) tied to each 
reference point, the processing of data is limited to specific 
highway points or to full section lengths between those 
points. This may be acceptable when the points of reference 
are closely spaced (such as in urban areas), but is inadequate 
where adjacent nodes are spaced several miles apart. 
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CHAPTER THREE 

CHARACTERISTICS OF DATA FILES 

Various types of data files are currently maintained by the 
states for highway systems and/or highway uses, including 
files on (16): 

Accidents 
Highway and Traffic 
Driver Licensing 
Motor-Vehicle Registration 
Financial Responsibility 
Motor-Vehicle Inspection 
Traffic Law Enforcement 
Emergency Medical Services 

The files typically linked to a highway location reference 
method include the accident, roadway (highway), and traffic 
files. 

ACCIDENT FILES 

Accident Reports 

In general, traffic accident reports are submitted to a 
central agency, which may be the State Police Department, 
Department of Motor Vehicles, or the State -Iighway or 
Transportation Department. These reports include police re-
ports from state, local, and county agencies, which in some 
jurisdictions are supplemented by driver reports. The police 
reports and corresponding citizen reports are matched, and 
a unique accident case number or report number is assigned 
to the documents relating to each accident. Next, the acci-
dent data are coded on data processing punch cards or di-
rectly keyed into the computer accident data file. 

In some states, the police report is the only source of 
information pertaining to an accident. In other states, police 
and motorist reports are reviewed and used for data entry. In 
such cases, most locational and accident-related information 
(time of day, location, driver at fault, roadway conditions, 
accident type, etc.) is generally taken from the officer's re-
port. In some states, such as Illinois, the driver and occupant 
information (driver age, address, type of vehicle, etc.) is 
taken from the motorist report and added to the computer 
accident data file. 

Statewide accident information is usually stored by high-
way location for use in identification and analysis of high 
accident locations. However, some agencies, particularly in 
small and medium-sized cities, store computer accident data 
(and also accident report forms) by date, accident number, or 
driver name. 

Incomplete or inaccurate reports are handled in different 
ways: (a) The reports may be processed as they are received 
with little or no effort to correct errors. (b) They may be  

returned to the reporting officer and/or agency for modifica-
tion. (c) Office coders and clerks may check and modify 
certain data items (e.g., assigning a location reference code 
based on the officer's verbal description of the site). 
(d) Additional information from the police officer and loca-
tion referencing codes from office personnel may be obtained 
and coded in a follow-up effort. 

Afteraccident information is coded into the computer, the 
actual report forms are usually filed and maintained for addi-
tional review in the selection of countermeasures at the iden-
tified high accident locations. After a set time period (usually 
2 to 5 yr), and often after being microfilmed, the accident 
reports are destroyed. Computer accident data are usually 
maintained on computer tape for 3 to 5 yr; many states main-
tain the data longer for other uses, such as in the evaluation 
of safety projects several years after completion. The steps 
involved in processing accident data in California are shown 
in Figure 6 (17). 

Content of Computer Accident Files 

The accident file generally contains data on reported traffic 
accidents within a state or local agency, and is usually main-
tained by a state's Department of Transportation or Police 
Agency. The data for each accident are usually obtained 
from the information reported on a statewide, uniform acci-
dent report form, although a few local agencies use individual 
and/or abbreviated report forms. 

The format and content of computer accident files vary 
widely among cities and states. One of the basic differences 
involves fixed versus variable file length. This is a particu-
larly important issue in multivehicle accidents. For each re-
ported traffic accident, there is a combination of variables 
(date, time, location, etc.) unique to that accident. In addi-
tion, each vehicle or individual involved in the accident will 
have a separate set of data variables, such as the person's 
date of birth, vehicle type, etc. A fixed file length format, 
which is commonly used, may be limited only to information 
for two or three vehicles (or injured persons) per accident. 

Other information from the accident report form may also 
be omitted from the computer file. For example, the narra-
tive portion of the report form is not usually entered into the 
computer file (North Carolina does enter portions of the 
narrative accident description). In many states, although a 
2- to 5-page form is used for reporting accident data, much of 
the recorded data is not used for safety analysis purposes. 
One state reported that 131 data elements are currently re-
corded on the accident report form. Of the 1100 card columns 
developed for each accident, only about 7 percent of the data 
variables are actually used by the state for traffic or safety 
engineering purposes. 
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ADIP Study 

The specific characteristics of state accident •record 
systems were investigated in the Accident Data Improve-
ment Plan (ADIP) project, initiated in 1978 by the National 
Highway Traffic Safety Administration (NHTSA) in coop-
eration with the FHWA. The results of the study on state 
accident data bases were summarized in a 1981 report (9). 
Considerable variation was found with respect to criteria (or 
thresholds) used to define a reportable accident. Whereas all 
accidents involving injuries and fatalities must be reported in 
all states, the reporting threshold for property damage ranged 
from $0 to $500. Some state accident report files also include 
nontraffic (parking lot) and motorist reports. Specific find-
ings on accident reporting include (9) ("states" include the 
District of Columbia and Puerto Rico): 

Accident reporting thresholds are set by law or regula-
tion in 51 States. 

The time period for including a death as attributable to a 
motor vehicle accident varies among the States; 48 percent 
(25) use 30 days, 29 percent (15) use 90 days, 2 percent (1) use 
6 months, 19 percent (10) use 1 year, and 1 State did not 
report. 

Using ANSI D-16 as a standard, the accident classifica-
tion by "First Harmful Event" was stated as in agreement in 
67 percent of the States (35). The classification of "Injury 
Severity" was stated as in agreement in 73 percent of the 
States (38). In 4 States, the status of the accident classifica-
tions could not be determined from the ADIP reports. 

For property damage thresholds both towaway and dol-
lar amounts are used. Towaway is used in 4 percent of the 
States (2). Ten different dollar amounts are used witha range 
of $0 to $500; 23 percent of the States (12) use between $0 and 
$150, 60 percent (31) use $200 to $300, and 13 percent (7) use 
$350 to $500. 

46 percent of the States (24) include nontraffic (e.g., 
parking lot) accidents in their accident files. The percent of 
the file represented by these nontraffic accidents varies from 
2 to 25 percent. Two-thirds (16) of the 24 States reported the 
percentage as "unknown." 

In the ADIP study (9)., accident report forms were found 
to vary considerably among the states; there is no standard-
ized national accident report form. Although nearly all states 
have a statutory requirement for the use of a statewide, uni-
form report form, only about two-thirds of the states report 
that a uniform accident report form is used in all jurisdic-
tions. Specific findings in the ADIP report (9) regarding uni-
formity of data collection within each state include: 

88 percent of the States (46) reported a State agency is 
responsible by statute or regulation for obtaining statewide 
uniform accident data. Twenty-five percent of the States (13) 
have a penalty for noncompliance; however, it is not en-
forced. 

65 percent of the States (34) reported that a uniform 
report form is used by all jurisdictions. In the 18 States report-
ing the use of a nonuniform accident form, 10 did not report 
or did not know the percent of accidents reported on the 
nonuniform form. In the other 8 States the range of accidents 
reported on nonuniform forms ranged from 1 to 100 percent of 
the accident report file. 

The ADIP study (9) also attempted to determine the timeli-
ness of states in terms of obtaining accident data and entering 
the data into the automated accident file. 

A reporting time is set by State law in at least 79 percent 
of the States (41). In 5 States the existence of a State law 
could not be determined from the ADIP report. The time  

ranged from 1 to 10 days for police and from 3 to 30 days for 
operators. 

The range of lapsed time for State reporting fell within 1 
to 30 days in 94 percent of the States (49) and within 2 weeks 
for 71 percent of the States (37). One State has no State 
reporting agency. 

The range of lapsed time for local reporting fell within 1 
to 30 days in 73 percent of the States (38) and within 2 weeks 
for 33 percent of the States (17). Two States have no local 
reporting agencies. 

The average elapsed time from the accident occurrence 
to entry on the system ranged from 12 to 360 days, with 37 
percent of the States (19) averaging 30 days or less, and 73 
percent (38) averaging 60 days or less. 

The types of data elements (including accident, occupant, 
nonoccupant, driver, vehicle and roadway information) re-
corded in state accident files were also reviewed in the ADIP 
study. No individual state recorded all of the 112 data ele-
ments considered to be important by the ADIP task force; the 
number of data elements not recorded on the state accident 
forms ranged from 13 to 65. A total of 34 or more data 
elements were not recorded in 28 states. The recording of 
roadway-related data was the most incomplete among the 
various types of accident data elements (9). 

A summary of the recording of data elements by state is 
given below (9): 

No. STATES 

100% 75% 50% 
NO. ELEMENTS ELEMENTS ELEMENTS 

CATEGORY ELEMENTS AVAILABLE AVAILABLE AVAILABLE 

Accident 27 2 34 52 
Occupant 9 9 36 46 
Nonoccupant 12 2 23 46 
Driver 14 0 16 46 
Vehicle 18 0 15 40 
Roadway 32 1 .9 33 

TRAFFIC AND ROADWAY FILES 

Traffic File 

The traffic file may or may not be a part of an agency's 
roadway file. The basic information contained in this file 
includes traffic volumes for each highway section and/or 
intersection on the highway system. Traffic volumes are gen-
erally input as average annual daily traffic (AADT) values 
based on projecting short-term counts with seasonal and 
hourly adjustment factors. In some states, more detailed in-
formation, such as turning movements, volumes by time of 
day, vehicle speed data, or vehicle classification counts, may 
also be contained in these files. Because of the dynamic 
nature of traffic volumes, it is desirable to update the volume 
data as funding and manpower are available. However, the 
types and amount of data to be collected should be carefully 
determined to help ensure maximum use of monetary and 
manpower resources. 
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F.eld 
No. F.eid Nare 

F,eId 

P.ioo Feid Values 
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01 File Type HJ 37 Left Roadbed Effec. Date 57-62 

02 Route No .  38 L.R.Surface Type 63 

03 Route Sufrix 

d2.4 I 39 L.R. No. of Lanes 64-65 

04 Transaction Date L.R. 	eciaI Features 66  
05 Sequence No. 	Beginning 12-18 J 41 L.R. Outside Total Shoulder 67-68  

Control Command 19-21  42 L.R. Outside Treated Shoulder 69-70 

Record No 22 43 L.R. Traveled Way Width 71-73 

Sequence No. 	Endine 23.29 44 L.R. Inside Total Shoulder 74-75 

r 

District l3I 45 L.R. Inside Treated Shoulder 

County 32-34 46 Median Effective Date 78-83 

PM Prefin .._ I 47 Median Type 84 

I? Poslmile 36.41 - 	I 46 Median Curb & Landscaping 85 

13 PM Suftu 42 J 49 Median Barrier 86 

14 Highway Gioap 43 1 50 Median Width 87-88 

IS Date of Record 44-49 SI Median Variance 89 

16 Description 50-72 
 

17 Description No 13 52 Right Robed Effective Date 90-95 - 	I 
II City Code 14.77 51  R R Surface TypeS- 96 

19 RU 10 78 54 R R No. of Lanes 97-98 

29 Fed Aid Designation 79 55 R R Special Features 99 1 
21 Final tnleisate 80 56 R R Inside Total Shoulder 100-101 - 
22 Fed. Aid Route Pielix 81 57 R R Inside Treated Shoulder 102-103 

23 Fed. Aid Route No. 12..8I - 	I - 56 R R Traveled Way Width 104- 106  

24 Toll & Forest 85  59 R R Outside Total Shoulder 107-108 - 
25 National Lands 86  60 R R Outside Treated Shoulder 109-110 - 
29 Scenic Freeway 87 

27 Non AodMileage Be 

28 ADT —Effective Date 89-94  DESCRIPTION ADDITIONAL 

29 ADT —Looking Ahoad 95-100 - 2 

30 ADT —Status Profile Point 101 

31 ADT - Looking Back 102- 107 4 

. 
32 Terrain 108 

33 DesignSpeed 109  6 

. 
34 Length to Next Hwys. Point 114-118 - . 	. 
35 Access Control Effec. Date 50-55 - - 	8 

. . 
36 Access Control 56 __________________ - 	. 

FIGURE 7 Accident data processing form used in California. 
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MAIN STREET NAME - HADLEY RD . WEIGHTINGI 	CURA.P 	CtIRV-OrS CIIRV.T:3 ,GRAOEI3 -GRAOE.4 
................................... IGE5. . 9Tc3 .5!OLIM;3 	.nISTPVa - 	RTYPE,2 
------------------------------ ----------- ------------------- ------------------------------------- ------.----- 

I I 	0081A..CLF LOCATION I ROADWAY CHARACTERISTICS I I 
I S€OUFNCC j 	CROSS I 01ST 8 WILE I 310E!CNBI 	HORIZONTAL I 	VR 	TRIG! ADT !PEEoI 0jSTj ROAD! OBSTACLE I RPL  
I 1 -- 	5Rf€ 	------ 	7 	07R POINT yop SYj IGEOMETRICS j ç10 IIIMIT! PVMT7 TYPE7 CODE J7NDEXR 
---------- 4----------------. -----.___• ------------- 	-------- -----4----- ._____. --------- 	-----4 

-I0A000 --WAPPIf - Rff 	........ P371 E 1.40 SOUTH U 3 030 U45 9 LOC 'hLL-SEG so. 

4tI00 - SHAPPIE NS 2457 F 1.46 SOUTH U . 3 450 U45 S LOC PILL-END .54 

04*46260 8HAPPTF RD 2519 F 1.47 SOUTH U 3 430 UlS 6 LOC CUT-BEG 54 

14146380 -IMAPPIE-QO-  - p55 F 1.40 SOUTH U 1 130 u45 7 LOC' SU5M!$ 40 

00146400 OAK HILL RD 917 8 1.49 WEST U +01 I 430 U45 12 PR! imazz 44 

-. 	116500 SHAPPIE RD 2695 F 1.50 SOUTH Ii 2 430 U45 A LOC TREES 49 

ftO........... PO4% F 1.53 SOUTH U p 430 U41 5 LOC -MAILBOX 3; 

11146700 0*1 HILL RD 711 8 1.53 WEST U .01 1 430 U45 3 PR! ROCKO 45 

0I1I6000 OAK HILL RD 663 0 l.53 WEST U -01 I 450 U45 4 PR! POCKO 55 

--e*14*,.•--- -0*1 Mitt RD 	------6865 1.15 WEST U -01 1 - 410 J45 5 p 	...... ROCk0 	....... --5S --- 

14147001 OAK HILL RD 516 5 1.56 WEST U -01 1 430 U45 6 PR! imses 

00147100 SHAPPIE RD 3156 F 1.39 SOUTH U 	. 1 430 U43 I LOC SPOST 49 

1147R*O----OAK---$lILt -00 ..... 206 5 1.61 WEST U 00? I 430 U43 1 P01 - fl2 34 

01173o0 SHAPPIE PU 3304 F 1.65 SOUTH U - 2 430 U45 3 LOC MAILBOX 34 

04*47400 SHAPPIE RD 3427 F 1.64 SOUTH U 3 450 U45 12 LOC TREES 49 

A t.A WEST . Ii 	 .OP 	1 	010 	U19 	A 	PSI 	.4pfl57 	 49 

04107600 SHAPPIE RD 3346 F 	1.66 EAST U 450 UI, - 	I LOC BUSHES - 54 

01147700 SHAPPIE RD 57*1 F 	1.69 EAST U I 430 U45 j LOC. BUSHES . 	54 

9HAPPIE-R6.......... 5744 € 	1.70 EAST U 2 430 U45 2 LOC TRUS 39 

0*107900 SHAPPIE RD 3797 F 	1.71 EAST II 1 430 U45 1 LOC BUSHES 54 

01*10000 OAK HILL RD 374 N 	1.73 WEST U .01 	1 212 USS 9 PR! SPOST 50 

- 00146*00 OAK HILL 08 030 N 	1.74 WEST U -01 	I P12 U45 6 PR! ROCKO 50 

5*106200 SHAPPIE RD 405* F 	1.76 EARl U 2 aso U43 2 LOC MAILBOX 59 

FIGURE 8 Sample computer printout from Oakland County (Michigan) roadside obstacle inventory. 
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Roadway File 

The roadway file consists of physical information on the 
highway environment. Most state roadway files consist of 
such basic highway information as number of lanes, roadway 
alignment, access control, and cross-section information 
(lane width, shoulder width, etc.). Some files also contain 
information on intersections, bridges, traffic control devices, 
roadside obstacles, etc. The roadway file is useful in system-
wide planning and may be utilized to identify for possible 
improvement locations or features that do not conform to 
acceptable design standards or that appear to have a high 
potential for accidents. 

The types of roadway data collected by an agency depend 
on the uses made of the data, the size of highway network, 
and the available resources. Roadway data are often con-
tained in many files, and problems commonly occur in the 
merging of the files, including differing reference methods, 
outdated information, and incomplete data files. A list of the 
data elements contained in California's roadway file is shown 
in Figure 7. 

Photologging 

Desired roadway data elements may be collected either 
manually (physical measurements) or, in many cases, with 
the use of photologging (or videologging). Photologging in-
volves taking photographs of the roadway and its environ-
ment at equal increments (usually at 0.01 or 0.005 mile with 
a 35-mm camera) from a moving vehicle (18). A dual-lens  

camera system is generally used: the primary lens provides 
a view of the highway and the secondary lens records such 
information as the date, route number, direction of travel, 
and highway reference point. Videologging allows for incor-
porating sound on the tape during data collection; the tape is 
reusable, but the photographic image on the video tape is 
generally not as clear as that on the 35-mm photolog film. 
With both photologging and videologging, the film can be 
viewed in the office, and visual roadway information can be 
coded and entered into a computer file. 

One example of the use of photologs for recording basic 
roadway information is the system used in Oakland County, 
Michigan. Using photologs of the highways, the county de-
veloped sign, roadway obstacle, and roadway features in-
ventories. A sample computer printout from Oakland 
County's roadside obstacle inventory is shown in Figure 8. 
Each obstacle is referenced to the street and distance and 
direction from the nearest cross street. 

The roadway environmental data system developed for 
use in Maryland combines basic photolog inventory capabili-
ties for 11,585 miles photologged in both directions with ad-
ditional data-collection capabilities. This system, which is 
referred to as a "second generation" photolog system, is 
based on the use of an instrumented photolog vehicle for the 
collection of additional roadway data, including side friction, 
compass direction, horizontal and vertical curvature, grade, 
cross slope, long- and short-term roughness, altitude, and 
speed (19). The system consists of external sensors, an op-
erator's control panel, a display unit, an instrumentation 
unit, and magnetic tape recorders. A data recorder unit will 
ultimately be used to directly input the data by magnetic tape 
into Maryland's computerized highway data base (19). 
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CHAPTER FOUR 

PROCESSING OF DATA FILES 

FILE MERGING AND INTERFACING 

There are two basic types of data merging. For safety 
research or statistical studies, it may sometimes be desirable 
to have a complete merging of data onto a single data file. For 
informational or investigative purposes, it may be necessary 
only to link or interface data files so that appropriate data 
elements may be pulled off each file and used for the desired 
analysis. The merging or interfacing of data files is desirable 
for several reasons. States usually link accident files with 
traffic volume files to compute accident rates for specific 
highway locations. Highway safety research studies com-
monly involve linking and/or merging of accident files with 
roadway files in order to assess the effect of various traffic 
and roadway features on accident experience. 

To adequately make use of files containing accident, high-
way, and traffic data, it is usually necessary to interface files 
to allow for the utilization of various types data at individual 
locations. For example, to compute accident rates at specific 
locations on a highway network, a computer program must 
identify accident locations (from the accident file) and then 
search the traffic volume file for the volume at the corre-
sponding location. The accident rate can then be calculated 
for each location. 

It may also be desirable to compute average statewide (or 
citywide, countywide, etc.) accident frequencies and rates 
by highway classification (intersection or midblock, urban or 
rural, number of lanes, divided or undivided, etc.), which 
requires the interfacing of computer files containing acci-
dent, traffic volume, and geometric information. 

With the interfacing or merging of files, the location refer-
ence method should be compatible among data files. If the 
accident information is stored on computer file by milepoint 
numbers, then the volume and/or geometric files should also 
be stored by milepoint. Otherwise a location conversion file 
(cross-referencing file) must be available for translating one 
reference method to the other. In some state highway agen-
cies, highway reference methods are not used consistently 
for various types of data files. In other states, comprehensive 
data banks utilizing a common highway location reference 
method have been or are being developed. 

