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·FOREWORD 

This report presents the initial efforts to develop surrogate 
measures Lhat can be used to supplement or replace accident 
data for highway safety analyses. Additional studies to validate 
and refine the results for application at rural locations are 
being conducted. 

This report describes the results of a study in Project lX, 
"Highway Safety Program Effectiveness Evaluation," of the 
Federally Coordinated Program of Research and Development. 
study was conducted for the Federal Highway Administration, 
of Safety and Traffic Operations Research and Development, 
Washington, D. C., under contract DOT-FH-11-9492. 

The 
Office 

This report is being distributed according to the report request 
forms returned from the RD&T Digest titled "Accident Surrogates 
for Use in Analyzing Highway Safety Hazards" dated March 1983. 

,f Jr· n' ,, ,, . I " ! 

' r 

Stanley R. Byington 
Director, Office of Safety and 

Traffic Operations R&D 

NOTICE 

This document is disseminated under the sponsorship of the 
Department of Transportation in the interest of information 
exchange. The United States Government assumes no liability 
for its contents or use thereof. The contents of this report 
reflect the views of the contractor, who is responsible for 
the accuracy of the data presented herein. The contents do 
not necessarily reflect the official policy of the Department 
of Transportation. This report does not constitute a standard, 
specification, or regulation. 

The United States Government does not endorse products or 
manufacturers. Trade or manufacturers' names appear herein 
only because they are considered essential to the object of 
this document. 
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used in place of or as a supplement to accident records. 

The study provides evidence that surrogate measures for 
accident experience can be identified. A procedure for de-
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were performed to develop accident surrogate measures for 
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INTRODUCTION 

Statement of the Problem 

Highway safety administration, like all phases of highway design, 
construction and maintenance, faces severe limitations in staff, budget 
and funding availability. It is therefore important to approach highway 
safety matters in a systematic and cost-effective manner. 

Historically, highway safety agencies have relied heavily on reported 
traffic accidents to identify problem locations, justify and prioritize 
safety projects and evaluate their effectiveness. Many highway safety 
professionals, however, recognize significant shortcomings in the highway 
safety process when accidents are used as the sole criterion for highway 
safety planning and evaluation. One shortcoming arises when decisions to 
continue, modify or remove countermeasures need to be made sooner than the 
waiting time required to collect accident statistics. In other instances, 
unreliable or incomplete accident statistics may lead to erroneous deci
sions regarding countermeasure selection or effectiveness assessment. 
Another shortcoming arises when safety problems are characterized by 
accident potential as opposed to the occurrence of accident pat terns or 
trends. These situations often -occur on low volume roads, in rural areas 
and at rail-highway grade crossings. 

Scope of the Study 

Because of these limitations, many highway safety professionals 
support the premise that identification of problem locations and effec
tiveness evaluations should consider alternative measures in addition to 
accidents. Past studies indicate that highway system characteristics such 
as geometrics, operations, environment and driver behavior are related to 
accident experience. Several research efforts have identified precise 
relationships between individual characteristics and accidents. However, 
there has been insufficient systematic efforts to investigate the feas
ibility of using such relationships as surrogates for accident experience 
in highway safety analyses. 

This study investigates the feasibility of using accident surrogate 
measures in highway safety analyses. For the purpose of the study, an 
accident surrogate measure is defined as a quantifiable observation that 
can be used in pl ace of or as a supplement to accident records. From a 
theoretical viewpoint, an accident surrogate measure must possess a 
definite relationship with accidents and be sensitive to safety-related 
changes in the highway system. From a practical viewpoint, surrogate 
measures must be relatively easy to collect with minimal manpower, 
training and equipment. 
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Objectives of the Study 

The objectives of the study are: 

• To identify observable highway system features and character
istics that indicate the relative hazardousness of highways. 

• To develop accurate, quantitative measures of selected 
factors to be tested as potential surrogate measures. 

• To quantify the relationship between these selected measures 
and accident experience. 

• To develop methodologies that utilize accident surrogates for 
identifying hazardous sites and sections of roadway, for 
evaluating the effectiveness of completed accident counter
measures and for reviewing design plans of new facilities or 
improvements. 

Study Methodology 

The objectives of the study were accomplished by (1) identifying 
highway system variables to serve singly or in combination as surrogate 
measures, (2) developing explicit mathematical relationships between 
selected surrogate measures and accidents, and (3) developing and testing 
methodologies which incorporate the resulting relationships in highway 
safety analysis procedures. 

The identification of variables having potential as candidate surro
gate variables was accomplished by obtaining information on actual and 
perceived relationships between accidents and elements of roadway, driver 
and vehicle systems. Four information sources provided input on these 
relationships; (1) literature, (2) a two-day workshop to obtain opinions 
and observations of highway safety professionals, (3) analysis of an 
existing data base containing accident, geometric, operational and envir
onmental data, and (4) selected field data collected at ten typical road
way situations. These information sources were synthesized to identify 
highway system variables that warranted further detailed analyses as 
surrogate measures. The variables resulting from this synthesis were 
stratified according to their relevance to specific highway locations and 
associated predominant accident types. The variables were further strati
fied as non-operational and operational. Non-operational variables 
consist of static highway system elements of the roadway, roadside and 
environment. Operational variables consist of dynamic highway system 
elements including traffic flow and driver behavior characteristics. 

Regression analysis was used to develop 1 i near and nonlinear models 
between observed field data and accidents records. Models were tested 
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for three highway situations; rural isolated two-lane curves, two-lane 
tangents in urbanized areas, and rural signalized intersections on two
lane roads. Independent variables included operational and non-operation
al variables that were identified in the initial analysis step and for 
which data were field collected by trained traffic technicians. Models 
containing only operation variables, only non-operational variables, and 
combinations of both were developed. Regression models found to be valid 
under both logical and statistical scrutiny are recommended for use as 
surrogate measures at the highway situations studied. 

Next, methodologies were developed to incorporate the surrogate meas
ures into safety processes to identify and prioritize high-hazard loca
tions, evaluate the effectiveness of deployed accident countermeasures and 
review design plans of highway improvements. Surrogate measures contain
ing both operational and non-operational variables are used in procedures 
to identify hazardous locations. Surrogate measures containing only 
operational variables are used in procedures to evaluate countermeasure 
effectiveness. Design plan review procedures incorporate surrogate 
measures that contain only non-operational variables. 
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SELECTION OF CANDIDATE SURROGATES 

Candidate surrogates were identified based on the combined inputs 
from four information sources. The sources include: (1) review and summary 
of past research efforts to rel ate accidents to elements of the highway 
system, (2) a consensus of opinions from a panel of engineers, researchers 
and administrators having operational experience in the field of highway 
safety, (3) the results of analyses performed on an existing computerized 
data base of accidents, geometric, operational and environmental informa
tion, and (4) the results of analyses performed on a limited sample of 
accident and highway data collected specifically for this study. Figure 1 
shows the relationships among these sources in identifying potential 
surrogates for further in-depth analyses. 

Literature Review 

The literature review consisted of reviewing past and current studies 
on the relationships between traffic accidents and elements of the highway 
system. Highway system elements included variables relating to roadway 
geometry, roadside environment, traffic control, traffic operations and 
driver behavior. 

The initial review was broad in scope, to obtain accident-highway 
element relationships for a wide range of highway situations, but was 
later reduced in scope to concentrate on ten specific highway situations 
(Table 1). These situations were selected as having a high potential for 
meaningful safety analyses using accident surrogate measures by a panel of 
highway safety professionals during a two-day workshop in which a modified 
Delphi technique was employed (the Delphi technique used in the workshop 
described in the next section). 

The literature review consisted of obtaining and abstracting availa
ble studies for each of the selected highway situations. Reference 
sources included NTIS, existing literature reviews, and the l i br ari es of 
Wayne State University, University of Notre Dame and University of 
Michigan. 

To ensure reliability of the highway elements finally selected as 
potential surrogates, criteria were established to identify studies with a 
high degree of practical and statistical confidence. The criteria upon 
which each study was evaluated were: 

1. The existence of a sufficiently large sample of accidents 
and locations to substantiate the study results. 

2. Firmly established research procedures designed to minimize 
rival explanations for observed accident relationships. 
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PANEL OF EXPERTS 

LITERATURE 
REVIEW 

POTENTIAL ACCIDENT 
SURROGATES 

ANALYSIS OF 
EXISTING DATA BASE 

LIMITED FIELD DATA 
COLLECTION AND ANALYSIS 

Figure 1. Relationship of literature review activities in 
identifying potential accident surrogates. 
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Table 1. Highway situations considered in the in-depth literature review. 

1. Urban Undivided Tangent Section 

2. Rural Undivided Winding Section 

3. Rural Isolated Curves 

4. Lane Drop Locations 

5. Narrow Bridge 

6. Exit Gore Area 

7. Urban Non-Signalized Intersection 

8. Rural Non-Signalized Intersections 

9. Rural Undivided Tangent Section 

10. Rural Signalized Intersection 
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3. Use of appropriate tests to assess the statistical validity 
of the study results. 

4. Conclusions based on logical and consistent analysis 
results. 

Studies that were deficient in one or more of these criteria were 
eliminated from consideration. Consequently, many highway elements iden
tified as potential surrogates by other researchers on the basis of logi
cal (as opposed to statistical) relationships were not identified in this 
literature review as strong potential ace i dent surrogates. ( Many such 
variables, however, were identified and listed as potential surrogates as 
a result of the workshop). 

The literature review identified fifty-two highway system elements as 
potential accident surrogates for one or more of the ten highway situa
tions shown in Table 1. The variables and variable combinations were 
placed into two general categories; non-operational and operational. Non
operational variables relate to roadway geometry and cross-sectional 
elements, traffic control devices and environmental features. Operational 
variables relate to traffic operations, driver performance and driver 
behavior. Tables 2 and 3 list these variables. 

The potent i a 1 surrogates were categorized as "strong" or "other" 
according to the degree of convergence of research ev i de nee and the rel i -
ability of the research study( s) . A II strong" potential surrogate is a 
variable found to be related to accident experience in at least one 
"reliable study". The reliability of a study was based on the accept
ability of the article by the highway safety community, the validity of 
the experimental design, the sample size, and the number and type of 
variable~ controlled in the study. Meaningful conclusions and valid 
analysis procedures were requirements for classifying a measure as a 
"strong" potenti~ surrogate. Where there were conflicting results from 
two or more reliable sources, the surrogate was not labelled as "strong". 

An "other" potential surrogate is defined as a measure for which 
there is less empirical evidence and no specific relationship is defined 
in the 1 i terature. Standards and guidelines, such as AASHTO design stan
dards, were se 1 ected as "other" potential surrogates. Other ex amp 1 es 
include length of taper at lane drop locations and sight distance. These 
variables and their relationships to accidents are logical from an engi
neering practices viewpoint, but often there is limited evidence of sta
tistical validity, or the studies are based on small samples. 

Operational surrogates (such as erratic maneuver rates) were used in 
several studies for evaluating the operational effects of countermeasures. 
These studies attempt to quantify the level of driver error that is logi
cally related to the level of hazardousness. The use of such operational 
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Table 2. Non-operational variables identified in the literature review. 

l. Degree of Curve 
2. Frequency of Curves 
3. Grade 
4. Grade Continuity 
5. Surface Cross Slope 
6. Sight Distance 
7. Visibility of Signal and Sign 
8. Pavement Width 
9. Lane Width 

10. Approach Width 
11. Pavement Shoulder Presence 
12. Shoulder Width 
13. Percent Shoulder Reduction (between shoulder width 

on approach and shoulder width on bridge) 
14. Median Width 
15. Bridge Width 
16. Ratio of Bridge Width to Pavement Width 
17. Difference Between Roadway Width and Bridge Width 
18. Taper Length . 
19. Number of Lanes Dropped 
20. Length of Deceleration Lane 
21. Bridge Safety Index 
22. Structural Adequacy of Guardrail and Bridgerail 
23. Access Control 
24. Number of Commercial Driveways per Mile 
25. Number of Intersections per Mi le 
26. N4mber of Traffic Signs per Mile 
27. Type of Delineation Treatment 
28. Raised Marker Delineation 
29. Signing and Deli neat ion 
30. Type of Advance Warning 
31. Intersection Design 
32. Type of Traffic Control Device 
33. Illumination Level 
34. Skid Resistance 
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Tab1e 3. Operationa1 variab1es identified in the 1iterature review. 

1. Traffic Volume 
2. Major and Minor Road Volumes 
3. Opposing Traffi_c Volume 
4. Percent Diverging Traffic 
5. Traffic Mix 
6. Volume/Capacity Ratio 
7. Posted Speed 
8. Operating Speed 
9. Speed Differential 

10. Speed Variance 
11. Lateral P1 acement 
12. Traffic Conflicts 
13. Erratic Maneuvers 
14. Cycle Length 
15. Signal Phasing 
16. Number of Phases 
17. Total Stopped Vehicle Delay 
18. Red and Yellow Light Violations 
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variables in accident studies, based on their logical relationship to 
safety, justify their selection as "other" potential surrogates, even 
though the relationships to accidents have not been validated. 

Figures 2 and 3 list the selected non-operational and operational 
variables (respectively) and the associated potential surrogate designa
tion. An "S" indicates a "strong" potential surrogate and an "0" indi
cates an "other" potential surrogate. 

A literature review summary and annotated bibliography are provided 
in Appendix A. The summary contains a synopsis of information regarding 
the critical highway elements and associated research findings for the ten 
highway situations. The annotated bibliography contains a brief summary 
of each study referenced in the literature review. 

Workshop 

The initial literature review resulted in a listing of highway system 
variables with proven and/or logical relationships to accident experience. 
At the outset, the listing consisted of over 100 individual geometric, 
operational, traffic control and environmental factors. 

To facilitate a detailed examination, the factors were categorized 
under one or more "hazard indices" used to describe the causal chain of 
events leading to an actual or potential accident at various highway situ
ations (i.e., isolated curves, exit gore areas, railroad crossings, etc.). 
The indices that comprise the causal chain include information, human 
factors, vehicle control, congestion, and recovery. Definitions for these 
indices are provided in Table 4. (Note that the indices are defined such 
that higher values indicate higher degrees of hazard). 

