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Predicting Accidents 
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ABSTRACT 

The purpose of this research was to establish relationships between traffic 
conflicts and accidents and to identify expected and abnormal conflict rates 
given various circumstances. The data on which the conclusions and reconunenda
tions are based were collected during the sununer of 1982 at 46 signalized and 
unsignalized intersections in the greater Kansas City area. The conclusions are 
limited to daytime (7:00 a.m. to 6:00 p.m.) and weekday (Monday-Thursday) traf
fic and to dry pavement conditions. Accident/conflict ratios have been statis
tically determined for several types of collisions for each of four types of 
intersections (signalized high volume, signalized medium volume, unsignalized 
medium volume, and unsignalized low volume). These ratios can be applied to 
comparable intersections to obtain an expected accident rate of a specific type 
after the appropriate conflict data are collected. Also, statistical procedures 
were developed to determine conflict rate values that could be considered 
abnormally high. Overall, traffic conflicts of certain types are good surrogates 
for accidents in that they produce estimates of average accident rates nearly 
as accurate, and just as precise, as those produced from historical accident 
data. Therefore, if there are insufficient accident data to produce an estimate, 
a conflicts study should be very helpful. 

The traffic conflicts technique (TCT) has been 
studied and applied since its early development in 
1967 by Perkins and Harris (1) • Although it was 
originally developed to investigate whether General 
Motors vehicles were driven differently than others, 
the method was soon used by several agencies to 
evaluate accident potential and operational defi
ciencies of intersections. It was believed that a 
direct relationship existed between accidents and 
conflicts. However, efforts to verify such a rela
tionship were generally unsuccessful, for a variety 
of reasons to be discussed subsequently. A review in 
1980 by Glauz and Migletz (~) identified 33 previous 
studies that dealt, at least in part, with conflict
accident relationships. 

The use of the TCT did not continue to increase 
in the United States in the late 1970si in fact, it 
declined. However, research did become international 
in scope, led originally by Canada and England. Now 
the efforts are widespread and include those of many 
European and other countries. 

Partly in recognition of the widespread interest 
in TCT and because of the diversity of opinions on 
its usefulness as well as the definitions and opera
tional procedures, an international workshop was 
convened in Oslo, Norway, in 1977 (3). That workshop 
has been followed by others in Fra;;-ce, Sweden, West 
Germany, and Belgium. Although investigators 
throughout the world have not agreed on the specific 
operational definitions of traffic conflicts, a 
universal, generalized definition was generated at 
the Oslo workshop (1): 

A traffic conflict is an observable 
situation in which two or more road users 
approach each other in space and time to 
such an extent that there is a risk of col
lision if their movements remain unchanged. 

Because the situations are observable and happen 
at a high frequency (relative to that of accidents, 

say), conflicts are an enticing traffic measure. The 
operational differences between investigators are 
primarily in relation to the severity of the situa
t ion--how great the potential risk of a collision 
was. 

Despite such differences, most traffic engineers 
and analysts believe that traffic conflicts are of 
value in describing or identifying operational prob
lems at intersections. However, there exist no stan
dards or norms against which to base judgments. How 
many conflicts per hour or per day suggest a problem? 
One of the purposes of this paper is to suggest 
normal and abnormal levels of conflict rates in the 
United States for certain classes of intersections 
and types of conflicts. 

Perhaps the most important potential application 
of the TCT, however, is in identifying safety defi
ciencies. Conventionally, safety is measured in 
terms of accidents and accident rates--the ultimate 
measures. Unfortunately, accidents are so rare, 
statistically, that one must often wait for years, 
and for many accidents to happen, before enough data 
are available to enable rational decisions. If a 
surrogate measure such as traffic conflicts could be 
used, decisions might be made much more quickly. As 
noted earlier, however, the heretofore lack of 
satisfactory agreement between conflicts and acci
dents has cast this role of the TCT in doubt. The 
second purpose of this paper is to illustrate that, 
in fact, a reasonable agreement does exist. 

DATA COLLECTION 

Definitions 

To be useful, the TCT procedures must be formalized 
and standardized so that investigators can duplicate 
each other's work. This step was taken in the United 
States with NCHRP Project 17-3 (2). In that research, 
the TCT methodology was refined and a standardized 
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set of operational definitions and procedures that 
were cost-effective was developed. 

A traffic conflict was defined in that study, in 
general agreement with the 1977 international defi
ni cion \~}, as roLLows: 

A traffic conflict is a traffic event 
involving two or more road users, in which 
one user performs some atypical or unusual 
action, such as an change in direction or 
speed, that places another user in jeopardy 
of a collision unless an evasive maneuver is 
undertaken. 

Given this overall conceptual definition, precise 
operational descriptions for a number of types of 
conflicts were developed. Of those, 12 were con
sidered in this study: 

1. Left turn same direction, 
2. Slow vehicle, 
3. Lane change, 
4. Right turn same direction, 
5. Opposing left turn, 
6. Left turn from left, 
7. Cross traffic from left, 
8. Right turn from left, 
9, Left turn from right, 

10. Cross traffic from right, 
11. Right turn from right, 
12, Opposing right turn on red. 

Detailed definitions of these and other conflicts 
can be found elsewhere (2). Let it suffice here to 
provide a few examples. - All the conflicts become 
observable, by definition, when the offending or 
conflicted vehicle undertakes an evasive maneuver, 
typically by braking or swerving. Conflict 4, for 
example, occurs when a vehicle slows to make a right 
turn, which causes the following vehicle to evade a 
rear-end collision. Type 5 is instigated by a vehicle 
turning left in front of an oncoming vehicle. Type 7 
involves a vehicle to the left, on a cross street, 
proceeding across in front of another vehicle, which 
causes the latter to take evasive action. 

Experimental Plan 

The methodology published in NCHRP Report 219 t~J 
was used by Migletz et al. (4) to produce the data 
required for this paper. The data were collected in 
the Kansas City metropolitan area (population about 
1.5 million). The results are believed to be appro
priate for much of the United States, but because of 
regional differences in driving habits, they may not 
be directly applicable elsewhere. The results are 
undoubtedly not usable, numerically, in many coun
tries outside the United States. However, the re
search approach should be universally applicable. 

Traffic conflict and accident data were collected 
at 46 urban intersections located in four cities in 
the greater Kansas City metropolitan area. These 
intersections were stratified, first, according to 
whether they were signalized and then within sig
nalization class according to intersection traffic 
volume level (not accident history). The volume 
levels assigned were 

• High: more than 25,000 vehicles per day, 
Medium: 10,000 to 25,000 vehicles per day, 

• Low: 2,500 to 10,000 vehicles per day. 

The ~~~~g"mon~ ~~ the 46 in~orQO~~innc tot~~ ~~11~ 
was as follows: 
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each of these intersections for 4 days (replicates) 
during the period from 7:00 a.m. to 6:00 p.m. over 
the summer months of 1982. The 11-hr period was 
sampled in 16 sets of 25-min periods, and the sample 
counts were then adjusted to be representative of 
the entire period. Three years of accident d~ta 
( 1979-1981) for these same intersections were also 
obtained and reduced, as well as special 1-day 
volume and turning-movement counts. 

