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Conceptual Development of Exposure Measures

for Evaluating Highway SafetY

MYUNG-SOON CHANG

An overview of exposure measures such as d¡stance, time, traffic volume, ve'
hicle hours, and vehicle miles used in the past for êvaluating acc¡dents on high'
ways and ¡ntersest¡ons is presented, Their inadequacy and insufficiency are

discussed, The conceptual exposure measures for evaluat¡ng highway safety
are presented for the sections between signal¡zed ¡ntersect¡ons and at ¡ntersec'

tions. Exposure measure is suggested to include all highway and traffic elements

that affect acc¡dents in the highway-traffic-env¡ronment system. Also suggested

¡s thât the number of accidents is the square of the exposûre measure that op'
erates in the highway-traff¡c-envitonment system.

Accident ínfor¡nation is required for a variety of
safety activities undertaken by states and Locali-
ties. This infornation assists in identification of
safety proble¡ns, establishmênt of priority locations
for safety inprovements, and evaluation of specific
accident countermeasures. Although this infor¡nation
is essential' sone basic problems exist. Accurate
accident data are difficult to obtain and, in some

cases, totally unavailable. In addition, accident
data must be co¡nbined with exposure measures in
order to place the accident infor¡nation in perspec-
tive so that the effects of various highway and
traffic elements on accident risk can be explicitly
conpared within or between classifications of inter-
est.

For a long time, highway engineers and re-
searchers have realized the necessity of acci-
dent-exposure measures. Thorpe (l) , in 1967,
pointecl out that the tack of knowledge on accident-
exposure measures severely hämPers accident-reduc-
tion efforts. Unless the exPosure is known, thê
relative hazards of various situations cannot be
compared.

To use accident data without using the appropri-
ate exposure measure can be misleading. Council and
others (!) reported that a sinple tally of accidents
indicates that daytime accidents are more frequent
than nighttine accidents. However' when mileage
driven during the two periods is consideredr the
indication is reversed and bhe risk of a nighttime
accident is about twice thaÈ of a daytine accident.
The use of the appropriate type of exposure measure
not only ctarifies the relation but sometimes alters
the conclusion.

Carroll (3) explained that the primary use of
exposure data was the identification of highway
safety problems and evaluation of various counter-
measures. Exposure ¿lata are needed to determine the
optimun cost-effectiveness with respect to the
classifications of the types of roadwaysr vehicles'
accidents, and the environment.

Carroll and others (4) defined exPosure as the
frequency of traffic events that create a risk of
accidents' tneasured in vehicle miles of travel
(VMT). Vehicle rnil-eage appears to be the prevalent
choice to measure the amount of risk for accidents.
Howevêr' a simple argument shows that this is nei-
ther the always acceptable choice nor necessarily
the best choice. For example, a car that is driven
slower than another car over the same distance' all-
other things being equal, vtitl tneet more on-coming
cars than wiIl the other and will therefore have
nore possibilities of getting into certain types of
accidents. This exa¡np1e points ou! that the time
spent on the roâd aPPears to be a better measure of
the exposure than mileage. However, both are not

perfect exposure measures: The sa¡ne ånount of miles
or tine spent on a road that has fewer intersections
is less dangerous than the same exposure on a road
that has more intersections, as evidenced by the
lower accident rates on 1i¡nited-access highways.
Thereforer Joksch (5) points out that development of
a measure of exposure that conbines tine or mileage
with other relevant factors would be desirable.

Haight (6) refines exPosure further by relating
the size and power of vehicles in the traffic
strean, the age and experience of the drivers,
weather conditíons, time of day, and various classes
of accidents. !'tany factors of the road transporta-
tion system could reasonably enter into a definition
of exposure. The unanswered problem is in determin-
ing what these factors are and what importance
should be attached to each.

Exposure measures to evaluate the number of
accídents experienced by an individual or grouP of
individuals are not of interest in this study. In
other words, the concePt of accident proneness (7)
(i.e., those situations where some individual-s are
more likely to have an accident than others due to
some characteristic property of theirs) will not be
considered.