The causal chain of events is based on the following scenario (Figure 
4). A driver is presented with information from a variety of sources, 
including signing, the environment, and other vehicles. Through this 
information, the driver develops mental perceptions and expectations of 
the driving environment. If these perceptions and expectations agree with 
the actual conditions, the driver can select an appropriate speed and path 
and safely maneuver the vehicle. If the actual conditions do not meet 
what the driver perceives or expects, corrective change in vehicle path or 
speed must be made. The vehicle control and congestion indices contain 
factors that determine the outcome of the evasive maneuver. That is, if 
the vehicle remains under control and traffic conditions are such that the 
corrective maneuver can be made without interfering with other vehicles, 
an accident is avoided. If either of these conditions do not exist, the 
driver is faced with a recovery situation that results in either a near
miss (recovery and no accident) or in a single or multiple vehicle acci
dent. 
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Figure 3. Potential surrogate classifications for operational variables. 



Table 4. Highway safety index definitions. 

Information Index 

This index is a measure of the information system deficiencies 
which detract from the driver's ability to select a safe speed and 
path as roadway conditions change. The absence of lane markings and 
inadequate advance warning signs are examples of factors that contri
bute to a high information index. 

Human Factors Index 

This index is a measure of the existence of conditions that 
fail t? ~eet typical ~river_expectancies, therefore increasing the 
probab1l1ty that a driver will respond incorrectly to a situation 
requiring evasive actions. A sharp horizontal curve following the 
crest of a vertical curve is an example of a factor that would 
contribute to a high human factors index. 
Vehicle Control Index 

This index is a measure of the geometric and environmental char
acteristics which constrain the driver's ability to maintain control 
of the vehicle in a traffic stream. Inadequate sight distance and 
icy pavements are examples of factors that contribute to a high 
vehicle control index. 

Congestion Index 

This index is a measure of the operational characteristics which 
constrain the driver's ability to avoid an accident through a con
trolled vehicle maneuver. Congested flow and excessive numbers of 
driveways and parked vehicles along a roadway are examples of factors 
that contribute to a high congestion index. 

Recovery Index 

This index is a measure of the roadway and roadside characteris
tics which inhibit the driver's ability to avoid an accident or to 
reduce the severity of an accident resulting from partial or total 
loss of vehicle control. Narrow shoulders and roadside objects are 
examples of factors that contribute to a high recovery index-. 

13 



INFORMATION 
INDEX FACTORS 

VEHICLE CONTROL 
INDEX FACTORS 

APPROACH 
ROADWAY SITUATION 

RECOVERY 
INDEX FACTORS 

ACCIDENT 

Yes 

Yes 

YES 

HUMAN FACTOR 
INDEX FACTORS 

CONGESTION 
INDEX FACTORS 

Figure 4. Causal chain of events for potential accidents. 



The indices and the factors within each index vary in degree of 
importance for various highway situations. To determine the relative 
importance of the indices and factors, a workshop was conducted to obtain 
input from a cross-section of highway safety professionals (engineers, 
researchers, and administrators). The workshop participants and their 
affiliations are listed in Appendix B. 

The workshop had four objectives. 

1. To examine and critique prepared lists of the geometric, 
operational, traffic control and environmental factors 
related to the hazard indices (information, human factor, 
vehicle control, congestion, recovery) for specific highway 
situations. 

2. To assess the relative importance of each hazard index, as 
related to accident potential at each of the highway situa
tions. 

3. To assess the highway situations according to the potential 
for highway safety analysis using surrogate measures. 

4. To assess the relative importance of the factors identified 
for each index. 

The workshop results were used to reduce the number of highway situa
tions to be studied and the number of variables to be considered as candi
date surrogate measures. 

Each workshop objective was sequentially addressed by all partici
pants. Each workshop session consisted of presenting the group with a 
problem statement, pertinent definitions and a suggested approach to 
achieving the objective under consideration. The first objective, which 
was prerequisite to the remaining objectives, was to develop a comprehen
sive list of highway system factors for each hazard index. The partici
pants formed groups of :t-4 each to encourage discussion. Each group was 
provided with a prepared list of factors for one hazard index. The lists 
were prepared by the research team using input from the literature, cur
rent practices and past experiences. Factors were added, removed and/or 
redefined and each group presented the resulting lists to the entire group 
for concurrence or further discussion. The final lists provided input to 
subsequent workshop activities. The remaining objectives were accomplished 
using a modified Delphi process. The relative importance of hazard indices 
for each of 28 highway situations was obtained by requesting each partici
pant to rank order the five indices. Mean ranking values were calculated 
and reported to the entire group. Those individuals whose rankings varied 
significantly from the average score were requested to justify their 
scores. Open discussions were then conducted on the validity of the 
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justification. A second ranking iteration reduced the ranking variance 
considerably, thus, suggesting a consensus ranking of the group. Addi
tional iterations were not warranted due to the amount of variance reduc
tion and time constraints. A similar approach was used to select 10 of 
the 28 highway situations that were perceived by the participants to be 
best suited for safety analyses using surrogate measures. The selected 
situations and the indices that were ranked highest are shown in Figure 
5. 

The final objective was achieved by obtaining participant rankings 
(from two iterations) to identify specific factors having the strongest 
intuitive and/or empirical relationships with accidents. The selection of 
a limited set of factors for later use in developing surrogate measures 
was important because many factors were identified as potentially appro
priate (although differing in relative importance) for specific index
situation combinations. Appendix C contains the results of the panel 
rankings for the ten selected highway situations. 

Analysis of Existing Data Base 

The Michigan Dimensional Accident Surveillance (MIDAS) model was 
analyzed to determine if other highway system variables should be con
sidered as candidate surrogates. 

At the time of the analysis, the MIDAS data base contained geometric, 
environmental, traffic, cross section, and accident data for 9,000 miles 
of state roadway system in Michigan. Geometric data included laneage, 
horizontal alignment (tangent or curve categorized by advisory speed 
limit) and vertical alignment (passing or no passing zone). Environmental 
data included roadside development, intersection/midblock and intersection 
traffic control. Traffic data included estimated hourly and daily volumes 
and speed limit. Cross section data included lane width, shoulder width, 
curb type, median/no-median and turn lanes. Accident data included fatal 
pl us injury accident frequency by type. For each highway segment (0.2 
mile) or intersection, the computer file contains specific physical and 
operational characteristics, such as the number of lanes and the traffic 
volume. Accident rates were calculated directly from the volume and 
accident frequency data. 

The MIDAS model was developed by the Michigan Department of Transpor
tation to analyze accident, volume, and roadway features data on the 
entire State roadway system. One of the functions of the model is to 
group all roadway sections with identical physical and environmental 
characteristics into single cells of a multi-cell array; e.g., 10-foot, 
two-lane roadways with 40 mph curves in urban areas. Because this data 
set enables the analyst to determine accident frequencies and rates for 
sets of variables, the model was selected for identifying candidate surro
gate measures. Data for a five-year period were used in the analysis. 
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At the time the analysis was performed, the MIDAS data base contained 
only fatal and injury accident data. Using only fatal and injury acci
dents, no ace i dents were reported at many sites within some ce 11 s. A 
large number of zero accident sites results in skewed distributions and 
large variances, and require large sample sizes for detecting rel at ion
ships between variables. 

The analysis procedure consisted of first categorizing the data into 
the individual highway situations identified by the panel. MIDAS data 
were available for the following highway situations. 

1. Urban non-signalized intersections 
2. Rural isolated curves 
3. Rural undivided winding sections 
4. Rural signalized intersections 
5. Rural non-signalized intersections 
6. Urban undivided tangent sections 
7. Rural undivided tangent sections 

MIDAS data were not available for the remainder of the ten highway situa
tions selected by the workshop panel (lane drops, exit gores, and narrow 
bridges). 

Several statistical analysis techniques were used to analyze the 
MIDAS data. Bivariate correlation analysis and step-wise linear regres
sion were used to examine relationships between fatal and injury accidents 
and selected highway system variables. Analysis of variance tests were 
also conducted to examine differences in mean fatal and injury accident 
rates resulting from various roadway and operational stratifications. The 
t-statistic was employed to determine the direction of the difference in 
cases where the analysis of variance test indicated a significant differ
ence (e.g. , does shoulder width on roadways with 10-foot lanes have a 
higher or lower effect on the accident rate than shoulder width on road
ways with 12-foot lanes?) 

Linear stepwise regression programs contained in the Statistical 
Package for Social Sciences (SPSS) were used to determine what variables 
or combination of variables best explained the variation in injury and 
fatal accidents. The dependent variables included the total number of 
injury and fatal accidents, and the number by each accident type, e.g., 
rear-end, angle, sideswipe, etc. The highway system variables (pavement 
width, shoulder width, etc.) were the independent variables. The result
ing R2 values were all less than 0.2, which indicates that there are, at 
best, weak relationships between injury and fatal accidents and the high
way system variables for the situations examined. 
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Possible explanations for these low correlations are the existence of 
many locations with zero accidents, which consequently resulted in a 
clustering of data points at zero. This clustering reduces the stength of 
the R2 values for the total data set. For many highway situations, over 
50 percent of the sample sites had zero injury and fatal accidents. In 
addition, some of the variables used in the regression analysis were dis
crete. For example, lane width, posted speed and shoulder width were 
contained in MIDAS as discrete variables. This characteristic, along with 
the relatively high number of zero data points, resulted in dense 
clustering at specific values, thereby minimizing the probability of 
obtaining a statistically significant regression coefficient. 

The analysis of variance was used to divide observed variation in the 
data into parts, with each part assigned to a known source or variable. 
The purpose of the analysis was to determine whether a particular part of 
the variation was greater than would be expected by chance. The results of 
the analysis of variance were used to determine if specific variables have 
a significant effect on injury and fatal accident rates. Even where a 
significant difference is identified, the analysis does not indicate the 
direction of the difference (an increase or decrease in injury rate asso
ciated with, for example, an increase or decrease in lane width}, nor does 
the analysis indicate which specific characteristic is significantly 
different. For example, the analysis may indicate a significant differ
ence in injury and fatal accident rates for three speed categories, i.e., 
25 to 35, 40 to 45, and 50 to 55 mph. Although it is useful to know that 
posted speed limit is related to differences in injury rates, this infor
mation is of limited practical value. To enhance the results of the 
analysis of variance tests, further comparisons between two specific 
categories of the mean injury rates were made with the t-statistic in each 
case where the analysis indicated a significant difference. As a general 
rule, both the analysis of variance and the t-test were conducted at the 
0.05 level of significance. In addition, the results were interpreted for 
practical significance as well as statistical significance. 

Because of the availability of only fatal and injury accidents, high
way situations in urban areas were not considered in the analysis of 
variance. The effects of the operational and geometric factors on injury 
and fatal accident rates are shown in Table 5 for the four highway situa
tions analyzed. Many variables contained in the MIDAS data base could not 
be statistically analyzed due to the small number of locations (sample 
size) for some variable categories. A summary of the pertinent findings is 
given below: 

1. The effect of ADT on injury and fatal accident rates was 
found to be significant for all highway groups except rural 
signalized intersections. The general conclusion that can 
be drawn is that locations with low volume levels (0-2,000 
ADT for non-signalized intersections and 0-5,000 ADT for 
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Table 5. Summary of analysis of variance tests. 

Effects of the Vari ab le on Injury 
Variable and Fatal Accident Rates. 
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Winding 
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Note: S = Statistically significant effect at the 0.05 level of 
significance 

NS= No significant effects at the 0.05 level of significance 

- - Sample size too small to test or data were not 
available in the database for highway situation. 
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isolated curves and winding sections) have significantly 
higher injury and fatal accident rates than sections with 
high ADT levels (volumes exceeding 2,000 at non-signalized 
intersections and 5,000 at isolated curves and winding 
sections). Mean injury and fatal accident rates tend to be 
higher at signalized intersections carrying 1,000-5,000 ADT, 
compared to intersect ions carrying vo 1 umes exceeding 5,000 
vehicles per day, but the difference is not statistically 
significant. 

2. The effects of posted speed limits on injury and fatal acci
dent rates were examined for all four highway situations. 
The only statistically significant finding was that nonsig
nal ized intersections with higher posted speed limits (50-55 
mph) have a higher injury and fatal accident rate than 
intersections with lower speed limits (40-45 mph). This 
finding holds for ADT ranges from 2,000 to greater than 
10,000 vehicles per day. At isolated curves, injury and 
fatal accident rates tend to be higher on routes with speed 
limits of 40-45 mph, but the data are not sufficient to 
determine if this trend holds for a variety of geometric 
conditions. 

3. Volume to capacity ratio data were not available for three 
highway groups, and on 1 y 1 i mi ted data were obtained for 
non-signalized intersections. It was.found that intersec
tions carrying 10,000 vehicles or more per day with V/C 
ratios of 0.5 to 1.0 have significantly lower mean injury 
and fatal accident rates than do intersections with V/C 
ratios between 0.0 to 0.5. This finding indicates that 
higher levels of congestion reduces the potential for injury 
accidents, possibly through reduced operating speeds and 
increased driver awareness. However, because of the unavail
ability of property damage accidents, it was not possible to 
determine the effect of V/C on total or non-injury accident 
experience which has generally been found to increase with 
increasing levels of V/C ratio. 

4. The effects of lane width on injury and fatal accident rates 
was only examined for isolated curve sections and winding 
roadway conditions. The only significant finding was that 
winding sections with narrow pavement widths have higher 
mean injury and fatal accident rates than sections with 
wider pavement widths. In particular, winding sections with 
12-foot lanes have significantly lower mean injury and fatal 
accident rates than sections with 11-foot lanes. 
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5. Shoulder width effects were examined for isolated curves and 
winding sections. No significant results were found for 
isolated curve segments and no significant findings that 
would apply to the overall range of conditions for winding 
sections were detected. Two highly specific findings 
resulted from the tests. On sections with 10 and 11-foot 
lane widths and narrow shoulders, injury and fatal accident 
rates are higher than rates on sections with wide shoulders 
(10 to 12 feet). Also, on sections with 12-foot lanes, 
segments with 4 to 8-foot shoulders have significantly 
higher injury and fatal accident rates than sections with 8 
to 10-foot shoulders. It may be inferred from these two 
findings that sections with narrow shoulders have higher 
rates than sections with wide shoulders, but additional data 
should be collected and analyzed for a wider range of 
characteristics before this hypothesis is accepted. 