The degree to which highway and traffic volume data can 
be correlated with the accident file is significant in achieving 
an efficient data processing system. In most states, volume 
files can be correlated with accident files for interstate and 
state highways. However, less than half of the states have 
this capability for local roads. A summary is given below of 
the status of the correlation of accident and traffic volume 
data (as of June 30, 1981) (3): 

CORRELATION STATUS (NO. STATES) 

HIGHWAY SYSTEM 	 100% 	1-9900/0 	0% 

Interstate 	 41 	 4 	3 
State—Federal Aid 	45 	 4 	 3 
State—Non-Federal Aid 	41 	 4 	6 
Local—Federal Aid 	23 	 8 	14 
Local—Non-Federal Aid 	13 	11 	19 

The capability to correlate highway data files with accident 
files is even less prevalent than the capability to correlate 
traffic volume and accident files. However, this procedure is 
under development in several states. A summary is given 
below of the status of the correlation of highway inventory 
and accident data as of June 30, 1981 (3): 

CORRELATION STATUS (NO. STATES) 

HIGHWAY SYSTEM 	 100% 	1-990/0 	0% 

Interstate 	 29 	 8 	10 
State—Federal Aid 	30 	 9 	10 
State—Non-Federal Aid 	27 	 8 	13 
Local—Federal Aid 	10 	8 	22 
Local—Non-Federal Aid 	5 	 9 	25 

A summary is given in Table 4 of the capabilities of the 
states with respect to merging accident files with other data 
files (3). 

The most common type of data merging is that between 
accident and traffic volume data for the computation of acci-
dent rates. Many agencies also merge basic geometric infor-
mation with the accident records to compute the accident 
experience for each type or class of highway. This is neces-
sary in order to compare the accident rate at a location with 
the average rate for all locations within the same highway 
group or class. 

Whereas about 50 percent of the states have the capability 
to interact various data files through common location 
methods using computer programming, few states have 
developed a comprehensive merged data file. North Carolina 
is currently building a merged file of accident records and 
roadway characteristics (20). 

Michigan has also developed a merged data file—the 
Michigan Dimensional Accident Surveillance (MIDAS) 
system. The MIDAS system consists of a single com-
puterized data base containing four types of data for each 
highway segment or intersection: geometric, environmental 
(including traffic volumes), cross-section, and accident. The 



TABLE 4 
MERGING CAPABILITIES OF DATA FILES FOR EACH STATE (3) 

STATE 

HI1AY DATA CORRELATIOK 
(PERCENT) 

//w/:/ s/ • 

VOLUME DATA CORRELATION 
(PERCENT) 

ALAISAKIA 0 100 100 0 0 0 100 100 0 0 
ALASKA - 100 100 100 * 

- 100 100 100 
95 90 90 80 50 100 100 100 60 10 

ARKANSAS 100 100 100 0 0 100 100 100 100 100 
CALIVORNIA 100 100 100 100 100 100 100 100 100 100 

100 100 100 0 0 100 100 100 0 0 
100 100 100 0 0 100 100 100 0 0 

0 0 _0 - - 100 100 100 - - 

FLORIDA 
______________ lao 100 100 ]j jJ 100 100 100 20 9 
ogonoiA 100 100 100 0 0 100 100 100 100 10 

100 100 100 0 0 100 100 100 15 0 
0 0 0 0 0 100 100 100 100 Z/ 

ILLINOIS 4 7 0 0 0 100 100 100 90 90 
INDIANA___________ 100 100 100 100 2 - 100 100 100 100 2 

0•0 0 0 0 0 0 0 0 0 
K~ANSAS 0 0 0 0 0 100 100 100 0 0 

100 100 100 0 0 100 100 100 0 0 
100 100 100 a * 100 100 100 * * 

100 100 10 100 0 100 100 10 100 0 
100 100 100 100 100 100 100 100 100 25 
100 100 100 100 100 100 100 100 100 100 

Nic"IcAN 100 100 100 0 0 100 100 100 100 100 
97 93 93 90 90 100 100 100 100 100 

100 100 100 100 100 100 100 100 100 100 
50 50 50 UNK LINK 100 100 100 LINK UNK 
100 100 0 100 Q_ 100 100 0 100 0 
100 100 100 0 100 100 100 0 0 

0 0 0  : 100 100 0 100 0 
NC 1 9 1 1 - - 0 0 0 0 0 

100 100 100 0 - - 100 100 100 0 0 
100 100 100 0 0 100 100 100 100 100 
100 100 100 80 80 100 100 100 0 0 

co&.i* 55 61 0 0 0 55 61 0 0 0 
100 100 100 0 0 100 100 100 100 100 
100 100 100 100 100 100 100 100 50 10 

* * * * * 100 100 100 0 0 
OREGON 100 100 100 30 0 100 100 100 100 100 

100 100 100 LINK LINK 100 100 100 LINK UNK 
ODI I1ND 0 0 0 0 0 50 15 10 10 0 

SOUTH ca.oi. . 85 85 85 85 85 85 85 85 85 R 
0 0 0 0 0 100 100 100 0 O 

100 100 100 100 25 100 100 100 100 25 
* * a * * 	I * 100 100 100 100 

UTA. 100 100 100 20 20 100 100 100 100 50 
* a * * * a * * * a 

100 80 wificimix 

 

10 AmK UNK 100 100 100 VAR VAR 
100 100 - LINK LINK 100 100 - 100 100 

wilt v.wa 	- 100 100 100 — — 100 100 100 — — 

75 75 75 75 75 100 100 100 50 
0 0 0 0 0 100 100 100 inn inn 

Dl?. *c co&.. • 0 0 0 - - 2 2 2 - - 

.uaa.o aco - _ LINK tfK LIJ - 100 100 100 100 
i*Noa 

- LINK LINK - -. - 	• 25 25 - - 

• a a * * * * a * * * 
* * a a a * * a * * 

UNK = Unknown. 	'Complete coverage not planned. 
- = Not applicable. 	2 Limited. 
* 

= Not reported. 
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program is currently being used to explore relationships of 
variables and to identify variable combinations that explain 
accident experience. In the future, the MIDAS system will 
be used to calculate the expected cost effectiveness of each 
potential accident countermeasure, and to select counter-
measures that will optimize accident reduction within avail-
able funding levels. Plans have also been made to expand 
the MIDAS data base to include driver and vehicle records, 
weather bureau information, and other data (21). 

Ohio's Statewide Accident Identification and Reporting 
System (STAIRS) was developed to locate and graphically 
display accident and roadway data (letter, dated January 27, 
1982, to E. H. Reich, Director, Ohio Department of Highway 
Safety, from D. L. Weis, Director, Ohio Department of 
Transportation). An interactive process is used, whereby the 
system generates maps of the roadway system (and/or politi-
cal jurisdiction) and displays roadway data (pavement width, 
guardrail, etc.) and corresponding accident and traffic 
volume data. The file interfacing capabilities allow for com-
puting accident rates and other accident statistics and 
graphically displaying them for various types and classes of 
roadway. 

File merging and/or interfacing of data files related to high-
way locations can prOvide many benefits to the user. 
Substantial savings in time and manpower for performing 
routine accident analyses can result from this process. For 
example, the computation of accident rates for locations on 
the entire highway network can be generated by computer by 
interfacing the accident and traffic volume files. The compu-
tation of systemwide accident rates by highway classes 
(required for the rate-quality control method and other iden-
tification methods as described later) is possible through in-
teraction capabilities of the accident, traffic volume, and 
roadway geometrics files. Without file interfacing, such com-
putations would require hand calculations, which, in many 
cases, would be cost-prohibitive. 

Another benefit of file merging and/or interfacing is the 
capability to perform safety research studies or to investigate 
the effect of certain geometric features on accident experi-
ence. This process has been used to perform numerous large-
scale safety research efforts that have led to improved design 
standards and safety practices during the past 30 yr. The 
interfacing of the accident and the geometrics files permits a 
comparative analysis of accident experience for various geo-
metric conditions. For example, in a 1981 study by Zegeer 
et al. (22) conducted to determine the effect of lane and 
shoulder width on accident experience of rural two-lane 
roads in Kentucky, merging of the existing accident, geomet-
ric, and traffic data was completed for about 15,000 miles 
(25,000 km) of roads. Relationships were determined be-
tween various types of accidents and combinations of lane 
and shoulder widths while controlling for other traffic and 
geometric features. Run-off-road and opposite-direction ac-
cidents were the only types of accident found to be related to 
lane and shoulder width. Relationships between accident 
rates and various lane (Figure 9) and shoulder widths (22) 
were established. Expected accident reduction due to 
various levels of widening was determined, and a cost-
effectiveness model was used to develop criteria for future 
widening projects. Lane widening to 11 ft and shoulder 
widening to 5 ft were found to be optimal in terms of cost  

effectiveness for rural two-lane roads with relatively low 
traffic volumes (22). This type of research study, in which 
large data samples are required, is often possible only 
through data interfacing or merging. The results of this kind 
of study can be used to modify future safety and design 
standards and to permit wiser expenditure of funds for high-
way improvement projects. 

Although file merging and/or interfacing is often highly 
desirable or necessary for successfully performing certain 
accident analysis activities, care should be exercised in at-
tempting to process existing data files. In many cases, the 
cost of the file merging and data refinement may exceed the 
cost of a new data collection effort, particularly if a relatively 
small sample of geometric data is required. For accident 
research purposes, for example, geometric data on existing 
computer files may not be of sufficient accuracy or properly 
formatted for the specific need. Therefore, before time and 
money are spent on data merging, the specific purpose for 
such merging should be clearly defined, and a comparison 
made of the costs of file merging or interfacing with the costs 
for the collection of fresh data. 

It should also be noted that a common problem with any 
data processing activity is the frequent lack of proper docu-
mentation of files and software. This is particularly true of 
programs developed by state or local agencies that are in-
tended for infrequent use (once or twice per year). Also, the 
failure to publish or report the availability and capabilities of 
certain software has limited their use by agencies. 

SYSTEMWIDE DATA SUMMARIES 

Computerized data files are used in accident analysis to 
provide: 

Periodic lists of all accidents by location (often on a 
monthly, quarterly, or annual basis). City or county spot 
maps may also be prepared for distribution to local agencies. 

Periodic lists of all high accident spots and sections, 
which may be priority ranked by accident frequency, rate, or 
other accident measures. In some states, high accident loca-
tions are spotted on detailed county maps. 

Detailed summaries of the accidents that occurred at 
each high accident location for use in preparing collision 
diagrams and/ or selecting appropriate safety improvements. 

Summaries for use in problem identification. These 
summaries may be made for any variable coded from the 
accident record and commonly include information on acci-
dents involving alcohol use; pedestrian accidents; accidents 
by type of vehicle (motorcycle, bicycle, auto, etc.); use of 
seat belts or helmets; accidents by pavement condition (e.g., 
wet-pavement accidents); and many other variables (23). 

Computer summaries of highway sections with an ab-
normally high experience of accidents involving speed-
ing, drunk driving, and certain types of driver violations 
for purposes of selective police enforcement (e.g., speed 
monitoring). 

Special report summaries of accidents on freeways and 
expressways and fatal accident data, and official summary 
publications and announcements of accident statistics for 
public distribution (e.g., newspapers). 
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Statistical summaries of accidents or lists of high acci-
dent locations by city or county for distribution to the appro-
priate city or county agencies (usually once per year). 

Summaries of accidents involving roadside obstacles or 
other hazardous featurds. 

Information for research studies conducted by state re-
search organizations, local universities, or other research 
groups. 

COMPUTER PROGRAMMING LANGUAGES 
AND SOFTWARE 

Different types of computers, with various memory sizes 
and equipment controls, have been used to process traffic, 
accident and roadway data. Various programming languages 
are used, including (24): 

COBOL (Common Business-Oriented Language). 
Widely used, particularly suited for management and admin-
istrative information systems. 

FORTRAN (Formula Translator). Designed to facilitate 
the programming of mathematical equations and the process-
ing of numerical data. 

BAL (Basic Assembler Language). Closely resembles 
the computer's internal language and often used for program-
ming generalized software, e.g. data-sorting routines. 

PL / 1 (Programming Language 1). An IBM Corporation 
language that combines the data handling and output features 
of COBOL with the mathematical computing capabilities of 
FORTRAN. 

A number of data-processing problems have been reported 
by various agencies, including tape deterioration due to age, 
hardware and software idiosyncracies related to different 
manufacturers, and the need to convert from one program 
language to another. Examples of the data-processing costs 
in four states are discussed in Chapter 7. 

Numerous standard statistical software packages are used 
to provide cross tabulations, histograms, and other statistical 
summaries of accident data bases for accident analysis pur-
poses. Examples of some of the computer software programs 
currently in use are listed below (25-27): 

Statistical Package for the Social Sciences (SPSS) 
National Opinion Research 
University of Chicago 

Statistical Analysis System (SAS) 
North Carolina State University 

Data Analysis and Reporting Techniques (DART) 
Software System 

National Highway Traffice Safety Administration 

Records Analysis for Problem Identification and 
Definition (RAPID) 

Department of Industrial Engineering 
Auburn University 

OSIRIS IV 
University of Michigan  

P-Stat 
Princeton University 

Biomedical Programs (BMD and BMDP) 
University of California 

Box-Jenkins Univariate, Bivariate Time 
Series Program (Batch Version) 
Ohio State University 

Box-Jenkins Univariate, Bivariate Time 
Series Programs 
National CSS, Inc. 
Norwalk, Conn. 

Data Text 
Rand Corporation 
Santa Monica, California 

Table Producing Language 
Bureau of Labor Statistics 
Washington, D.C. 

Ths SPSS package, which was designed for use in the 
analysis of data related to the social sciences, is one of the 
most widely used data analysis systems. The types of anal-
ysis procedures contained in SPSS include (28): 

Frequency distributions; 
Cross tabulations (including statistical tests such as chi-

square and Kendall's tau); 
Simple and partial correlation; 
Descriptive statistics (mean, variance, standard error, 

standard deviation, range, skewness, etc.); 
Analysis of variance; 
Scatter diagrams; 
Factor analysis; and 
T-test; 

The SPSS package is widely used by highway agencies not 
only for routine accident analysis, but also for highway re-
search. An example of a cross-tabulation table and statis-
tics from the SPSS package is shown in Figure 10. 

The SAS is a package of statistical and data management 
procedures. The SAS contains all the basic statistical pro-
grams, is more powerful and flexible than SPSS, and has an 
advantage over other statistical program packages in that it 
has extensive capabilities with respect to data management. 
The SAS package, which uses a language similar to PL/ 1, is 
useful for sorting, merging, and updating files in a number of 
ways (27, 29). It also includes a variety of computer plotting 
capabilities (Figure 11). 

The P-Stat, developed at Princeton University, is an inte-
grated package of statistical programs. It is useful for manag-
ing large data sets, for sorting, merging, updating, and collat-
ing data sets, and for overall maintenance of data files (27). 

The OSIRIS IV is the latest version of a computer package 
developed by the Institute for Social Research at the Uni-
versity of Michigan. One of its advantages is the ability to 
handle data bases that are structured in a hierarchy. For 
complex data bases with expanding sample size, structuring 
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ETA = 0.04046 WITH VAD03 	DEPENDENT. 	 = 0.04364 WITH VAD07 	DEPENDENT. 
PEARSON'S P =0.00405 SIGNIFICANCE = 0.4343 

FIGURE 10 Example of SPSS cross-tabulation. 
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of data bases in an ordered hierarchy can improve the effi-
ciency of data storage and manipulation. Another advantage 
of the OSIRIS IV package is that it can be used interactively; 
this is useful for quick and simple runs following the initial 
analysis, or to test the accuracy of a newly created data base 
(27). The capabilities of OSIRIS IV include (30): storing, 
retrieving, and analyzing hierarchically structured data bases 
having variable length records; editing and correcting data; 
generating frequency distributions and related statistics; pro-
ducing scatter plots; computing rank order statistics; per-
forming correlation and multiple regression analyses; and 
performing analysis of variance and covariance. 

The DART system was established by NHTSA to assist 
the states in the analysis of computer- maintained accident 
data by generating reports related to problem identification 
and program evaluation. The types of statistics that can be 
generated with the DART package include frequency tables, 
histograms, basic statistics, F-probabilistics, normal proba-
bilities, analysis of variance, and correlations. The DART 
system was designed specifically for the analysis of accident 
data, which is not the case with many statistical software 
packages. Operating instructions are geared for the non-ADP 
user; English is the operating command language (31). 

The RAPID program was originally developed for use in 
identifying problems related to highway safety. It is geared  

for quick retrieval of information from computer records, 
and the analysis procedures are basically similar to those of 
the SPSS package. The program also has the capability to 
find high accident locations according to user-specified cri-
teria by road code and / or milepost number. Various types of 
accident summaries can be generated either on a systemwide 
basis or only for certain locations. Demographic information 
can also be integrated, for example, to produce priority lists 
by political or geographic areas (26). 

In addition to the software packages discussed above, 
many other programs are currently used to provide a wide 
variety of summaries and statistical analyses. State and local 
highway agencies often develop their own computer soft-
ware to perform special types of analyses, such as identifying 
problem locations and/or evaluating highway improvement 
projects. However, usually existing program packages (from 
commercial sources or from other agencies) can be readily 
adapted to accomplish most or all of the desired analyses. In 
many cases, the use of existing analysis packages can save 
thousands of dollars in software - development costs. 
However, agencies must be aware of the existence of such 
programs. Continued efforts should be made by individual 
agencies not only to find out more about available analysis 
systems, but also to discuss and publicize currently used 
systems that could benefit potential users. 

CHAPTER FIVE 

IDENTIFICATION OF PROBLEM LOCATIONS 

An important use of the computerized highway accident 
analysis system is the identification of problem locations. A 
high accident location is usually defined as a location that 
experiences abnormal frequencies, rates, or seventies of ac-
cidents. However, such high accident experience may not 
necessarily mean that the location is truly hazardoUs. High 
accident experience may be caused by: 

Random occurrence; 
High traffic volume, which can result in high accident 

frequency (however, the accident rate and/or accident 
severity may be relatively low compared to other high-
volume locations); 

High accident rate due to the occurrence of only one or 
two accidents at a location with low traffic volume (e.g., an 
ADT less than 500); or 

High accident severity (e.g., fatal or A-type injury 
accidents) at a location caused by specific accident circum- 

stances, not necessarily the result of a dangerous highway 
site (e.g., seat belts not used, occupants in poor health, etc.). 

A hazardous location (problem location, dangerous loca-
tion, abnormal location, etc.) is one that presents a risk to the 
driver in terms of high probability of accident occurrence or 
high accident severity. This risk may or may not be reflected 
in past accident records. Many locations, i.e., slick pave-
ments, narrow bridges, or with rigid fixed objects near the 
highway, etc., may have a high accident potential without 
necessarily having a history of high accident occurrence. 

Most state and local highway agencies currently utilize 
accident records to identify high accident segments. Loca-
tions having only a high accident "potential" are not always 
identified on a routine basis. This procedure involves the use 
of a highway featuresfile and/or field surveillance to obtain 
a list of deficient roadway variables. The identification of 
these features is often called a hazardous roadway inventory 
and can supplement the listing of high accident locations. 
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The following items must be addressed when identifying 
high accident locations from a computerized accident data 
file: 

Identification methods 
Selection of methods 
Length of spot or section 
Fixed versus floating segment 
Time period for accident analysis 
Highway classification schemes 

IDENTIFICATION METHODS 

Methods for identifying problem highway locations, which 
have been well documented in recent years (32-36), require 
the use of data from accident files and, in many cases, from 
the traffic volume files and/or highway files.  

searches. Also the accident criteria for selecting highway 
segments usually vary by area type (urban, rural) or other 
classification variables (number of lanes, functional class, 
etc.). The computer program is generally written to rank the 
identified highway segments in descending order by accident 
frequency. Many agencies utilize the frequency method as a 
preliminary accident file search and then apply another 
method (rate-quality control, severity, rate, etc.) to rank 
locations for further analysis. 

A sample of an accident histogram, as generated from 
Michigan's MIDAS data file, is shown in Figure 12 (37). 
Accident distributions are given for locations on the Michi-
gan state highway system with the following characteristics: 
two-lane/two-way tangents; passing zones; fringe area; no 
traffic signals; 117ft lanes; and 8- to 10-ft shoulders. The 
MIDAS data file provides for the selection of locations in this 
manner, since the file contains information on accidents, and 
traffic and roadway data for each highway segment (37). 