Highways will be classified into two segments in
this paper: sections between signalized intersec-
tions and sections at intersections. An overview of
exposure measures used ín the Past for these two
segments is Presented. conceptual exposure measures
to account for accj.dent risk ín the highway-traf-
fic-environment system are suggested.

EXPOSURE MEASURES USED BETWEEN SIGNAL]ZED

INTERSECTIONS

several exposure ¡neasures have been enployed for the
area between signalized intersections in the past.
These exposure measures are mainly in the forrn of
distance' tiner traffic volume, and the interaction
(or produc!) of these elements such as vehicle miles
and vehicle hours.

D is tanc e

The exposure measure in terms of distance is ex-
pressed in rniles. Accident rate will be expressed
ín accidents Per rnile as follows!

R= A/L (l)

where

R = accident rate'
A = nu¡nber of annual accidents, ånd
L = section length (¡niles).

we assume by using this measure that longer
sections have a higher risk of âccidents than
shorter sections. However, in highway environnents,
trhen the traffic volume on intersecting driveways
and side streets increâses, lèngths of the noncon-
trolled sections become smaller due to the need for
traffic control devices such as signals. In other
words, the natural evolution of traffic development
makes the shorter highway sections more dangerous
than the longer highway section. This is easily
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seen in the dichotomy of urban and rural highways,
in which the former has shorter sections and the
latter has longer sections. In addition, the mean-
ingful-ness of the exposure measure is reduced as the
distance over which the rate is computed becomes
smaller. This means that, at a single point, the
mil-eage-based accident rates are cornpleteJ.y meaning-
less.

One possible improvement in the expression of an
accident rate in terms of section length is one that
involves both the length of section and the number
of conflicting movements that operate along the
sections. This wiIl be accomplished by using mea-
sures such as the nunber of access points, access
trips to and from commercial driveways, and the
ratio of access trips to through trips (8).

Time

The exposure measure in terns of time is expressed
as the number of hours driven, which can be derived
mathematically by the division of section length by
average speed as foLlows:

R = A(L/s) Q)

where S is the average speed in rnil_es per hour, and
others are defined previously.

The use of time as an exposure measure is based
on the assumption that an increase in time spent on
the road is accompanied by an increase in accident
risk. However, higher speeds are, in general, more
dangerous than lower speeds. Since estimation of
speed on an individual basis is not of interest,
estimation on a highway system basis will 1eãd to
veh;'.cLe hours of operation as follows:
R = A(vM/s) = A/vH (3)

where VI"l is the vehicle mites obtained by traffic
volume times section length and VH ís the vehicle
hours spent on the highway system.

The exposure measure of vehicle hours takes ínto
account the time drivers spend on the highway sys-
tem. Although vehicle hours of operation is usefut
to analyze vehicle reliability among different
transportation modes, it does not appear to be a
good exposure measure for highgray systems. T\ro
reasons can be cited for its inappropriateness (9).
The first is that not aI1 tine spent in travel is of
equal accident risk. The second is that it tends to
neglect those highway accidents that occur during
reJ-atively short time periods.

A possible alternative approach to expressing
accident rates in terms of the effect of tine spent
on the highway would be a technique that adjusts the
numerator as opposed to the denoninator. In other
wordsr the time spent effect can be appropriately
taken into account by the classification of daytime
versus nighttime accidents, dry-pavement versus
wet-pavement accidents, and accidents caused by
different vehicle types due to different speeds.
within this classification¡ vehicle hours may be
analyzed as one of several factors.

Traffic Volume

The exposure neasure in terms of traffic voLume is
usually reported as annual average daily traffic
(A.ADT) , peak-hour volume (pHV), and off-peak-hour
volume (OPHV). The accident råte is defined as
follows:

R=A/v G)

where V is the traffic volume in the form of AÀDT,
PHV, or OPHV.
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Numerous studies show high correlation arnong
AADT, PHV, and daytine OPHV (8,11) r therefore, the
use of one of these three volune classes may be
sat isfactory.