6. No significant effects attributable to the presence or 
absence of a vertical curve were found for any of the 
highway groups. This result does not necessarily mean that 
sight distance restrictions do not affect injury and fatal 
accident rates, as only two categories of vertical curve 
(sites with and sites without vertical curve) could be 
obtained. This limitation may be primarily responsible for 
the findings in this area of analysis. 

The analysis of variance tests generally indicate that some of the 
factors analyzed have a significant effect on injury and fatal accident 
rates. These factors were considered as candidate surrogates. Because of 
the limitations of the MIDAS data base and the fact that only injury and 
fatal accidents were included in the analyses, care should be exercised 
before discounting the factors which do not show significant relation
ships. 

Field Data Collection and Analysis 

The literature review and workshop results provided initial input to 
the identification and development of candidate surrogate measures. Some 
of these candidate surrogates were investigated using the MIDAS data base. 
For others, supplemental data collection and analysis activities, of a 
1 i mi ted nature, were undertaken to provide an additional quantitative 
source of input in the determination of candidate surrogates. 

Candidate surrogate measures, identified from the aforementioned 
sources and analyses, were collected at five highway situations. 

• Rural Isolated Curves 
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• Rural Winding Sections 
• Urban Undivided Tangents 
• Rural Signalized Intersections 
• Lane Drop Locations 

Test sites for each situation were selected in Oakland County, 
Michigan. (Oakland County was selected partly because of the availability 
of a countywide accident data base which contains reported accidents 
covering several years). In selecting sites, basic cross-sectional and 
operational features, such as number of lanes and average daily traffic, 
were held constant or nearly constant across • all sites to control for 
accident variance due to these characteristics. 

Rural isolated curves were two-lane, uncurbed horizontal curves, with 
sparse residential or agricultural land uses in the immediate vicinity and 
no other curves within 0.5 miles of the test site. Sites with traffic 
volumes in excess of 7,000 vpd were excluded. 

Rural winding sect ions were two-1 ane uncurbed roadway sect ions con,;. 
taining at least three curves per mile. All roadways were located in 
areas of sparse residential or agricultural land uses. Sites with traffic 
volumes in excess of 12,000 vpd were excluded. 

Urban undivided tangents were 2, 4, and 5-lane facilities, for which 
data were collected separately. Urban land uses included medium to high 
density residential or strip commercial land uses. Traffic volume ranges 
for 2, 4, and 5-lane facilities ranged from 10,000 - 20,000 vpd, 12,000 -
30,000 vpd and 25,000 - 35,000 vpd, respectively. 

Rural signalized intersections were located on two-lane roads, and 
fixed-time, two-phase signals with exclusive left-turn lanes on all 
approaches. Peak hour approach volumes ranged from 2,000 - 3,500 for all 
approaches combined. 

Lane drops consisted of directional transitions from two-lane to one
lane. All lane drops were located in urban areas, with directional traf
fic volumes ranging from 8,000 - 10,000 vpd. 

The variables collected for each highway situation are shown in Table 
6. A team of experienced traffic technicians collected the field data. 
Standard data collection procedures and equipment, including radar meters, 
stopwatches and tally boards were used. Sample sizes for variables 
requiring the observation or measurement of traffic operational character
istics were: 

• Speed-Related Surrogates: 50-100 vehicles during off-peak 
traffic periods. 
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Table 6. Accident surrogate·s* collected by situation type~ 

RURAL RURAL URBAN RURAL LANE mop 
ISOLATED CURVES WINDING SECTIONS UNDIVIDED TANGENTS SIGNALIZED INTERSECTIONS LOCATIONS 

1. Average Daily Traffic 1. Average Daily Traffic 1. Average Daily Traffic 1. Average Daily Traffic 1. Avg. Daily Traffic 
2. Posted Speed Limit 2. V/C Ratio 2. V/C Ratio 2. V/C Ratio 2. Percent Trucks 
3. Advisory Speed Limit 3. Percent Trucks 3. Percent Trucks 3. Percent Trucks 3. Posted Speed Limit 
4. Lane Width 4. Lane Width 4. Percent Midblock Turns 4. Percent Turning Volumes 4. Sight Distance 
5. Shoulder Width 5. N11nber of Lanes 5. Posted Speed Limit 5. Posted Speed Limit 5. Number of Lanes 
6. Degree of Curve 6. Total Fixed Objects/Mile 6. Lane Width 6. Sight Distance 6. Length of Taper 
7. Total Fixed Objects/Mile 7. Riqid Fixed Objects/Mile 7. Total Fixed Objects/Mile 7. Number of Lanes 7. Erratic Maneuvers 

Per Hour 
8. Rigid Fixed Objects/Mile 8. Non-Rigid Fixed Objects 8. Rigid Fixed Objects/Mile 8. Presence of Grade on 8. Erratic Maneuvers 

Per Mile Approach Per 100 Vehicles 
9. Non-Rigid Fixed Objects 9. Avg. Length of Tangents 9. Non-Rigid Fixed Objects 9. Pavement Type 9. Percent Merge Man-

Per Mile Between Curves Per Mile euvers in Taper 
10. Superelevation 10. Presence of Grade 10. Lane Width 10. 85th Percentile Approach 

Speed 
11. Side Slope Angle 11. Pavement Type 11. Pavement Type 11. Average Approach Speed 
12. Distance Since Last Curve 12. Number of Curves/Mile 12. P.resence of Edgelining 12. Standard Deviation of 

Approach Speed 
13. Presence of Edgelining 13. Posted Speed Limit 13. Total Access Points/Mile 13. Coefficient of Variation 

of Approach Speed 
14. Erratic Maneuvers/Hour 14. Advisory Speed Limit 14. Intersections/Mile 14. Percent in Pace of 

Approach Speed 
15. Erratic Maneuvers/loo Veh. 1,5. Conmercial Driveways/Mile 15. Average Approach Volume 

to Approach Speed Ratio 
16. Speed Reduction Effi- 16. Residen~ial Driveways 16. Deceleration Rate 

ciency (Avg. Speed} Per Mile 
17. Speed Reduction Effi- 17. Number of 3 mph Speed 

ciency (85th Percentile Changes/Mi le 
Speed) 

18. Percent Reduction in 
Average Speed 

19. Percent Reduction in 
85th Percentile Speed 

Note: Selected surrogate definitions are provided in Appendix E. 



• Erratic Maneuvers: 4 hours per site during peak traffic 
periods. 

• Speed Changes: 4 passes per direction with test vehicles per 
section during peak traffic periods. 

• Merge Maneuvers: 4 hours per site during peak traffic peri
ods. 

Accident data were obtained for three years (1976-78) from the Traf
fic Improvement Association of Oakland County accident data base for each 
test site. Frequency or frequency per mile accident measures were used in 
the analyses because of the limitations on ADT for each type of situation. 
Accidents were stratified by type and included fatal, injury and property 
damage accidents. When intersections were located within non-intersection 
type situations (e.g. urban undivided tangents), accidents within 200 feet 
of intersections were excluded to minimize the effects of intersection 
operations on accident experience within the section. 

Four statistical analysis techniques were used to test the relation
ships between the collected candidate surrogate measures and total and 
predominant accident types; (1) non-parametric (Spearman Rho) correlation 
analysis, (2) parametric (Pearson) correlation analysis, (3) stepwise 
multiple regression analysis, and (4) paired groups analysis. These tests 
were performed to obtain several types of quantitative information on the 
strengths of the relationships. 

The Spearman rank order correlation technique does not require 
assumptions on the distributions of the variables, and is appropriate when 
sample sizes are relatively small and assumptions of normality and 
variance-equality cannot be confidently made. 

Parametric correlation analyses were also performed, using the 
Pearson Product-Moment technique. This analysis provided additional 
quantitative input to the process of selecting candidate surrogate mea
sures. 

In the paired groups analysis, corresponding variables for the high 
accident group, and the low accident group were tested to determine if 
they were significantly diffetzent. If the two accident groups are 
significantly different and the corresponding highway system variables 
groups are significantly different, the conclusion is that the variable 
may be strongly related to the accidents. The statistical test of 
significance used in the paired groups analysis was the Mann-Whitney test 
for two independent samples. 

The step-wise multiple regression technique contained in the SPSS 
model was used to provide additional input. While the number of sites 
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used in the analysis was small, the identification of candidate surrogates 
was used only to suggest that further data collect ion and testing should 
be performed to determine whether the observed relationships were con
firmed with large sample sizes. No candidate surrogate was eliminated 
from future cons i de ration on the basis of these tests. Rather, the test 
results were used as another source of input (along with the literature 
review, workshop and MIDAS analyses) in identifying those candidate 
variables that have a high probability for use as accident surrogates, and 
therefore warrant further analysis. 

The highway system variables that were identified as candidate surro
gate measures were categorized as "strong" and "other" potential surro
gates, based on the significance of their relationship with accidents. A 
summary of the variables and variable combinations identified in this 
analysis, along with the associated accident categories (dependent vari
ables), is provided in Appendix D. 

Summary of Findings 

A necessary condition for the development of an usable accident 
surrogate measure is that there be an explicit relationship between that 
surrogate and accident experience. The efforts reported in this Chapter 
were all directed at developing lists of potential surrogates for which 
such a relationship has been demonstrated (or is strongly indicated). 

All relationships found in the four information sources have been 
reported, regardless of whether or not a meaningful and useful surrogate 
can be developed for identifying hazardous locations, evaluating counter
measures, and/or reviewing design plans. In a sense, all the surrogate 
measures identified thus far have passed the first screen in the process 
of choosing "selected" candidate surrogates (i.e., candidates for further 
study, development and validation) in that a relationship to accidents is 
indicated. 

In this section, the foregoing inputs are synthesized and recategor
ized according to the potential for producing an usable surrogate. 

In an attempt to increase the validity and future utility of the 
final list of surrogate measures, members of the project team evaluated 
each candidate surrogate according to five criteria. The criteria include; 
(1) relationship to accidents, (2) clarity of definition, (3) credibility, 
(4) ease of data collection, and (5) affectability. The first four cri
teria are straightforward. However, further definition of affectability 
is necessary. Affectability is the likelihood that an improvement in the 
surrogate at a site will result in an improvement in the accident exper
ience at that site. As an example, consider that the posted advisory 
speed at a horizontal curve is found to be a good indicator of the acci-
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dent experience i.e., higher accident rates become more likely as the 
posted advisory speed decreases. In the sense that this relationship is 
reasonably well established, posted advisory speed is a potential surro
gate. However, it is clear that simply changing the advisory speed panel 
(to a higher value) will not result in an improvement in accident exper
ience at a particular curve, because most likely this action will increase 
accident frequency. Hence, even though "posted advisory speed" might well 
be rated high on relationship to accidents, clarity of definition, cred
ibility, and ease of data collection, it will be rejected as a surrogate 
for countermeasure evaluation on the basis of the affectability criteria. 

Table 7 shows the possible ranges of conformity that resulted when 
the candidates were subjected to each criteria. The selected surrogate 
measures are shown in Table 8. Not every candidate surrogate rates high 
on all of the criteria, but each surrogate is deemed at least passable on 
every criterion. 

Note that some of listed candidate surrogates are modified forms of 
others -- redefined slightly to fit the particular intended use of the 
surrogate -- identification, evaluation, or plan review. For example, 
"traffic volume" (a field measurement in the identification process) 
becomes "projected traffic volume" in the plan review process. 
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Table 7. Selected criteria and levets of possible conformances. 

1. Relationship to Accidents 

A. Demonstrated, 
B. Highly probable if data were available, 
C. Considered likely, and 
D. Possible 

2. Clarity of Definition 

A. Clearly defined, anyone can collect the surrogate with the same 
result. 

B. Concept clear, but some terms are subject to interpretation (e.g., 
sight distance at intersection). 

C. Factors known but specific formulation is not established (e.g., 
"some combination11 of curvature and grade at horizontal curves, 
or "some measure" of density and rigidity of fixed objects). 

D. Conceptual only at this time (e.g., driver expectancy). 

3. Credibility 

4. 

A. Acceptable to all engineers and researchers once accident rela
tionship is established. 

8. Will be accepted by some, but viewed with suspicion by others. 

C. Will require so much subjective judgment there will likely be 
little confidence in results. 

Ease of Data Collection 

A. Simple and inexpensive (e.g., records, photologs). 

B. Short visit to site is required. 

C. Few hours of data collection with standard equipment. 

D. Extensive data collection and/or use of non-standard equipment 
(e.g., determination of lateral placement). 

5. Affectability (i.e., the likelihood that an improvement in the value 
of the surrogate at a particular site (or section) will.result in an 
improvement in the accident experience at that site.) 

A. Demonstrated that improvement will result. 
B. Improvement is likely. 
C. Uncertain whether there will be an effect. 
D. Unlikely improvement will result. 
E. Accident experience likely to increase. 
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Tab le 8. Su111T1ary of selected candidate surrogates* by highway situ at ion 
and type of highway safety analysis. 