Conflict Data 

Aside from a few rare instances of missing data (in 
most cases of difficulty, additional data were col
lected) , a total of 576 observer-days of conflict 
data, representing nearly 90,000 traffic conflicts, 
was obtained. Table 1 shows the raw conflict counts 
(along with the accidents) obtained in the study. Of 
these, 64,210 conflicts were used in the analyses. 
There were comparatively few wet-pavement accidents 
and conflicts. Because it was suspected that traffic 
behavior might be different under dry and wet condi
tions, the latter were not analyzed in depth. Also, 
a number of secondary conflicts were observed. ThePe 
are conflicts created or caused by a vehicle in the 
process of taking evasive action because of a prior 
conflicting event. They were dropped from further 
analysis because corresponding accidents were found 
to be very rare. Table 2 displays the adjusted 
conflict rates (conflicts per 11-hr day) by conflict 
type and intersection class. 

Accident Data 

Hard-copy accident reports of all accidents occurring 
at the 46 intersections over the 3-year period (1979-
1981) were reviewed. A total of 1,292 accidents made 
up this data base, given in Table 3. The following 
types were not used in the ultimate analyses, how
ever: 

• Secondary road accidents, 
• Wet-road accidents 1 

• Other accidents such as single vehicle and 
pedestrian, 

• Nighttime accidents (those not occurring 
between 7:00 a.m. and 6:00 p.m.), 

• Weekend accidents (not occurring on Monday 
through Thursday), and 

• Multiple-vehicle accidents not matching o~e 
of the 12 conflict types. 

TABLE 1 Conflicted-Related Accidents and Conflicts by Road 
Condition 

Road and Condition 

Dry 
Primary 
Secondary 

Wet 
Primary 
Secondary 

Total 

Signalized Intersection 
(N; 26) 

No.of No.of 
Accidents Conflicts 

244 49,337 
2 14,111 

42 3,865 
0 1,274 

288 68 ,587 

Unsignalized Intersection 
(N; 20) 

No , of No.of 
Accidents Conflicts 

75 14,873 
I 3,933 

25 972 
2 255 

103 2U,U:J3 
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TABLE 2 Conflict-Related Accidents and Conflicts by Type 

Signalized Intersection Unsignalized Intersection 

Medium Volume Medium Volume 
High Volume (N; 12) (N; 14) (N; IO) Low Volume{N; IO) 

Conflict 
Accidents/ Conflicts/ Accidents/ Conflicts/ Accidents/ Conflicts/ Accidents/ Conflicts/ 

No. Type 3 yr Day 3 yr Day 3 yr Day 3 yr Day 

I Left turn same direction 5 1,003.73 3 1,886.14 6 1,327.45 2 706.45 
2 Slow vehicle 4 8,028.61 3 5,29].]3 I 1,518.31 l 1,018.61 
3 Lane change I 218.53 s 106 .70 3 27 .97 0 I.OS 
4 Right turn same direction 2 2,623.50 2 1,742.66 I 616.95 0 579 .12 
5 Opposing left turn 73 264.01 44 406.80 7 89.82 I 36.40 
6 Left turn from left 0 7.57 0 6.48 0 39.13 l 33 .66 
7 Cross traffic from left 26 1.68 30 4.05 14 32.50 19 66.98 
8 Right turn from left 0 0.75 2 4.67 0 l.65 0 5.67 
9 Left turn from right l 5.00 I 7.21 0 43 .33 0 49.93 

10 Cross traffic from right 19 3.47 14 3.21 6 33.27 12 52.28 
II Right turn from right 7 31.23 I S 1.89 I 89.72 0 55 .46 
12 Opposing right turn on red l 2.72 0 1.32 

Note: The values tabulated are totals over the number of intersections in each class (e.g., there were 5/(12)(3) or 0.139 accident/yr of the Left-turn same-direction type of acd
dent at an average high-volume, signalized intersection, 

TABLE 3 Accidents by Road Condition 

Multiple-Vehicle Accidents by Road Condition 

Dry Wet 
~ignalization and 
Volume Class Primary Secondary Primary 

Signalized 
High(N; 12) 392 II 103 
Medium (N; 14) 314 2 60 

Unsignalized 
Medium (N; I 0) 105 30 
Low (N; IO) 82 29 

Total 893 15 222 

8 For example, single-vehicle or pedestrian accidents. 

A conunon example of the last type is a rear-end 
collision at a red traffic signal involving a stopped 
or stopping vehicle. (The conflict definition does 
not consider stopping for a red traffic signal to be 
an "atypical or unusual" action.) The 319 accidents 
retained are included in Table 3. 

EXPECTED AND ABNORMAL CONFLICT RATES 

One objective of this paper is to suggest, on the 
basis of data collected, conflict rates that might 
be expected or typical for intersections like those 
studied, as well as abnormal rates. "Abnormal" im
plies rates significantly greater than average, in a 
statistical sense. The user who finds such abnormal 
rates at an intersection should be suspicious, either 
of the data or of the traffic behavior at that in
tersection. 

One defines abnormal or extreme values statisti
cally by examining the probability distribution of a 
number of observations. This is typically done by 
calculating the mean and standard deviation, or 
variance, and using them to represent the properties 
of the distribution. However, whereas it is common 
to establish limits in terms of the mean plus or 
minus some number of standard deviations, this method 
is not correct for traffic conflicts or many other 
traffic measures because it indirectly assumes that 
the data follow a normal distribution. Traffic con
flict data do not behave in that way. The counts can 
never be negative, for example, and their dis tr ibu
tion tends to be skewed, with a longer tail at the 
higher conflict-count values. 

Other or Unknown 
Other 

Secondary Primary Secondary Accidents' Total 

2 
I 

3 
0 

6 

48 19 576 
28 31 437 

8 0 2 149 
14 I 3 130 

98 3 55 I ,292 

This property of nonnormality for traffic data is 
well known. Researchers have long used the Poisson 
distribution for certain data, such as queue lengths, 
headways, and accidents. The Poisson distribution 
has a variance equal to its mean. Cursory examination 
shows this to be far from the truth for conflict 
data--the variance is often 10 to 100 times as large 
as the mean. Therefore, a more general distribution 
should be used. 

Early in the research (4), it was suggested (E. 
Hauer, University of Toronto, unpublished data) that 
the ganuna probability distribution be used. It is 
very general and can be made to fit a variety of 
data sets. However, it is more difficult to work 
with than are the normal or Poisson distributions. 
The probability density function [f(c)] for the 
ganuna distribution is 

f(c) = te-ct (ct)s-l;r(s) (1) 

where r is the gamma function, and t and s, both 
positive, are called the parameters of the distribu
tion. The random variable c is taken to be the daily 
number of conflicts of a given type associated with 
one intersection in this paper. 

The parameters t and s are defined in terms of 
the expected value or mean [E(c)] and variance 
[Var (cl J of the distribution through the following 
equations: 

t E(c)/Var(c) (2) 

s a t E(c) (3) 
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An examination of some typical plots of Equation 
1 for selected types of conflicts follows, Figure 1 
shows the distribution of all-same-direction con
flicts (the sum of types 1 through 4) for signalized 
medium-volume intersections I it looks much like a 
normal distribution. The mean value in this case is 
about 645 and the standard deviation is 159 [= 
(25,338) 1121, so individual sample counts can be 
expected to be much greater than zero but fairly 
tightly clustered about the mean. Note, however, 
that the curve is not quite symmetrical. The average 
value for this type of conflict (645) is slightly to 
the right of the peak at 605. The value of cat the 
peak of the curve is called the mode of the distri
bution. The mode and the mean are the same for a 
normal distribution; the more they differ, the more 
the distribution is skewed. 