The èxposure measure of traffic volume takes into
account t.he ínteraction effect anong vehicles be-
cause it is assumed that accident risk increases as
volume increases. However, as traffic volume in-
creases toward capacity, accident risk decreases.
In addition, as traffic volume increases, single-ve-
hicle accidents, in generaL, decrease. For example,
Chapman (9) reported the enpirical relation by using
New Zealand data, as follows:

p = exp (-0.000 865V) (s)

where p is the proportion of single-vehicle acci-
dents to aII accidents and V is the traffic volume
per hour in both directions.

The proper approach to express accident rate in
terns of traffic volumê is to separate the numerator
into síngIe-vehicle versus multiple-vehicle acci-
dents, vehicle types such as trucks and cars, and
combinations of these classifications. Within this
classification, traffic volume may be analyzed as
one of several factors.

Vehicle Miles

The most commonly used exposure measure ín accident
rates is vehicle niLes. The expression for this
measure is as follows:

R = A/vM (6)

Note that the magnitude of the consÈant, such as 100
million vehicle miles or million vehicle miles, in
no way affects the relative comparison of accident
r ates .

It is assumed in this exposure neasure that
accident risk increases as more vehicles travel ¡nore
miles. However, conceptually the assumption itself
appears to be incorrect. As is reported by many
studies on accident J.ikelihood, the probability or
possibility of a dri.ver who has extensive driving
experience being involved in an accident is far
lower than that of a younger driver r.rho has less
driving experience. Although part of the reason is
attributable to driver characteristics, creenberg
(f2) showed the existance of an accident-experience
Learning curve. He indi.cat-ed that the number of
accidents per mile decreases as the cu¡nulative
mileage increases and conpares this with industriat
learning curves of occupationat injury as it reÌates
to cumulative volume of production. In addition, an
exposure measure of vehicle ¡niles does not take into
account the different risks associated with híghway
geonetry and their inÈeraction with traffic volumê.

CONCEPTUAL DEVELOPIT{ENT OF EXPOSURE MEASURES

From an overview, it appears that conventional
exposure measures of accidents are either inappro-
priate or insufficient. Conventionally, an exposure
measure is treatèd exclusively of highvray geometrics
and the roadway environment. The variables typi-
caIIy used for exposure measures were timer dis-
tance, traffic volurne, and the product of these
elements. However, as pointed out, many aspects of
the highway-traffic-environmênt system enter into
the exposrrre measr¡Ì-e. The question is, What highway
and traffic elements should be included in exposure
measures and of what importance and relation are
these variables to accident risk?

Previously, an induced exposure measure first
suggested by Thorpe (I) and modified by Haight (6)
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hâd received attention due to the difficulty in
estimating accurate exposure ¡neasures by driver and

vehicle types. Howevêr' the induced exposure mea-

sure suggested can only indicate what irnportance
each of the variabtes of interest has relative to
other variables on acci¿lent risk. Aside fron the
validity of the assumPtion and limitations on the
appticabilíty of accident causative factors, it
cannot determine the functional relãtion of the
variables to explain accident risk. As Pointed out
by carr (1I), "The best neasure of exPosure is
clearly some for¡n of site-matching in a rigorously
controlled, exPert investigation. " Accídent rates
âre expressed as follows:

A/E(x) = f(x)

where

A = annual number of accidents,
E(x) = exposure measure as a function of x,
f (x) = accident rate as a function of x, and

x = highway and traffic elements that affect
åccidents.

As nentioned' typical variables used for the expo-
sure neasure function tE (x) I were time ' distance,
traffic volume, and the product of these ele¡nents'
However, many factors in the highway-traffic-envi-
ronment system enter into exposure measures that
represent Potential accídent risk.