Application in Highway Safety 
Highway 

Situation 
Identification of Evaluation of 

Hazardous Locations Countermeasures Design Plan Review 

Urban Undivided . Access Points/Mile . Speed Changes/Mile . Access Points/Miler 
Tangent Sections . Turning Volumes . Projected Turning Volumes . Speed Changes/Mile 

. Fixed Objects/Mile 

Rural Undivided . Curves/Mile . Physical Evidence . Curves/Mile 
Winding Sections . Lane Width and of Driver Error . Lane Width and 

Shoulder Width . Speed Changes/Mile Shoulder Width 
. Physical Evidence of 

Driver Error . Speed Changes/Mile 

Rural !sol ated . Speed Reduction . Speed Reduction . Design Speed Differential 
Curves Efficiency Efficiency . Curvature. Grade and . Curvature, Grade and . Physical Evidence Distance Since Last Curve 

Distance Since Last of Driver Error 
Curve . Erratic Maneuvers . Physical Evidence of 
Driver Error . Erratic Manuevers 

Lane Drop . Erratic Manuevers . Erratic Maneuvers . Taper Length 
Locations . Merge Gap Availability . Merge Gap Availability . Posted Sfeed and 

. Taper Length Sight D stance 

. Posted Speed and 
Sight Distance 

Narrow Bridges . Bridge deck to pavement . Sight Distance (Time) . Bridge Deck to Pavement 
width ratio . Physical Evidence of Width Ratio 

. Traffic Mix Driver Error . Traffic Mix . Sight Distance (Time) . Physical Evidence of 
Ori ver Error 

Exit Gore Areas . Deceleration Lane Length . Erratic Maneuvers . Deceleration Lane Length 
. Sight Distance . Sight Distance 
. Erratic Maneuvers 

Urban Non- . Traffic Volume . Approach Speed and . Proj~cted Traffic Volur11e 
Signalized . Approach Speed and Sight Distance 
Intersections Sight Distance . Traffic Conflicts 

. Traffic Conflicts 

Rural Non- . Traffic Voll.111e . Approach Speed and . Projected Traffic Volume 
Signalized . Approach Speed and Sight Distance 
Intersections Sight Distance . Traffic Conflict 

. Traffic Conflicts 

Rural Undivided . Access Points/Mile . Speed Changes/Nile . Access Points/Mile 
Tangent Sections . Speed Changes/Mile . Physical Evidence of . Lane Width 

. Lane Width Driver Error 

. Physical Evidence of 
Driver Error 

Rural Siqnalized . Traffic Conflicts . Traffic Conflicts . Projected Traffic Volume 
Intersections . Traffic Volume . Delay . Sight Distance 

. Sight 'Distance 

. Delay 

*Note: Selected surrogate defin1t1ons are provided in Appendix E. 



FIELD STUDIES 

The third objective of the study was to develop explicit mathematical 
re 1 at ionsh i ps betwee,n se 1 ected candidate surrogate measures and accident 
experience. This was accomplished by selecting and analyzing three of the 
roadway situations and associated candidate surrogate measures for analy
sis. Regression techniques were used to develop the relationships between 
these candidate surrogates and accidents. 

Selection of Situations and Candidate Surrogate Measures For Study 

The literature review, workshop and preliminary data analysis were 
used to generate a final list of candidate surrogate measures for each of 
ten highway situations. Consistent with the analysis plan, specific situ
ations were chosen for evaluating the feasibility of developing and using 
accident surrogates in roadway analyses. Each situation was examined to 
determine those variables and/or combination of variables that exhibited 
the strongest and most consistent relationships between predominant acci
dent type and the candidate surrogates. Three roadway si tuati ans repre
senting rura 1 and urban as we 11 as spot and extended sect i_ons were se-
1 ected. The selection was based on the combined assessment of the 
convergence of research evidence, and both qualitative and quantitative 
support from the information sources. The selected situations were: 

• Isolated curves on rural two-lane roads 
t Signalized intersections on rural two-lane roads 
• Undivided two-lane tangent sections within urbanized areas 

Desirable locational and geometrjc characteristics for each situation 
were established to facilitate study site selection. An attempt to reduce 
accident variance due to factors other than those selected for testing was 
made by limiting the range of these control variables rated as being 
either surrogate variable or which may have shown relationship with acci
dents. However, the variables which either singly or in combination were 
identified as possible candidate surrogates were not subject to these 
1 imitations. 

The following situation definitions were used for the study: 

Isolated Curves 

The curves should be located on two-lane, undivided roads and have a 
central angle of at least 20°. Traffic volumes (AADT) should not exceed 
8,000 vehicles and posted speeds on curve approaches should be between 
35 and 55 mph (advisory speeds on the curves may vary). Lane widths 
should be between 10 and 12 feet with gravel shoulders. At least 1/4-mile 
distance should separate the study site from a preceding highway event 
that necessitates driver action to adjust vehicle path and/or speed (i.e., 
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another curve, railroad crossing, stop sign, traffic signal. etc.). The 
curves should not have extremely unusual roadside features. 

Rural Signalized Intersections 

The intersections should be located on two-1 ane roads with 10 to 12 
feet lane widths with skid resistance in the range of acceptable surface 
condition (any pavement section which was observed to be slick in appear
ance was not included), and no unusual delineation, sign and/or signal 
treatments. Major approaches should have either left-turn or right-turn 
lanes. There should be no major traffic generators on the corners and the 
signals should be fixed-time two phase controlled. 

Urban Undivided Tangents 

All tangents should have two 10 to 12 foot lanes. Speed limits 
should be 25-50 mph. All tangents should be at least 1/2 mile in length. 

Approximately 20 to 30 sites were identified which met the criteria 
for each situation type. All test sites were located within Oakland 
County, Michigan because of the availability of recent photologs, a com
plete file of highway improvement projects implemented since 1975, and 
reliable accident and volume data. 

For each situation, candidate surrogate measures for the hazard in
dices rated most important were selected as test variables. The candi
dates were generally drawn from Table 8. However, some candidate surro
gates were not used; i.e., the co1lection of traffic conflicts data was 
not within the scope of the study, physical evidence of driver error 
presented difficulties relating to field measurement, and fixed objects 
(other than signs) were not factors due to the existence of wide shoulders 
on the urban tangents. The selected variables were then reviewed to ensure 
logical association with accidents and affectabi l ity (by countermeasure 
implementation). Table 9 shows the non-operational and operational vari
ables selected for each situation. 

Field Data Collection Procedures 

Study sites were randomly selected from among the sites identified on 
the basis of the established site characteristics. Following site selec
tion, three years of accident data (1976, 1977, 1978) were collected for 
each highway location. Computer printouts of accidents were obtained for 
the specified limits of the sites plus all accidents occurring within 200 
feet of the site boundaries. Each accident was examined with respect to 
vehicle involvement, contributory circumstances, and vehicle paths. Acci
dents were then stratified by type of accident and severity. Locations 
with unusual accident patterns such as a high incidence of car-animal 
accidents were eliminated from further consideration. 
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Table 9. Candidate surrogates tested in the study. 

HIGHWAY SITUATION 

Rural Isolated 
Horizontal Curve 

-Rural Signalized· 
Intersection 

Urban Undivided Tangent 

Type of Highway System Variable 

NON-OPERATIONAL 

. Degree of Curvature 

. Grade 

. Shoulder Width 

. Distance Since Last Curve 

. Supere 1·ev at ion 

. Slope of Roadside 
(Ditch, Shoulder) 

. Type. Location & Frequency 
of Fixed Objects 

. Vertical and Horizontal 
Alignment 

. Sight Distance to Signal 
and at Intersect ion 

. Posted Speed 

. Signal Characteristics 
(# Phases, Amber Time, Etc.) 

. Distance Since Last 
Intersection 

. Access Points 
• V/C Ratio* 

OPERATIONAL 

. Encroachments 

. Speed Reduction 

. Percent Trucks 

. Turning Volume 

. Traffic Volume 

. Approach Speed 

. Erratic Maneuvers 

. V /C Ratio* 

. Speed Changes 

. Percent Midblock 
Turns 

*Note: The candidate surrogate measure, volume to capacity ratio (v/c 
ratio) consists of both non-operational (capacity) and operational 
{peak hour volume) measures and was therefore included in both 
analysis categories. 
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Test Site Stratification 

Complex interactions between geometric, traffic and driver behavior 
variables and accident experience may mask explicit mathematical relation
ships between individual (or small subsets) of these variables and acci.,. 
dent experience. To reduce this masking effect, the sites within a 
specific type of roadway situation were stratified into subsets of sites 
with similar major characteristics. For example, if one or a combination 
of independent variables is a good surrogate for curves with restricted 
sight distance and another set of variables is a good surrogate for curves 
with no sight restrictions, these relationships can only be determined if 
the two categories of curves are separated during the analysis. It is 
possible that neither relationship would be significant for the combined 
sample of test sites. 

Overview of Analysis Techniques 

Regression analysis was conducted using field data (selected candi
date surrogate variables) as independent variables and 3-year accident 
rates for total accidents and predominant accident types as dependent 
variables. Stepwise regression was used to test for statistically signi
ficant relationships between one or a combination of candidate surrogate 
variables and various measures of accident experience at the selected 
highway situations. 

Regression Analysis 

The Maximum R2 Improvement technique (MAXR2) contained in the 
Statistical Analysis System (SAS} was selected as the most appropriate 
regression technique. It is superior to regular stepwise regression in 
that it selects the "best" one-independent variable model, the "best" 
two-independent variable model, etc., based on maximizing the propottion 
of explained variance in the dependent variable. 

Regression analyses were performed for specific stratifications 
within each highway situation to search for statistically significant 
relationships between accidents and: (1) combinations of non-operational 
and operational variables, (2) non-operational variables only, and (3) 
operational variables only. Surrogates developed from these three inde
pendent analyses were to be used for identification of hazardous loca
tions, design plan review and countermeasure evaluation, respectively. 

Statistical Analysis 

The purpose of the regression analyses was to determine whether 
statistically significant mathematical relationships exist between one or 
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a combination of independent variables and accident experience. To accom
plish this, the summary statistics from runs of the regression program 
were examined to determine the significance of the regression equation and 
the individual regression coefficients. 

The results of the F-test generated by the regression program were 
used to determine the significance of the regression equation. In these 
analyses, the 0.05 level of significance was used. The significance of 
the association between dependent and independent variables, as well as 
the incremental increase in R2 for each independent variable entered 
into the regression model, were examined. The t-test was used to evaluate 
the simple correlation coefficients between each independent variable in 
the regression model and the dependent variable. Rejection of the null 
hypothesis at the 0.05, 0.10 and 0.20 levels of significance was esta
blished as the criteria for significant association. 

In addition to the test of association, the significance of the 
contribution of each independent variable to the R2 value was examined. 
The statistic used to test the significance of the contribution of each 
independent variable was the F ratio. 

The MAX R2 regression program calculates the F value and level of 
significance for each independent variable, and these data were used to 
evaluate the significance of the independent variables in the model. An 
analysis criterion established was that the F ratio for each independent 
variable had to be significant at the level of significance corresponding 
to that of the previous test (0.05, 0.10 and 0.20). This test ensures 
that it is unlikely that any single independent variable appears in a 
regression model where, in fact, no relationship between that variable and 
the dependent variable exists. Because the objective of the regression 
approach is to maximize the R2 value (the percentage of variance ex
plained), the test ensures that a significant increase in R2 is being 
attained with the addition of a meaningful independent variable. 

Each regression model was examined with respect to the significance 
of the regression equation and the individual regression coefficients. 
Regression models that (1) contained independent variables, all of which 
were related to the dependent variable at the designated level of signifi
cance and contributed toward the total R2 at a corresponding level of 
significance and (2) exhibited an F-ratio that was significant at the 0.05 
level were identified as significant relationships. However, subsequent 
analysis and interpretation was limited to the results reported at the 
0.05 level of significance. 

Examination of Residuals 

A residual· is a deviation (or error) of an observed value of the 
dependent variable from the estimated value generated by a regression 
model. Residuals are used in the computation of many surrmary statistics, 
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such as R2 and the standard error of the estimate. 
be used to determine the appropriateness of some of 
when linear regression is performed. 

Residuals can also 
the assumptions made 

The SPSS software package was used to generate scatter plots of stan
dardized residuals versus standardized values of the dependent variable 
for each of the regression models. Each plot was visually examined for 
"patterns" that indicate the assumptions of linear regression are being 
violated. In all cases, the plots were observed,to be consistent with the 
assumptions required for linear regression. Therefore, non-linear trans
formations were deemed unnecessary. 

Rural Isolated Curves 

Twenty-eight roadway sections containing isolated curves were identi
fied through a search of the Oak 1 and County inventory files. Each of 
these sites was visited to determine whether they met all the criteria 
specified for the test sections. Twenty-five of the sites were acceptable, 
and data were collected at each of these sites. 

The data set shown in Appendix F includes physical characteristics 
(degree of curvature, grade, shoulder width, etc.), operational character
istics (vehicle speed at various locations, edgeline and centerline 
encroachments, etc.). In addition, accident records were obtained for 
1976, 1977 and 1978 at these sites. A listing of the variables is shown 
in Table 10 under the heading of "independent variables". 

Site Stratification 

Consistent with the analysis plan developed for this study, the 25 
sites were stratified into several categories of sites with similar values 
for one or more important variables. The purpose of this stratification 
was to identify smaller subgroups of sites that exhibit a greater degree 
of simil iarity than the entire group, thus reducing the variance of at 
least one of the variables considered to be related to accidents. 

The variables used to stratify the locations were: 

• Sight distance 
• Grade 
• Land use 
• Posted speed limit 

In addition to the single variable categories, additional categories 
were constructed using sight distance and land use; grade and posted speed 
limit; and land use and speed limit. A total of 9 groups were identified 
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for the analysis (including all sites as a group). These groups are iden
tified by letter designation in Figure 6. 

Group "A" consists of curves with limited sight distance caused by 
trees, embankments or other obstacles close to the roadway or the inside 
of the curve. This group contains 19 of the 25 curves. The rationale for 
this stratification is that the restriction in sight distance could alter 
the degree to which driver expectancy is met, and this factor was identi
fied as important in both the literature review and the workshop. 

Group 11 811 consists of curves on relatively flat roadway sections 
( less than 4% grade). Nearly all of the sites fall in this class (22 of 
25). The rationale for this stratification is to rooderate the effect of 
combined horizontal and vertical curvature on the accident rate. 

Group "C" consists of roadway sections with zero or one driveways on 
the curve. As in group "A", this is done to reduce the v ari at ion in the 
driver expectancy across the sample. Twenty of the 25 sites fall in this 
category. 

Group "D" consists of all roadway sections. with a posted speed of 45, 
50 or 55 mph_. Nineteen of the 25 curves fall in this category. This 
factor was used because the posted speed limit may affect driver charac
teristics at those sites, thus increasing the variance in the data. 