Also shown in Figure 1 are the 90th and 95th 
percentiles. In this case, 90 percent of all inter
sections of this class are expected to have less 
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FIGURE 1 Distribution of all-same-direction conflicts for 
signalized medium-volume intersections. 

than 860 conflicts per day of this type, and 95 
percent are expected to have less than 930 con
fl icts per day. In other words, only 10 percent (or 
5 percent) of all intersections should be worse than 
these values indicate. In the remainder of this 
discussion, limits of 10 and 5 percent will be used 
as alternative definitions of abnormal conflict 
rates. 

A quite different shape results when the gamma 
distribution is applied, for example, to opposing-
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left-turn conflicts for signalized high-volume in
tersections, as shown in Figure 2. It is highly 
skewed, with the mean value 5 times as large as the 
mode (4.8). For this type of conflict, most of the 
intersections may be expected to have fairly low 
daily conflict rates--in fact, half will have less 
than 16 (the median). However, many will have quite 
large values, so the idea of abnormality takes on a 
different aspect. Whereas in the previous case the 
95th percentile (930) was only 1.44 times as large 
as the average, in this case an intersection would 
be required to have nearly three times as many con
flicts as the average to be considered abnormal. 

A final example shows an even more extreme case 
(Figure 3). The variance for this type of conflict 
is so lar ge that t he standard deviation, 108 
(11,613 , 7)1/2 , is grea ter than the mean of about 
84 conflicts per day. In such a case, the gamma 
distribution has no mode or peak. The value of f(c) 
becomes increasingly large as c approaches zero. The 
median is 11bout 42 conflicts per day, so half the 
intersections should experience less than that rate. 
Th~ average, however, is about twice as large as the 
median (-84), and the 95th percentile is nearly 
4.5 times the average (360 conflicts per day). 

It remains to explain how these limits and other 
numerical values are determined. The mode is easily 
calculated as 

Mooe= (s - i J / t (4) 

which is only meaningful ifs is greater than 1. The 
90th percentile is the value of c (say, ego) for 
which 

f" f ( c) de = 0 .10 
0 90 

(5) 

That is, c90 is chosen so that the area under the 
curve to the right of that point is only 10 percent 
of the total. 

Equation 5 could be solved by numerical integra
tion with the expression for f(c) given in Equation 
1, Alternatively, the integral can be transformed to 
the probability integral [Q(x 2 /v)J of the x 2 -distri
bution, which has been tabulated by several authors 
(1.,pp.978-983). 

To use these tables, simply replace v by 2s and 
x• by 2tc. For example, for the data used in Figure 
2, sand tare 1.281 and 0.05824, respectively. In
terpolating in the table for v = 2.5~2, it is found 
that Q = 0.10 (approximately) for x~o = 5.55. Then 
c90 = x~ 0/2t = 47.6. Values of c 95 , and so on, are 
obtained in a similar fashion, 

Conflicts/Day, C 

FIGURE 2 Distribution oi oppuHing-iefi-iun1 t;uufllt;it!I fu1· t!lignaii:£eti high
volume intersections. 
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FIGURE 3 Distribution of left-turn-same-direction conflicts for signalized high
volume intersections. 
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Tables 4 through 7 summarize these calculations. (11,613.7/14)1/2 28.8. When conflict types are 
so rare that it might be considered abnormal to 
observe any, no quantitative percentile values are 
given. 

The expected conflict rates (conflicts per 11-hr 
day) are given in the column headed Mean. The preci
sion of an expected conflict rate is e xpressed as 
the standard error of the mean, or (Variance/N) l/2 , 
where N is the number of intersections in the sample. 
For example, from Table 4 the standard error of the 
mean for left-turn same-direction conflicts is 

The results given here are based on data obtained 
from the sample of intersections in this study. It 
is expected that other users, at least in the United 
States, should obtain roughly comparable values, 

TABLE 4 Daily Conflict Rates for Signalized High-Volume Intersection 

Conflict Percentileb 

No. Type Mean Variance Mode" 90th 95th 

I Left turn same direction 83.644 11,613.7 265.0 360.0 
2 Slow vehicle 669.051 23,994.7 633.0 870.0 940.0 
3 Lane change 18.211 160.6 9.4 35.0 43.0 
4 Right turn same direction 218.625 7,587.5 184.0 470.0 510.0 
5 Opposing left turn 22.00] 377.7 4.8 48.0 60.0 
6 Left turn from left 0.631 0.824 1.7 2.5 
7 Cross traffic from left 0.140 0.135 
8 Right turn from left 0.062 0.022 
9 Left turn from right 0.417 0.261 I.I 1.4 

10 Cross traffic from right 0.290 0.215 
II Right turn from right 2.603 2.268 0.9 4.6 5.4 
12 Opposing right turn on red 0.227 0.124 
1-4 All same direction 989.531 67,198.4 921.0 1,340.0 1,460.0 
7+10 Through cross traffic 0.430 0.335 1.1 1.5 

:MIIXimum value of the ,aim ma distdbution of conOICl l5 (c) fo r f(c) = te ·C'l(o.)'· 1 /r(s), if a maximum exists. 
For the rarest types of co11nlcts, no vaJues are 1ivt1n: an)' ob,:11!:rvcd conmcu should be viewed with suspicion. Other-
wise, values given suggest limits, at two levels, for n<a rm 11lly c:~per:ted conflkt rates. 

TABLE 5 Daily Conflict Rates for Signalized Medium-Volume Intersection 

Conflict Percentileb 

No. Type Mean Variance Mode" 90th 95th 

I Left turn same direction 134.724 10,298.3 58.0 270.0 340.0 
2 Slow vehicle 377 .938 4,928.9 365.0 470.0 500.0 
3 Lane change 7.621 52.8 0.7 17.0 22.0 
4 Right turn same direction 124.476 2,445.1 105.0 190.0 220.0 
5 Opposing left turn 29.057 211.2 22.0 49.0 56.0 
6 Left turn from left 0.463 0.466 1.3 1.9 
7 Cross traffic from left 0.289 0.240 
8 Right turn from left 0.333 0.188 0.8 1.1 
9 Left turn from right 0.515 0.125 0.3 1.0 1.2 

10 Cross traffic from right 0.229 0.118 0.7 1.0 
11 Right turn from right 3.707 2.839 2.9 6.0 7.0 
12 Opposing right turn on red 0.094 0.058 
1-4 All same direction 644.760 25,338.4 605.0 860.0 930.0 
7+10 Through cross traffic 0.519 0.215 0.1 1.1 1.4 

~Mnximum value of the ~;mima distdbu1Jon ofconflkts (c) for f(c) = te-ct(ct)s-l /r(s), ifa maximum exists. 
f"or the rarest types of I.\Onflicts, no values are given; any observed conflicts shou)d be viewed with suspicion. Other
wise, values given suggest limits, at two levels, for normally expected conflict rates. 
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TABLE 6 Daily Conflict Rates for Unsignalized Medium-Volume Intersection 