Let E(x) in Equation 7 be a linear combi.nation of
variables related to the accident risk. Then,

E(x)=a+b1x1 + b2x2 r... + bnxn

where a¡bi are constant (i = Ir...rn) and xi is
the exposure variable (i = I,...'n).

Then, each bi witl represent the different
weights associated with accident risk that cor-
respond to each exposure variable xi. Further-
more' the function f(x) in Equation 7 is also com-
posed of variables to indicate the different
contribution of accident rate for each exposure
variable that exists in the highway-traffic-environ-
nent system. Therefore, the two functions E(x) and

f (x) should be equal because a variable could not
possess different weights associated with accident
risk. That is,
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due to vehicles attemPts to enter or leave side
streets or adjacent land use activities, (c) lane-
width accidents due to roadway geometry and maneu-

vering skills, and (d) Iane-maneuver accidents as a

subset of lane-width accidents to cover lane-en-
croachnent and lane-changing accidents. It becornes

apparent in grouping accident data that accidents
that involve flow interruptions are not related to
Iane width.

The study analyzed four types of accident ex-
posure measures. These are vehicle accidents per
year, annual vehicle accidents per miIe, ânnual
vehicle accidents per 100 nillion vehicle miles, and
the square root of the annual vehicle accidents.

By using multiple linear regression' the analysis
obtained statistically significant independent
variables and a coefficient of multiple determina-
tion (R2) for various accident modèIs. The depen-
dent variables used are as follows:

RVAPY = sguare root transform of total vêhicle
accidents Per Year'

VAPY = total vehicle accidents per year,
VAP!1 = total vehicle accidents per year per

nile 'VART = total vehicle accidents per year Per 100

million vehicle niles,
RFIAPY = square rÕot trânsform of florrinterrup-

tion accidents Per Year,
FIAPY = florrinterruption accidents per year,
FIAPM = flow-itrterruption accidents per year per

ni le,
FIART = flow-interruption accidents per year Per

I00 million vehicle miles, -

RLhIAPY = square root transform of lane-width acci-
dents Per Year,

LWAPY = Lane-width accidents per year,
LwÀPtrr = Iane-width accidents per year per mile,
LWÀRT = Iane-width accidents per year per 100

million vebicle miles,
RI¡4APY = square root transform of lane-¡naneuver

accidents Per Year'
LMÀPY = lane-maneuver accidents per year,
LltAPl4 = lane-maneuver accidents per year per

míIe, and
L!4ÀRT = Iane-¡naneuver accidents Per year per 100

nillion vehicle miles.

The independent variables used are as follows:

(7)

(8)

E(x) = f(x)

Substitution of Equation 9

A = f2(x) = E2(x) or \Ã= E(x) = f(x)

(e)

into Equation 7 yields

(t 0)

Equation I0 shows that the annual nu¡nber of acci-
dents is the funcEion of the square of the exposure
measure that is the combination of variables. Note
that the concept ís equally âpplicable to both
linear and nonlinear combinatÍons of variables'

Empirical Evaluation of Exposure ltleasure Used Between
s ignalized Intersections

The concept is enpirically supported from the study
by Heimbach and others (8) by using the North Caro-
Iina accident data. The objective of the study was

to investigate the effect of lane width on traffic
operaÈions and accidents on urban four-lane arte-
rials. Sites were limited bet\'¡een signalized inter-
sections that are not influenced by traffic signals.
Accident data were classified into four groups based

on the initial classification of 17 accident types.
They were (a) al-l accidents, (b) flow-interruption
âccidents incLudinq rear-end accidents and accidents

NNINT = nunber of side street
mile,

ATCDW = number of access triPs
rnercial drivewaYs¡

ADT = averaqe daiIY traffic,
HR = squâre root of the sum

horizontal direc!ion'
VR = square root of the sum

vertical elevation,
Lw = total traffic tane widths¡

NINT = nunber of sicle street intersections'
TACR = total access trip conflict ratio (surn

of access triPs divided bY ÀDT), and
NATCDW = number of access trips to an¿l from com-

¡nerciat drivewaYs Per mile.