Group "E" consists of all the sites meeting the criteria for group 
"A" (limited sight distance) and group "C" (few driveways). This group 
contains 14 of 25 curves. Group "F" consists of all sites meeting the 
criteria for groups 11 811 and "C", and contain 17 curves; group "G" consists 
of all sites meeting the criteria for groups 11 811 and "0" and contains 16 
curves; and group "H" consists of all sites meeting the criteria for 
groups "C" and "D", and contains 15 curves. 

Independent/Dependent Variables 

The potent i a 1 surrogates (independent var i ab 1 es) co 11 ected and/ or 
calculated for each of the study sites are listed in Table 10, along with 
the accident characteristics (dependent variable) used in the analysis. 
The independent variables are identified as being either operational or 
non-operational, since the intended use of these results req~ires that the 
variables be separated. 

Results of the Analysis 

A total of 162 separate regression analyses were conducted on the 
data set using the MAX R2 stepwise linear regression model. This number 
of runs was required because of the stratification by type of independent 
variable (operational, non-operational, or combined), the grouping of 

36 



ALL SITES 

All aitea (sample size, n•2S) 

Group A: 
Group B:. 
Group C: 
Group D: 
Group E: 
Group F: 
Group G: 
Group H: 

Figure 6. 

Sitea with restricted sight distance (n•l9) 
Sites with grades less than 41 (n•22) 
Sites with low residential land use.· (n•20) 
Sites·on roads posted 4S mph or greater (n•l9) 
Combination of A and c (n=l4). 
Conbination of Band C (n•l7) 
Co=ination of Band D (n=l6) 
CodJination of C and D (n•lS) 

Site stratification for rural isolated curves. 



Table 10. Independent variables available for ._selection by stepwise 
regress·ion process ( variable numbers shown in parentheses). 

Dependent Variable(s) 

Total ( 2), ·rear-end ( 3), opposite 
direction (4), run-off~road (5), 
fixed object {6) accident rates 

Independent Variables 

Non-Operational: 
Average annual daily traffic ( 9~ 
Degree of curvature (10) 
Grad~, percent (12) 
Superelevation error, difference 

between min-imum superelevation 
required for prevailing condi
tions and actual superelevation, 
inches per foot over entire pave
ment width ( 69) 

Shoulder width, average width for 
both shoulders (62) 

Sideslope angle, ratio x:1 average 
for both sides of road (63) 

Fixed object rating for objects 
within 10 feet of pavement edge 
adjacent to outside travel lane 
(64) 

Fixed object rating for objects 
within 10 feet of pavement edge 
adjacent to inner travel lane {65) 

Operational: 
Total encroachment rate, number of 

edgeline plus centerline touches 
per 100 vehicles entering curve 
{17) 

Speed differential of vehicles in 
outside travel lane between points 
on curve approach and curve mid
point, mph (38) 

Speed differential of vehicles in 
inner travel lane between points 
on the curve approach and curve 
midpoint, mph (41) 

Average speed reduction efficiency, 
ratio of qbserved speed reduction 
to desirable speed reduction due 
to curvature and supere 1 ev at ion, 
averaged for both directions of 
travel ( 66) 

Note: In general, AAUT is insensitive to highway safety treat
ments and thus was analyzed as a noh-operational variable. 
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Table 10. Independent variables available for selection by stepwise 
regression process {variable numbers shown in parentheses} (continued). 

Dependent Variable(s) 

Inside Lane Accident Rate (17) 

Independent Variables 

Non-Operational: 
Average annual daily traffic (9)* 
Degree of curvature (10} 
Grade, percent (12) 
Distance since last traffic event 

for inner travel lane, miles (14) 
Superelevation error, difference 

between minimum superelevation 
required for prevailing condit iotJS 
and actual super-elevation, inch,e~ 
per foot in.inner travel lane· f67) 

Shoulder width adjacent to inner 
lane, feet (42) 

Si des lope angle adjacent to inner 
1 ane , x : 1 ( 44) . 

Fixed object rating for objects 
within 10 feet of edge of inner 
travel lane ( 65) 

Operational: 
Total encroachment rate for inner 

lane traffic (18) 
C.enterl ine encroachment rate for 

inner lane traffic (34) 
Edgeline encroachment rate for inner 

lane traffic (35) 
Speed differential of vehicles in 

inner lane between points on curve 
approach and the start of curva
ture (39) 

Speed differential ·of vehicles in 
inner lane between points at the 
start of curvature and-the curve 
midpoint ( 40) 

Speed differential of vehicles in 
inner travel lane between point~ 
on the curve approach and curve 
midpoint, mph (41) 

Speed reduction efficiency on inner 
lane ( 60) 

Note: In general, AADT 1s insensitive to highway safety treat
ments and thus was analyzed as a non-operational variable. 
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Table 10. Independent variables ava.il able for selection by stepwise 
regression process (variable numbers shown .in parentheses) (continued). 

Dependent Variable(s) Independent Variables 

Outside Lane Accident Rate (8) Non-Operational: 
Average annual daily traffic ( 9)* 
Degree of curvature (10) 
Grade, percent (12) 
Distance since last traffic event 

for outside travel lane, miles (13) 
Superelevation error, difference 

between minimum superelevatioo 
required for prevailing conditions 
and actual superelevation, inches 
per foot in outside travel lane 
( 68) 

Shoulder width adjacent to outside 
1 ane, feet-- (42) 

Sideslope an{le adjacent to outside 
l ane, x : 1 45) 

Fixed object rating for objects 
within 10 feet of edge of outside 
travel lane (66) • 

Operational: 
Total encroachment rate for outside 

lane t_raff ic ( 19) 
Centerline encroachemnt rate for 

outside lane traffic ( 32) 
Edgeline encroachment rate for out-

side lane traffic (33) 
Speed differential of vehicles in 

outside lane between points on 
curve approach and start of curve 
(36) 

Speed differential of vehicles on 
outside .lane between points at 
start of curvature and curve mid-
point ( 37) 

Speed differential of vehicles in 
outside travel ·lane between·points 
on curve approach and curve mid-
point, mph (38) 

Speed reduction efficiency on out-
side lane (59) 

Note: In general, AADT is insensitive to highway safety treat
ments and thus was analyzed as a non-operational variable. 
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curves by physical attribute (9 groups), and the analyses of 6 stratifica
tions of the dependent variable. 

The simple correlation coefficients for each combination of one 
independent and one dependent variable were computed. Confidence limits 
of 95, 90 and 80% were used to test these correlations. Any independent 
variable for which the correlation coefficient was not significantly 
different than zero at the specified confidence level was rejected as a 
possible factor. in the multiple· regression model for predicting that 
dependent variable. Thus, only variables that are independeritly correlated 
to accidents were included in the stepwise multiple regression runs. 

Residual error plots were also examined for each regression model 
that satisfied the statistical criteria for model selection. This. check 
was performed to determine if non-1 i near tr ans formations were necess.ary 
based on the variance of the residuals (constant variance is assumed in 
linear regression) and the existence of outliers. Transformations of the 
data were not indicated for any of the models presented in this section. 

The analysis failed to identify a good surrogate measure for the 
total accident rate using all 25 locations. The only variable that was 
both independently carrel ated with total accident rate and remained in th~ 
MAX R2 model at the 0.05 level of significance was degree of curvature. 
However, the R2 value for this one variable model was only 0.16, and 
thus is not considered to be a strong surrogate for total accidents. 

The results are consistent with those from the literature review, the 
workshop and the analysis of MIDAS, in that this factor was identified as 
"important" in all thre.e. It is not suprising that there is no single 
surrogate which explains all accidents at all locations. 

The most clearly defined surrogate measure for rural isolated cJrves 
resulted from the analysis of outside lane accidents on highway sections 
with zero or one driveway per section and a speed limit greater than or 
equal to 45 mph (group "H"}, using both operational and non-operational 
variables (Table 11). The coefficient of multiple correlation R2, for 
this model was 0.81, and the variables used were "distance to last traffic 
event on the outside lane (Vl3) 11 and "speed differential between the 
approach speed and curve midpoint speed for traffic in the outside lane 
(V38}". The form of the predictive model is: 

Outside lane accident rate= 0.032 + 0.595 (Vl3} + 0.151 (V38} 

The relatively high R2 value is not unexpected since both the 
independent variable and the dependent variable contain only a subset of 
the total sample. For this particular data base, then, it was possible to 
define a surro~ate measure that is easily measured, capable of being 
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Table 11. Surrogate measures c!.nd associated mathematical models 
for rural isolated curves. 

Accident Measure Surrogate Measure(s) Site Characteristics Model 

Outside Lane Accident Distance to Last Event Low Residential Land Use VOS = 0.03227 + 0.59492Vl3 + 
Rate (accidents/MY), voe Outside Lane, Vl3 and Posted Speeds of 0.1510 V38 R =0.81 

45 mph or Greater 
Speed Differential, V38 

(Outside Lane Speed Reduction) 

Rear-End Accident ADT, V09 Grades Less Than 4% V03 = -0.1026 + 0. 00004184 
Rate (accidents/MV), V03 V09 2+ 0.0001284 V63 

Side Slope Angle, V63 R = 0.74 

Rear-End Accident ADT, V09 G~ades Less Than 4% and V03 = -0.0~900 + 0.00004595 
Rate (accidents/MY) , V03 Low Residential Land Use R = 0. 72 · 

Run-Off-Road Accident Degree of Curve, Vl0 Restricted Sight Distance VOS.= -2.975 + 0.4985 Vl0 
Rate (accidents/MV), VOS and Low Residential Land -1. 508 V69 R2 = 0.68 

Superelevation Error, V69 us·e 

-I,,'. i 

; . - ., .... 
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measured immediately following implementation of a safety countermeasure, 
and strongly correlated to one particular type of accident. 

One of the primary objectives of this study was to determine if this 
could be accomplished through a logical procedure using both the exper
ience of practicing engineers and statistical testing. This objective has 
been met for this particular subset of the data. 

Similar results were obtained for other accident classifications, 
situations and groupings. Some of the more promising results are described 
in the following paragraphs, and the results of the analyses are shown in 
Appendix G. (All - the models in Table 11 and Appendix G are constructed 
from variables that are significantly correlated with the relevant, acci
dent data at the 0.05 level -- i.e., though some variables with signifi
cance levels of 0.10 and 0.20 are listed in the tabulations (and so iden
tified), they were not used in the deve 1 opment of the models shown). 

For rural isolated curves, reasonably good models (R2>0.65) were 
obtained for (Table 11): 

• Outside lane ace i dent rate for group "H", using the non-oper
at i onal variables distance to last event and degree of 
curve. 

• Rear-end accident rate for group "Bil, using the variables 
"ADT" and "side slope angle". 

• Rear-end accident rate for group "F", using the variable 
"ADT". 

• Run-off-road accidents rate for group "E", using the non
operational and operational variables "degree of curve" and 
"superelevation error". 

Further examination of the correlation and regression results shown 
in Appendix G provides additional insight regarding variations in accident 
experience at horizontal curves. 

• For "total ace i dent rate'', the independent vari ab 1 es se 1 ected by 
Max R2 most frequently are "speed differential on the outside 
1 ane", "degree of curve" and "total encroachment rate". 

• For "rear-end accident rate", the independent variables selected 
most frequently are "ADT" and "total encroachment rate". 

• For "opposite direction accident rate," the independent variables 
selected most frequent 1 y are "speed different i a 1 on the inside 
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1ane", "degree of curve" and "fixed objects within 10' of inside 
lane". 

• For "run-off-road accident rate", the independent variables se-
1 ected most frequently are "degree of curve" and "speed differen
tial on the outside lane". 

• For "inside lane accident rate", the independent variables se
lected most frequently are "encroachment rate on the inside edge-
1 ine" and "fixed objects within 10' of inside lane". (Neither of 
these shows up nearly as frequently as the independent variables 
for the other types of accident rates). 

• For "outside lane accident rate", the indepe:ndent variables se
lected most frequently are "speed differential on the outside 
lane", "distance to last event in outside lane" and "degree of 
curve". 

• The success in developing models also varied by subgroupings of 
the sites. Eliminating sites with posted speeds below 45 mph 
enhanced success considerably, eliminating sites with grades 
greater than 4% was next most helpful. 

These observations are consistent with intuition, and lend credence 
to the data and statistical procedures. However, this was an exploratory 
study of accident surrogates, and hence the data base for any given situa
tion/accident type/surrogate was limited. 

Case Applications 

Five isolated curves were selected in Macomb County, Michigan for the 
purpose of testing the application of the selected accident surrogate 
models. Macomb County is adjacent to Oakland County and is quite similar 
with respect to terrain, traffic control devices, and urban-rural mix. Due 
to the limited sample size and limited number of accidents, statistical 
reliability between the actual and predicted accident rates was not 
expected. The intent of the test was to illustrate how field data could 
be used to predict hazard potential using surrogate measures. The compari
son of predicted and actual accident experience should provide insight 
into the feasibility and appropriateness of future development and 
research on accident surrogate measures. 

A 11 sites were selected using the same criteria as used for previous 
site selection. Accident and volume data were collected for three years 
(1977-1979), Volumes ranged from 1,100 to 3,200 vehicles per day. Appro
priate operational and non-operational variables were collected at each 
site using the same personnel and collection procedures as previously 
used. Two of the five sites were eliminated, one due to extreme paveme~t 
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deterioration on the approaches to the curve, and the other due to an 
incomplete accident record. 

The three remaining ·sites were used to test the application of 
selected accident surrogate measures. Each site met the requirements of 
one of the nine site groupings used for model development. 

Accident rates at each of the three test sites were predicted using 
the indicated independent variables. (These are the strongest models, as 
shown in Table 11) 

• Outside lane accident rate using speed differential and dis
tance since the last traffic event. 

• Outside lane accident rate using distance since the last 
traffic event and degree of curvature. 

• Rear-end accident rate using ADT and side slope angle. 

• Rear-end accident rate using ADT. 

• Run-off-the-road ace i dent rate using degree of curvature and 
superelevation error. 