Conflict Percentileb 

No. Type Mean Variance Mode' 90th 95th 

I Left turn same direction 132.745 11,643.4 45 .0 275 .0 350.0 
2 Slow vehicle 151.831 5,921.8 113.0 255.0 290.0 
3 Lane change 2.797 22 .6 
4 Right turn same direction 61.695 I ,156.5 43 .0 105 .0 125 .0 
5 Opposing left turn 8.982 39.8 4 .6 17.0 2 1.0 
6 Left turn from left 3.913 6.452 2.3 7.0 9.0 
7 Cross traffic from left 3.250 4.644 1.8 6,0 7.5 
8 Right turn from left 0.165 0.077 
9 Left turn from right 4 .333 21.2 10.0 14.0 

IO Cross traffic from right 3.327 4 .297 2.0 6.0 7.5 
11 Right turn from right 8.972 99.4 21.0 29.0 
12 Opposing right turn on red 
1-4 All same direction 319.068 28,650.5 229.0 540.0 640.0 
7+10 Through cross traffic 6.577 15.7 4.2 12.0 14.0 

~Maximum v luc of the gamma distdbuUon of conflicts (c) for f(c) = te ·Ct(ct)8-J /r(s), If a maximum exists. 
For the rarest types of conflicts, no vaJues are given; any observed conflicts shouJd be viewed with suspicion. Other
wise, values given suggest limits, at two levels, for normally expected co nflict rates. 

TABLE 7 Daily Conflict Rates for Unsignalized Low-Volume Intersection 

Conflict Percentileb 

No . Type Mean Variance Mode8 90th 95th 

Left turn same direction 70 .645 1,005.0 56.0 110.0 130.0 
2 Slow v~ .. l1ide 101.861 9,648.2 7.1 225.0 295.0 
3 Lane change 0.105 0.050 
4 Right turn same direction 57.912 2,197.3 20.0 120.0 150.0 
5 Opposing left turn 3.640 8.300 I .4 7.5 9.0 
6 Left turn from left 3.366 7.790 1.1 7 .0 9.0 
7 Cross traffic from left 6.698 42.0 0.4 1.5 19.0 
8 Right turn from left 0.567 0.828 
9 Left turn from right 4.993 72.7 16.0 23.0 

IO Cross traffic from right 5.228 J 1.6 3.0 10.0 12.0 
11 Right turn from right 5.546 12.1 3 .4 10 .0 12.0 
12 Opposing right turn on red 
1-4 All same direction 230.523 17,929.2 153.0 410.0 490.0 
7+10 Through cross traffic I 1.926 75 .2 5.6 24.0 29.0 

~Maximum voluc of the attrnma distributio n of conflicts (c) for r(c)= te -ct(ct}8-1 /I'(s), if a maximum exists. 
For the ra res.I t ~pes of confli cts. no vaJues are given; any observed conflicts should be viewed with suspicion. Other
wise, values given suggest limits, at two levels, for normally expected conflict rates. 

although this statement is made without proof. If 
other parts of the country produce different con
flict rates, the user can establish his own expected 
and abnormal conflict rates by using the procedures 
explained here. 

ACCIDENT PREDICTION 

!i'h ilosophy 

If one wants to know how many accidents have occurred 
at a specified location, one should review the acci
dent records. Bypassing such records and using a 
surrogate such as traffic conflicts cannot possibly 
produce the correct answer. 

Unfortunately, this rather obvious concept has 
usually been overlooked or is unappreciated by re
searchers and practicing traffic engineers in their 
search for some measure that might supplant accident 
data and be used to support difficult decisions. The 
general approach used to validate a surrogate measure 
has been to compare observed accidents with the 
observed surrogate measure, and then to be quickly 
discouraged and disappointed by the lack of agree
ment. For example, correlation coefficients of 0.4, 
0.6, or even 0.8 are quickly rejected as not being 
large enough to adequately estimate or predict acci
dents. Any attempt to match conflicts lor any other 
surrogate) with accidents in this manner is doomed 
to failure. 

To look at this differently, why would one even 
want to consider using surrogates? It would not be 
to identify high-accident locations--the accident 
data do this. It migh t be to i den t ify loc ations with 
a high accident potential--locations that may be 
suspected to have safety problems although the acci
dent data do not yet support this. Perhaps it is to 
determine whether a redesign or countermeasure can 
be expected to be effective in improving safety 
without a wait of months or years to establish an 
accident data base. It might be to determine whether 
the recent occurrence of a few accidents at an in
tersection previously presumed safe means that, in 
fact, the intersection is becoming or has become 
less safe, for whatever reason. All these potential 
applications require an estimation or prediction of 
what may happen in the future--not a duplication of 
what has happened in the past. In reality, engineers 
commonly use accident data not just to determine 
what has already happened: they surmise that the 
history predicts the future unless changes are made. 

Accidents are, in a way, random events. They 
cannot be predicted except in a statistical sense. 
Given a substantial accident history for an inter
section, one can estimate the expected number of 
accidents for that intersection in a succeeding 
year. The actual number of accidents in the succeed
ing year will undoubtedly be numerically different 
'frnm f-'.h;Q. PYT"IOl""f-::itif-;nn; 2ithe?:' higher ,....,... ,,..,..,,a.,..., bt:t 

the number will normally be within statistically 
expected bounds. 

-.. 
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It is a major purpose of this research to deter
mine how well traffic conflicts can be used to esti
mate expected accident rates as distinguished from 
the number or rate actually observed in any given 
period. A difficulty then arises--what is the ex
pected accident rate? Two viewpoints will be taken. 
One is to compare the expected accident rate as 
predicted by traffic conflict data with the expected 
accident rate as predicted by historical accident 
data. The latter is, in effect, the traditional 
approach i the degree to which the two predictions 
agree will provide an indication of the validity of 
traffic conflicts as an accident surrogate. Second, 
by pooling actual accident data from a number of 
intersections, years, and so on, another estimate of 
accident expectations can be derived i both of the 
foregoing predictions can be compared with this 
expectation. 

In addition to a comparison of estimates of the 
expected accident rates based on conflicts and on 
accidents, the quality of the estimates will be 
assessed as measured by the variance of the esti
mate. The smaller the variance, the better is the 
estimate. Whether a certain variance of the estimate 
is deemed acceptable depends on the variance ob
tained by other methods of estimation and on the 
relative costs of estimation by different methods, 

Finally, it may be noted that many attempts to 
prove that conflicts or other measures are satisfac
tory surrogates failed because the accidents were 
not suitably disaggregated. Reference to Table 2 
shows that most of the conflicts at signalized in
tersections, for example, involve vehicles traveling 
in the same direction (types l through 4) , whereas 
most of the accidents involve vehicles crossing or 
meeting head on. If one compared total conflicts and 
total accidents, one would in effect be comparing 
conflict movements of one type with accident move
ments of another type. They are basically unrelated, 
so no valid statistical relationship should be ex
pected. 

Therefore, in this paper only like types of events 
were analyzed. This bas the obvious advantage that 
if the surrogate (conflicts) is found to be statis
tically acceptable, it is also logical and defens
ible. The disadvantage is that it does not deal with 
total accidents, the ultimate measure that most 
people feel most comfortable with. 

Use of Accident/Conflict Ratios 

It is proposed that accident expectation be pre
a icted for an intersection by using conflict data 
from that intersection in conjunction with accident 
and conflict data from other intersections of the 
same class (signalization and volume level). The 
appropriate equations are 

Var (Ao) Var(C)Var(R) + C~Var(R) + R2 Var(C) 

where 

Ao expected number of accidents, 
c 0 = expected conflict rate obtained from the 

field study at the intersection, and 

(6) 

(7) 

R = estimate of the accident/conflict ratio for 
that class of intersections (~). 