Accident Frequency Method 

The accident frequency method is used to search the acci-
dent file for concentrations of accidents within a fixed or 
variable segment length. Usually one or more segment 
lengths (0.01-mile, 0.3-mile, 0.5-mile, 1-mile, 3-mile, etc.) are 
used to "float" through the accident file in which accidents 
are ordered by location (e.g., by county, route number, and 
milepoint, or by sequential reference points with the distance 
and direction from each reference point), and sections that 
meet or exceed a predefined accident criterion are identified. 
Such floating segments generally advance in 0.1-mile incre-
ments through the file. When a roadway segment that meets 
the user-specified frequency criteria is identified, the loca-
tion is printed out along with the corresponding accident 
information. 

For example, the search may begin in county 01 on the 
lowest state route number at milepoint 0.00. If a 0.5-mile 
segment is used to float in 0.1-mile incremepts in a search for 
sections where at least 10 accidents have occurred (per 0.5 
mile), the first length reviewed on computer file will be mile-
point 0.00 to 0.50. If the first segment does not meet the 
criterion of 10 or more accidents, then the segment of 0.10 to 
0.60 is searched, followed by 0.20 to 0.70, and so on. As the 
search continues along the route, the first segment meeting 
the accident criterion occurs at milepoint 1. 10 to 1.60, where 
12 accidents are counted. This segment is then printed out 
along with desired accident summaries, such as total number 
of accidents, number of injury accidents, number of fatal 
accidents, number of people hurt or killed, etc. Depending on 
the particular program, the next segment to be reviewed 
might be 1.20 to 1.70, where overlapping would take place 
over the already identified high accident segment. In such a 
case, it is likely that several subsequent segments will be 
identified, even though only one truly hazardous spot exists. 
Another procedure is to search the segment directly adjacent 
to (but not overlapping) the identified location. In this case, 
the next segment tested after 1.10 to 1.60 would be 1.60 to 
2.10. 

Several different segment lengths and/ years of accident 
data (usually 1-5 yr) are often used by an agency for file 

Accident Rate Method 

The accident rate method consists of simply dividing the 
accident frequency at a location by the vehicle exposure to 
determine the number of accidents per million vehicles at 
intersections and other spots (generally defined as 0.3-mile 
segments or less). For highway sections, the accident rate is 
computed in terms of accidents per million (or hundred 
million) vehicle-miles of travel. Spots or sections are priority 
ranked in order of descending accident rate. 

The accident rate for highway spots can be computed as 
follows: 

R = (A)(1,000,000)/(365)(T)(V) 

where 

R 	= accident rate for a spot (in accidents per million vehicles 
entering the spot), 

A = number of accidents for given analysis period, 
T = time of analysis period (in years or fraction of years), 
V = average annual daily traffic (AADT) during study period 

(for intersections, V is commonly defined as sum of en- 
tering volumes on all approaches). 

The equation for computing the accident rate of highway 
sections is as follows: 

R ,= (A)(1,000,000)/(365)(T)(V)(L) 

where 

R Se = accident rate for highway section (in accidents per million 
vehicle miles), and 

L = length of section (in miles). 

If the rate is expressed in terms of accidents per hundred 
million vehicle miles, the equation becomes: 

R se A(l00,000,000)/(365)(fl(V)(L). 

When the computer accident file is used in implementing 
the accident rate method, interfacing with the traffic volume 
file is required. The highway reference method is the con-
trolling variable in the program. The search through the acci- 
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FIGURE 12 Sample accident location listing from Michigan's MIDAS data file (37). 
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dent file may be started in a similar manner as that described 
for the accident frequency method. However, in a pure acci-
dent rate calculation, every highway segment identified with 
one or more accidents will be located. The traffic volume file 
must be formatted by a compatible location reference 
method in the same order as the accident file. 

After the first highway segment with one or more accidents 
is identified, the traffic volume of the section is read from the 
volume file and an accident rate is computed. The entire 
accident file is handled in this manner until the rates for all 
sections (with at least one accident) are computed. Again, 
floating or fixed sections may be queried in the accident file. 
All rates may not be printed (e.g., if only rates above two 
accidents per million vehicles are to be considered for further 
review). 

Problems can arise in merging the data from the volume file 
for purposes of rate calculation. First, the volume data are 
normally input by specific links. A problem can occur when 
the end points of an identified accident location overlap two 
or more segments in the traffic volume file. In this case, the 
average or weighted traffic volume within the identified acci-
dent location must be determined. The West Virginia Depart-
ment of Highways employs a weighting factor based on the 
length and volume of each traffic link within the identified 
highway section in the calculation of accident rates (personal 
communication, R. Lewis and C. Kendrick, West Virginia 
Department of Highways). 

The most significant problem, however, involves the over-
lap of the intersection itself. It is desirable for the volume file 
to be arranged to include the cross-street volumes along the 
major street. Without such cross-street volumes, the com-
puted rate for intersections from the merged files will not 
include the cross-street volume, and the rate will be erro-
neously computed, which could cause large errors in the true 
accident rate value, particularly when accident rates for 
short highway sections (less than 1 mile) are computed. In 
California, intersection records contain cross-street vol-
umes, and high-accident intersections are analyzed sepa-
rately from highway segments and are not duplicated in the 
segment analysis. 

When conducting a computer search for long sections, 
problems can also occur, even if cross-street volumes are 
available in the traffic volume file. For example, suppose that 
a 2-mile section is used to float through the accident file and 
accident rates are computed by interfacing with the traffic 
volume file. There should be some mechanism to account for 
the intersections within the section. Most accident files do 
not allow for easy recognition of the locations of intersec-
tions along a route. An exception to this is when a reference 
method of links and nodes is used and accidents and volumes 
are tied to those nodes and links. Then intersection accidents 
and corresponding volumes may be interfaced. In a similar 
manner, accident rates for the links can be computed by 
retaining the full link distances between nodes. 

Frequency Rate Method 

The frequency rate method is used for identifying locations 
based on both accident numbers and rates. Usually, this 
method is applied by selecting a sample of locations that meet 
the accident frequency criterion and then ranking the se-
lected locations by accident rate. However, some agencies  

identify locations by rate and then rank them by frequency. 
In some agencies, to be considered for further analysis, a 
location must meet or exceed both a minimum number of 
accidents and a minimum accident rate. 

The frequency rate method may also be applied by de-
veloping a plot of accident frequency categories (0-2, 3-5, 
6-10, etc.) and rate categories. This results in a two-
dimensional accident data matrix, in which any highway 
location may be placed in a single matrix cell representing a 
given level of accident frequency and rate. The matrix cells 
in the upper right corner represent the most hazardous loca-
tions, which will be given top priority for further analysis. 
The matrix cells in the lower left corner denote the locations 
with the lowest priority. The frequency and rate categories 
on the x and y axes can be changed to best suit the type of 
highway, the time period of the accidents analyzed, and 
other user needs. To use the frequency rate method in this 
manner, the user must define the combinations of frequency 
and rate corresponding to priority 1, priority 2, etc. (38). A 
frequency rate matrix is shown in Figure 13. 

Rate Quality Control Method 

The rate quality control method not only entails the calcu-
lation of the accident rate at each location, but also a statis-
tical test to determine if that rate is significantly higher than 
accident rates for other locations with similar characteristics. 
The statistical test is based on the commonly accepted as-
sumption that accidents follow a Poisson distribution. For 
each location, a critical accident rate is computed as follows 
(33, 35): 

R e  = R a  + K Ji7 + 1/(2M) 

where 

R e  = critical accident rate for a spot (accidents per million 
vehicles) or section (accidents per million vehicle-miles), 

R. = average accident rate for all spots of similar characteristics 
or on similar road types, 

M = millions of vehicles passing over a spot in the study period, 
or million vehicle-miles of travel on the section during the 
study period, and 
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FIGURE 13 Frequency rate matrix (38). 
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K = a probability factor determined by the desired level of sig-
nificance for the equation. The values of K corresponding 
to various levels of probability are: 

P 	1 0.001 0.005 0.0075 0.05 0.075 0.10 
K value 	3.09 	2.576 	1.96 	1.645 	1.440 	1.282 

Common values of K used by highway agencies are 2.576 
(P =0.005) and 1.645 (P = 0.05). A probability level, P, is 
selected to ensure that an accident rate is sufficiently large so 
that it cannot be reasonably attributed to random occur-
rences. Selecting higher confidence levels (higher values of 
K) results in fewer locations being identified as having criti-
cally high accident rates (35, 39). 

Note that the critical rate is computed for each location 
and compared to the actual accident rate. If the actual acci-
dent rate exceeds the critical rate, then the location may be 
considered for improvement. 

A series of critical rate curves was developed in Kentucky 
for urban intersections of arterial and collector streets 
(Figure 14) (39). For each city class (based on city population 
groups), one curve was developed of the critical accident rate 
for intersections for a range of traffic volumes (entering vol-
umes of through-street plus cross-street). As the traffic 
volume at a location decreases, the data are less reliable, and 
the critical rate increases. Note that two intersections in the 
same city class with different traffic volumes will have dif-
ferent critical rates. Similar sets of critical rate curves could 
also be constructed based on other intersection classifica-
tions (e.g., signalized or unsignalized, number of lanes) if 
information was available regarding average accident rates 
(R a  values) for each of those intersection classes. Each state 
(or city) agency should develop its own critical rate curves 
based on its own average rates (R a  values). 

As an example of the use of the quality control method, 
assume that an intersection in a city with a population of 
10,000 has an AADT of 6,000 and an accident rate of 2.7 
(accidents per million entering vehicles) in a particular year. 
The problem is to determine if the accident rate of that loca-
tion is critical (i.e., significantly higher than other intersec-
tions in the same class). Using Figure 14, the critical rate for  

the intersection (in Group 4 with an AADT of 6,000) is about 
2.1. Since the actual accident rate (2.7) at the location ex-
ceeds the critical rate (2.1), the accident rate at the location 
may be considered to be significantly higher than other inter-
sections in its class (at a confidence level of 99.5 percent). 

In practice, some states select locations for further anal-
ysis if the accident rate is 2 or 3 times higher than the critical 
rate (or the K value is increased until a manageable number 
of critical locations are identified for further analysis). 

Accident Severity Methods 

The accident severity methods are used to identify and/or 
rank locations based on the number of severe accidents at 
each location. Accident severity is defined by the National 
Safety Council and many states in the following categories 
(40): 

Fatal Accident. One or more fatal injuries. 
A-Type Injury (Incapacitating) Accident. Bleeding 

wound, distorted member, or person carried from scene. 
B-Type Injury (Nonincapacitating) Accident. Bruises, 

abrasions, swelling, limping. 
C-Type Injury (Probable Injury) Accident. No visible 

injuries but complaint of pain. 
PDO Accident. Property damage only. 

One of the severity methods used for comparing highway 
locations is called the equivalent property damage only 
(EPDO) method. The equivalency factors vary by state. The 
following formula is used in Kentucky (41): 

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

where 

F = number of fatal accidents, 
A = number of A-Type injury accidents, 
B = number of B-Type injury accidents, 
C = number of C-Type injury accidents, and 

PDO = number of PDO accidents. 
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FIGURE 14 Rate quality control curves for urban intersections on arterial and col-
lector streets in Kentucky (probability level of 0.995) (39). 
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With this equation, each accident is classified by the most 
severe injury that occurred, and an accident is counted only 
once in the equation. Locations are ranked by their com-
puted EPDO number. In North Carolina, an EPDO rate is 
computed by dividing the EPDO value (using a slightly dif-
ferent formula) at a location by the traffic volume at that 
location. This takes into account both frequency of severe 
accidents and vehicle exposure. 

Another accident severity method, called the relative 
severity index (RSI), is used to compute average accident 
costs for a particular accident type. Accident costs are based 
on the distribution of fatal, injury, and property-damage acci-
dents that occur on each type of highway. RSI values can 
also be computed for each accident type (right-angle, rear-
end, etc.) within each highway type. 

Another accident severity method for identifying. problem 
locations involves the identification of locations with a mini-
mum frequency of severe accidents (i.e., fatal plus injury 
accidents) in a given time period. This method can be clas-
sified as either a frequency or a severity method. 

In using an accident severity method, the program is us-
ually written to search all the severity columns and select the 
most severe injury to any driver or passenger in any vehicle. 
With a variable-length file of numerous vehicles and/or pas-
sengers, this involves searching the injury codes for each 
occupant. To compute a severity rate, interaction must be 
made with the traffic volume file. 

Hazardous Roadway Features Inventory 

The hazardous roadway features inventory is a method of 
identifying locations that do not necessarily exhibit a history 
of high accident experience, but may deserve consideration 
for improvement based on a potential for high accident fre-
quency or severity. Such locations may be identified for 
several reasons, including (a) they do not meet current design 
standards or MUTCD guidelines; or (b) they constitute an 
obvious hazard to traffic. 

Hazards can be located by routine field inventories or by 
special studies conducted to locate a certain type of hazard. 
Dangerous roadway features should be routinely identified to 
prevent accidents. In Illinois, improvements off the state 
system are considered at locations having a potential for a 
large number of accidents, such as (42): 

1. Substandard horizontal curves 
2. Improper superelevation 
3. "Y" intersections 
4. Poor sight distance 

Substandard vertical curves 
Need for "daylighting" 

5. Bad intersection angle or intersection on curve 
6. Roadside obstacle elimination 
7. Bridges 

One- or two-lane bridges less than 20-ft wide 
Structure posted for less than a 10-ton load limit 

In a recent survey, FHWA field offices compiled informa-
tion on state highway safety programs (43). State agencies 
were queried on the types of hazardous highway features  

routinely identified for possible blanket safety improve-
ments. Of 38 responding states, 26 identified these hazardous 
features (43): 

NO. RESPONSES TYPE OF HAZARD 

14 Roadside 
19 Narrow bridges 
21 Slick pavement sections 
10 Inadequate guardrail sections or 

terminals 
4 Narrow highway lanes or shoulders 
7 Gore areas at freeway exit ramps 
2 Transition areas (drop in the number 

of lanes, etc.) 
4 Other 
3 Responded yes, but gave no specific 

details 

Other Methods 

Various other identification methods or combinations of 
methods are utilized by highway agencies. For example, be-
sides applying the identification methods to a total accident 
data base, many agencies identify specific locations that ex-
hibit an abnormally large amount of specific types of acci-
dents. Michigan identifies locations with statistically high 
numbers of right-angle, rear-end, and left-turn accidents, etc. 
(37). 

In West Virginia, listings are routinely obtained and re-
viewed regarding locations with an excessive number of wet-
weather, run-off-road, fatal, and night accidents. Also, a 
"Delta Accident Change" listing is used to analyze locations 
and produce a list of segments with an unusually high in-
crease or decrease in accident experience as compared to 
previous years (personal communication, R. Lewis and 
C. Kendrick, West Virginia Department of Highways). 

SELECTION OF METHODS 

A summary of the methods used in each state for identify-
ing hazardous locations is given in Table 5 (3). Most states 
utilize several different methods for identification purposes. 
Nearly one-fourth of the states are currently developing a 
methodology for location identification for one or more types 
of highways. In addition, virtually all states consider for 
improvement all locations where a fatal accident has oc-
curred. 

Regardless of the specific method(s) used, the following 
guidelines are recommended for selecting methods for identi-
fying high accident locations. 

1. Although the accident frequency method alone does not 
consider traffic exposure and accident severity, it is useful in 
initially identifying a group of locations for further analysis 
and ranking. If the rate quality control method is used in con-
junction with the frequency method, it is unnecessary to com-
pute accident rates and critical rates for every location in the 
state having at least one accident. A sample could be selected 
of locations that exceed a fixed number of accidents per year 
before the rate quality control method is applied. 
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- = Not applicable. 
* = Not reported. 

= Complete coverage not planned. 

Hazardous Location Ideniifica tion Criteria Codes 
A = Number of accidents. 
E = Economic loss/accident cost. 
L = A specific number of locations (e.g., top 100). 
R = Accident rate, including rate-quality control. 
S = Accident severity. 
Y = Other. 
Z = Under development.  

Y Codes 

Arkansas: Requests from district engineers, maintenance personnel, and• 
law enforcement agencies. 

Connecticut: Modified rate-number quality control method. 
Idaho: Input from local jurisdictions. 
Kansas: Pin maps, 402 safety studies. 
Michigan: Accident patterns. 
Minnesota: Local authorities criteria, priorities, and funding systems. 
New Hampshire: Input from public and maintenance division offices. 
New Jersey: For overlay projects—percent of wet-weather accidents, 

skid number, on-site investigation. 
Oklahoma: Field reviews. 
Texas: Safety improvement index. 
West Virginia: Input from local jurisdictions. 
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It is desirable to consider accident severity at least as a 
supplemental method when identifying locations. Some high-
speed locations consistently exhibit numerous injury and 
fatal accidents without necessarily meeting an established 
accident frequency or rate criterion. For example, a spot 
location with five fatal and severe-injury accidents should 
certainly justify a higher priority for further analysis than 
another location with six property-damage-only accidents. 
Although the severity of a particular accident is subject to 
many factors unrelated to the accident (use of seat belts, age 
and health of occupants, size of vehicles, etc.), a consistent 
history of severe accidents at a location should be the basis 
for further review. 

The criteria (or level of confidence) for identifying and 
ranking locations should be based largely on the number of 
locations that can actually be handled by an agency. For 
example, if an agency can only realistically analyze and re-
view 100 locations per year, it is unnecessary to identify and 
rank the top 1,000 locations. In this situation, it may be useful 
to set the criteria so that 150 to 200 locations are identified for 
further analysis. 

Among the states surveyed for this study, the number of 
locations identified for further analysis ranged from fewer 
than 100 in one state to more than 2,000 (at three levels of 
confidence—high, medium, and low priority) in another 
state. The number of identified locations can be established 
primarily by raising or lowering the "cut-off" accident cri-
teria (frequency, rate, etc.), or by modifying the level of 
confidence to be utilized. For example, California currently 
uses a probability level of 99 percent when using the rate 
quality control formula. By lowering the level to 95 percent 
confidence, it is estimated that an additional 1,300 locations 
would be added to the list each year, requiring 7 additional 
man-years of effort to analyze and review the locations 
(memorandum, dated July 20, 1978, to C. E. Forbes, Chief 
Engineer, California Department of Transportation, from the 
DOT Steering Committee). A change in the segment length 
(e.g., 0.3 mile, 1 mile, 3 miles) can also affect the number of 
locations that will be identified for further analysis. 

It is desirable to consider various types of accident 
identification methods instead of relying on a single method. 
In general, a single identification method will allow only for 
the selection of a sample of locations worthy of further con-
sideration. Consideration of several valid indicators (fre-
quency, rate, statistical reliability, accident severity, road-
way features, etc.) will help to improve the reliability of the 
identification process. The data requirements for each 
method must be considered before the method is selected. 

It is important to look at the highway network as a total 
system rather than merely as a combination of independent 
segments. In many cases, the presence of several high acci-
dent spots on a highway section may be due to more than just 
an isolated roadway deficiency. A roadway safety problem 
that extends for several miles may exist, such as: 

A 2-mile stretch of heavy commercial development 
(numerous driveways along roadway). 

A series of substandard horizontal curves along a high-
way section. 

A series of traffic signals at adjacent intersections that  

restrict traffic flow and where numerous rear-end accidents 
are prevalent. 

A series of narrow bridges or roadside obstacles along a 
highway section. 

These types of conditions require the consideration of im-
provements on a broader scale than would be considered for 
an individual high accident spot location. 

The use of "blanket" improvements may be necessary to 
treat such systemwide safety problems as: (a) freeway gore 
areas lined with light poles, guardrail, or sign posts; (b) sec-
tions with low pavement skid-resistance properties; (c) 
blunt- or buried-end guardrail ends; and (d) rigid sign sup-
ports, light poles, or utility poles throughout the highway 
network. 

6. The use of accident data files in combination with other 
data files is valuable in producing a list of sites that warrant 
further study for safety improvements. However, there is 
also merit in the identification of other types of locations 
Suspected of having a high potential for accidents, such as 
locations with (a) numerous vehicles running off the edge of 
the roadway (near-accidents); (b) a high incidence of traffic 
conflicts and erratic maneuvers, e.g., vehicles running stop 
signs or red signals (possibly because of poor sight distance, 
excessive vehicle speeds, etc.); and (c) evidence of safety 
problems (multiple skid marks on pavement, numerous dents 
in guardrail sections, consistent damage to impact attenua-
tors in gore areas, etc.). 