Table I shows that the models that involve the
square root of the annual nunber of accidents
(RVAPY, RI'IAPY, RL$IAPY, RI¡'!APY) not only had the
greatest explained variation (see R2) but also
dernonstrated the variables attributable to different
accidenb tyPes. For exanple, the flow-interruPtion
accidents (about three-quarters of a1I accidents)
that involved rear-end accidents and accidents due

to vehicLes entering or leaving side streets and

driveways are not associated with highway geometric

intersections Per

to and fro¡n com-

of the changes in

of the changes in
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Table 1. Comparison of accident rate models,
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Grouping
Dependent IndependentVariables
Variables Significant at û = 0.10

R2 Detransformedå
(Vo) R2 (%\

AII RVAPY
accidents VAPY

VAPM
VART

Flow-inter- RFIPAY
ruption FIAPY
accidents FIAPM

FIART
Lane-width RLWAPY
accidents LWAPY

LWAPM
LWART

Lane-maneu- RLMAPY
veracci- LMAPY
dents LMAPM

LMART

NNINT, ATCDW, ADT, HR, LW, VR
NINT, ATCDW, ADT
NNINT, ATCDW, ADT
TACR, NNINT, NATCDW
NINT, ATCDW, ADT, TACR
NINT, ATCD\ry, ADT
NNINT, NATCDW, ADT
TACR
NINT, ATCDW, ADT, LW, VR, HR
NINT, NCDW, ATCDW, ADT HR
NNINT, ATCDW, ADT LW
NNINT, NNCDW, LW, HR, VR
NNINT, ATCDW, ADT, LW, HR, VR
NINT, ATCDW, ADT
NNINT, ADT, ATCDW
NNINT, ATCDW. LW

12 76
69 NA
58 NA
37 NA
69 76
7O NA
56 NA
23 NA
73 65
63 NA
5'7 NA
49 NA
70 66
6I NA
53 NA
38 NA

elenents. A rather significant association rr,ith
those factors that interrupt steady flow such as (a)
the number of intersections¡ (b) the number of
conflicting movenents due to conmercial driveways,
(c) the average daily trafficr âñd (d) the ratio of
conflicting ¡ûovements to ADT is j.ndicated. However,
lane-wÍdth accidents and Iane-maneuver accidents,
which are assuned to be due to not only traffic
volume but also highvray geometry, revealed exact
relations by such variables as lane hridth, hori-
zontal alignments, and vertical alignnents. How-
ever, other accident-exposure neasures, such as
section length and vehicle miles of travel, failed
not only to explain more variation but also to
relate these relations accurately. The study re-
vealed that accident rate per vehicle mile is the
poorest nodel, in terms of both the teast associa-
tion with the variation for all four accident group-
ings and the nisleading relation with classified
accident characterístics contrary to the general
tendency to take it as granted. If others would
analyze the data by using only accident rates per
vehicle nile, their conclusion ¡{ould be erroneous
and misleading.

The most important thing to note in Table I is
that the different types of dependent variables are
assocíated with different indèpendent variables.
Therefore, for different accident-exposure measures
the countermeasure will be different. Thus, differ-
ent exposures vrill adversely affect the efforts to
improve safety.

Exposure l4easures for Intersections

Each year about half of all accidents that occur in
urban areas takê place at intersections, and in
rural areas about a quarter of atl accidents are
intersection related (I¡). Unsignalized intersec-
tions and signalized intersections have different
risks of different accident types. Universally
accepted is that, in general¡ proportionately more
ângle collisions take place at unsignalized ínter-
sections and more rear-end collisions take place at
signalized inÈersections. The accident-exposure
measure for intersections should reflect these
characteristics, âmong others.