A summary of conflicts and conflict-related acci
dents by type and class of intersection was given in 
Table 2. The fractional conflict values arise pri
marily from the interpolation process used to cover 
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the time periods when conflict observations were not 
made (7). 

Accident/conflict ratios were determined on the 
basis of reported accident data for 3 years and 
observed conflict data for 4 days adjusted to 3 
years. The accidents and conflicts from a group of 
similar intersections (for example, signalized high 
volume) were used to calculate accident/conflict 
ratios for types of collisions within that group of 
intersections. Each accident/conflict ratio for a 
signalization-volume class is the mean value of the 
accident/conflict ratios of the intersections in 
that class. The variance of the ratio was taken to 
be the sample variance of the individual intersec
tion ratios. 

Accident Types Subject to Prediction 

In the development of accident/conflict ratios, not 
all types of collisions were analyzed because of a 
lack of accident or conflict data or both, and some 
types were pooled to facilitate analysis. The reasons 
for the choice of the types of collisions analyzed 
are briefly presented next. 

The number of accidents and corresponding con
flicts varied considerably from type to type. For 
most types there was less than one accident per 
intersection in 3 years. For signalized intersec
tions, because there were so few accidents of types 
1, 2, 3, and 4--too few to enable meaningful rate 
calculations--they were pooled to form a category 
entitled All Same Direction. In each case, the con
flicts are the result of vehicles traveling in the 
same direction. Even for this pooled category, how
ever, there were no accidents at 12 of the 26 signal
ized intersections. The opposing-left-turn accidents 
and conflicts (type 5) showed the best distribution 
of all the types at signalized intersections. Even 
here, 7 of the 26 signalized intersections experi
enced no opposing-left-turn accidents in the 3 years 
studied. 

Note that for signalized intersections, a red
light violation must occur if there is to be a cross
traffic conflict or accident of any kind (types 6 
through 11). Such conflicts were observed only 
rarely. For example, there was a total of only 14 
cross-traffic-from-right conflicts observed in 4 
days for the 26 signalized intersections (l). This is 
an average of about O .13 conflict/day per intersec
t ion. To state it differently, one would have to 
observe all four approaches of an intersection for 
an average of 7 days to see one conflict of this 
type. Clearly, such a rare event would not be 
economically practical as an accident surrogate. 

Thus, it is obvious that some sort of pooling is 
necessary to make cross-traffic conflicts practical. 
Examination of Table 2 revealed that the most fre
quent cross-traffic conflict at signalized inter
sections is type 11, right turn from right, which 
commonly occurs with illegal right-turn-on-red ma
neuvers. However, only 6 of the 26 intersections 
experienced any accidents of this type in 3 years, 
and none had more than two. The second most common 
cross-traffic conflicts are those involving left 
turns, either from the left or from the right (types 
6 and 9). Yet there were only two accidents alto
gether for these two types over the set of 26 inter
sections. The two conflict types involving through 
movements of cross traffic (types 7 and 10) were 
exceedingly rare yet represent the most common type 
of cross-traffic accident. 

In summary, although it might appear desirable to 
pool the cross-traffic conflicts and accidents, it 
does not appear legitimate to do so. If pooling did 
occur, it would be almost equivalent to comparing 
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through-cross-traffic accidents with right-turn
from-right conflicts. Therefore, no further work on 
cross-traffic accident/conflict ratios at signalized 
in~cr~c~~inn~ ~nnc~r~ w~rr~n~cn_ 

Finally, the opposing-right-turn-on-red category 
( type 12) yielded very few conflicts and just one 
accident, This type involves right-turning vehicles 
conflicting with opposing-left-turn vehicles with a 
protected phase (~), Therefore this type, too, was 
dropped from further analyses. 

Examination of the data from the unsignalized 
intersections also led to decisions about the sub
sequent analyses of accident/conflict ratios. The 
left-turn-same-direction data (type 1) for the 
medium-volume intersections were deemed adequate 
(marginally) for analysis. They were not combined 
with the data from the other three same-direction 
types (2-4), or the type 1 data from low-volume 
intersections, however. Accidents for conflict types 
2 and 4 were very rare. There were very few con
n icts of type 3, and al though there were three 
accidents, all occurred at one intersection when one 
vehicle sideswiped a left-turning vehicle when the 
first vehicle attempted to pass the second on the 
shoulder. 

As expected, the unsignalized intersections ex
perienced more cross-traffic conflicts than the 
signalized intersections, Inasmuch as all but one of 
the cross-traffic accidents involved through move
ments (conflict types i and 10), they were retained; 
the other cross-traffic data were dropped from 
further analyses, The opposing-left-turn (type 5) 
data were retained for the medium-volume intersec
tions but not for the low-volume sites. 

To recapitulate, the following accident and con
flict types were used in the analysis of accident/ 
conflict ratios: 

1. Signalized high- and medium-volume intersec
tions 

a, All same direction (pooled) 
(1) Left turn same direction 
(2) Slow vehicle 
(3) Lane change 
(4) Right turn same direction 

b. Opposing left turn 
2. Unsignalized medium-volume intersections 

a. Left turn same direction 
b. Opposing left turn 
c. Through cross traffic (pooled) 

(1) Cross traffic from left 
(2) Cross traffic from right 

3. Unsignalized low-volume intersections: through 
cross traffic (pooled) 

TABLE 8 Accident/Conflict Ratio Statistics 

Mean 
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a. Cross traffic f rom left 
b. Cross traffic from right 

The accident/conflict ratios in Table B reveal the 
large differences from type to type. The all-same
d irection type has the smallest accident/conflict 
ratios, with an average of about 2 x 10-• ac
cident/conflict. The opposing-left-turn and through
cross-traffic types have ratios of the order of 500 
x 10- 6 accident/conflict. Thus, it is evident that 
some types of conflicts are far more likely to yield 
an accident than other types. Indeed, the differ
ences are of 2 to 3 orders of magnitude. 

One might be tempted to impute meanings to the 
differences in accident/conflict ratios for a given 
type between intersection classes. For example, the 
mean all-same-direction ratio for signalized medium
volume intersections is twice that for signalized 
high-volume i11Lersectluns ( 2. 663 x 10- 6 versus 
1. 428 x 10- 6

) • However, the corresponn i ng stannr1rn 
deviations are fairly large compared with the means, 
which indicates that the data have a lot of scatter. 
Therefore, the apparent difference might not be 
statistically significant. 

To test for differences in means, one commonly 
uses the t-test, which is not applicable in this 
instance because the data are not from a normal 
distribution, a requirement for using the t-test. 
Instead, the distributions of the two sets of acci
dent/conflict ratios were compared by using the 
Kolmogorov-Smirnov test (B), which did not show a 
significant difference in the distributions. How
ever, this test is known to be conservative when the 
data sets contain many ties. In this case, 12 of the 
26 signalized intersections had no accidents in the 
all-same-direction category. Repeating the test on 
the remaining 14 intersections indicated that the 
two distributions were significantly different at 
the 5 percent significance level. That is, for sig
nalized intersections having accidents of this type, 
those with medium volume had higher accident/con
flict ratios than those with high volume. 