The use of accident records along with the selection of 
potential problem locations is important to permit the iden-
tification of a wide range of hazardous locations: those with 
abnormal accident experience, and those with potential for 
high accident frequency or severity. After a list of these 
locations is compiled, a manual investigation of the sites 
should be conducted together with other appropriate engi-
neering studies to determine which locations are "correct-
able" by safety improvements. Even though a location may 
be ranked high in terms of its accident experience, there is no 
guarantee that any improvement will be cost-effective or 
successful in significantly reducing accidents. 

SPOT OR SECTION LENGTH 

An important consideration in accurately identifying high 
accident locations is the selection of appropriate segment 
lengths for which accident data are to be accumulated. Seg-
ments are generally classified as either spots or sections. A 
spot is a short segment (usually defined as 0.3 mile or less) of 
highway used to identify problem "point" locations, such as 
short bridges, curves, intersections, and railroad crossings. 
A section is usually defined as a highway segment longer than 
0.3 mile and is used to identify problems due to inadequate 
cross section, geometrics, pavement surface, a series of 
driveways, etc. 

Most state agencies define 0.1-mile segments, 0.3-mile seg-
ments, or intersections (within a certain number of feet) as 
spots. The following summary of the use of spot lengths by 
state agencies (some agencies define more than one spot 
length) is from a 1981 FHWA publication (43): 
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NO. RESPONSES SPOT LENGTH 

3 Spots not identified 
1 lOOft 
1 200ft 

14 0.1 mile 
2 0.2 mile 

10 0.3 mile 
14 Intersections 
11 Other 

Four states utilize variable spot lengths, and two states claim 
to identify spot lengths of 0.01 mile. Another state identifies 
clusters of fatal accidents. The distances used to define an 
intersection ranged from within 50 ft (Vermont) to within 528 
ft (Louisiana) (43). 

The FHWA report (43) also contains information on the 
selection of section lengths. 

	

NO. 	RESPONSES 	 SECTION LENGTH 

	

8 	 0.3 mile 

	

6 	 0.5 mile 

	

7 	 imile 

	

20 	 Other 

Seven states use varying lengths to identify high accident 
sections. North Carolina and Wyoming use lengths of 1 mile 
or more. 

The following guidelines are recommended for the selec- 
tion of an appropriate spot length: 

A spot (or section) should have consistent characteris-
tics in terms of geometrics, traffic volumes, and class of 
highway. Selection of such a spot can be best accomplished 
by using a traffic volume and roadway file to supplement the 
accident file (35). 

The spot length should be no smaller than the minimum 
increment for reporting an accident location. For example, if 
accidents are reported to the nearest 0.1 mile, then the spot 
length should be no smaller than 0.1 mile (35). 

The spot length should be selected to account for the 
suspected degree of error in reporting accident locations. If 
the degree of accuracy is low, then longer segment lengths 
will be needed to minimize the error (35). For example, if an 
agency estimates that, in general, accidents are located accu-
rately to within 250 ft (about 0.05 mile), a segment of at least 
0.10 mile (2 x 0.05) should be used for identification pur-
poses. If a state estimates accident locations to be accurate 
only to within about 0.4 mile, a minimum segment length of 
about 0.8 to 1.0 mile should be used. Using a 0.1-mile seg-
ment in this case would likely pick up a large number of 
incorrect locations and would not identify the truly haz-
ardous locations. Using Figure 15, assume that all 12 acci-
dents occurred exactly at milepoint 1.20, but were reported 
at the locations as shown. Except for one accident, all were 
reported to within ± 0.10 mile of the true milepoint. Thus a 
floating segment length of 0.20 mile would identify milepoints 
1.10 to 1.30 as having 11 accidents, which would be reason-
ably accurate for further analysis. 

The spot length should be at least as large as the area of 
influence of a highway hazard. An accident scene may ex- 

tend for several hundred feet, and a dangerous curve may 
often contribute to accidents that occur several hundred 
yards apart. Thus spot lengths of 0.2 or 0.3 mile often provide 
more appropriate results than spot lengths of 0.1 mile or less, 
particularly in rural areas where the area of influence of a 
hazardous spot (e.g., a horizontal curve or narrow bridge) 
may often extend for about 0.3 mile (35). 

The length of a spot has a direct impact on the reliability 
of the identification of high accident locations. This is con-
firmed by plotting points of the Poisson distribution (see 
Figure 16). Deacon et al. (35) state: 

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 [Figure 161 as a function of both 
spot length and the average long-term accident experience. 
The probability of correctly identifying truly hazardous loca-
tions (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 decreases as spot 
length increases. it is apparent, therefore, that errors in iden-
tifying hazardous locations caused by the random nature of 
accident occurrences can be minimized by the use of longer 
Spots. 

Whereas the above example assumes accident frequency 
as the measure of hazard, short segment lengths can also give 
erroneous results when accident rate or accident severity is 
the measure of safety hazard. Accident rates (in accidents 
per million vehicle-miles) become unstable and of question-
able value for highway segments of short length (i.e., less 
than 0.3 mile) and/or with low traffic volumes (i.e., less than 
500 vehicles per day), even when several years of accident 
and volume data are used. 

If a defined spot is too short, there is little difference 
among highway sites in terms of accident experience. As-
sume, for example, that a spot length of 20 ft is used. Then 
virtually all spots on the total highway system would have 
either zero or one accident in a given year (except possibly 
for the midpoint of major intersections). The segment length 
should be long enough to account for this effect (35). 

If a defined spot is too long, it is likely that some iso-
lated locations that exhibit an abnormal number of accidents 
will be missed. For example, assume that a 0.5-mile spot is 
used to search the accident file for segments with 10 or more 
accidents per year. However, a 30-ft-long narrow bridge on 

x x x x x 
x x x x x 	x 
I ........I ........I 

1.10 	1 	1.30 

1.0 	 1.20 	 1.40 

FIGURE 15 Accident location reporting error. 
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one highway section has eight accidents per year and no 
other accidents within 0.5 mile in any direction. This hazard-
ous isolated bridge likely will not be identified for possible 
improvement (35). 

8. It is recommended that two or more segment lengths be 
used by an agency to identify locations for further analysis. 
One short spot length (0.2-0.3 mile) and one longer section 
(1-2 miles or a variable-length section) should be suitable for 
most agencies (35). 

FIXED VERSUS FLOATING SEGMENT 

Highway spots and sections may be identified from a com-
puterized accident file using either a fixed or a floating seg-
ment. With a fixed segment length, a specified increment is 
used to query the accident file for locations exceeding a 
certain number (or rate) of accidents. For example, using a 
fixed 0.3-mile segment, a search could be made of each route 
for milepoints 0.0 to 0.3, 0.3 to 0.6, 0.6 to 0.9, etc. Problems 
with the use of a fixed segment arise when a hazard exists 
near the boundary of two spots (such as at milepoint 0.6 in 
the above example). In this case, some accidents would be 
reported in one spot and others in the adjacent spot. Thus 
neither of the two spots would be identified as hazardous, 
and the high accident location would remain undetected. 

This situation can be partially prevented by using a floating 
segment length with which a search of the accident file is 
conducted as the segment length "floats" or moves sequen-
tially by milepost or other reference numbers. For example, 
a floating 0.3-mile segment can be used to query the file for 
accident experience at the following segments: 0.0-0.3, 
0.1-0.4, 0.2-0.5, etc. This would allow for the detection of  

the high accident spot at milepoint 0.5-0.7, which is centered 
at milepoint 0.6. In most cases, it is not difficult to develop 
programs that use floating spots and sections; this is recom-
mended where feasible. 

TIME PERIOD FOR ACCIDENT ANALYSIS 

Another important consideration in the reliable identifica-
tion of problem locations is the adequacy of the time period 
for accident analysis. The amount of exposure to traffic is an 
important factor in the calculation of accident rates for use in 
identifying locations with abnormally high accident rates. 
Traffic exposure for rate calculations is commonly expressed 
in terms of accidents per million vehicles (A/MV) for high-
way spots and accidents per million vehicle miles (A / MVM) 
for sections. These exposure measures are a function of 
roadway ADT and time period of the analysis (usually in 
years). The roadway section length is also a factor in MVM 
calculations. 

Although the number of years of data is only one of the 
factors that affects vehicle exposure (besides ADT and sec-
tion length) in accident rate calculations, it is the factor that 
agencies commonly use to establish a common base of anal-
ysis when conducting a systemwide search of locations with 
high accident rates. Low-volume sites may, therefore, have 
inadequate exposure for reliable rate calculations, even 
though several years of accident and volume data are used. 
On the other hand, adequate traffic exposure data may ac-
cumulate in a short time period (i.e., 6 months) at a site with 
a high ADT (i.e., greater than 20,000) and a section length of 
several miles. In short, the reliability of an accident analysis 
is enhanced as the exposure to traffic increases. 
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Based on responses from 42 state highway agencies to a 
survey by FHWA field offices (43), it appears that the most 
common time periods used for collecting data to identify 
problem locations are 1 yr and 3 yr. 

	

NO. 	RESPONSES 	 LENGTH OF TIME FOR ACCIDENT ANALYSIS 

	

0 	 6 months 

	

20 	 lyr 

	

3 	 2yr 

	

13 	 3yr 

	

8 	 Syr 

	

3 	 Varies by type of location 

Several states utilize more than one time period, depend-
ing on highway type, segment length, and other factors. 
Kansas utilizes a 5-yr period for Interstate and primary 
routes and a 2-yr period for some urban and local street 
systems. In North Carolina, high accident railroad crossings 
are identified based on 10 yr of data; a 3-yr period is used for 
other locations. In six other states, 1 yr of accident data is 
used to identify locations, and 3 yr of data is used for further 
analysis of those locations 43). 

The following guidelines may be helpful for selecting a 
time period of accident data to be used in identifying problem 
locations: 

A short time period is desira:le (1 yr or less) to allow for 
identification of locations where sudden increases in acci-
dents have occurred. 

The time period should be long enough to ensure ade-
quate reliability of the accident sample. Previous studies 
have shown that a period of 3 or 4 yr is generally adequate for 
such purposes. 

A study of accident locations in Alabama was conducted in 
1980 (memorandum, dated November 13, 1980, from D. B. 
Brown, Auburn University, to C. W. Colson, Alabama High-
way Department) to determine an acceptable time period for 
analysis purposes (Table 6). For each roadway type, high 
accident locations were identified using time periods of 
1,2,3,4, and 5 yr. The number of locations for 1, 2, 3, and 4  

yr of accident data were expressed as a percentage of the 
number of locations identified for the 5-yr period. For the 
3-yr period, between 86 and 98 percent of all 5-yr locations 
were identified, depending on the class of highway. Brown 
concluded that "an optimal number of years for a general 
statewide analysis is three years." 

A study of 433 intersections over a 13-yr period was con-
ducted by May (44) to determine the effect of time interval on 
reliability of accident trends. May concluded that little could 
be gained by increasing the time interval beyond 3 yr. 

In most cases, multiples of 1 yr are desirable to avoid 
seasonal variations in accident patterns and frequencies. 

Long time periods require large storage capacity and 
increase the costs of data processing. Also, after 3 or 4 yr, 
accident data may not be representative of current traffic 
volumes, pavement conditions, roadside development, tra-
vel patterns, or changes in accident reporting methods within 
a highway jurisdiction. 

There are advantages to using both short and long time 
periods: short time periods allow for early warning of haz-
ards, and long time periods help to ensure data reliability. It 
is suggested thatdual time intervals (such as 1-yr and 3-yr 
periods) be used whenever possible for purposes of identify-
ing and analyzing hazardous locations. This discussion of the 
time periods for accident analysis is addressed to the use of 
data to identify high accident locations. Desirable data 
periods may vary when the data base is used for other pur-
poses, such as for the evaluation of completed accident 
countermeasures or for research. 

HIGHWAY CLASSIFICATION SCHEMES 

In general, highway spots and sections should be classified 
for purposes of identification. This is not always easy to 
accomplish when only an accident file is used, because most 
accident files do not contain reliable information regarding 
classification of the accident sites. However, various high-
way classes are designed and constructed to different 
standards, and expectations concerning acceptable accident 

TABLE 6 
NUMBER OF LOCATIONS IDENTIFIED FOR 1, 2, 3, AND 4 YR OF 
ACCIDENT DATA AS A PERCENTAGE OF THE NUMBER OF HIGH 
ACCIDENT LOCATIONS IDENTIFIED FOR A 5-YR PERIOD 

Years of 
Accident 
Data 

State 
Nileposted 
Accidents 

Rural 
Segmental 
Accidents 

Rural 
Intersectional 

Accidents 
State Route 
Accidents 

1 78% 64% 90% 48% 

2 73% 73% 95% 53% 

3 98% 91% 90% 86% 

4 98% 100% 90% 98% 

- 	5 100% 100% 100% 100% 
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experience should take this into account. For example, low-
volume, two-lane roads should not be expected to exhibit 
accident experience similar to freeways. Also, accident pat-
terns, seventies, and frequencies are different for rural roads 
in comparison to city streets. 

The classification variables used by various states were 
reported by the FHWA (43) as follows: 

NO. AGENCIES CLASSIFICATION VARIABLES 

6 None 
8 Functional classifications 
5 Number of lanes 
3 Interstate or other 
3 Access control 

Roadway width 
Lane configuration 

2 Other 

In Nevada and Minnesota, computerized systems are used, 
which allow for accident summaries by any desired scheme 
(43). 

The following guidelines on the use of classification 
schemes for identification of high accident locations are rec-
ommended: 

A distinction should be made between locations in rural 
and urban areas because of differences in accident patterns, 
frequencies, and severity. 

Further classification is desirable according to number  

of lanes and / or such factors as median separation and access 
control. 

Intersections should be distinguished, if possible, from 
other types of spots. Accident patterns at intersections are 
generally different from those at other spot locations, be-
cause exposure to traffic consists of vehicles entering the 
intersection on all approach legs. Many agencies report acci-
dent locations to the nearest intersection or with the distance 
to the nearest intersection. Some agencies define an intersec-
tion accident as one that occurs within a specified distance 
from an intersection. In Michigan, for example, an intersec-
tion area is normally defined as within 100 ft in any direction 
from the intersection,but it may be within a longer distance 
if the accident is determined to be attributable to the intersec-
tion (45). 

4: The identification of spots or sections by highway class 
generally requires the interfacing of a roadway file with the 
accident file, as is the procedure in Michigan, West Virginia, 
and California. 

5. With most identification methods, the comparison of 
locations within similar groups is highly desirable. With the 
rate quality control method, for example, a major factor in 
the computation of the critical accident rate is the average 
rate for locations with similar characteristics. This includes 
locations both with and without accident, experience. It 
should also be emphasized that the use of too many class ifi-
cation groups is also undesirable. If the number of classifica-
tion groups is large, the number of sites per group will be 
small, and few or no locations will be identified within each 
group as having accident numbers or rates significantly 
higher than the group average. 

CHAPTER 51X 

DATA ANALYSIS OF PROBLEM LOCATIONS 

SELECTION OF APPROPRIATE IMPROVEMENTS 

As previously discussed, Standard 9 of the Highlvay 
Safety Program Manual (1) calls for the surveillance of high 
accident locations (and potential high accident locations) 
after they are identified. In maintaining surveillance of these 
locations, further analysis of the sites is required to de-
termine what (if any) improvements will be proposed to com-
pete for improvement funds. For each identified location, the 
following information is often collected: 

Computer listings of selected data elements for each 
accident at the identified locations. 

Collision diagrams, either computer-generated or manu-
ally drawn. A computerized collision diagram and the cor-
responding printout are shown in Figure 17. Computerized  

collision diagrams have been used in Pennsylvania, Ohio, 
Illinois, Oklahoma, and Seattle, Washington. 

Copies of actual police reports of accidents at each loca-
tion. 

Review of photolog film and data from site and / or field 
inspections conducted to observe obvious correctable defi-
ciencies related to geometric or operational problems. 

Condition diagrams of the site showing all physical fea-
tures of the location (road width, fixed objects, sign loca-
tions, signal timing, sight distance, pavement markings). 

Other traffic and roadway data available from computer 
files or other sources (skid numbers, ADT, turning move-
ments, vehicle delay, roadway capacity, etc.). 

In addition to the data on high accident sites available in 
existing computer files or office records, most agencies per- 
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FIGURE 17 Sample computerized collision diagram. 

form field inspections and conduct additional engineering 
studies as needed to aid in the selection of appropriate safety 
improvements. Generally .the accidents at each site are 
studied to aid in pinpointing the accident patterns and char-
acteristics. The specific accident studies most commonly 
performed are: 

Type (rear-end, left-turn, pedestrian, etc.), 
. Severity, 
Contributing circumstances, 
Environmental conditions, and 
Time of day. 

The study of overrepresented accident patterns and trends at 
a location can often lead to the selection of appropriate safety 

improvements. An example of an accident listing (Alabama) 
is shown in Figure 18. 

After accident summaries are closely reviewed and all 
existing information for the site is studied, one or more other 
engineering studies may be performed to help further de-
termine the geometric, operational, or environmental prob-
lems at the site, including (46): 

TRAFFIC OPERATIONS STUDIES 

Safety Performance Studies 
Volume Studies (turning movements, etc.) 
Spot Speed Studies 
Delay and Travel Time Studies 
Roadway and Intersection Capacity Studies 
Traffic Conflict Studies 



000 STATE OF ALABAMA HIGHWAY DEPARTMENT PAGE 	1 
MAINTENANCE BUREAU - TRAFFIC ENGINEERING 

ACCIDENT IDENTIFICATION SECTION 
COLLISION DIAGRAM INFORMATION 

* 	S * S S 	S * S * S 	S * S S * * * 	S ............... 
DATE PROCESSED - 	10/27/80 TIME PERIOD OF STUDY - 01-01-72 TO 07-31-80 
SOUTH BLVD BET WOODLEY RD AN BRANTF0RD DR -MONTGOMERY  

S • S * 	* S * S * 	* S * * S S •• 	* * 	S 	S 	S 

ACC TYPE OF COIL VEH DRIV AREAS CONTRI 	INJURY 
ACC NO OAY TIME LIGHT WEATHER COND INV COLLISION INVOL DIR ACTS DAMAGED CIRCUM 	K 	A 	B 	C 

028578 THUR 0055 NIGHTIL) CLEAR DRY 0-7 MOTOR VEH IN TRAF 05-02 E. 01 1 	. 33- 	- 	- 
DRY S 10. 59 10------- 

075173 MON 1207 . DAYLIGHT CLEAR DRY 0-7 MOTOR VEH IN TRAF 05-00 W 03 33- 	- 	- 	- 	- 
DRY W 02 	••5 

081140 SUN 1630 DAYLIGHT CLOUDY DRY 0-7 MOTOR VEH IN TRAF 07-02 E 01 21 20-33 	- 	- 	- 	- 
DRY E 02 76 10- 	- 	- 	- 	- 

003391 THUR 1110 DAYLIGHT CLOUDY DRY 0-0 MOTOR VEH IN TRAF 05-02 W 02 1 - 	20-33-' 	-........- 	- 	- 
DRY W 04 5 10- 	- 	- 	- 	- 

006255 THUR 1520 DAYLIGHT CLEAR DRY 0-7 MOTOR VEH IN TRAF 06-00 E 03 12 25- 	- 	- 	- 	- 
DRY E 01 67 .......... 1O-- 	-....--- 	- .... 