Figure 7 shows a comparison between predicted and actual outside lane 
accident rates using speed differential and distance since the last event. 
While the model overpredicts the outside lane accident rate for each site, 
the relative position of the sites is predicted correctly. 

Figure 8 shows the predicted versus actual results for the same 
dependent variable using only non-operational variables (degree of curva
ture and distance since the last traffic event). This model also over
predicts accident experience, but to a lesser degree than the preceding 
model. 

Figure 9 shows the predicted and actual rear-end accident rates using 
the surrogate containing ADT and side slope angle. Although a negative 
accident rate cannot occur (as predicted), it can be seen that the pre
dicted rates typify the actual rates for this illustration. 

In Figure 10, the model for rear-end accidents indicates little or no 
rear-end accident experience based on the traffic vo 1 ume or the curve. 
This prediction is highly related to the low rear-end accident experience 
at the thr::e test s·ites·. 

Figure 11 shows that the model for run-off-the-road accident exper
ience underpredicts the actual accident experience for one curve. However, 
the predicted and actual rates were almost identical for two sites. The 
model ranked the sites according to the actual accident rate. 
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Figure 7. Comparison of predicted and actual outside lane acci
dent rate at rural curves using speed differential 
and distance since the last traffic event. 
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Figure 8. Comparison of predicted and actual outside lane acci
dent rate at rural curves using distance since the 
last traffic event and degree of curvature. 
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• Note: Negative accident rates were predicted because the 
range of the independent variables used in model 
development was exceeded for the case application 
sites. 
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Rural Signalized Intersections 

Site Selection and Data Collection 

Thirty signalized intersections were identified as candidate test 
sites in the rural townships of Oakland County, Michigan. Each site was 
visited to ensure the site selection criteria were satisfied. Nineteen 
intersections were identified as appropriate based on the selection cri -
teria. No additional sites were rejected on the basis of unusual accident 
patterns. Pertinent data for the 19 sites are given in Appendix F. The 
data set includes physical characteristics relating to non-operational 
candidate surrogates (distance since last traffic event on each approach, 
signal splits, sight distance, etc.), and operational characteristics 
(approach speeds, turning volumes, vehicle mix, erratic maneuvers, etc.). 
Accident records were al so obtained for 1977, 1978 and 1979 for each 
site. The total list of variables is shown in Table 12. 

Site Stratification 

Data for all 19 sites were used in the initial computer runs. Four 
subsets of the sites were also used .in similar analyses. The site vari
ables used to develop the subsets are: 

• Presence of a separate left-turn lane (Group A) 
• Presence of a separate right-turn lane (Group B) 
• Adequacy of sight distance to the signal on the intersect ion 

approaches (Group C) 
• Posted speed limit on the approaches (Group D) 

Group "A" consists of only intersections with separate left-turn 
lanes on at least one approach. This group contains 14 sites. The 
rationale for this stratification is that the presence of separate left
turn lanes has a significant effect on intersection capacity, operations 
and safety. 

Group 11 B11 consists of only intersections with separate right-turn 
lanes ( or tapers) on each intersection approach. This group contains 13 
sites. 

Group "C" consists of intersections with unrestricted sight distance 
to the signal heads. Intersections with sight distances of less than 0.2 
miles were excluded from the group. This group contains 13 sites. 

Group "0" consists of intersections located on roads with posted 
speed limits of 45 mph or greater on at least two approaches. This group 
contains 14 sites. Sites with lower approach speeds were eliminated 
because the posted speed limit may affect driver characteristics at the 
site, thus increasing the variance in accidents. 
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Table 12. Independent variables available for selection by 
stepwise regression process (variable numbers shown in p~rentheses). 

Dependent Variables 

Total {10), rear-end (11), 
oppostng left-turn {12), 
right-anqle (13), drive
way (14), injury.(16), 
property damage (17), 
ace i dent rates 

Rear-end accident rate 
on north {18), east (19), 
south {20), west (21) 
approach and total accident 
rate on north (22), east 
{23), south (24), west (25} 
approach 
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Independent Variables 

Non-Operational: 
Average annual daily approach 
volume (57) 

Average distance since last 
traffic event (58) 

Operational: 
Average approach speed (59) 
Average truck percentage {60) 
Average left-turn percentage 

(61) 
Average right-turn percentage 

(62) 
Signal violation rate (56) 
Erratic maneuver rate (51) 

Non-Operational: 
Average daily approach volume 
for the north (06), east (07), 
south (08), west (09) approach 

Distance since 1 ast traffic 
event on the north ( 33) , east 
(34), south (35), west (36) 
approach 

Operational: 
Percent green time for north
south (27) and e.ast-west (28) 
directions 

Percent amber for the north
south (29), east-west {30) 
directions 

Percent red for the north-south 
(31), east-west (32) direc
tions 

Approach speed on the north 
(37), east (38), south (39), 
west (40), approach 

Percentage of trucks in the 
north-south (41), east-west 
(42) directions 

Percentage left-turns from 
north (43}, east (45}, south 
(47), west (49} approach 

Percentage right-turns fr001 the 
north (44), east (46), south 
(48), west (50) approach 

Erratic maneuver rates on the 
north (52), east (53}, south 
(54}, west (55} approach 



Independent/Dependent Variables 

The potent i a 1 surrogates ( i ndependent var i ab 1 es) co 11 ected and/ or 
calculated for each of the study sites are listed in Table 12, along with 
the accident characteristics (dependent variables) used in the analysis. 

A total of 225 separate regression analyses were conducted on the 
data set using the MAX R2 stepwise linear regression model. This number 
of runs was required because of the stratification by type of independent 
variables (operational, non-operational, or combined), the grouping of 
intersections by physical attribute (5 groups), and the analyses of 15 
stratifications of the dependent variable: 

• Total accident rate 
• Rear-end accident rate 
• Opposite left-turn accident rate 
• Right angle accident rate 
• Driveway accident rate 
• Injury accident rate 
• Property damage only accident rate 
• Rear-end accident rates by approach 
• Total accident rate by approach 

Results of the Analysis 

Statistical criteria identical to that used 
tion was used to analyze the regression results. 
dual errors for the selected regression models 
data transformations. 

for the precedi no s i tua
Exami nation of the resi

again showed no need for 

As in the preceding situation, the analysis failed to identify a 
good surrogate measure for tot a 1 ace i dent rate in any of the five site 
groups. In fact, only two models met the least restrictive statistical 
selection criteria (0.20 level of significance). This finding however was 
not unexpected due to the complex nature of accident patterns at signal
ized intersections. 

The most clearly defined surrogate measure for rural signalized 
intersections resulted from the model to predict opposing left-turn acci
dent rate using signal violation rate {V56, number of vehicles observed to 
viol ate amber and red phase), and the percent trucks, ( V60) ( see Tab 1 e 
12). This surrogate is applicable for both the identification of hazard
ous locations and evaluation because of the operational nature of the 
variables. This model was produced for group "C" which consists of inter
sections with unrestricted sight distance to the signal head. An R2 
value of 0.63 was reported for the ~del. The form of the predictive roodel 
is: 
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Opposing left-turn accident rate = 0,5895 + 0.4101 (V56) - 0.0801 
( V60) 

While model development efforts were not as statistically reliable as 
those for horizontal curves, specific models were found that met one sta
tistical criteria of (1) non-zero correlation coefficients between depend
ent and independent variables significant at the 0.05 level, and (2) R2 
of 0.60 or greater for the models. 

The model with the highest value of R2 (0.67) relates the accident 
rate on North approaches to "percent amber on N-S approaches" and "percent 
left-turns, north" for all intersections with unrestricted sight distances 
to the signal heads (see Table 13). As this model includes data from only 
a single directional approach (north) at each of only 13 sites, and is not 
confirmed in similar data sets for the other directional approaches (or in 
the aggregate for all intersection approaches) it is not considered very 
meaningful . 

The other two models meeting the statistical criteria both relate to 
the opposing left turn accident rate. The model for the 13 intersections 
with unrestricted sight distances to the signal heads has "signal viola
ti on rate" and "percent trucks" as the independent variables ( see Tab le 
13); the model for the 14 intersections with posted speed limits of 45 mph 
or greater has "approach speed" and "signal viol at ion rate" as the two 
independent variables. 

More general observations from examination of the Tables in Appendix 
Gare: 

• It was not possible to develop a meaningful model for "total acci
dent rate" for any of the five site groupings. 

• The two models for "rear end accident rate" have only "average 
annual daily approach volume" as the independent variable 
i.e., rear-end accident rate can only be related to volume at the 
intersection. 

• For "opposing left-turn accident rate", the independent variable 
selected most frequently is "signal violation rate". 

• For "right angle accident rate", the independent variable selected 
most frequently is "cycle length". 

• The models do not indicate any other consistent relationships 
between independent variables and the other classification of 
accident rates. 
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Table 13. Surrogate measures and associated mathematical models 
for rural signalized intersections. 

Accident Measure Signal Measure(s) Site Characteristics Model 

Opposing Left Turn Signal Violation Rate, V56 Unrestricted Sight Distance Vl2 = 0.5895 + 0.4101 V56 
Accident Rate, Vl2 
(accidents/MV) Percent Trucks, V60 to Signal Heads -0.08015 V60 R2 = 

Opposing Left Turn Approach Speed, V59 Posted Speed Limit of 45 'mph V12 = 3.077 + 0.3404 V56 
Accident Rate, Vl2 
{accidents/MV) Signal Violation Rate, V56 or Greater ori Approaches -0.07217 VS9 R2 = 

0.63 

0.60 



• Overall, the strongest models were developed with "opposing left
turn accident rate" as the dependent variable. Analysis involving 
other categories of accident rates did not yield consistent and 
meaningful results. 

• Model development was somewhat more successful when the data set 
was limited to the 14 intersections with posted speed limits of 45 
mph or greater on at least two approaches (Group 11 D11

). 

The analysis suggests that the use of accident surrogates at rural 
signalized intersections has limited potential. This may be due to the 
increased complexity of the driving and decision-making tasks associated 
with signalized locations (as contrasted with at horizontal curves). 

Case Applications 

Because the analysis failed to produce a strong statistical model for 
this roadway situation, case applications provided no useful information. 
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Urban Undivided Tangents 

Thirty-six sections of two-lane tangent roadway located in the urban
; zed areas of Oakland County, Michigan were selected as test sites. All 
sections were similar in cross-sectional features. However, average daily 
traffic volumes ranged from 5,000 to 23,000. All test sections are 
located between major signalized intersections and vary in length (0.56 -
0. 95 mi 1 es) . Accidents on each test sect ion were screened to remove 
accidents relating to the signalized intersections at either end of the 
test sites. The resulting accident data therefore represent accidents 
relating to the roadway sections and corresponding elements. 

Six of the 36 sections were randomly selected for use in case il lu
strations. Pertinent data for the remaining 30 tangent sections are given 
in Appendix F and defined in Table 14. The data set includes physical 
characteristics (number of signs, number of intersections, number of 
driveways, etc.), operational characteristics (speed changes, percentage 
of midblock turns, etc.) and accident data for 1976, 1977 and 1978. 

Site Stratification 

There was no need or opportunity to stratify this highway situation 
because of the similarity in the variables (i.e., posted speed limit, lane 
w.i dth, presence of curbs, shou 1 der width, mix of adjacent land uses, 
etc.) . 

Independent/Dependent Variables 

Table 14 shows the operational and non-operational independent vari
ables available for selection by the MAX R2 stepwise linear regression 
process for each dependent variable investigated. Note that some of the 
independent variables come directly from the data base (e.g., ADT) while 
others are calculated from the data base (e.g., signs per mile, driveways 
per mile). 

As in the case of rural signalized intersections and rural isolated 
curves, three different regression analyses were performed for each of six 
dependent variables; one run using all the independent variables listed 
for the relevant dependent variables: one run where the independent vari
ables were limited to operational variables; and one run limited to non
operational variables. A total of 18 separate regression runs were made 
for the analysis. 

Results of the Analysis 

Table 15 shows the results of the regression analysis for urban undi
vided tangents. Based on the statistical criteria used in previous ana
lyses, no model provides a strong surrogate for accident experience for 
this highway situation. 
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Table 14. Independent variables available for selection by 
stepwise regression process (variable .numbers shown -in parentheses). 

Dependent Variables 

Total (12), rear-end (13), 
opposite direction (14), 
accident rates 

Driveway {15)~ angle (16} 
accident rates 
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Independent Variables 

Non-Operational: 
Volume to capacity ratio (33) 
No. of driveways per mile (34) 
No. co111T1ercial driveways per 
mile (35) 

No. residential driveways per 
mile (36) 

No. unsignalized intersections 
per mi le ( 37) 

No. signalized intersections 
per mi l e ( 38) 

No. of signs per mile (39) 
No. of regulatory signs per 
mile (40) 

No. of warning signs per mile 
( 41) 

No. of information signs per 
mile {42) 

Operational: 
+ 3 mph speed changes per mil~ 
-(43) 
Percent turns along section 

(30) 
Percent trucks (31) 
Volume to capacity ratio (33) 

Non-Operational: 
Volume to capacity ratio (33} 
No. of driveways per mile (34) 
No. commercial driveways per 
mile (35) 

No. residential driveways per 
mile (36} 

Operational: 
+ 3 mph speed changes per mile 
-(43) 
Volume to capacity ratio (33) 



Table 14. Independent variables available for selection by stepwis·e 
regression process (variable numbers shown in parentheses) (continued). 

Dependent Variables Independent Vari ables 

Non-Operati anal: 
Fixed-object accident rate (17) Volume to capacity ratio (33) 

No. of driveways per mile (34) 
No. commercial driveways per 
mile (35) 

No. residential driveways per 
mile (36) 

No. unsignalized intersections 
per mi le (37) 

No. signalized intersections 
per mile (38) 

No. of signs per mile (39) 
No. of regulatory signs per 
mi le { 40) 

No. of warning signs per mile 
( 41) • 

No. of information signs per 
mi le ( 42) 

Operational: 
Percent turns along sect ion 

(30) 
Volume to capacity ratio (33) 
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Table 15. Linear regression ~esults for urban undivided tangents. 