There is a legitimate argument against deleting 
intersections without accidents--these data are just 
as valid as those for intersections with accidents. 
In this case, the accident data base is just too 
sparse to enable strong conclusions to be drawn. 
Despite the fact that the difference in the two 
complete data sets is not statistically significant, 
combination of the two sets is not believed to be 
appropriate. Given more data, one might be able to 
show that a difference exists. 

Variance Coefficient of Variation(%) 
Type of Conflict and No. of Accident/Conflict Standard 
Intersection Class Intersections Ratioa Deviationa Var(R)b Var(C)" Ratio Accidents Conflicts 

Left turn same direction, unsignalized 
medium volume 10 J 5.024 X 10-6 31.810 X 10-6 JOJ.204 X 10-ll 11,643 211.8 151.8 81.3 

All same direction 
Signalized high volume 12 J.428 X J0-6 J.500 X 10-6 0.189 X 10-12 67,198 105.4 112.8 26.2 
Signalized medium volume 14 2.663 X 10-6 3.703 X 10-6 0.979 X 10-12 25,338 139.1 129.9 24.7 

Opposing left turn 
67 J.087 X 10-6 1,002.990 X 10-6 83.832 X 10-9 Signalized high volume 12 337.7 149.5 130.3 88.3 

Signalized medium volume 14 184.906 X 10-6 187.500 X 10-6 2.5llxl0-9 211.2 101.4 105.1 50.0 
Unsignalized medium volume 10 212.456 X 10-6 293.010 X 10-6 8.586 X 10-9 39.8 137.9 135.5 70.2 

Through cross traffic 
735.425 X 10-6 1,088.780 X 10-6 J J.8.544 X 10-9 Unsignalized medium volume 10 15.7 148.0 115.5 60.3 

Unsignalized low volume 9 489.229 X 10-6 302.292 X 10-6 10.153 X 10-9 75.2 61.8 78.2 72.7 

8 (Accidents/3 yr)+ (conflicts/3 yr). 

L[ (Accidents/3 yr) + (conflicts/3 yr)] 1. 

c(Contlicts/day)2 , 
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The same arguments can be made regarding the 
opposing-left-turn ratios at signalized high- and 
medium-volume intersections and those for through 
cross traffic at unsignalized medium- and low-volume 
intersections. Although the mean values differ con
siderably, statistical tests are unable to prove the 
differences to be significant. Nevertheless, it is 
probably wise not to pool the data. 

The standard deviations of the accident/conflict 
ratios are fairly large. Another way of examining 
the variability in these ratios is through the coef
ficients of variation (CVs). The CV is the standard 
deviation divided by the mean of the accident/con
flict ratio. It gives a measure of the relative 
variation, or imprecision, of the ratio. The cvs 
obtained are rather high, ranging from 61.8 to 211.8 
percent (see Table 8). 

A more careful review of the raw data suggests 
that these high values are largely the result of the 
variability in the accident data rather than in the 
conflict data, as is seen in Table 8. In general, 
higher relative variations in accidents parallel 
higher relative variations in accident/conflict 
ratios. The cvs of the conflicts are about half 
those of the corresponding ratios. 

Validation 

The procedure for validating the use of traffic 
conflicts as accident surrogates was as follows. 
Within each class of intersections, two locations 
were randomly selected. Accident/conflict ratios 
were then computed as described earlier but based 
only on the data from the remaining 38 locations. 
With the conflict rates and variances obtained from 
the study, the expected accident rates and their 
variances were then computed for the selected inter
sections and compared with those based on the aver
age of the actual accident counts during the years 
1979, 1980, and 1981. (No corrections were made for 
other covariates, such as volume changes, accident 
trends, etc. ) 

The computations of the expected accident rates 
and their variances will be demonstrated on the 
all-same-direction type of conflict at one of the 

TABLE 9 Expected Accident Rates 
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signalized high-volume sites (Location 19). With the 
notations given earlier, the computation is as fol
lows: 

CQ = 1,386 conflicts/day from the study; 

R = 1.308 x 10-•, the average accident/conflict 
ratio for signalized high-volume intersections 
(note that this is not the finally recommended 
value in Table 8, based on all intersections) i 

Var(R) 2.6462 x 1~ 1
' i and 

Var(C) = 65,697.8 (conflicts/day) 2 • 

Thus, the expected accident rate per 11-hr day will 
be 

Ao= Cox R = 1,386 x 1.308 x 10-• 
accident/day. 

1.813 X 10- 3 

Var(Ao) = Var(C) Var(R) + C2 o Var(R) + R2 Var(C) 
0. 6381 x 10- 6 (accident/day) 2

• 

In summary, the expected daily all-same-direction 
accident rate at Location 19 is 0.0018 accident/day, 
with a standard deviation 9f 0.0008 accident/day 

[square root of Var(Ao)l. In units of accidents per 
year on weekdays (Monday-Thursday), these results 
are adjusted by a multiplication factor of 4/7 x 
365, giving 0.38 accident/year with a standard 
deviation of 0.17 accident/year. This prediction is 
for that specific type of accident on dry pavement 
and during daylight hours only. The CV of the ex
pected number of accidents of this type at this 
intersection is 44.1 percent. These values, based on 
conflicts and conflict/accident ratios, are to be 
compared with the expected accident rate of 0.67 
accident/year, standard deviation of 1.15, and CV of 
173.2 percent based on previous accident rates. 
These results, along with those for the other vali
dation locations and conflict types, are given in 
Table 9. 

Overall, for this set of intersections and these 
types of conflicts, the total number of expected 
accidents based on conflicts is 18.20, very close to 
the expected number based on accidents (19.67). Both 
expectations are in good agreement with the observed 

Expected Accidents/Yr 

Based on Conflicts Based on Accidents 

Validation Coefficient Coefficient 
Intersection and Intersection Accidents/ Standard of Variation Accidents/ Standard of Variation 
Volume Class No. Type of Conflict Yr Deviation (%) Yr Deviation (%) 

Signalized 
High volume 19 All same direction 0.38 0.17 44.1 0.67 1.15 173.2 

20 0.26 0.13 48.8 0.33 0.58 173.3 
19 Opposing left turn 3.88 3.54 91.2 8.33 1.53 18.3 
20 6.51 4.52 69.4 3,33 2.08 62 .S 

Medium volume 12 All same direction 0.39 0.19 48.6 0.0 0.0 
26 0.35 0. 18 50.9 0.33 0 ,58 173.3 
12 Opposing left turn 0.67 0.64 95.4 1.33 0.58 43.3 
26 1.14 0.70 61.3 0 .33 0.58 173 .3 

Unsignalized 
Medium volume 34 Left turn same direction 0.24 0.56 233.4 0 .0 o.o 

46 0.26 0.56 220.7 0.0 0.0 
34 Opposing left turn 0. 12 0.24 205.6 0.33 0.58 173.3 
46 0.08 0.23 299.7 0.33 0.58 173.3 
34 Through cross traffic 1.42 1.13 79.5 1.67 1.15 69 .3 
46 0.70 0.88 126.6 0.33 0.58 173.3 

Low volume 27 Through cross traffic 0.93 0.97 104.4 1.0 1.0 100.0 
33 0.87 0.97 111.4 1.33 1.15 86.6 

Total" 18.20 19.67 

a Actual total in 1982 = 20. 
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number of 20 in 1982. This suggests that conflicts 
are nearly as good as accidents in predicting ex
pected accidents, at least for the total from this 
sam~l~ of 1~ pr~~ir.tinnQ_ 

One can then ask how the two sets of 16 predic
tions fit the set of 16 observations. Do the predic
tions from one set tend to be better (closer) than 
those from the other? The expectations based on 
accidents were closer in nine cases, the expecta
tions based on conflicts were closer in six cases, 
and there was one tie. Statistically, there is no 
evidence that either set of predictions is more 
likely to be closer more often than the other. Pur
suing this a little farther, one can ask whether the 
magnitudes of the errors in fitting the two predic
tions to the set of observations are the same. Wil
coxon' s signed rank test (~) was used to test this 
hypothesis, showing no significance at the 95 per
cent level. At the 90 percent confidence level, the 
accident-based predictions are marginally closer 
than the conflict-based predictions. It is noted 
that the conflir.t-hased expectations were closer 
than the accident-bas@d @xpectations more often for 
unsignalized intersections, and the reverse was true 
for signalized intersections. However, the data set 
is too small to allow convincing generalizations. 