008022 FRI 1251 DAYLIGHT CLEAR DRY 0-0 MOTOR VEH IN TRAF 05-00 E 01 1 33- 	- 	- 	- 	- 
WET E 01 5 10- 	- 	- 	- 	- 

010005 SAT 1157 DAYLIGHT CLEAR. DRY 0-0 MOTOR VEH IN TRAF 04-00 N 11 4 25- 	-- 	- ----- 	- 	. 
SNOWY,IC( W 01 1280 10- 	- 	- 	- 	- 

010661 FRI 1240 DAYLIGHT CLEAR DRY 0-0 MOTOR VEH IN TRAF 02-00 W 10 8 25- 	- 	- 	- 	- 
DRY W 01 .......... 10- 	-. - 	- 

012001 WED 1430 DAYLIGHT CLOUDY DRY 0-0 MOTOR VEH IN TRAF 02-00 N 01 1 25- 	- 	- 	- 	- 
DRY E 01 234 10- 	- 	- 	- 	- 

013402 WED 1010 DAYLIGHT CLOUDY DRY 0-0 MOTOR VEH IN TRAF 05-02 E 01 1 	- 33-  

DRY F 02 5 10--- 	-- 	- 
013403 WED 1015 DAYLIGHT RAINING DRY 0-0 MOTOR VEH IN TRAF 05-00 E 02 18 20- 	- 	- 	- 	- 

DRY F 02 	..... 5 ..... 
014794 TUES 1605 DAYLIGHT RAINING WET 0-0 MOTOR VEH IN TRAF 02-00 S 03 012 25- 	- 	- 	- 	- 	- 

WET . F 01 1 tO- 	- 	- 	- 	- 	- 
015998 FRI 1345 DAYLIGHT CLEAR DRY 0-0 MOTOR VEH IN TRAF 07-19 S 03 120 25- -- 	- 	- 

DRY W 01 8230 10- 	- 	- 	- 	- 	- 
DRY S 11 76 - 	- 	- 	- 	- 

016618 SAT 1120 DAYLIGHT RAINING DRY 0-0 MOTOR VEH IN TRAF 06-19 W 16 	............. - 	- - - 	- 	- 
DRY - W 10 659 25- 	- 	- 	- 	- 	- 
DRY N 01 49 10- 	- 	- 	- 	- 	- 

017396 SUN 1435 DAYLIGHT CLEAR DRY 0-0 MOTOR VEH IN TRAF 05-02 N 01 1 33- 3 
DRY DRY W 04 5 10- 	- 	- 	- 	- 	- 

017510 FRI 1952 NIGHTIL) CLOUDY DRY 0-0 MOTOR VEH IN TRAF 06-02 S IL 78 33- 	- 	- 	- 	- 	- 
DRY N 04 10--- ......- 	- 	- 

018017 SUN 1246. NIGHTIL) RAINING DRY 0-0 MOTOR VEH IN TRAF 06-02 F 01 1 10- 	- 	- 	- 	- 	- 
DRY E 01 6 33- 	- 	- 

018772 THUR 1200 DAYLIGHT RAINING DRY 0-0 MOTOR VEH IN TRAF 04-00 5 03 81 25-  
DRY N 01 43 - 	- 	- 	- 	- 

019848 MON 1245 DAYLIGHT CLEAR DRY 0-0 MOTOR VEH IN TRAF 08-00 S 00 21 - 	- 	- 	- 	- 
DRY S 00 8 ii- -- 	- 	.- 	- 	- 	- 

020918 SAT 1650 DAYLIGHT CLOUDY DRY 0-0 MOTOR VEH IN TRAF 05-02 E 01 1 33- 	- 	- 	- 	- 	- 
DRY F 04 456 10- 	- 	- 	- 	- 

023183 THUR 1125 DAYLIGHT CLOUDY DRY 0-0 MOTOR VEH IN TRAF 08-00 S 03 18 25- 	- 	- 	- 	- 	- 
DRY N 11 10- 	- 	- 	- 	- 	- 

024026 WED 1210 DAYLIGHT RAINING DRY . 	0-0 MOTOR VEH IN TRAF 02-00 S 14 7 25- 	- 	- 	- 	- 	- 
DRY N 01 10- 	- 	- 	- 	- 	- 

FIGURE 18 Sample computerized accident listing (Alabama). 
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Gap Studies 
Traffic Lane Occupancy Studies 
Queue Length Studies 

ENVIRONMENTAL STUDIES 

Roadway Inventory Studies 
Sight Distance Studies 
Roadway Serviceability Studies 
Skid Resistance Studies 
Highway Lighting Studies 
Weather-Related Studies 

SPECIAL STUDIES 

School Crossing Studies 
Railroad Crossing Studies 
Traffic Control Device Studies 
Biêycle and Pedestrian Studies 

Other specialized studies, such as roadside development 
studies, may also be appropriate at some locations. Details of 
the studies and methodology are described by the FHWA 
(46) and the Institute of Transportation Engineers (47). 

After all available information is studied for each high 
accident site, countermeasures expected to be effective in 
reducing future accident experience are recommended. Acci-
dent pattern tables for use in selecting effective counter-
measures are currently available (36, 48, 49) or an agency 
may develop its own. 

The selection of appropriate safety improvements requires 
the determination of the probable accident causes based on 
a careful analysis of all relevant accident data, operational 
measures, and physical site characteristics. Some agencies 
employ a multidisciplinary investigation team to study the 
site and select appropriate improvements. Such investigation 
teams may consist of a traffic engineer, safety engineer, local 
police officer, design engineer, maintenance engineer, con-
struction supervisor, automotive expert, or personnel from 
other disciplines (43). 

Some states collect accident "surrogate" data (accident 
substitutes) for use in selecting safety improvements at a site. 
For example, traffic conflict techniques (measures of vehicle 
braking and weaving) have been used by the states of Ohio, 
Washington, Virginia, and Kentucky for countermeasure 
selection (43). The formal traffic conflicts technique was 
originally developed by General Motors Corporation (50) 
and a major study has recently been completed by Glauz and 
Migletz (51) on the application of the traffic conflicts tech-
nique at intersections. The use of other accident surrogates 
has recently been investigated by Datta et al. (52) to de-
termine the feasibility of using accident surrogate measures 
in highway accident analyses. 

Economic analysis or cost-effectiveness techniques should 
be used in selecting the countermeasures with the greatest 
expected accident savings at the least cost. The calculation 
of accident benefits (savings) requires the use of accident-
reduction factors, which are the percent reductions in related 
accident types to be expected from a specific highway im-
provement. Economic analysis techniques commonly used 
to select the most cost-effective countermeasures include the 
cost-effectiveness method, the benefit-to-cost ratio method,  

the rate-of-return method, the time-of-return method, and 
the net benefit method. 

The next step involves priority ranking and selecting the 
projects to be implemented within a given budget. Tech-
niques used to establish project priorities include: 

Ranking based on criteria similar to those used for haz-
ard location identification. 

Ranking by incremental benefit-to-cost ratio, rate-of-
return, cost-effectiveness, or other economic analysis 
method. 

Subjective ranking by a committee composed of 
members from many related disciplines (e.g., personnel in 
highway safety, maintenance, and design; police officials; 
management), based on a review of all available information 
and on current goals of the agency (as is currently done in 
Illinois). 

Incremental benefit-to-cost ratio method. 
Dynamic programming method. 
Integer programming method. 

The dynamic programming, integer programming, and in-
cremental benefit-to-cost ratio methods have been recom-
mended by the FHWA (53) as preferable to other traditional 
methods. Dynamic programming, which provides for the op-
timal selection of projects in terms of accident benefits on a 
fixed budget, has been implemented in Alabama (54), Ken-
tucky (55), and Maryland. This technique can have a con-
siderable advantage over other methods, particularly when a 
large number of improvements (more than 40 or 50) are under 
consideration. 

After projects are selected, they should be designed, 
scheduled, and constructed as soon as possible under given 
resource constraints. 

COUNTERMEASURE EVALUATION USING 
COMPUTER DATA FILES 

After improvements are selected and implemented, it is 
important to conduct evaluations of the project effective-
ness. Guidelines for conducting evaluations have been 
established by the FHWA and the NHTSA (8, 25, 56). The 
purpose of evaluation is to determine the effectiveness of 
safety measures in reducing accident frequency, accident 
severity, or the potential for accidents. The results of the 
safety evaluations will aid in the selection of future improve-
ments. The results are used to determine accident reduction 
(AR) factors for specific types of improvements. AR factors 
are expressions of the percent change in accident types or 
severity that is expected to result from a particular type of 
highway improvement or treatment. AR factors are useful to 
agencies for conducting economic analyses of proposed high-
way improvements, which aid in using highway funds effec-
tively. 

Evaluations should include detailed accident and exposure 
(i.e., traffic volume) information for each site. The amounts 
of exposure to traffic both before and after the improvements 
should be adequate. Similar data for control sites should also 
be obtained. The basis of comparison should be the "do-
nothing" condition. It is also important to account for "re- 
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gression to the mean" and to consider, if possible, the use of 
a time-series analysis to determine the real effect of the im-
provement on accidents. 

Most states do not maintain a data base suitable for per-
forming project or program evaluations. Problems in the 
performance of routine evaluations are often related to: 
(a) sufficient funding and manpower for performing proper 
evaluations; (b) the low priority placed on evaluation in many 
states; (c) difficulties in analyzing necessary data; and 
(d) difficulties in conducting proper evaluations (e.g., select-
ing control or comparison sites, conducting statistical 
analyses). 

In most agencies, evaluations are conducted without the 
aid of a computer software package; however, in Alabama a 
group of computer programs termed ACE (accident counter-
measure evaluation) was developed and first utilized in 1975. 
The ACE system basically allows for data reduction and 
manipulation of the statewide accident data base at specified 
locations. The programs in the ACE system, which were 
written in either COBOL or PL/ 1 programming languages 
for use on an IBM 370 computer, provide before-and-after 
accident summary data for each improved site (57). The 
RAPID (records analysis for problem identification and 
definition) program was developed in 1978 as a user-oriented 
software system to summarize accident data for evaluation 
purposes at specified locations or for statewide program 
evaluations (e.g., alcohol-related, pedestrian safety, and 
motorcycle safety programs) (26). 

In Michigan evaluations are conducted by computer with 
an option to select comparison sites of similar traffic and 
geometric features through use of the MIDAS data base. This 
program permits the user to readily compare the before-and-
after accident data at improved locations with similar state-
wide locations where no improvements were made. Thus 
accident trends and other factors can be accounted for when 
determining the true effect of the improvement on a high 
accident location. Computer output from the MIDAS file for 
a before-and-after study is shown in Figure 19 (37). 

In addition to the evaluation of safety improvement proj-
ects at one or more locations, computer files are used for 
evaluating various types of programs or changes in laws or 
policies that may affect the frequency and/or severity of 
certain accident types on an areawide basis, such as: 

Passage or repeal of a mandatory helmet law for motor-
cyclists and the effect on head injuries. 

Laws requiring child-restraint systems (infant seats) (as 
passed in Michigan and other states) and the effect on infant 
accident severity. 

Selective police enforcement and the effect on certain 
types of accidents. 

Changes in vehicle design and the effect on the severity 
(and rate) of accidents involving those types of vehicles. 

Public-education campaigns (such as those in Seattle) 
and the effect on pedestrian safety. 

Statewide delineation treatments for certain types of 
highway systems and the effect on nighttime accidents. 

Use of new types of pavement texture (open-graded 
surfaces) and the effect on wet-weather accidents. 

ACCIDENT ANALYSIS FOR LAW ENFORCEMENT 

PURPOSES 

Selective enforcement is generally defined as enforcement 
that is provided proportionate to traffic accidents with refer-
ence to location, time, and type of violation (58). A major use 
of accident analysis is for purposes of selective law enforce-
ment. The accident data needs of police agencies are not 
always as finite as the needs of highway safety engineers, but 
police agencies in many states have recognized the impor-
tance of using accident analysis results to aid in enforcement 
activities. 

Determining Locations for Selective Enforcement 

Enforcement efforts are commonly aimed at highway sec-
tions or jurisdictions that exhibit an abnormally high inci-
dence of accidents involving drivers who were drinking or 
drunk, on drugs, asleep at the wheel, speeding, or cited for 
other traffic violations (disobeying traffic signals, making 
illegal U-turns, driving the wrong way on one-way streets or 
divided highways, etc.) or other unsafe driver actions. Sum-
maries of temporal information (time of day, day of week and 
month) are also used to determine locations for selective 
enforcement. 

Agency Programs 

Selected Traffic Enforcement Program (Tyler, Texas) 

One example of the use of accident analysis in police en-
forcement is the Selective Traffic Enforcement Program 
(STEP), initiated in Tyler, Texas, in July 1980. Accident 
records for the city were analyzed, and summaries were 
made of the locations, times of day, and days of the week that 
were overrepresented in terms of accidents and that were 
believed to be amenable to improvement through selective 
enforcement. Three police vehicles were used for enforce-
ment of 5.4 miles of road on weekdays between 10 a.m. and 
6 p.m. During the first 11 months of the program, 2,627 
citations were issued for hazardous moving violations (0.57 
citations per manhour); 560 citations were issued for non-
hazardous moving violations (0.12 citations per man-hour); 
and 1,644 warnings were issued (0.36 warning per man-hour). 
An evaluation of the program effectiveness showed that acci-
dents were reduced by 27 percent for the locations, times of 
day, and days of week for which the STEP program was in 
effect (59). 

Alcohol/Education Project (Oakland County, Michigan) 

Another example of the use of accident analysis informa-
tion in selective enforcement is the 4-yr Alcohol! Education 
Project, which was initiated in Oakland County, Michigan, to 
reduce alcohol-related accidents. The specific objective was 
to reduce alcohol-related fatal and injury accidents at least 15 
percent countywide and at least 30 percent in selected target 
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FIGURE 19 Sample computer summary of evaluation results using the MIDAS system (37). 
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FIGURE 20 Summary of total and alcohol-related accidents by 4-hr time periods and day of 
week (Oakland County, Michigan, 1977-1979) (60). 

areas. Another objective was to increase drunk driving ar-
rests 30 percent in the sheriffs department and 15 percent in 
the local police departments. Special police patrol personnel 
were deployed at the times and locations of previously large 
numbers of alcohol-related accidents. In 1978 and 1979, 22.2 
percent of the accidents were alcohol-related; 5,600 drunk-
driving arrests were made in Oakland County in 1979, includ-
ing 387 by the sheriffs deputies. Figure 20 is a summary of 
all accidents, including those alcohol-related, by time and 
day of week. A survey of public opinion in Oakland County 
showed a significant awareness by the public of the special 
alcohol enforcement project. From April to September 1979, 
there was a 102 percent increase in drunk-driving arrests 
by the sheriffs department with only a 7 percent increase by 
local police agencies. At the time of the initial evaluation of 
the project (60), accident data were not yet available to 
evaluate the effect on alcohol-related accidents. 

Wisconsin 

An example of the statewide use of accident data for selec-
tive enforcement purposes is the program used in Wisconsin. 
Since 1969, the Wisconsin State Patrol has maintained color-
coded maps that visually display the accident frequencies 
versus arrests for hazardous moving violations. Patrol en-
forcement assignments are continually adjusted based on 
changes in accident rates. Since 1972 the Wisconsin DOT has 
been required to furnish, every 6 months, to each county 
accident and citation data for state, federal, and county trunk 
highways. The computer data are listed by highway and  

township and include hazardous moving violation arrest 
rates; accident rates; possible contributing circumstances; 
economic loss rates; and hour and day of week accident 
summary (58). A computer listing of this kind of information 
is shown in Figure 21(58). 

The selective law enforcement efforts in Wisconsin were 
further expanded in 1973 with the establishment of the Fatal 
Accident Reduction Enforcement (FARE) program. The 
purpose of this program was to emphasize the enforcement 
of traffic laws commonly found to be violated in fatal acci-
dents. From June through August 1973, 33 counties, 5 cities, 
and the Wisconsin State Patrol participated in the FARE 
program. Computer accident and violation data were used to 
select sites and enforcement schedules for increased patrol 
during the most critical hours and days-. A total of 3,120 miles 
of highway (21 percent of the federal, state, and county 
trunk highways in 33 counties), which accounted for about 55 
percent (over $12 million) of economic loss in the previous 
3 yr, were patroled under the FARE program (58). 

The FARE program involved an extra 26,099 hours of 
patrol, 4,176 citations issued, and about $225,000 in wage 
costs. The enforcement effort resulted in a 24 percent reduc-
tion in fatalities, a 9.2 percent reduction in injuries, and a 15.4 
percent reduction in economic loss in comparison with high-
way sections not under the FARE program. Based on 
National Safety Council accident costs for accidents, in-
juries, and deaths, the accident savings per dollar invested 
was computed to be $8.60. Economic loss was reduced in 
21 of the 23 counties where the FARE program was in effect 
(58). 
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FIGURE 21 Sample computer output from selective enforcement program in Wisconsin (58). 
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CHAPTER SEVEN 

DATA ANALYSIS PROBLEMS AND REQUIREMENTS 

PROBLEMS IN DATA ANALYSIS 

The many problems in data analysis, as related to 
reference methods, accident data, traffic and highway data, 
and data processing, need to be recognized in order to make 
the best possible use of available data files. 

Reference Method Problems 

In many cases, the location of an accident is recorded 
only for those accidents occurring on state-numbered or 
major routes. The location of accidents on other routes may 
only be recorded in terms of the route number or road name. 

Lack of data identifying the distance from milepost 
markers prevents the accurate reporting of many accident 
locations on city streets and country roads. 

Because state routes are commonly assigned different 
road codes inside and outside city limits, an analysis of the 
accidents along an entire route is often impossible. Also, in 
some cities and counties, a street can have several different 
names and/or route numbers, which can result in a variety 
of different codes being assigned to the same location. 

Outdated location reference maps can cause significant 
problems with the office coding of referencing numbers. 

Location codes of loop roads are difficult to process, as 
the same two streets may intersect several times. 

A detailed description by the officer in the field is neces-
sary to properly locate accidents at freeway ramps, and each 
individual ramp must be assigned a code number that can be 
identified in the office by trained coders. 

Often the written description of the roadway site is not 
sufficient for office personnel to properly assign reference 
codes. 

Many states do not use field reference markers in locat-
ing traffic accidents, except on the Interstate system. In 
some states, field markers are seldom spaced closer than 1.0 
mile, and often may be knocked down and infrequently re-
placed. In many rural areas (off the state system), field 
markers, if they exist at all, may be 5 miles or more apart. 

In urban areas, closely spaced intersections may have 
the same milepoint. 

Accident Data Problems 

Time lags of 1 yr or longer can sometimes occur before 
accident data are made available for analysis purposes. 

Changes in the accident reporting thresholds within a 
jurisdiction can create problems when using the data. For 
example, when project evaluations are conducted after im-
provements have been made, the accident data from the 
before period may be based on a different accident reporting  

threshold than that from the after period. Also, there are 
obvious problems with any dollar-based accident reporting 
threshold as dollar damage estimates are highly subjective. 

3. Informational items coded on the accident report form 
are commonly recorded incorrectly. Items mentioned by 
state agencies as often being miscoded include: 

Direction of travel (e.g., coded as eastbound on a north-
south route) 

Number of lanes (e.g., four-lane, divided route coded as 
two lanes); 

. Contributing circumstances (codes such as "following 
too close" or "inattentive" have become catch-all phrases 
for any rear-end accident and provide little or no useful 
information); 

Use of seat belts (this information can only be obtained 
from the driver and / or passengers, who are likely to respond 
in a positive manner even if they were not using safety belts 
because it is believed that using seat belts will make them 
appear to be safe drivers; and 

"Had-been-drinking" code (often not coded unless 
driver is cited for drunk driving). 

In some agencies, because the minimum-damage cri-
terion for accident reporting is high, a low percentage of 
property-damage-only accidents is reported. For example, in 
California only an estimated 40 percent of property-damage-
only accidents are reported. Different reporting levels may 
exist even within the same state. 

Large numbers of accidents (over 500,000 per year in 
some states) or lengthy accident-report forms (e.g., over 130 
data elements on one state's form) require large amounts of 
manpower and make computer processing costly. 

Coding errors are often not found or corrected because 
of few or no edit checks. 

Data Processing Problems 

Problems arise in data processing for such locations as 
intersections with five or more legs, offset intersections, traf-
fic circles, and loop roads. 

Problems with computer matching of street names oc-
cur because of the use of abbreviations, mispelled street 
names, and streets that have multiple names and/or 
numbers. 

Computer accident summaries for idçntified problem 
locations often do not provide sufficient detail to determine 
accident causes and appropriate countermeasures. 

Improper selection of appropriate time periods, seg-
ment lengths, classification schemes, or methods of identifi-
cation can prevent the selection of locations most appro-
priate for further consideration for improvement. 
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A major problem in data processing is the lack of docu-
mentation of computer software by states that have de-
veloped and utilized various processing programs. While no 
single analysis system may be appropriate for all agencies, it 
is still important for agencies to learn more about the effec-
tive systems used by others in order to select and use the 
systems best suited to their needs. 

Another major impediment to processing data files 
(computing accident rates, etc.) is the inability to correlate 
the accident file with the volume and highway file, primarily 
because of the lack of coordination within many state and 
local highway agencies. In this case, a sophisticated analy-
sis of locations can only be accomplished by manual data 
handling. 