Dependent Variable Operational and.Non- Operational Non-O~ational 
Operational Variables Variables Only Variables Only 

No. unsignalized In$tisec- No. Unsignalized ln$fisec-
Total Accident Rate, Vl2 tions per Mile, Vl7 - tions per Mile, Vl7 
(accidents/MVM) 

Vl2 = l.56752+ 0.1209 V37 - Vl2 • l.567~2+.o0lf~9 Vl9 R = 0.13 
volum$+$o Capacity Ratio, Volum$+$o Capacity Ratio, Volumi+$o Capacity Ratio, 

Vll V3l Vll , 
Rear-End Accident No. unsignalized Inteit•c- No. Unsignalized lnteifec- No. unsignalized Inteiiec-
Rate, ,VlJ tions per Mile, V37 . tions per Mile, V37 tions per Mile, V37 
(accidents/MVM) No. Signalized Jitersections No. Signalized Jitersections No.. signalized Intersections 

per Mile V38 Der Mile V38 cer Mile v3a++ 
Vll = O. 32062+ l.6740 'vll Vl3 = O.l206 2+ 1.6740 V33 Vl3- a 0.32062+ 1.6740 Vll 

. R = 0.15 R - 0~15 1> • 0 lC: 

No. "tining Signs per Mile, 
Volumi to Capacity Ratio, 

NO. "tining Signs per Mile, 
Opposite Direction 

vu • vu 
Accident Rate, Vl4 NO. Driveways per Mile, Vl4+◄ V33 No. Driveways per Mile, Vlt• 
(accidents/MVM) ,Volu~+to Capacity Ratio, Volu~+to Capacity Ratio,· V33 V33 

- - -
Driveway Accident Rate, 

VlS - - -
(accidents/KYM) 

- - -

Angle Accident Rate, Vl6 - - -caccidents/MVMJ 

- - -
Volume to Caif~ity 

Volumi ia Capacity Ratio, No. Commerctal Dr.iveway Fixed Object Accident Ratio, V33 per 
Rate, Vl7 V33 + Mile, V35 

No. Commercial Driveway Caccidents/MVMJ 
per Mile, V35+ 

Vl7 = 0.96732- 1.3946 VJl Vl7 = 0.96732- l.3'J46 Vll 
R • fl 25 R = 0.25 

+++ Meets all significance tests at 0.05 level. ++ Meets all tests at 0.10 level. + Meets all tests at 0.20 level. 



The most clearly defined surrogate measure :is for "fixed object 
accident rate" on the test sections. The v ari ab 1 e used to pre~ ict this 
accident experience is "volume-to-capacity ratio". The R value, 
however, is quite low (0.25) for this regression model (see Table 15). 
This same variable (vol~me/capacity) is the independent variable in the 
only model developed for predicting "rear-end accident rate" also -
simply confirming the common assumption that traffic volume (perhaps 
modified by roadway capacity) is the best predictor of accident rates on 
tangent roadway sections. 

The results from these analyses indicate little potential for acci
de11t surrogate measures on urban tangents. Possible reasons for this may 
be the character of this highway situation, being a "section" as opposed 
to a "spot". On sections, the comp 1 ex i ty of the accident picture increases 
dramatically over that of spot ;locations due to the wide variations in the 
dr,iving tasks, highway information systems and driving environments, and 
the interactions thereof. For spot locations a driver is faced with fewer 
decisions and actions which, in turn, increases the feasibility of identi
fying specific variables on which to develop accident surrogates. 

Case Application 

Although strong accfdent surrogates could not be identified for this 
situation, data from the six randomly selected sites were used to demon
strate application of the best surrogate (for fixed object accidents) for 
the purpose of comparing predicted and actual accident rates. 

Figure 12 shows comparisons for predicted and actual fixed object 
accidents using the volume-to-capacity ratio as the predictor variable. 
It can be seen that even though the selected model is quite weak (R2 = 
0.25), it generally predicts the rank order of the actual accident rates 
at the six test sites. 
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Figure 12. Comparison of fixed object accident rate at 
urban tangents using V/C ratio. 
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APPLICATION OF STUDY RESULTS 

The final objective of the study was to develop methodologies that 
utilize selected accident surrogates for identifying hazardous locations, 
evaluating the effectiveness of completed countermeasures and reviewing 
design plans for new facilities or improvements. To accomplish this 
objective, procedures are presented to guide the user in applying accident 
surrogates in the context of the three highway safety activities. 

The accident surrogates identified in the preceding section should 
not be considered as universal surrogates for accidents. Design stan
dards, enforcement levels, driver characteristics, terrain, traffic con
trol device applications, and many other highway system variables affect 
the types of variables that may serve as accident surrogates within a 
particular highway jurisdiction. The surrogates developed and reported in 
this study are based on three specific highway situations within a single 
Michigan county using county-level data. No attempt has been made to test 
the validity of these measures outside the test county. It may be that 
the surrogate measures are appropriate for these and similar 1 ocat ions 
only within that one county. Accident surrogates, therefore, may have to 
be developed based on the data and highway system characteristics of the 
individual highway agency or jurisdiction. 

The development of surrogate measures, however, may benefit from the 
procedures demonstrated in this study. 

For example, the listings of candidate surrogat.e measures for various 
highway situations may provide a starting point in the search for surro
gate measures. Also, the procedure for selecting and developing surrogate 
models may prove useful to potential users. 

Surrogate measures used for ev al uat ion should have a demonstrated 
cause and effect relationship with the implemented countermeasures. That 
is, the magnitude of the surrogate measure should be affected by the 
introduction of a countermeasure. The time and coordination required to 
examine the affectability of various surrogate measures through initial 
surrogate data collection, countermeasure deployment and follow-up data 
collection was beyond the scope of the study. Therefore, the character
istic of affectibility is assumed (based on logic) but not validated as a 
part of this study. 

Given the availability of implementable surrogate measures, the gen
eral methodologies contained in the following sections can be converted 
into detailed procedures which ut i1 i ze specific surrogate/accident rel a
ti onsh i ps for various highway situations to achieve the desired results of 
the applied methodology (i.e., identification of hazardous locations, 
evaluation of safety countermeasures and design plan review to identify 
potentially hazardous design elements or highway features). 
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Methodology For Identifying and Ranking Hazardous Locations 

The objective of this methodology is to identify hazardous locations 
which warrant safety improvement and rank the resulting locations accord
ing to relative safety,deficiencies. The locations are to be drawn from a 
listing of locations which are presumed to be hazardous by virtue of acci
dent experience, or are suspected of being hazardous because certain 
geometric or operational characteristics are in evidence, or has been 
included in the list of candidates because of complaints received from the 
public. 

The methodology consists of the five sequential steps that are des-
cribed below: 

1. Identify Potentially Hazardous Sites and Group by Situation 
2. Develop Data Collection Plan 
3. Collect and Reduce Field Data 
4. Determine Accident Potential 
5. Rank LocaUons 

Identify and Stratify Sites 

This step consists of developing a list of all locations that merit 
further study because of observed or suspected hazard potential . A site 
may be identified for a variety of reasons, including high accident exper
ience, substandard highway design or control, public complaints, or the 
presence of highway system features which are associated with high hazard 
potential (blunt-end guardrails, narrow bridges, etc.). 

Identified sites should be documented with respect to the reasons for 
identification such as accident experience, complaints, detection by field 
review, etc. In addition, a full site description should be prepared to 
facilitate site stratification. The site description should include loca
tion type, environmental setting (i.e., rural or urban) and type of high
way situation (i.e., isolated curve, tangent section, winding section, 
signalized intersection, bridge, highway/railroad crossing, etc.). 

Next, the locations should be stratified into groups with similar 
locational characteristics (highway situations). That is, group all urban 
signalized intersections together, group all rural signalized intersec
tions together, grcup all rural winding sections together, and so on. 
This is necessary because surrogate/accident relationships will 1:1sually 
differ by highway situation and the urban/rural nature of the environ
ment. 
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In performing this grouping it may be necessary to further subdivide 
each group based on classification variables like volume ranges, number of 
lanes, area population, etc. The exact guidelines for the classification 
scheme should be determined by the user of the met ho do logy based on the 
variation in critical variables within each group of sites. 

Develop Data Collection Plan 

This step consists of establishing a plan for collecting field data 
for each site. Consideration should also be given to collecting data for 
those surrogates to be used in countermeasure evaluation which are not 
used in identification. Most, if not al 1, operational measures used in 
identification will also be used in evaluation. However, it is possible 
that some surrogates may be useful only in evaluation. 

Certain data elements, particularly those included in the non-opera
tional identification surrogates, will already be available in some form 
as a result of the site selection studies. In that case one need only 
check to see that the variables are in the same quantitative range and 
format (and were measured to the same accuracy) as that assumed in the 
development of the surrogate/ accident relationship. 

For example, it is conceivable "distance since last curve" may be one 
of the variables included in a non-operational surrogate for accidents at 
horizontal curves. In the screening process, it may be sufficient to know 
whether this distance exceeds one mile or not (i.e., if the distance is 
greater th an one mile, the curve should be inc 1 uded on a 1 i st of poten
tially hazardous sites). If a more definitive surrogate/accident rela
tionship has been established, however, and the actual distance is part of 
the equation, then one must include measurement of that specific distance 
as part of the data. The accuracy of the measurement should be consistent 
with the measurements made in developing the surrogate/accident relation
ship (perhaps simple map measurements will be sufficient; perhaps odometer 
readings will be required). 

It is likely that a number of operational measures will be included 
in the identification surrogates, and almost certainly more data will be 
required than is available in Step 1. Major considerations in arriving at 
an appropriate sampling plan for each surrogate variable are: (1) the raw 
data measurement accuracy specifications (e.g., nearest 0.1 mile; nearest 
2 mph); (2) sample size requirements to obtain the required accuracies; 
(3) any special constraints (e.g., time of day; day of week); and (4) the 
statistical reliability of the surrogate/accident relationship -- i.e., 
with what accuracy can the relationship specify accident potential given 
that the accuracies of the individual surrogate variables meet certain 
specifications. 
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The confidence level in the assessment of accident potential will be 
dependent on the data collection plan, with tighter specifications requir
ing greater data co 11 ect ion effort. ( It is to be noted, however, that the 
resulting confidence level can be no greater than that inherent in the 
surrogate/accident relationship no matter how precisely we determine the 
values of the individual variables in the surrogate). 

It is not really feasible to formulate universal rules for designing 
''a data collection plan for identification surrogates" -- the plan is too 
depend~nt on the specific situation/surrogate/accident combination and the 
desired confidence level for the assessment of accident potential. 

Collect and Reduce Field Data 

This step consists of implementing the data collection plan developed 
in Step 2. Data collection personnel may need training to collect some of 
the specialized data elements, such as traffic conflicts, erratic maneu
vers, etc. For Urose data used in countermeasure ev al uat ion, it is 
extremely important that the actual data collection procedure (i.e., 
deviations from data co 11 ect ion pl an) be documented so th at they may be 
duplicated following project implementation. After all data are collected, 
they must be transformed into the format for input into the analysis 
process. 

Determining Accident Potential 

This step consists of inputing the data variables from Step 3 to the 
surrogate/accident relationships to determine the relative accident poten
tial (hazardousness) of each location within each highway situation. This 
step will utilize the relationships to generate a measure of accident 
potential for each location. It should be noted that only those accidents 
considered to be correctable were emp 1 oyed in deve 1 oping ace i dent surro
gates and, further, that many of the surrogates were found to be related 
to only certain types of accidents (surrogates will be useful in identi
fying these types of accidents). For example, if specific surrogates were 
developed for sideswipe and single vehicle run-off-road accidents at rural 
isolated horizontal curves, then only those accident types will be "pre
dictable" through the use of those surrogate measures in the identifica
tion process. 

Rank Locations 

This step consists of analyzing the measures of accident potential 
generated from the surrogate/accident relationships and developing a 
rank-ordered listing of locations by potential hazard for each situation. 
Since surrogates may exist as either threshold values-or continuous rela
tionships, consideration must be given as to how to combine both types of 
output in assessing relative hazardousness. One approach may be to 
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develop a site/surrogate matrix which gives a value for each surrogate 
type for each site, and then rank-order by "worst" combinations. Further, 
accident data could also be included at each site as additional input to 
the assessment process. 

Following the identification and rank-ordering of hazardous sites the 
next logical step is to review physical and operating conditions to iden
tify circumstances contributing to undesirable accident surrogate values. 
Alternative geometric and operational characteristics should then be 
brought about through design and tr af fi c contra l changes, with the expec
tation that these changes will eliminate or lessen the negative effects of 
those circumstances. 

Methodology For Evaluating Accident Countermeasures 

The objective of this methodology is to evaluate the effectiveness of 
highway safety projects implemented to reduce accidents and/or hazard 
potential at a specific highway location (spot or section). The judgment 
of the effectiveness of a countermeasure project is then based on an 
observed change in the value of the surrogate measure(s) between the 
improved and unimproved condition. This methodology is intended to pro
vide a "short-term" indication of the effectiveness of the project. 
Planning for the evaluation study, in advance of the implementation of the 
project, is mandatory. 

The methodology consists of the five sequential steps: 

1. Develop the Evaluation Plan 
2. Collect and Reduce Field Data 
3. Determine Project Effectiveness 
4. Document Evaluation Results 
5. Develop and Update Effectiveness Data Base 

Develop the Evaluation Plan 

The development of an evaluation plan prior to the implementation of 
the project is mandatory s i nee values of the accident surrogate measure 
must be obtained both before and after project implementation. 