Another way of comparing the two estimation pro
cedures is to examine their variances (precision). 
This can be done by comparing the CVs (standard 
deviation/mean; obtained in both cases. Again, Wil
coxon's signed rank test was used. It showed no 
evidence that one method produces, on the average, 
more precise predictions than the o·ther method • . In 
some instances the conflict-based expected value is 
more precise, and in other instances the accident
based value is more precise. 

Effect of Volume 

It has been noted that conflicts and accidents are 
both correlated with intersection volumes (2), sug
ges ting that conflict-accident relationships may 
exist because of this volume effect. In order to 
minimize the influence of volume, the intersections 
were stratified by volume level, as discussed ear-
1 ier. It is nevertheless appropriate to question 
whether the stratification effectively removed the 
volume effect. 

Volume counts were obtained during the research. 
The actual volumes in any cell of the design dif
fered only by a factor ranging from l.85 to 2.50 
(1). Correlation analyses were performed, within 
cells, between the conflict types in Table 8 and the 
corresponding intersection volumes, with the results 
shown in Table 10. In most cases the correlations 
are far from significant, and in some instances they 
o.ppeilr to be negative. The excepllou l,; (uc ,;lynal
ized medium-volume intersections where the correla-
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tions for the two conflict types considered are 
significant (p = 0.07 and 0.04, respectively). In 
these cases the regression accounts for 25 or 31 
n.a..-,.. 0 ... ._. In%\ ,....,: '""'- ·---~---- :_ .i..'L- ---.e"' .! _ ._ -----L -
.t,; ------- ,-• I -- --•- •----••""''- .._ •• """'"" ""'""'&I.._ ............. '""'-'U.&& .... ,Ce 

Thus, although some of the variation in conflict 
counts can be explained by differences in volumes 
for signalized medium-volume intersections, the 
amount explained is not large. And for the other 
intersections there is no detectable effect of 
volume. 

Minimum Var iance PredictionQ 

Two sets of predictions (expectations) have been 
discussed--one based on conflicts and one based on 
accidents. There is no conclusive evidence that one 
ie more accurate or precise than the other. However, 
the two sets of expectations can be combined to yield 
expected values with variances less than those for 
either set alone. If Aa is the expected accident 

rate based on accident data, then Am, the expected 
accident rate with mi nimum var i ance, can be computed 
as follows: 

... A ,. "' A A 

Am = [Ao/Var (Ao) + Aa/Var (Aa) ]Var !Am) (8) 

where 

Var(Am) 1/[1/Var(Ao) + 1/Var!Aa)l (9) 

Thus, Equation 8 yields a more precise estimate of 
the expected accident rate than do either accidents 
or conflicts alone. The results are shown in Table 
11. 

CONCLUSIONS 

This study culminated in the following conclusions: 

1. A fundamental difficulty with a study of 
this kind is the rarity of accidents, the very rea
son that one searches for accident surrogates in the 
first place. The 1,292 total accidents in the 3-year, 
46-intersection data base yielded an average of only 
about 28 accidents per intersection. After those 
accidents that involved single vehicles, nighttime, 
adverse pavement conditions, and so on, were deleted, 
only 319 accidents (about 7 per intersection in 3 
years) remained that could be considered conflict
related. Further subdivision into 12 conflict types 
yielded a sparse data set indeed. 

2. There are 12 basic conflict types that are 
possible, according to NCHRP Report 219 (~). Of 
these, some are fairly common, but others are so 
rare that they are impractical tor operational ap
plications. At signalized intersections same-di rec-

TABLE 10 Correlations Between Intersection Volumes and Conflicts 

Correlation 
Intersection and Coefficient Probability 
Volume Class Type of Conflict N (R) {p) 

Signalized 
High volume All same direction 12 0.34 0.28 

Opposing left turn 12 -0.26 0.41 
Medium volume All same direction 14 0.50 0.07 

Opposing left turn 14 0.55 0.04 
Unsignalized 

Medium volume Left turn same direction 10 -0.04 0.91 
Opposing left turn 10 -0.04 0.91 
l hrough cross trallic 10 0.10 0.77 

Low volume Through cross traffic 10 0.37 0.30 

--
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TABLE 11 Minimum Variance Accident Expectations 

Expected Accidents/Yr 

Validation 
Intersection and Intersection Conflict-
Volume Class No. Type of Conflict Based 

Signalized 
High volume 19 All same direction 0.38 

20 0.26 
19 Opposing left turn 3.88 
20 6.51 

Medium volume 12 All same direction 0.39 
26 0.35 
12 Opposing left turn 0 .67 
26 1.14 

Unsignalized 
Medium volume 34 Left turn same direction 0.24 

46 0.26 
34 Opposing left turn 0.12 
46 0.08 
34 Through cross traffic 1.42 
46 0.70 

Low volume 27 Through cross traffic 0 .93 
33 0.87 

tion conflicts are common, as are op[)Osing-left-turn 
conflicts, Cross-traffic conflicts at signalized 
intersections can occur only if a driver violates 
the red signal phase and are exceedingly rare (with 
the exception of the tight-turn-from-right conflic.t, 
which is observed more frequently although it still 
indicates a violation of the usual right-turn-on-red 
ordinances), At unsignalized intersections, all
same-direction conflicts are also common, except for 
those resulting from lane changes. Cross-traffic 
conflicts are much more prevalent at such intersec
tions compared with signalized intersections, 

3. Considering the rarity of certain conflict 
types and the infrequent occurrence of some accident 
types, emphasis in applying the TCT as a safety 
indicator must be placed on a limited subset of 
conflict types. It is not practical to use conflict 
types that require excessively long periods to ob
serve adequate samples. Likewise, there is little 
incentive to collect data on conflict types for 
which corresponding accidents hardly ever occur. 
Thus, the practical, usable conflict types are the 
following: 

1, Signalized intersections 
a. Same direction (pooled types 1, 2, 

3, and 4) 
b. Opposing left turn (type 5) 

2. Unsignalized intersections [through 
cross traffic from left and right (pooled types 7 
and 10) I 

3, Unsignalized intersections, medium vol
ume only 

a. Opposing left turn (type 5) 
b. Left turn same direction (type 1) 

4. An estimate of the expected rate of acci
dents of a specified type and for a specified class 
of intersections can be computed from data obtained 
in a field conflict study, If the conflict study at 
the intersection produces an average conflict rate 
of Co, the expected accident rate is Ao= CoR, Values 
of R, which are the accident/conflict ratios obtained 
in this research for the various conflict types and 
intersection classes, are presented in Table 8, 
along with their variances. The latter can be used 
to estimate the variance in the expected accident 
rate by using Equation 7. 