Inconsistencies exist in locating and identifying acci-
dents with respect to being intersection-related. The Ameri-
can Automobile Association surveyed U.S. cities with popu-
lations over 5,000 for a definition of intersection-related 
pedestrian accidents. The responses of 1,228 cities are sum-
marized below (61): 

RESPONSE 	 NO. CITIES 	% RESPONSES 

In intersection/crosswalk 195 15.9 
0-10 ft away from intersection 461 37.5 
11-20 ft away from intersection 252 20.5 
21-50 ft away from intersection 196 16.0 
51 ft or more away from intersection 56 4.6 
Other 68 55 

TOTAL 1,228 100 

The ANSI D16 Manual (40) gives the following definition 
of an intersection; 

An area which (1) contains a crossing or connection of two or 
more roadways not classified as driveway access and (2) is 
embraced within the prolongation of the lateral curblines or, 
if none, the lateral boundary lines of the roadways. Where the 
distance along a roadway between two areas meeting those 
criteria is less than 10 meters (33.feet), the two areas and the 
roadway connecting them are considered to be parts of a 
single intersection. 

The D16 Manual (40) also gives a definition of an 
intersection-related accident: 

A traffic accident in which the first harmful event (1) occurs 
on an approach to or exit from an intersection and (2) results 
from an activity, behavior or control related to the movement 
of traffic units through the intersection. 

verify the highway location code (milepost number, etc.) of 
each accident; 

Amount of data from each accident report form that is 
actually keyed into the computer file; 

Amount of manual checking of data entries and/ the 
adequacy of the edit program (if any); 

Number and types of accident data summaries pro-
duced for analysis purposes; 

Efficiency of the computer software used to perform 
the required analysis of data (e.g., high accident location 
listings, systemwide accident summaries); 

Number of locations identified, reviewed, andanalyzed 
each year; 

Types of data merging between accident files and traffic 
or roadway files and the compatibility between files; 

Amount of duplication of efforts in processing or anal-
yzing the data (in urban areas in some states, accident reports 
may be coded and processed by both the local agency and the 
state police or DOT); 

Amount of traffic and highway information collected 
and processed and the extent to which the data are used for 
safety analyses; 

Efficiency of activities within an organization (also the 
amount of wasted effort expended on entering or processing 
information that serves no useful purpose); and 

Goals of an agency in terms of (a) types of summaries 
desired; (b) desired levels of sophistication and accuracy in 
locating highway sites; and (c) numbers and types of accident 
indicators (rate, severity, etc.) used for identifying high acci-
dent sites; and 

Extent of evaluations performed after projects are im-
plemented. 

Case Studies 

The four states visited as a part of this study (Alabama, 
California, Illinois, and Michigan) provided estimates of the 
resource requirements for various aspects of data process-
ing. As the resources expended are a function of the widely 
varying characteristics, goals, and needs of each state, it 
would be totally inappropriate to make any generalizations 
regarding what resource requirements are typical or appro-
priate for any particular agency. The following information is 
presented only to provide examples of state requirements. 

REQUIRED RESOURCES 

The resources required for processing accident data files 
vary greatly for each agency and are mostly based on the 
following factors: 

Number of police-reported accidents processed each 
year, and number of years of data used for analysis purposes; 

Number of data items entered on each accident report 
form; 

Amount of effort expended by the police or highway 
agency office personnel to check data codes, and to add or 

Alabama 

About 125,000 accident reports are processed each year in 
Alabama. Annual manpower requirements for engineering 
analysis of accident data are 3 man-years. For each of nine 
highway divisions, approximately one person per year per 
division is required for analysis and review of accident data 
summaries. A total of about 10 man-years are required an-
nually for data entry, with 1.5 man-years for programming 
functions. Data processing costs are estimated at $150,000 
per year. An estimated $20,000 per year is expended for 
related computer services. 
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California 

In California considerable emphasis is placed on ensuring 
the accuracy of the location of each accident (within 0.01 
mile, whenever possible). A team of 10 to 12 office personnel 
is involved daily with checking the accuracy of the mileposts 
of some 135,000 accidents per year on the state highway 
system (out of about 490,000 total reported accidents per 
year on all routes). Detailed computer logs of milepost de-
scriptions are used with maps to verify, correct, and! or add 
the accurate location of each accident. On the average, each 
coder can process about 12 accident reports per hour 
(verifying and/ or adding the exact milepost of an accident). 
As many as 35 to 40 reports per hour can be processed by 
personnel for up to about 300 reports per day. These man-
power estimates include only efforts to add and / or verify 
locational information. In each of the 11 districts, personnel 
are involved with reviewing problem locations and making 
recommendations for improvement. A total of about 
$1,000,000 per year is expended by CALTRANS for man-
power and computer costs involving data processing related 
to high accident locations. This includes costs for computer 
personnel, but not the costs for collecting statewide traffic 
data. 

Illinois 

Through March 1980, Illinois had posted a total of 18,575 
intersections with milepost markers in 25 counties at a total 
cost of $644,025, an average of $35 per intersection (42). 
Forty full-time employees key accident data into computer 
files on CRT terminals. Another 12 employees handle loca-
tional information for the roughly 500,000 to 600,000 accident 
reports per year. Two others microfilm the accident reports 
after data are keyed into the computer. Twenty-five man-
months per year (mostly engineering time) is required to 
identify and process high accident locations. At each of the 
district levels, about 10 man-months per year are expended 
for accident summaries and recommending improvements. 

Michigan 

In Michigan an average of about 350,000 accident reports 
have been processed each year for the past 10 yr, and 13 yr  

of accident data remains on file. The Michigan Department of 
Transportation (MDOT) and the Michigan State Police 
(MSP) share much of the responsibility for data processing. 
The funding levels for data processing and analysis are esti-
mated at about $62,860 for the MDOT and $1.2 million for the 
MSP. Costs for computer-related services amount to another 
$60,000 for MDOT and $200,000 for MSP. 

Other Costs 

As previously discussed, a large number of states do not 
have common referencing systems for all of their data files. 
In Alabama officials have estimated that it would cost about 
$2 to $4 million to convert all data files to a common refer-
ence system. Such costs are a function of the number of miles 
of highway and the complexity of the referencing method in 
use. At least one state attempted to convert its files to a 
coordinate method in recent years, but high costs (and pos-
sibly other factors) forced termination of the project. 

In addition to data processing costs, there are other costs 
involved in highway safety analysis, including: 

Manpower and other costs for police officers to travel to 
accident sites to complete accident report forms at the acci-
dent scene; 

Costs of collecting, updating, and maintaining traffic 
volume and other traffic-related information (speeds, turning 
movements, vehicle classification counts), including costs 
for mechanical traffic counters, etc.; 

Costs of collecting, updating, and maintaining all re-
quired highway-related information; and 

Costs of fabricating and installing field location ref-
erencing signs or markers. 

A part of these costs is recovered by some police agencies 
through selling data files or copies of accident report forms 
to insurance companies and the like. 

A summary of the responses of six selected states concern-
ing methods used for accident analysis is presented in Ap-
pendix A. 
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A variety of techniques is used by state agencies for 
processing data related to accident,  location systems and ac-
cident analysis. The key factor in processing locational traf-
fic records is the accuracy and efficiency of the location 
referencing method. The conclusions and recommendations 
presented below are based on a review of the literature and 
interviews with officials from several state agencies in which 
numerous weaknesses and problems with highway accident 
analysis systems, as well as solutions, were identified. 

LOCATION ACCURACY 

Inaccurate reporting of the locations of traffic accidents 
presents, for many states, one of the most pressing problems 
in accident analysis. The processing of accident data by high-
way location is dependent on the accuracy of the coded 
accident location. Thus it is highly desirable for agencies to 
improve accuracy in reporting accident locations in both ur-
ban and rural areas. In the six states surveyed for this syn-
thesis, about 60 to 90 percent of the accidents in rural areas 
were believed to be reported with an accuracy of 0.10 mile or 
less. Location reporting is generally more accurate in urban 
areas than in rural areas because of the presence of closely-
spaced intersections in cities. 

It is often difficult to obtain precise locational information 
for all accidents. However, the following procedures are rec-
ommended to improve overall accuracy of accident location 
reporting: 

Use field referencing markers, particularly in rural 
areas. 

Develop log reference books for police agencies to use 
in recording locational information. Log books should give 
the milepost (or other reference number) for all identifiable 
field locations along a route, such as bridges, stores, cross 
streets, house numbers, etc. 

Provide training sessions for police officers on the im-
portance of accuracy in reporting all accident locations and 
how to best obtain desired accuracy levels. 

Utilize trained office personnel within the. police agency 
or the highway agency to carefully review each accident 
report to ensure location accuracy. In some cases, additional 
descriptions of the accident site should be requested from the 
reporting police officer. Appropriate milepoint maps and log 
books (frequently updated) can be used in this process. 

Modify the reference method used for office maps 
and / or files to include more reference markers for more 
accurate office coding of accident locations. 

Implement a highway location reference method that is 
more effective in meeting specific agency needs and charac-
teristics. However, the manner in which a specific reference 
method is used is usually more of a determining factor in the  

accurate reporting of accident locations than the method it-
self. For example, some states report much higher levels of 
accuracy using the milepost method than do other states. (It 
should be noted that highway location reference systems 
have uses other than locating accidents. For example, high-
way referencing is required for highway construction and 
maintenance. Police agencies use highway referencing for 
selective enforcement, and emergency medical services also 
make use of quick and accurate highway referencing.) 

Develop and use a computerized highway file to im-
prove the accuracy of coded accident locations and also to 
reduce processing costs. A system similar to the MALI 
system in Michigan is particularly desirable with respect 
to ease of data handling, measurement methods, accuracy 
of accident locations data, and reduced costs of data 
processing. 

ACCIDENT DATA WEAKNESSES 

One problem in the collection of accident data is the 
number of traffic accidents that go unreported and thus are 
not considered in safety analysis of the highway network. In 
addition, there are problems related to the data elements 
coded for many traffic accidents, which usually stem from 
insufficient planning. Also the large amount of information 
collected for all reported traffic accidents has forced some 
jurisdictions to raise the minimum dollar amount for accident 
reporting, which can severely reduce the number of acci-
dents for which data are available for analysis purposes. 

Increased interaction is needed between the accident in-
vestigators (police officers) and highway agency personnel 
with respect to the uses of accident data. Some states have 
held training sessions, in which a representative of the DOT 
discusses with police officers the importance of various data 
items and the purposes for which they are used, such as 
for countermeasure selection. In California, Alabama, and 
Michigan, close interaction between state police and high-
way officials is maintained. In California, a luncheon is given 
each month to bring police and highway officials together. 

It is recommended that agencies streamline report forms to 
include only those data items actually needed and used, par-
ticularly for property-damage-only accidents. Michigan, for 
example, uses a one-page accident report form that is a short-
ened version of the previous form. Use of the short form 
saves considerable time and money on data collection and 
data entry. Agencies need to review each data element listed 
on the accident report form and revise the form, if necessary, 
to make it more useful (e.g., including categories that are 
useful in analysis activities). 

Increasing the number of reported accidents is recom-
mended to obtain a more comprehensive accident data base 
for analysis purposes. Accident reporting levels should be 
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established to include a sizable portion of property-damage 
accidents as well as an injury and fatal accidents. This will 
allow for the identification of locations with a high frequency 
of minor accidents that otherwise would not be identified. 

DATA INTERFACING AND MERGING 

Difficulties in data interfacing and merging are caused by: 
(a) lack of the use of a uniform highway location reference 
method for the various highway data files, which, in many 
cases, is due to the lack of coordination within a state or local 
agency; (b) lack of resources to collect various types of data 
and to properly process the data; and (c) computer software 
and hardware problems. 

The following procedures are recommended to improve 
agency data processing: 

Coordination among the various divisions or offices that 
handle highway-related data within highway agencies should 
be improved. Data collection and processing efforts should 
be properly coordinated to enhance utilization of the data. 
For example, a significant factor in the success of Michigan's 
program is the cooperation.among various state agencies. 

A common location reference method should be devel-
oped for the interfacing of various types of traffic files. A 
"locational dictionary" can be developed to aid in convert-
ing data to one common system. 

Time lags in processing accident data should be mini-
mized. 

Comprehensive computer software programs should be 
developed or program packages should be obtained to pro- 
duce routine systemwide summaries of accident data. The 
development of such programs can be expensive with respect 
to computer costs and manpower requirements. Examples of 
software packages currently in use are SPSS, DART, and 
RAPID. 

Special efforts should be made to handle file merging for 
intersections, interchanges, traffic circles, and other loca-
tions with unusual characteristics or where abrupt changes in 
traffic volumes occur. 

Adequate edit programs should be developed for the 
detection and correction of erroneous information in each 
data file. 

A computerized system can reduce the problems and co: 
related to data interaction and merging. 

IDENTIFYING HIGH ACCIDENT LOCATIONS 

All procedures related to the identification of high accident 
locations should be considered by agencies, including identi-
fication methods, use of spot and section lengths and fixed 
versus floating segments, time period during which accident 
data are collected, and use of highway classification schemes 
for identification purposes. Although each state agency has 
developed a specific set of procedures, the following general 
guidelines are recommended for identifying locations re-
quiring further analysis: 

Identification method(s) should, ideally, account for 
various accident indicators, including combinations of acci- 

dent frequency, exposure to risk (e.g., rate quality control 
method), accident severity, and the potential for high acci-
dent experience (obtained from a hazardous highway fea-
tures inventory). 

The length of the identified spots or sections should be 
selected to account for the suspected degree of error in 
reporting accident locations. In general, the spot length 
should be at least twice the suspected degree of error. A 
minimum of about 0.1 mile should be used to search the 
accident file for high accident locations. Spots that are 0.3 
miles long are usually adequate for including the area of 
influence of a highway hazard. 

Floating segments are generally more desirable than 
fixed segments in scanning the accident file to identify high 
accident locations. 

Time periods of 1 to 5 yr are commonly used to obtain 
data for the identification and analysis of high accident loca-
tions. Generally, a time period of 3 yr is adequate for most 
purposes, when an aspect9 of the data base (data stability, 
reliability, changes in site conditions with age, etc.) are con-
sidered. However, it is sometimes advantageous to utilize 
the data collected for a 1-yr period for an "early warning" 
analysis. 

It is desirable to identify sections by type and/or class. 
For example, there are significant differences in the accident 
frequency and patterns of urban intersections and rural free-
way spots. Thus different criteria should be used for identify-
ing high accident sites on the various types of highways. 
Interfacing the roadway file with the accident file may be 
necessary to identify locations within various highway 
classes. 

It may be desirable to identify locations with an ab-
normal experience of one or more specific accident types 
(wet weather, run-off-road, right-angle, etc.). 

DATA ANALYSIS OF PROBLEM LOCATIONS 

After high accident locations are identified, the available 
traffic record files are used in selecting the appropriate im-
provements for each site. Also, in many cases, the detailed 
information on the actual accident report forms (which may 
not be available from the computer accident file) may be 
necessary in determining the true accident causes. The data 
required for each location include construction histories, 
computer accident listings, collision diagrams, condition dia-
grams, and other roadway and traffic information. Traffic 
engineering studies (delay studies, skid-resistance studies, 
sight-distance studies, etc.) may also be necessary as well as 
a field inspection to supplement existing information. 

After countermeasures are selected, an economic analysis 
(benefit-to-cost ratio, etc.) of each countermeasure is desir-
able. Priority programming should be conducted to select the 
projects that will provide the greatest safety benefits within 
the available budget. After implementation, projects should 
be evaluated for effectiveness in accident reduction. The 
results from such evaluations can be used in the future selec-
tion of accident countermeasures at other locations and 
estimates of expected safety benefits. As previously dis-
cussed, routine summary reports should also be generated 
from accident data. 
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Various computer programs can be used to facilitate the 
data analysis of high accident locations. For example, com-
puter programs are currently available for generating col-
lision diagrams. Also computer software packages (e.g., 
SPSS) are available for producing summaries of accident 
experience for high accident locations. The accident list-
ing generated by computer for each high accident location 
should be reviewed and modified, if necessary, in order to 
provide basic accident data for use in project selection. 
Computer software is also available for (a) conducting 
economic analyses of proposed countermeasures; (b) prior-
ity programming for the expenditure of funds for safety 
improvements (dynamic programming and integer program-
ming are particularly useful for this task); and (c) eval-
uating project effectiveness after the improvement has 
been in place for 1 yr or longer (proper, formalized eval-
uation procedures should be followed to ensure reliable 
results). 

INTEGRATED TRAFFIC RECORDS SYSTEM 

The development of an accident analysis system should 
start with determination of the types of reports and informa-
tion needed for decision making. The processing techniques 
to be used to produce these reports can then be determined 
in addition to the kind of data to be collected and the level of 
accuracy required. A few states have had success with the 
merging of data files for accident analysis. Other state agen-
cies that have the ability to merge files for data analysis have 
done so only for planning or research purposes on a limited 
basis. A major problem in the development of an integrated 
traffic records system is limited resources. Therefore, it is 
important to place the most emphasis on the highway 
systems that have the greatest potential for benefits. 

An integrated traffic records system can be developed for 
use in accident analysis in different ways. A study conducted 
in 1981 by the FHWA (62) recommends a system for han-
dling the various data sets, which includes the following 
elements: 

Element 1—Hazardous Site Data File 
Element 2—Site Matching Process 

Element 3—On-Site Engineering Study Process 
Element 4—Implementation Process 
Element 5—Field Evaluation Process 
Element 6—Evaluation Data File 
Element 7—Automatic Evaluation Process 

The integral system proposed by the FHWA (63) involves 
processes and data files that could be modified or added to 
typical state data analysis systems. The system permits each 
state the flexibility to utilize specific methods for selecting 
and evaluating locations. (See Appendix B for an excerpt 
from the FHWA study.) 

A concern often expressed is that state and local highway 
agencies appear to be moving in many different directions 
with respect to accident records processing. Although there 
are obvious disadvantages in this situation, it is far better 
than if the states were uniformly moving in the wrong direc-
tion. It appears that several states and local jurisdictions are 
doing an excellent job in many areas regarding accident-
location data processing; in most states, one or more aspects 
of the system are exemplary; and several states are in the 
early stages of development of accident analysis systems. 

Most state and local agencies could benefit greatly by 
making special efforts to obtain information on programs 
currently used by other agencies. However, a standardized 
accident analysis system would be inappropriate, if not im-
possible, to implement, because of the wide differences 
among highway agencies with respect to available resources, 
level of expertise, overall safety goals and objectives, and 
size and type of highway network. 

The effectiveness of a highway accident analysis system is 
dependent on the level of commitment and effort addressed 
to developing and maintaining the system. Many of the tech-
niques in use today by state and local agencies are successful 
in terms of accuracy and the types of information generated; 
however, in each agency problems with accident analysis 
systems exist that need to be resolved. Specific needs and 
available resources must first be identified before de-
termining the kind of highway accident analysis system to be 
utilized. 
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APPENDIX A 

SUMMARY OF RESPONSES TO QUESTIONNAIRE BY SELECTED STATES 

What is the accident reporting level in your State (e.g., $200 damage 
per accident, injury and fatal accidents only, et)T 

State 	 Reporting Level 	 C&ints 

Alabama 	 $ 50.00 	 - 

California 	Injury and 	Approximately 40% of P00 accidents 
Fatal accidents 	are reported. 

Illinois 	 250.00 	Per individuals property. 

Michigan 	 200.00 	All injury/fatal accidents also 
must be reported. 

Wisconsin 	 400.00 	Where state-owned property is dam- 
- 	 aged, the reporting level is $200. 

West Virginia 	250.00 	Injury and fatal accidents also 
must be reported.  

Is the reporting level the same for all counties and urbanized areas 

within the state? 

Alabama 	- Yes 

California - No, some cities use a different reporting level and many 
do not investigate unless an injury or fatality 
occurred. 

Illinois 	- Yes 

Michigan 	- Yes, legally the requirements are the same. 	In prac- 
tice, variations occur with different localities, eg., 
Detroit forwards a large number of walk-in reports. 

Wisconsin - Yes 

West 
VTinia: - Yes 

What types or seventies of accidents are used in safety analysis? 

Alabama: 	All accident types. 

California: 	All fatal, injury and P00 accidents. Specific injury 
types (A,B, and C-type injuries) are not coded. 

Illinois: 	All, except private property.  

Michigan: Within Michigan Department of Transportation, some curs-
ory analyses of property damage, injury accident categor-
ies are used. For in-depth analyses a further breakdown 
of A, B, and C type injuries is used (incapacitating, 
nonincapacitating, and possible injury). Michigan State 
Police practice is to use all severity data in their 
analyses. 

Wisconsin: All reportable accidents (total property of $500 or more 
per unit; special studies are sometimes conducted using 
non-reportable accidents). 

West 
Virginia: All accident types and seventies, depending on analysis 

purposes. 