Evaluation plan development consists of categorizi:'lg ea~h project 
site into a highway situation (i.e., urban signalized intersection, rural 
winding section, rural isolated curve, etc.) and evaluating objectives and 
measures of effectiveness (MOE's) related to the expected immediate and/or 
intermediate impacts of the project. The selection of objectives and MOE's 
are limited to the characteristics of the developed quantitative surro
gate/accident relationships for each highway group. If relationships are 
not related to the expec:ted safety impacts of the project, the project is 
not amenable to evaluation by this methodology. 
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Once the objectives and MOE's have been selected, the experimental 
design for the evaluation must be selected. The selection of the experi
mental design and appropriate theme variations (e.g., time series, random
; zed assignment of treatment and control groups, etc.) , must be based on 
an understanding of assumptions, strengths, and weaknesses of each design 
and a knowledge of the practical limitations and constraints which exist 
for the evaluating agency (e.g., manpower and time availability). A com
plete discussion of experimental design plans is included in "Highway 
Safety Evaluation (DOT-FH-11-9684)". 

Based on the selection of objectives, MOE's and an experimental 
design, the data needs for the evaluation should be specified. Data need 
specification should include the type of field data to be collected, the 
location (control and/or project sites) and sample size requirements. 
Data specifications used in the development of the surrogate/accident 
relationships must be followed. Detailed evaluation plans should be 
followed in subsequent steps. 

Collect and Reduce Field Data 

This step consists of collecting before and after field data related 
to the evaluation data needs listed in Step 1. If the methodologies for 
identifying and ranking hazardous locations were used to identify loca
tions, before data may already be available. However, if more than one 
year has elapsed between development of before surrogates and project 
implementation, surrogate variables should be "collected again. If only a 
subset of the identified hazardous 1 ocat ions are to be improved, the 
unimproved locations may serve as control sites for the evaluation. 
Otherwise control sites must be selected and data collection activities 
must be performed as prescribed by the experimental design and data needs 
determined in Step 1. 

"After" data collection activites must be identical to "before" 
activities. Any deviations from the established data collection activ-
ities should be recorded and used in both the before and after period. 

The field data must be reduced to provide a direct measure of the 
surrogate needed to determine values for the "before" and "after" condi
tions for all data collection sites. 

Determine Project Effectiveness 

This step consists of comparing the before and after values of the 
ace i dent surrogate measures according to the se 1 ected experiment a 1 p 1 an 
and testing (statistically) the significance of any observed changes. The 
nature of the surrogate measure (discrete or continuous) dictates the 
selection of a statistical testing procedure. 
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Based on the observed change on the MOE's (surrogate measures) and 
the statistical significance of the changes, conclusions are made regard
ing the effectiveness of the project. 

Document Evaluation Results 

This step consists of preparing a written report of the observed 
effectiveness of the project. The report should consist of a narrative of 
the project, the objective, MOE's and experimental design selected for the 
evaluation along with the rationale for their selection, the observed 
changes in the accident measures, the statistical test used, and signifi
cance of observed changes. The fin~ conclusions on the effectiveness of 
the project must be provided. 

Develop and Update Effectiveness Data Base 

This step consists of tabulating the observed changes in the accident 
surrogates resulting from the project in a form which is usable by program 
planning personnel. The format allows for updating the effectiveness of 
the projects as new data become available, thereby improving the reli
ability of the data base and improving the ability of planners to make 
decisions regarding project selection. In addition, the data base allows 
for the comparison of changes in surrogate and accident measures in the 
event that an effectiveness evaluation based on changes in accident 
measures is performed at a later date. 

Methodology For Design Plan Review 

The objectives of this methodology is to identify and evaluate high
way design features as shown on design drawings and spec i fi cat i ans. The 
design features to be evaluated may inc 1 ude roadway geometrics, cross
sectional elements and roadway configuration, depending on the identified 
relationships to accidents at the type of highway sitliation being 
studied. 

The methodology consists of the five sequential steps: 

1. Identify Safety-Related Design Features 
2. Determine Safety Deficiencies 
3. Determine Potential Design Changes 
4. Review Design Plans for Consistency 
5. Revise Design Plans 

Identify Hazard-Related Design Features 

This step involves the categorization of the highway design plan into 
one or more of the highway situations for which accident surrogate mea
sures are available. The design plan may involve one highway situation or 
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a number of situations in the case where an extended section makes up the 
design plan. For instance, the plan may consist of a highway section 
containing a rural undivided tangent, a rural signalized intersection, 
another tangent and a rural unsignalized intersection. Since accident 
surrogates may differ according to the highway situation, each situation 
must be considered separately. 

For each highway situation contained in the design plan, a list of 
hazard-related design features must be developed. The listing must 
include the geometric accident surrogates identified for the situation. 

Determine Safety Deficiencies 

This s-tep involves a comparison of the values of the hazard-related 
design features with threshold values developed from the surrogate/ acci -
dent relationships for a particular situation. The threshold values may 
exist for single design features or for combinations of several features 
depending on the nature of the surrogate/accident relationship (only 
surrogate variables related to features obtainable from design plans are 
considered). It may al so be necessary to obtain projections of traffic 
volumes depending on the surrogate variables to be considered. 

Determine Potential Design Changes 

This step consists of determining the appropriate design change(s) 
,uch that the design plan does not exceed the threshold values established 
for the highway situation. 

Review Design Plans for Consistency 

Potential revisions identified in Step 3 must be reviewed with re
spect to their safety impact on adjacent situations (sections). This step 
compares the potential design changes to the design features of all situ a
t ions (components) of the proposed highway to insure consistency in 
design. For example, while proposed design changes such as a different 
skid treatment, wider lane, and/or a change in cross-slope may reduce the 
accident potential at a particular situation, these revisions may create 
driver expectancy problems at adjacent sections thus increasing the acci
dent potential at those sections. 

Revise Design Plans 

This step consists of revising the identified hazardous design fea
tures such th at the design p 1 an does not exceed the thres ho 1 d va 1 ues 
established for the highway situation. 
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SUMMARY ANO CONCLUSIONS 

This study provides ev i de nee th at surrogate measures for accident 
experience can be identified. Furthermore, a procedure for doing so has 
been developed and demonstrated to a limited degree. This procedure 
involved extensive review of the literature pertaining to studies of the 
effect of various operational and non-operational highway, driver and 
traffic variables on accident experience; the judgment of a group of 
highway safety experts on which variables were most promising in terms of 
developing mathematical relationships with accidents; the analyses of 
existing data bases to assess probable relationships; a limited amount of 
field data collection to supplement the other sources; and a synthesis of 
all these inputs to select the variables most likely to lead to meaningful 
surrogates. 

Results of the application of that procedure within this study are 
shown in Table 8. For ten highway situations, the variables most likely 
to be included in meaningful surrogate measures to (1) identify hazardous 
locations, (2) evaluate implemented countermeasures, and (3) review design 
plans are identified. 

Comprehensive sets of data were collected for 25 rural isolated 
horizontal curves, 19 rural signalized intersections, and 30 urban undi
vided tangent sections -- three of the ten situations shown in Table 8. 
The data included operational and non-operational characteristics and 
measurements as independent variable, and various categories of accident 
types as dependent variables. 

Statistical analyses of these data yielded five reasonably strong 
models for predicting particular types of accident rates at horizontal 
curves, and Table 13 has 3 weaker models for predicting accidents at rural 
signalized intersections. No acceptable models could be developed for 
urban tangent sections. 

The strongest model developed in the study indicates that the "out
side lane accident rate" at horizontal curves can be predicted from 
measurements of the "distance since last traffic event on the outside 
lane" and "speed differential between the approach speed and curve mid
point speed for traffic in the outside lane". The model is strongest when 
applied to highways with a posted speed limit at 45 mph or greater. 

In all of the situations, the success in developing regression models 
dee 1 i ned marked 1 y as the category of ace i dent type was broadened, or the 
constraints on the physical or operational characteristics of the sites to 
be included in the data set were loosened. Further, the feasibility of 

69 



identifying useful surrogate measures and accident experience prediction 
models is related to the character of the highway situation and the com
plexity of the driving task -- as evidenced by the relative successes in 
developing models for isolated horizontal curves, rural intersections, and 
urban tangent sections in this study. On rural isolated curves, for 
example, the driver need only perceive the direction and degree of curva
ture, assess the related highway and traffic environmental factors (super
elevation, shoulders, other traffic. etc.) and then select an appropriate 
speed and path. Roadway geometry, sight distance, traffic volumes and 
other factors will dictate what the speed and pathway should be, but the 
"ideal path" can be fairly well defined and results of inappropriate 
decisions (encroachments, accidents) are obvious and measurable. However, 
as the complexity of the highway situation increases, the number of 
temporal and spatial decisions and possible actions increases. This 
creates difficulties in identifying and measuring inappropriate responses, 
and relating measurable roadway, driver and traffic characteristics to 
accidents. 

The prediction models formulated in this study are based on data from 
a limited geographic area, and may only be appropriate for selected safety 
studies within that area. Some caution should be exercised in extra
polating the models to other areas with differing laws, law enforcement, 
driver behavior, terrain, weather and traffic control devices. It is 
quite possible that the models are applicable in wider areas (and that is 
certainly desirable, given the effort required to construct such models), 
but testing wi 11 be required to determine their suitability in other 
geographic areas. 

With qualifications imposed by the size of the data set, the primary 
objective of the study, which is to demonstrate that accident surrogates 
can be developed through a systematic identification and measurement of 
roadway, driver and traffic characteristics has been accomplished. 
Generalizing the surrogates formulated herein and developing new surro
gates can now proceed at a much faster pace with more efficient data 
collection and analyses. 
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RECOMMENDATIONS 

Additional testing and analysis is necessary in the following areas 
to develop other accident surrogates and to demonstrate their usefulness 
in highway safety analyses: 

• Further testing and analysis should be performed for those acci
dent surrogates identified in this study. Development of surro
gates on a statewide (or nationwide) basis would enhance the 
utility of accident surrogates. 

• Other types of highway situations should be examined for the 
purpose of identifying surrogates. Emphasis should initially be 
given to "spot" situation as opposed to sections. Complexity of 
the driving task should be considered as an important factor in 
assessing the feasibility of identifying "good" accident surro
gates. 

• Long term study should be directed at identifying the effect of 
safety measures on both accident experience and surrogate values. 
This is a prerequisite to the use of surrogate measures for 
countermeasure effectiveness evaluation. 
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FEDERALLY COORDINATED PROGRAM fFCPl OF HIGII\V AY 
RESEARCH AND DEVELOPMENT 

The Office• of Research and Development (R&D) of 
the Federal Highway Admini■tration (FHWA) are 
re■pon■ible for a broad program or ataff and contract 
raearcb and development and a Federal-aid 
program, conducted by or through the State highway 
tran■portation agencie■, that includes the Highway 
Planning and Research (HP&R) program and the 
National Cooperative Highway Reaearch Program 
(NCRRP) managed by the Tranaportation Research 
Board. The FCP is a carefully ■elected group of proj
ecta that 11.1e1 reaearcb and development re■ourcea to 
obtain timely 10lution1 to urgent national highway 
engineering problem■.• 

The diagonal double ■tripe on the cover of thia repon 
represents a highway and ia color-coded to identify 
the FCP category that the report falls under. A red 
■tripe ii u■ed for category l, dark blue for category 2, 
light blue for category 3, brown for category 4, gray 
for category 5, green for categories 6 and 7, and an 
orange stripe identifies category 0. 

FCP C..tegory Deacriptiona 
1. Improved Highway Design and Operation 

for Safety 
Safety R&D addreues problems aa■ociated with 
the responsibilities of the FHWA under the 
Highway Safety Act and include& investigation of 
appropriate design 1tandard1, roadaide hardware, 
■igning, and physical and ■cientific data for the 
formulation of improved aa.fety regulations. 

2. Reduction of Traffic Coqeetion, and 
lmpro"ecl Operational Efftdency 
Traffic R&D is concerned with increasing the 
operational efficiency of exi■ting highways by 
advancing technology, by improving designs for 
existing u well u new facilities, and by balancing 
the demand-capacity relationship through traffic 
management techniques such u bu■ and carpool 
preferential treatment, motorist information, and 
rerouting of traffic. 

I. Enmonmental Considerations in llipway 
Deaip, Location, Construction, and Opera• 
lion 
Environmental R&D ii directed towud identify
ing and evaluating highway elements that affect 

• The coaplell _ _._., oF,eial a1a1e_,., of the FCP ii aftilable from 

tile Natioaal Tecbaical laforauioa Seniff, Sprinafielcl, VL 22161. Smale 
Npiu of Ille ia1rod11CIOIJ Tillume are awaiaWe without ebarp from Pn,snzn 

A,,a!yaio (HBD--1), otr1CS of llNeueh a■d De.elDpaot, Fedsnl Highway 
Admin■tration, Wulli■p,n, D.C. 20590. 

the quality of the human environment. The aoals 
are reduction of adver■e highway and traffic 
impacts, and protection and enhancement of the 
environment. 

4. lmpro'Ved Materiab Utilization and 
Durability 
Material■ R&D is concerned with expanding the 
knowledge and technology of materials properties, 
using available natural materials, improving struc
tural foundation materials, recycling highway 
materials, converting industrial wastes into usefuJ 
highway products. developing extender or 
substitute materials for those in short supply, and 
developing more rapid and reliable testing 
procedures. The goals are lower highway con
atruction coats and e1tended maintenance-free 
operation. 

S. lmprond Design to Reduce Costs, Ex.tend 
Life Expectancy, and Insure Structural 
Safety 
Structural R&D is concerned with furthering the 
latest technological advances in structural and 
hydraulic designs, fabrication proceues, and 
construction techniques to provide ■afe, efficient 
highway, at reasonable coats. 

6. Improved Technology for Highway 
Comtruction 
Thia category ii concerned with the research, 
development, and implementation of highway 
construction technology to increase productivity. 
reduce energy consumption, consene dwindling 
re■ourcea, and reduce coats while improving the 
qHlity and method■ of construction. 

7. Improved Technology for' Highway 
Maintenance 
Thi■ category addre11ea problems in preeerving 
the Nation'■ highwaya and include■ activities in 
physical maintenance, traffic 1ervice1, manage
ment, and equipment. The goal is to maximize 
operational efficiency and safety to the traveling 
public while con■erving reaourcea. 

O. Other New Studiee 
Thia category, not included in the seven-volume 
official 1tatement of the FCP, is concerned with 
HP&R and NCHRP studies not specifically related 
to FCP projects. These studies involve R&D 
support of other FBWA program office research. 