5, Accident/conflict ratios differ substantially 
from conflict type to conflict type, ranging from as 

Variance 
With 

Accident- Minimum Conflict- Accident-
Based Variance Based Based Minimum 

0.67 0.39 0.029 1.32 0.028 
0.33 0.26 0.017 0.34 0.016 
8.33 7.63 12.5 2.34 1.97 
3.33 3.88 20.4 4.33 3.57 
0.0 0.0 0.036 0.0 0.0 
0.33 0.35 0.032 0.34 0.029 
1. 33 1.03 0.41 0.34 0.19 
0.33 0.66 0.49 0.34 0.20 

0.0 0.0 0.31 0.0 0.0 
0.0 0.0 0.31 0.0 0.0 
0.33 0. 15 0.058 0.34 0.050 
0.33 0. 11 0.053 0.34 0.046 
1.67 1.54 1.28 1.32 0.65 
0.33 0.44 0.77 0.34 0.24 
1.00 0.96 0.94 1.00 0.48 
1.33 1.06 0.94 1.32 0.55 

low as 1 or 2 accidents/million conflicts for same
direction conflicts at signalized intersections to 
as high as about 700 accidents/million conflicts of 
the opposing-left-turn and through-cross-traffic 
types. (The latter ratios are for unsignalized in
tersections only; a·t signalizeq intersections there 
are about 10,000 accidents/million through-cross
traffio conflicts, but the rarity of this type of 
conflict precludes an accurate estimate . ) 

6 , The variation in accident/conflict catios is 
generally quite large {CVs up to about 200 percent), 
indicating a substantial difference among intei:sec
tions of normally the same type. This variance arises 
primarily from the intersection-to-intersection dif
ferences in accidents, whose CVs match those of the 
ratios quite well. The CVs of the conflicts, on the 
other hand, are only about half as large. 

7. Comparisons of accident/conflict ratios 
between classes of intersections suggest that there 
are differences, but statistical tests, for the most 
part, are not able to establish this with confidence, 
This is because of the large variances noted earlier, 
as well as the substantial number of intersections 
having no accidents of a specified type during the 3 
years analyzed, Despite the lack of proof of such 
differences between intersection classes, it is 
probably unwise to combine the data from different 
classes 0£ intersections to obtain universal ratios. 

8. The conflict rates obtained and used to 
determine the accident/conflict ratios are the aver
age or expected values. Procedures were developed to 
determine values that could be considered abnormally 
high. Basically, the procedure utilized calculated 
probability distributions (the gamma distribution) 
and accep·ted as abnormal by definition those rates 
that exceeded the 90th percentile (alternatively, 
the 95th percentile). The values obtained are given 
in Tables 4 through 7. 

9. If a potential TCT user determines that his 
conflict rates and variances differ substantially 
from those obtained in the u.s. Midwest during this 
study, he will have to adjust the values given in 
Tables 4 through 7. The procedure is described in 
the text. 

10. The proper use of conflicts is to estimate 
an expected rate 0£ accidents as opposed to predict
ing the actual number that might occur in a partic
ular year. Accident data fluctuate greatly from year 
to year, the best one should expect is to be able to 
estimate the average (expected) value with accept
able accuracy and precision. 
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11. An additional year of accident data (1982) 
for eight intersections was used to determine the 
validity of the proposed accident estimation proce
rlnr .. _ Ar.r.iilPnt: ""timates based on conflicts were 
compared with accident estimates based on accident 
history. Overall , for the eight intersecti ons , both 
methods p r oduced about the same e st imat e s - -18.20 
accidents on the basis of conflicts, 19.67 on the 
basis of previous accidents. (Th e re were actually 20 
conflict-related accidents in 19 82 at the eight in
tersections.) Breaking these down to the 16 possible 
combinations of intersections and conflict types 
indicated that both procedures sometimes overesti
mated and sometimes underestimated the actual number 
of accidents. In this respect, the accident-based 
procedure yielded closer estimates more often than 
the conflict-based procedure, but only marginally so. 

12. Of the 13 out of 16 sets of accident esti
mates for which CVs could be calculated, those based 
on accidents were more precise in 8 cases and those 
based on conflicts were more precis;e in 5 cases;, 
This difference is not statistically significant: in 
other worrlis, thA conflicts proceilnrP. produces esti
mates equally as precise as those based on accident 
histories. 

13. If one has estimates of expected accidents 
based on both accident history and conflict data, 
they can be combined to produce an estimate that is 
more precise (smaller variance) than would be ob
tained by using either one separately~ 

14. Overall, traffic conflicts of certain types 
are indeed good surrogates of accidents in that they 
produce estimates of average accident rates nearly 
as accurate and precise as those produced from his
torical accident data. Therefore, if there are in
sufficient accident data to produce an estimate, a 
TCT study should be very helpful. 

ACKNOWLEDGMENT 

The authors gratefully acknowledge the contributions 
made to this research by Ezra Hauer of the University 
of Toronto and a consultant to Midwest Research 

Transportation Research Record 1026 

Institute, who provided many helpful suggestions, 
particularly during the planning stages of the re
search. 

REFERENCES 

1. s.R. Perkins and J.I. Harris. Traffic Conflict 
Characteristics--Accident Potential at Intersec
tions. In Highway Rese a rch Reco rd 225, HRB, 
National~Research council, Washington, n.c., 
1968, pp. 35-43. 

2. W.D. Glauz and D.J. Migletz. Application of 
Traffic Conflict Analysis at Intersections. 
NCHRP Report 219. TRB, National Research Coun
cil, Washington, D.C., 1980, 109 pp. 

3. Proceedings from the First Workshop on Traffic 
Conflicts. Institute of Transport Economics, 
Oslo, Norway, 1977, 142 pp. 

4. D.J. Migletz, W.D. Glauz, and K.M. Bauer. Rela
tionships Between ~raffic Conflicts and Acci
dents. Report FHWA/RD-84/043, Vol. 2. FHWA, u.s. 
nepartmP.nt of Transportation, 1984, b~ pp. 

5 , M. Abramowitz and I.A. Stegum. Handbook of Mathe
matical Functions, with Formulas, Graphs, and 
Mathematical Tables. Applied Mathematics Series 
55. National Bureau of Standards, 1964. 

6. E. Hauer-. The Traffic Conflicts Technigue--Fun
damental Issues. Publication 75-01. Department 
of Civi l Rngineering , University of Toronto, 
Toronto, Ontario, Canada, 1975. 

7 . D.J. Migletz, W.D. Glauz, and K.M. Bauer. Rela
tionships Between Traffic Conflicts and Acci
dents. Report FHWA/RD-84/043, Vol. 3. FHWA, U.S. 
Department of Transportation, 1984, 78 pp. 

8. M. Hollander and D.A. Wolfe. Nonparametric Sta
tistical Methods. John Wiley and Sons, New York, 
1973. 

Publication of this paper sponsored by Committee on 
Methodology for Evaluating Highway Improvements. 