What is (are) the highway location reference method(s) in use in 
your state in both urban and rural areas? 

Reference Link Combination 
State Milepost Point Node Coordinate 	of Methods 

Alabama Urban and Urban 
Rural X X 

x 

California X Some 
Cities 

x 

Illinois Rural Urban 
x x x 

Michigan X 
MALI* 

Wisconsin X 

West 
Virginia X 

*MALI (Michigan Accident Location Index) is a road intersection reference 
point method. 



5. To what precision are the locations of accidents reported by the 
police officer (to the nearest 0.01 mile, 200 feet, 0.1 mile, 0.5 
mile, etc? 

Alabama: 0.01 mile 

California: 0.01 mile 

	

Illinois: 	Rural - 0.1 mile; urban - 0.01 mile (at intersections) 

Michigan: Police officers are instructed to give the actual dis-
tance in feet or miles from the nearest intersection. In 
practice, some distances are precisely measured, while 
most are estimated. In the computerized processing, mile-
ages are computed to the nearest 0.01 mile. 

Wisconsin: 0.01 mile 

West 
VTFinia: Varies widely. Most are reported to the nearest .01 mile. 

What percent of police reported accidents are not identified as to a 
specific location (milepost, intersection, etc.) in rural areas, 
urban areas? 

State 	 Urban 	Rural 

Alabama 	 5% 	1% (Some problems in small towns) 

California 	<1% 	<1% 

Illinois 	 4% 

Michigan 

Wisconsin* 	30% 	60% 

*These reporting percentages are improved considerably by office edits. 

Of those accident reports where the location is reported, what is 
orenasl i

o
stic estimate o 	range
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a
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accura 	f the reported 

	

cato 	 noc 
	

polc
y 
	lf accidents by t

t
ate 	 e officers 

areas? 

Percent of Accidents 

Accuracy Level Alabama Calif. Ill. Mich. Wis.* 	W. 	Va. 
Within 0.01 	mile Less 

(50 feet) than 10% 80 30 10 40 
0.05 mile 

(264 feet) 50 95 50 50 
0.10 mile 

(528 feet) 75 99 90 70 60 	90 
0.20 mile 

(1056 feet) 80 75 65 
0.30 mile 

(1584 feet) 90 90 70 
Within 0.50 mile  

(2640 feet) - 99 90 
1 mile 

(5280feet) 95 
2 miles 

(10560 feet) 99 
5 miles 
or 	less 99 

*These percentages are improved considerably by office review and edits. 

7. Ofthoseurbanaccidentreportswhere the locationisgiven,what 
percentdoyouthink are , reported withinthefollowingaccuracy 
levels? 

Percent of Accidents 
Accuracy Level 	- - 

(Urban) 	Alabama* California Illinois Michigan Wisconsin 
Within: 10 feet 	 5 	 2 	30 

200 feet 95 	75 	90 
300 - feet 95 85 
400 feet 90 

Within: 	500 feet 90 
1000 feet 99 	 95 
0.5 mile 99 
1.0 mile 99 

*Distance is not coded, accidents are listed by the link upon which they 
occurred and the distance from the nearest node (intersection) is given. 



LA 
00 

To 	your 	knowledge 	have 	any 	studies 	(formal 	or 	informal) 	ever 	been 
made to test 	the 	accuracy 	of 	location 	reporting 	accuracy? 	If 	so, 
please give details. 

Alabama: No documented study. 

California: Yes, 	the accuracy of reports 	is checked within the dis- 
tricts. 

Illinois: One formal 	check was 	performed 	and 95% of the reported 
locations 	were 	found 	to 	be 	accurate 	within 	200 	feet. 
However, 	since 	that 	check, 	reporting 	procedures 	have 
changed. 

Michigan: Periodic 	spot 	checks 	are 	made, 	and 	results 	have 	indi- 

cated 	a 	reasonably 	high 	level 	of 	reporting 	accuracy. 
Specific 	locating problems 	are 	usually quickly 	remedied 
by cooperative efforts of state police and 	the Michigan 
Department of Transportation. 

Wisconsin: An 	informal 	sample 	of 	1,000 	accidents 	was 	examined 	in 
1978. 

West 
Virginia: 	No formal study conducted. Accuracy not a major prob- 

I em. 

At what spacing are rural field reference markers located on inter- 

	

state highways? State primary routes? 	State secondary routes? 

Reference Marker Spacing (Rural) 

Interstate 	State Primary 	State Secordary 
State 	 Highways 	Routes 	- Routes 

Alabama 	 1 mile 	 1 mile 	 1 mile 

California 	1 mile 	 1 mile 	 1 mile 

Illinois 	400 ft. 	0.5 mile 	Each intersection 
(grid mile system) 

Michigan 	1 mile 	 NA 	 NA 

Wisconsin 	1 mile 	Paper System 	Paper System 

West Virginia 	1 mile 	 1 mile 	 Paper System  

Atwhatspacingareurbanfield reference markers locatedonfreeway? 
Arterialstreets?Collectorstreets?Localstreets? 

Reference Marker Soacino (Urban 

Arterial Collector Local 
State 	Freeways 	Streets Streets Streets 

Alabama 	 NA 	 NA NA NA 

California 	1 mile 	Intersection Intersection NA 
Only Only 

Illinois 	400 ft. 	400 ft. 	400 ft. 	400 ft. 

Michigan 	1 mile 	NA 	 NA 	 NA 

Wisconsin 	1 mile 	NONE 	 NONE 	 NONE 

West Virginia 1 mile 	1 mile 
State main- 	 NA 	 NA 

tamed routes only 

Whatisthenormalsequenceofeventsforprocessingeachaccident 
reportforuseinsafety analysis?Pleasedescribe. 

A flow chart of the system in California is presented in 
Chapter 3. Also see text for discussion. 

Whattypesoflogbooks,maps,etc.(ifany)areusedbypolice 
officerstohelptheminaccuratelyrecordingthelocationofan 
accident? 

Alabama: 	Maps and field markers 

California: Post mile markers, structures, intersections 

Illinois: 	None 

Michigan: 	No logs or maps are required as the officer uses cormiion 
name or number of road and reference. 	However, the 
officers do use maps to pinpoint the proper township and 
section. The MALI system contains name variations for 
all roads. 

Wisconsin: 	Plat maps and intersecting street names. 



West 
VTFinia: 	Log books are used by highway department personnel which 

exist for all 37,000 miles of state-maintained, highway. 
Log books are updated periodically, and give the mile-
points of intersections, railroad crossings, bridges, 
and other features. More detailed information is given 
(house numbers, restaurant names, etc.) on sections 
which experience moderate to high numbers of accidents. 

Is there a routine office procedure for correcting or modifying the 
location of an accident or in other incomplete or erroneous data on 
the accident report torm) 	lor example, it an accident is reported 
at milepoint 3.52 and next to Joe's Market, when Joe's Market is 
actually at milepoint 4.52, can such errors be routinely caught and 
rnrrortcqi? 

Alabama: 	No 

California: Yes, a team of office technicians checks the location of 
each accident and verifies its location to the nearest 
0.01 mile from maps and highway logs. 

Illinois: 	Yes, location information is reviewed by office coders 
and revisionsare made when necessary. 

Michigan: 	References to an address or place are returned to the 
reporting agency for proper referencing, i.e. a given 
distance from a street. 

Wisconsin: 	Yes 

West 
VTinia: 	Yes, office coders utilize log books to denote accident 

milepoint location on the computer file. 	A detailed 
computer edit check is then made of each record to find 
any invalid milepoint entries based on street names, 
county, and city code. 	Invalid milepoint entries are 
flagged for corrections. 

How are accidents tied" to a highway spot? Are they measured by 
officer's odometer from nearest intersection, etc.? 

Alabama: 	Officer's odometer is used. 

California: Distances are determined by pacing, or by using measur-

ing tape or odometer. 

Illinois: 	Officer's odometer is used. 

Michigan: 	In some cases a measuring wheel or tape is used; in 
others an educated guess is made; however, the most 
common measurement is by odometer. 

Wisconsin: 	Estimated.  

West 
VTFinia: 	Officer's odometer is primarily used. 

What accident criteria are used to initially identify and rank high 
accident spots and sections? 

Alabama: 	A rural section with six accidents per year on a 
floating 0.4 mile section. 

California: The 	Rate 	Quality 	Control 	method 	is 	used 	to 	identify 
locations 	with 	critically 	high 	accident 	numbers 	and 
critically high 	accident 	rates. 

Illinois: Critical 	accident 	rates 	are 	computed 	(Rate 	Quality 
Control Method) 

Michigan: The Michigan Department of State Police utilizes 	a com- 
puter program which ranks intersections by the number of 
accidents, 	the number of 	injuries, 	or 	by the 	number 	of 

fatalities on 	all 	roadways. 	The Michigan 	Department 	of 
Transportation 	has 	programs 	for 	the 	trunkline 	system 
which 	rank 	segments by number 	of accidents, by accident 
rates, 	and 	by severity ratio. 	Additionally, 	MIDAS 	pro- 
grams 	identify intersections or segments which appear as 
outliers for their particular category. 

Wisconsin: Frequency and frequency per selected distance. Rates per 
100 MVM, frequency and type, manner of collision. 

West 
Virginia: Several 	accident 	measures 	are 	used 	to 	scan 	the 	state 

system, 	including 	the 	accident 	rate, 	critical 	rate 
method, 	severity 	rate, 	and 	delta 	change 	in 	accidents. 
Locations with abnormal numbers 	of 	wet 	accidents, 	run- 
off-road 	accidents, 	and 	nighttime 	accidents 	are 	also 
flagged for further consideration. 

Explain the exact technique or computer logic used to "flag" these 

high-accident segments (floating segment length, variable length, 
etc. 

Alabama: 	Variable length increment. 

California: A floating segment is usually used, from 0.1 to 0.5 mile 
in length. A 0.2 mile floating segment is most 'commonly 
used. 

Illinois: 	Variable length based on observed concentrations, 0.1 to 
10.0 miles in length. 

Michigan: 	The Department of State Police program interrogates for 
the intersecting street numbers and selects those loca- 



tions that meet or exceed a predetermined threshold 
(currently four or more accidents) within a selected 
distance from the intersection (currently 150 feet). 

One of the Michigan Department of Transportation segment 
programs uses a floating segment method which can be set 
from 1/10 to 1 mile length. Criteria for this inethod are 
attached. 

The MIDAS program for intersections is used to review 
accidents at all intersections of a connnon type and 
lists only the outliers exceeding the 95th confidence 
level. The MIDAS segment program uses a fixed 2/10 mile 
for coannon roadway types and lists those outliers 
exceeding the 95th confidence level. 

Wisconsin: 	Floating segment length. 

West 
VTinia: 	Afloating 0.5 mile segment floats through the file at 

0.1 mile increments. 

17. Does your state currently have a statewide uniform accident reoort 
form? Are all reported accidents submitted to one processing agency? 

Do the state s safety engineers maintain close contact with the state 
police agency to ensure that the accident data are collected to best 
suit the purposes of the Department of Transportation? 

Alabama: 	A uniform statewide accident report form has existed 
since 1971. All reported accidents are submitted to one 
processing agency. 	State engineers, cities, and state 
police cooperate in data collection decision making. 

California: A uniform statewide accident 	report form exists and 
approximately 80% of the reporting agencies use it. Los 
Angeles dáes not. All reported accidents are submitted 

to one processing agency. 	State engineers, district 
personnel, and state police cooperate in data collection 
procedures and decision making. 

Illinois: 	Yes, on all counts. 

Michigan: 	Michigan police agencies by law must use a standard 
accident report form (UD-lO). Design of the form is the 
responsibility of the Department of State Police. 	By 
law, all reportable" accidents must be submitted to the 
Department of State Police. 	The Departments of State 
Police and Transportation work together to ensure that 

accident data needs of both are met. 

Wisconsin: 	Yes, on all counts. 

West 
VT"iinia: 	Yes, on all counts.  

What data variables are recorded by the police officer for each 
accident? Please provide a copy of a state police accident report 
with computer coding format. 

See discussion in text. 

To your knowledge, which items on the report form are not currently 
needed by your agency? 

Alabama: 	None given. 

California: None given. 

Illinois: 	"Contributing circumstances were taken off the form. 
"Seating in vehicle" and "Times notified are not used. 
car-physical condition" is on the report form but 
generally not filled out. 

Michigan: The highway accident file is condensed from the 
"Michigan State Police" data file and contains those 
items considered pertinent for Michigan Department of 
Transportation use. 	All data on the Michigan State 
Police files are used by various departments and agen-
cies; therefore, no un-needed data are retained. 

Are imoortant data items missinq? If so.what are 

Alabama: 	Initial point of impact; grade crossing number; acci- 
dents in construction zones; traffic control devices; 
oversize or overweight vehicles; vehicle classification 
scheme. Also, the reference-point system needs upgrad-
ing. 

California: All information neededfor routine safety analysis exists 
on the current form. 	However, some special studies 
(wide load accidents, etc.) require collection of addi-
tional data elements. 

Illinois: 	Yes, alcohol-related information such as blood alcohol 
level, which is only coded on fatal accidents. 

Michigan: 	None. 

Wisconsin: 	Local systems missing. 

West 
VTinia: 	None. 



21. 	What data items do you think are routinely coded 	incorrectly? Department 	of 	State 	Police 	maintains 	statewide 	data 

Alabama: Wet/dry 	conditions 	due 	to 	edit 	problem. 	Also, 	driver 
files 	for 	statistical 	purposes 	for 	the 	years 	1972-cur- 
rent, 	and 	statewide data for 	identification purposes for 

inattention 	is too often coded when no other information the years 1978 to present. 
is known about the accident cause. 

Wisconsin: 	Yes, 	accident 	data 	are 	stored 	for 	10 years 	(since 	1970 
California: Location 	descriptions; 	movement 	preceding 	collision but changes were made in 1973 to the data format). 

(which 	is often coded 	as 	vehicle moving 	"straight"). 

West 
Illinois: Under 	the 	influence 	of 	alcohol; 	vehicle 	size 	and 	type; VTF'inia: 	Yes, 	five 	years 	are 	available 	for 	analysis 	purposes, 

vehicle 	make, 	model 	information. 	Beginning 	in 	1981 although 	1-year and 	3-year periods 	are usually used 	for 
additional 	information 	will 	be 	collected 	regarding identifying high-accident 	locations. 
vehicle size and 	type. 

23.Is 	the 	computerized 	accident 	file merged 	with 	any 	other 	highway or 
Michigan: Most coding problems seem to be minor and occur randomly traffic 	information 	within 	the 	State 	Department 	of 	Transportation? 

among the coded 	items. 	Items 	related 	to 	location coding If so, 	please describe the types of data and their uses. 
are the only problems noted with any consistency. 

Alabama: 	Skid 	characteristics, 	roadway 	geometrics, 	and 	volume 
Wisconsin: Direction 	of 	vehicles, 	driver 	intent, 	manner 	of 	colli- data are merged with accident data. 

sion, 	distance from fixed object. 

California: 	Yes, 	roadway 	information 	files 	are 	interfaced 	with 	the 
West 
VTinia: No specific element, 

accident files for computing systemwide average accident 
rates by highway class and type. 

22. Are accident data stored and maintained by computer? If so, for what 

time period are accidents maintained for identification and analysis 

purposes? For evaluation of completed improvements? 

Alabama: 	Yes, accident records are maintained back to 1971. For 

evaluation purposes, records are maintained for one year 
currently, but will be held for three years in the 
future. 

California: Yes, for analysis and legal purposes accident records 
are kept for five years. For purposes of surveillance, 

records are kept for three years. 

Illinois: 	Yes, accident identification is based on one year of 
data. 	Countermeasure development is based upon three 
years of data. All data is available for seven years. 

Michigan: 	Michigan Department of Transportation has trunkline 
accident data stored on magnetic tape from 1963 to date. 
1979 and 1980 YTD data are also stored on disk. 	The  

Illinois: 	Yes, as a pilot project, roadway files (volume and geo- 
metric information) have been interfaced with accident 
files for two of the nine highway districts. 

Michigan: 	The Michigan Department of Transportation computerized 
accident files are merged with traffic volume files, 

structure files, roadway features files, etc. 	Traffic 
volumes are used primarily for computing rates. 	Struc- 
ture files are used in gathering statistics for homo-
genous structure locations. Roadway features files are 
used in identifying homogenous cross section locations. 

Wisconsin: 	Yes, with roadway log data and traffic volumes. 

West 

Virginia: 	Yes, the traffic volume data and roadway geometrics file 
are linked with the accident file to automatically com-
pute accident rates, critical rates, severity rates, 
etc. for each of 26 highway classes. 

24. What type of computer facility is used for storage and maintenance of 
accident_data, volume data, geometric data, and other data? 



	

Data Type Alabama 	California Illinois 	Michigan 	Wisconsin 

Accident 	UNIVAC; 	IBM 370 	IBM 370 	Burroughs 	AMDAHL 
Data 	IBM 370 	AMDAHL 	 6700 

	

IBM 370 	Burroughs 	IBM 360 
7700 ' 	AMDAHL 

OMIC-Office 	Michigan 	Wisconsin 	. Are statewide accident summaries produced by highway type for use in 
of Manage- 	State 	D.O.T. etermining 	a 	cut-off 	level for 	identifying high-accident,locations? 
ment Informa- 	Police (For 	example, 	such 	criteria may be two times 	the 	statewide 	average 
tion Control accident rate, or the use of the Rate-Quality Control Method). 

Alabama: 	Yes. 

California: 	Yes, 	accident frequencies and rates 	of 	spots 	are 
compared 	with 	the 	expected and critical 	frequency 	and 
rates. 

0\ 
t'J 

West 
Virginia: 	Yes, each year all high-accident locations are found by 

computer search along with statewide accident sum-
maries. 

What types and lengths of high-acëident sections and spots (and 
elements) are routinely identified for further analysis? 

See discussion in text. 

All Other 	UNIVAC; 	IBM 370 
Data 	IBM 370 	AMDAHL 

Maintaining 	State 	Div. of 
Agency 0.0.1.; Computer 

Dept. of Services 
Public 
Safety, 
& Data 
Systems 
Manage- 
ment Dept. 

- 	NOTE: West Virginia uses an IBM 370. 

25. Are statewide or systemwide accident summaries produced routinely? 
i 	so, at. what time increments (once every year, etc.)? 	Please 
provide a sai 1eTäiy booklet, computer sumiary, or other form of 
statewide accident summary? 

Alabama: 	Yes, annually. 

California: Yes, some tables are produced quarterly, such as a list 
of high-accident locations. Others are annually pro-
duced, available upon request. 

Illinois: 	Yes, general accident summaries are produced monthly. 

Michigan: 	The Department of State Police produces statewide urban 
and rural summaries on a monthly basis as well as a com-
prehensive annual report. They also produce many speci-
fic item reports annually, such as for school bus or 
snowmobile related accidents. 	Michigan Department of 
Transportation produces numerous year-end summaries of 
trunkline accident data. Samples from both departments 
are enclosed. 

Wisconsin: 	Semi-annual accident listings and annual summaries are 
produced.  

Illinois: 	Yes. 

Michigan: 	Yes, see question number 16. 

Wisconsin: 	There is no formal cut-off. 	Safety deficiencies are 
recognized when the accident rate for a segment is above 
statewide average. 

West 
Virginia: 	Yes, for 26 different highway types. 

28. Are traffic data (volumes, ADT, etc.) used in the ' computation of 
rates for identifying high-accident locations? If so, how are volume 
data mer9ed with accident number to compute accident rates or other 
calculations? 

Alabama: 	Yes, data files are interfaced with COBOL program to 
compute accident rates. 

California: Yes, there is a program which does this task. 

Illinois: 	Yes, volume data is manually merged with accident loca- 
tions. 

Michigan: 	Yes. 	In the number-rate-severity ratio program, a file 
is used in which the volumes have been appended. The 
volumes are stripped from a Trunkline Vehicle Miles 
(TVM) file. In the MIDAS programs separate volume files 
and accident files are interrogated for specific loca-
tion related data. 



Wisconsin: Volume data are merged 	with 	accident data using 	a MARK 
IV interface Are computerized highway data used 	in the identification of hazardous program, 

locations and features? 	If sohow? 

West 
Virginia: Yes, 	interaction 	between 	the 	accident 	file 	and 	volume 

The States surveyed do generally identify hazardous 	highway features 

file allows for 	the 	automatic 	calculation 	of 	accident 
with some 
hazardous 

consideration of 	accident data. 	However, 	in some cases, 	a 
feature 	(narrow bridge, 	blunt-end 	 etc.) 	may 	be guardrail, 

rate for each 0.5 mile highway segment. identified and corrected as a part of a larger project. 

29. 	Do 	police 	officers 	actually 	see 	any 	of 	the 	results 	from 	their How are the highway location reference systems used to merge accident 
accident 	reports? 	Do 	traffic 	engineers 	routinely 	send 	copies 	of files 	and other computer files? Please describe in detail. reports 	(high-accident listing, 	research 	reports, 	etc.) 	to 	police 
departments? Illinois: This has not yet been accomplished. 

Alabama: Yes, much 	interaction takes place 	between 	traffic 	engi- Michigan: Michigan Department of Transportation 	files 	are 	control neers 	and 	law 	enforcement 	officials. 	Accident 	reports section oriented 	in 	that 	specific 	sections 	of 	trunkline 
filed by police officers often 	lead to programs of "sel- are 	assigned 	a 	unique 	identification 	number 	(control 
ective 	enforcement. 	Also, 	a 	4-page 	"Public 	Safety section). 	All 	files 	pertaining to 	a control 	section 	are Summary Report 	is published to summarize accident find- ordered 	in a mileage within control 	section sequence. ings. 	Feedback 	is also given to each city annually con- 
cerning accident summaries. Other States:See discussion in text. 

California: State 	DOT 	officials 	frequently 	interact 	with 	police 
officials. 	Accident data, 	speed 	zone 	survey 	and 	other How many accidents 	are 	reported 	in your 	State each 	year? 	In 	your 
problems 	are discussed 	frequently. 	A monthly 	luncheon opinion, what percent of all 	accidents go unreported each year or are 
is held 	to bring officials together. not entered for analysis purposes? 

Illinois: Police departments receive systemwide accident summaries 
Estimated Unreported from 	the 	Illinois 	DOT 	and 	use 	this 	data 	to 	determine 

Accs/Yr. areas for selective enforcement. State Reported Accs./Yr. 	 (% of total) 

Michigan: Yes, the Department of State Police routinely sends sum- Alabama 125,000 	 25% marized 	accident data to the individual 	police agencies. 
Periodically, 	high 	intersection accident 	location print- 

California 490,000 (total) 	 Fatal: 	0% outs 	are 	sent 	to 	the 	police 	agencies, 	and 	to 	numerous 135,000 	(State maintained) 	P.1.: 	10% traffic 	related 	agencies, 	including Michigan 	Department 
P.0.0.: 	60% 

of Transportation. Michigan Department of Transportation 
high 	accident 	location 	information 	is 	sent 	to 	Michigan Illinois 568,000 not including 	 15% 
Department of Transportation district traffic and safety 

private property 
engineers. 	The 	listings 	are 	sent 	to 	police 	agencies 	on accidents 
request. 

Wisconsin: Accident 	reports 	are 	utilized, 	to 	a 	limited 	extent 	in 
Michigan 349,250 average per year 

for the past 10,,years 
determining 	areas 	of 	selective 	enforcement. 	Copies 	of 
reports are not routinely sent to police departments. 

West 
VTFinia: Yes, the Department of Highways annually sends copies of 

Wisconsin 166,461 	 17% 

its 	annual 	report 	to State 	police, 	county 	sheriffs 	and West Va. 62,000 	 Unknown numerous 	other 	highwa' 	agencies 	and 	various 	organiza- 
tions. 	Also, 	summaries 	of 	all 	accident 	locations 	are 
sent to 56 cities throughout the State. 



33. What are the resources required for processing data related to 
high-accident locations each year? 

Manpower by personnel types 
Money and/or funding levels 

L. Losts tor related computer services 

Alabama: 	A) Engineering- 3 man ys./yr. 
Division people - 9 divisions @ 1 man/yr./div. 
Data Entry - 10 man yrs./yr. 
Programming functions - 1 1/2 man years 
$150,000/yr. 
$20,000/yr. 

California: A) - 
B&C) $1,000,000/yr. (TASAS - computer and manpower) 

Illinois: 	A) Data processing: 40 people 
Locations: 12 people 
Microfilm: 2 people 
H.A. Locations: 25 man mos./yr; 
District summaries: 10 man mos./yr. 

Michigan: 	Michigan Department of Transportation 
Engineers, technicians, analysts 
$62,860 
$60,000 

Michigan Department of State Police 
Administrators, supervisors, general clerks, analysts 
$1,200,000 
$200,000 

Wisconsin: 	A) 4 code clerks, 5 keyers. 

West 
Virginia: 	A) About 15 people full time for data coding, keypunch- 

ing, clerical work, typing, and personnel supervi-
sion. Another 4 people (half time) are utilized for 
roadway inventory work. 
Total budget is about $300,000 per year 
Computer costs are about $75,000 per year. 

34. What are some of the problems associated with the processing of 
highway-related data? What suggestions do you have for improving such 
problems? 

Alabama: 	A common reference system would solve many problems.  

California: Some intersections may be missing. Restriping is diffi- 
cult to maintain. 	Training programs are needed for 
young people in DOT, districts. 

Illinois: 	Problems exist with interfacing data. 	Also, planning 
requires different types of data. More special summar-
ies of accidents are also needed, e.g., intersections 
with more than 10 rear-end accidents per year, etc. 

Michigan: 	Many current data are maintained independently with no 
common data base orientation. 	Many statewide roadway 
related files are maintained with no correlation with 
the MALI index. 	Suggest better file coordination 
through the use of a department file coordination unit 
whose role would be to assist all units maintaining 
files with broad application capabilities. Also strong-
ly suggest changing the reference system of the state-
wide roadways-needs file to the MALI prime road number-
ing system. 

35. What types of computer software packages (DART, RAPID, SPSS, etc.) 
are used to process data related to the highway system? 

Alabama: 	RAPID 

California: - 

Illinois: 	Use SPSS (special studies) plus own programs. Have also 
developed computerized collision diagram program. 

Michigan: The Michigan Department of Transportation utilizes 
BASIS, SPSS, NETSIM, QWEAVE, TRANSYT, MIDAS, SCREEN, 
GARLAND-FEISER PROGRESSION ANALYSIS, TIME/SPACE PLOT 
PROGRAM, INTERSECTIONAL CAPACITY ANALYSIS, MAXBAND, and 
numerous other statistical and graphics plot packages. 

West 
Virginia: 	SAS (Statistical Analysis System) and other programs 

developed within the State for specific purposes. 



I !:±43ii 
ON 

APPENDIX B 

EXCERPT FROM 1982 FHWA REPORT1  

Exhibit 2 

rfl 
	

INTEGRAL SYSTEM PROCESS ftOWCIIART 

INTEGRAL SYSTBA 

The previous chapter described the existing state systems in some detail. This review 
has found that the majority of states neither maintain nor effectively use project 

evaluations to assist in the selection of countermeasures at newly identified 
hazardous sites. This chapter describes minimum process ruirements for an 

integral system which maintains and uses project evaluations. 

Conceptually, this integral system maintains the general flow of information as 
collected, processed, and maintained through the existing state system. By either 

adding new processes or enhancing existing ones, information can be made available 
to assist management in their efforts to improve highway safety. Exhibit 2 sum-
marizes the integral system by showing how the various elements are linked. 
Elements to be added to the existing system or to be enhanced are reference 

numbered and described in the following sections of this chapter. 

&IENT 1-44AZARDOUS SITE DATA FILE 

The existing state systems all begin with the collection of traffic accident 

Information. Using a unique field reference system, each accident report is assigned 
a location code. This code is added to the accident data and maintained on an 

accident data file. Accident data along with corresponding information from the 
traffic volume file and the highway inventory file are used to identify hazardous 
sites. This process as currently performed by the states provides a hard copy list of 
accident sites at which an arbitrary number of accidents (determined by each state) 
has occurred. 

At this point, the integral system creates a hazardous site data file (Element 1) 

containing the list of site locations identified as being hazardous along with selected 
information from the accident data, the traffic volume, and the highway inventory 
files. This hazardous site data file is maintained on magnetic tape or disk file to be 
used in the next process. 

'C. G. Conley, F. P. Abbott, C. P. Brinkman, and J. Tom, "Model System for Evaluat-
ing Safety Projects Using State Record Systems." Final Report No. FHWA/RD-81/186. 
Prepared for Offices of Research and Development, Federal Highway Administration 
(Washington, D.C.: U.S. Department of Transportation, 1982). 



EL&tENT 2--SITE MATCHING PROCESS 

This process, a new element to be added to existing systems provides the link 

between newly identified hazardous sites and evaluations of previously implemented 

countermeasures. Its function is to match the sites listed in the hazardous site data 

file to evaluations of countermeasures implemented at similar sites. The two main 

outputs of this process are a Hazardous Site Listing (Element 2a) and a Summary 

Report (Element 2b) for each hazardous site. 

The Hazardous Site Listing is exactly the same as the Hazardous Site Listing 

produced by existing State systems. The Summary Report (Element 2b), on the other 

hand, is a new report proposed for this integral system. This report contains a 

description of a newly identified hazardous site and a list of evaluation studies 

performed on similar sites giving the effectiveness of the applied countermeasures. 

This report enables the engineer to make a better informed selection of a counter-

measure for the new site. In addition, the Summary Report (Appendix B) provides 

self-reporting forms to assist the engineer in maintaining the appropriate data flows. 

These include: 

On-site Engineering Report, 

Countermeasure Report, 

Implementation Report, 

Site Inspection Report. 

Each of these forms contains descriptive data extracted from the data system at the 

time the hazardous site is identified (El&nent 1). Moreover, the forms are keyed to 

the hazardous site with a code number so that data the engineer adds can be entered 

into the data system and merged into the appropriate hazardous Site record. 

The On-site Engineering Report, for example, will include spaces for recording the 

results of an on-site visit. If the observed roadway characteristics or traffic 

patterns differ from those reported on the Summary Report, this portion of the form 

can be used as input into the error identification process (Element 3a), which 

includes correction of the appropriate data files. Similarly, the Implementation 

Report is completed after the appropriate countermeasure implementation and then 

used to update the highway inventory data file. Finally, the Site Inspection Report is 

completed by the engineer after an inspection of the implemented countermeasure 

and serves as an input document for the evaluation data file (Element 7). This 

procedure enables the effectiveness of the countermeasure at that hazardous site to 

be examined and used to assist in the selection of countermeasures at future 
hazardous sites. 

The most crucial aspect of this process is the matching criteria. If the list of 

evaluations is to provide the engineer with useful information, the previously 

evaluated sites must match the Current hazardous site as closely as possible. 

Therefore, both the hazardous site data file (Element 1), and the evaluation data file 

(Element 6), must contain sufficient accident, traffic, and highway characteristic data 

elements so there is confidence that similar sites are matched. Although other data 

elements may be added depending on a particular state's need's and the available data 

elements, the following list is an example of elements necessary for such a match: 

Type of Area 

Urban 

Rural 

Type of Highway 

Freeway 

Non freeway 

Highway Characteristics 

Number of lanes 

ADT 

Divided/Nondivided 

Type of Section 

Nonintersection 

Intersection signalization 

signalized 

non signalized 

Type of intersection 

T section 

cros sroads 

cloverleaf 

diamond 

other 

Bridge 

Tunnel 

Other 

Evaluations of countermeasures for which these characteristics match the current 

hazardous site will be presented in the Summary Report. 

To provide the engineer with a sufficient sample of matching sites, at least ten 

evaluations will be included in this report. If fewer than ten evaluations were 

performed on roads with the desired characteristics, matching elements can be 

dropped from the list, beginning with the least important element. For example, 

based on the suggested list, matching may be done excluding the intersection typ& 

variable. If this less stringent matching criteria agsin fails to produce the minimum 

number of evaluations, additional variables will be excluded as matching criteria until 
ten evaluations are reported. 



A second alternative to this supplemental matching scheme is to use a matching 
index. In its simplest form, such an index would compare all criteria variables for 

each record in the evaluation data file to the characteristics of a hazardous site. For 
each record, the number of matches is recorded. If the total number of criteria 
variables is n, the perfect match (all variables match) would be assigned the value n. 
The formula for such an index is: 

M = m 
i=1 

where m1  is 1 if the ith  hazardous site and evaluation characteristics match and 0 if 
they do not match. The first evaluation reports included in the Summary Report 
would be those for which M is the largest. If this group of evaluations does not 
provide the minimum number of evaluation reports, the reports with the next largest 
M will be included, until the minimum number of reports is obtained. 

The matching index described in the previous paragraph is based on the assump-

tion that a match in any variable is of equal value to a match in any other variable. 
Presumably, however, some variable matches are more important than others. For 

example, evaluations of countermeasures at sites with the same intersection type as 
that of the hazardous site may be more useful to the engineer than sites with a 

similar median strip, given all other variables the same. The matching index formula 
then becomes: 

M =wimi  
i=1 

where w1  is the weight representing the importance of characteristic i. If character-

istic i is more important than characteristic i, W1  will be greater than w1. 

just as in the unweighted matching index, the evaluations with the largest index 
will be included in the matching site report first. 

Mathematically, these three matching schemes (criteria dropping, equal weighting, 

and unequal weighting) are all part of a general spectrum of weighting schemes. 
Assuming that n matching variables are ranked so that variable 1 is the least 
important and variable n is the most important, the weights can be expressed as: 

Criteria dropping 	wi = 2 	1) 

Equal weighting 	wi  = 1 

Unequal weighting 	20-1) 	1  

aBIOIT 3--ON-SITE B4GINEERING STUDY PROCESS 

During this process the field engineer determines, just as in the existing system, 

the most effective countermeasure at a particular hazardous site. In the integral 
system, however, the engineer is assisted by a listing and evaluations of counter-
measures used at similar sites. As part of this process, the engineer completes two 

reports. The On-site Engineering Report includes needed information not available 

from the various data files along with information to verify the accuracy of inform-
ation taken from the files. Any additional data would be recorded on this report and 
entered into the evaluation data file. If an on-site survey reveals that the actual 
highway characteristics do not match recorded information for any of the matching 
elements, this error identification process (Element 3b) updates the relevant data files 

and ain initiates the hazardous site identification process. 

When a countermeasure is selected, the Countermeasure Report (Element 3c) is 
completed. This report signals the system that a countermeasure has-been selected 

for one of the hazardous sites in the hazardous site data file. The report contains 
the hazardous site code, the type of countermeasure selected, expected date of 
implementation, and expected cost of implementation. These data are merged with 
descriptive data from the hazardous site data file to form a partial evaluation data 
file record. The blank elements of this record represent the implementation and 
evaluation data to be added during the implementation and evaluation phases. In 
the automatic evaluation process, the integral system will identify all sites for which 

countermeasure completion dates have passed but no Implementation Report 
(Element 4a) has been filed. 

EL&tRIT 3b—ERROR IDUrnFICATION PROCESS 

After the matching process and the generation of the Hazardous Site Listing and 

the Summary Report, the local engineer performs an engineering study, just as in the 
existing state system, to determine the appropriate countermeasure. If the engineer 

determines the actual site characteristics are different than those reported (and used 
to identify the hazardous site and matched site evaluation reports), the error 
identification process updates traffic and highway inventory data. At this stage, the 

hazardous site will not be analyzed to select a countermeasure until the site has been 
reexamined with the revised data. 

When inconsistencies are observed, the error identification process determines the 

type of error and implemeits the appropriate correction procedure. The most 
common errors are incorrect highway characteristic and traffic data and mislocated 
accidents. The first type of error is the easiest to identify, since data such as 

number of lanes, intersection type, traffic volume estimates, and signing and signals 
can be verified by observation. After such errors have been identified, the traffic 
volume data file and the highway inventory data file are corrected. 



Accident location errors are more difficult to identify. An eample of an obvious 
mislocation is a series of left turn accidents at a location where no intersection 

exists. Such an inconsistancy can result from miscoding of the location or inaccu-
rate inventory and traffic data. For the former, a reexamination of each accident 

record may be required to relocate them while the latter indicates a need to edit the 
traffic and inventory files. 

EL481T 4—lMP1lENTAT ION PROCESS 

The same activity occurs during this process that occurs in the existing state 
systems. In addition, the Implementation Report (Element 4a) which triggers the 

updating of the highway inventory and evaluation data files is completed. It 
contains the site code and data on the implemented countermeasure. It is sent to 
the group responsible for maintaining the highway inventory data file so it can be 
updated. 

The Implementation Report also initiates the updating of the evaluation data file. 
It signals the system that a countermeasure has been implemented at one of the 
hazardous sites identified in the hazardous site data file. The report contains the 
hazardous site code, the type of countermeasure implemented, the date of implemen-
tation, and the cost of implementation. These data are merged with data already on 
the partial evaluation data file record. The remaining blank elements of this record 
contain the results of the countermeasure evaluation to be conducted in the future. 

ELIR4T 5—FIELD EVALUATION PROCESS 

The Site Inspection Report (Element 5) is optional. It is completed by the 
engineer and contains the results of a site inspection of the project. This inspection 

is usually performed within a year after the countermeasure has been implemented. 
It may include such measures as traffic conflicts and speed changes. These data are 
attached to the site record in the evaluation data file. 

ELIR1T fr—EVALUATION DATA FILE 

This data file, which is the key of the proposed integral system, formalizes the 
collection of the experience reflected by evaluations of countermeasures implemented 

throughout the state. Records of all hazardous sites at which some countermeasure 

has been implemented are maintained in this file. These records include: 

Location code, 

Pre-implementation site characteristics, 

Implemented countermeasure descriptors, 

Evaluation results. 

Although each data category has a specific function within the integral system, 

the exact data elements within these categories can be varied by individual states to 
accommodate existing procedures and practices. 

The location code is part of the field reference system used to identify accident 
locations. It provides a key for matching post-implementation accidents, which are 
also identified by location code, to those sites where new countermeasures were 

implemented. Accidents identified in this search will be input into the automatic 
evaluation process. 

The pre-implementation site characteristics are used to match a hazardous site to 

records in the evaluation data file. The specific variables in this group parallel those 
descriptive variables in the hazardous site data file. In fact after the on-site 
engineering, implementation, and the field evaluation processes, these data are 

entered directly into the evaluation data file. A key part of the label assigned these 
data is pre-implementation. When matching evaluations to hazardous sites, the 
system is looking for sites which were similar before a countermeasure was 
implemented and evaluated. 

implemented countermeasure descriptors include variables such as type of 
countermeasure, date installation was begun, date full installation was completed, 
and installation cost.. These data are entered into the system at the conclusion of 

the implementation process. The dates are used to findrelevant accidents from the 
accident record data file and to key an automatic evaluation to be conducted some 

time after implementation. This time period is at the discretion of the state. Part 
of this evaluation may be an analysis of the cost. The cost data also will be 
provided on the Summary Report, so that the expected cost of a particular 
countermeasure can be compared with its effectiveness. 

Finally, the evaluation data file will contain the results of an evaluation of the 

countermeasure implemented at the site. The variables included in this section 
depend largely on the existing evaluation techniques accepted by the state. This 

information when matched with future hazardous sites with similar characteristics 
will provide in the Summary Report, some indication of the possible effectiveness of 

the proposed countermeasure in that situation. 

ELBO4T 7—AUTOMATIC EVALUATION PROCESS 

Like the implementation process, the evaluation process parallels the existing state 

system. To assist the evaluating engineer and to maintain proper data flows, a new 
feature is proposed. The implementation of a countermeasure and the creation of a 
partial evaluation data record for a particular hazardous site initiate the new feature. 

Periodically after the partial site record has been created, all accidents in the 
accident record data file which occurred at the relevant location since implementation 
of the countermeasure will be accessed. An evaluation of the countermeasure will 
be conducted by comparing the post-implementation accident data to pre-implemen-
tation accident data. These Evaluation Reports (Element 8) will be sent to the 

responsible engineer. The results of this evaluation will be stored in the evaluation 
data file. 
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In this chapter, an integral system which uses evaluations of previously imple-
mented countermeasures to help select effective countermeasures for use at other 

hazardous sites has been outlined. The discussion has centered around processes 
and data files which must be modified or added to the existing state systems 

described in Chapter 3. Since each state has the flexibility of selecting which 
evaluation methodology, hazardous site identification technique, location coding 
process, and criteria for matching similar sites, details about each have not been 

included. This chapter, however, does provide guidelines for developing a system 

which makes effective use of available information for selecting effective 
countermeasures. 

In the next chapter, this integral system will be analyzed with respect to 

hardware, software, and personnel requirements for its implementation. 
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