Exposure measures used in the past. for intersec-
tions were based on the concept of conflict points,
defined as the points or sections where te¡o-direc-
tional traffic meets together. These will be points
and sections where crossing, mergíng, and diverging
maneuvers occur. Difference wâs found in the defi-
nition of conflicting maneuvers and the combined
forms of traffic volume. Some treated all crossing,
merging, and diverging movernents as conflict trâf-

aDetransformed is lhe p¡ocess of converting RVApy to VApy by using significart figúe.

ficr and others considered one or more of them as
conflict traffic. A1so, sone treated conflict
traffic volume separately and others considered them
as the sum of one or more approach-Ieg traffic
volunes.

Note that these exposure neasures, based on
collision points, are only applicable to muttivehi-
cle accidents and not to single-vehicle accidents.
Of course, single-vehLcle accidents should be looked
on as a function of a traffic volume not of a pair
of conflicting volumes. In both cases, other ele_
ments that operate at the intersectionr such as
traffic control devices, speed, and geonetry, should
be examined.

Unsígnalized Intersections

crossman (I4) defined collision points as conflictpoints in crossing maneuvers only. The exposure
index at an intersecÈion is defined as the total
surunation of the pairs of traffic volumes (ÀOf¡ ¿¡these collision poj.nts. Surti (lg) üsed the samecollision-points concept but ad¿ed the nerging
maneuver. He used the product of the pair of traf_
fic volu¡nes at collision points by using peak_hour
volurne. However, he did not differentlate Èhe
different likelihood of accidents for different
maneuvers.

Peleg (ll.) proposed collision points as the
conflict points for crossing, merging, and diverging
naneuvers. He consi.dered an exposure measure as the
product of the total nu¡nber of vehicles per hour and
the total nurnber of collision poinÈs. Howeverr this
approach neglects that not alt of the traffic at the
intersection is in conflict at every collision point.

some researchers approached intersection accídent
exposure as two intersecting conflíct zones instead
of conflictÍng points. From this concept, Chapman
(lZ) proposed an exposure measure at a single con-
flict zone as follows:

E= [1 -exp(-q1t)] [1 -exp(-qrt)]T/t (1 t)

where

E = accident exposure over time T,
q:-rq2 = flows per unit time, and

t = tine taken for a vehicle fron direction I
to pass in front of a vehicle fro¡n direc-
tion 2 plus the time for a vehicle fro¡n
direction 2 to pass in front of a vehicle
fro¡n direction 1.

Holland (fg), who independently used a simllar
aPproach, added overall conflict zones withín a
four-leg intersection and derived the basic equation



+ {[1 -expGq^ta)] [ -exp(-qste)]/t¡]l

where

E=Vr'Vz

The generalization of this equation would be

E=K(Vr'Vz)"

wherecisaconstant.
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below for a range of volunes and turning flows.

E = KVr uVzb (12)

where

E = accident exposure per time unit'
V1rv2 = hourly aggregate najor and ninor

traffic volune' and
Krarb = constants.

Richardson (19) generalized the chaP¡nan (17) and

HoIland (I8) aPProaches by allowing that èither a

direction A vehicle could conceptually hit a direc-
tion B vehicle or vice versa and the directional
speeds could both be different. Richardsonts theo-
retical exPosure formulation is as follows:

E = Tft tl - exp(-qats)l [1 - exp(qsts)]/tg]

4l-

Extension of Exposure Þleasures for Intersections

A logical assu¡nption nay be that different conflict-
ing naneuvers have different accident rísk. Tlto
approaches nay be possible to reflect this assump-
tion. One is to differentiate the different traffic
conflicts and the other is to differentiate the
functional form of interactions between different
traffic confliets. For example, crossinq ¡naneuvers
at intersections rnay have greater accident risk than
other conflicting ¡naneuvers and can be reflected by
the product form while others are reflected as the
su¡n¡nation for¡n. Àlso necessary is lhat the inter-
section geonetric features and other traffic ele-
ments, including traffic control devicesr be in-
cluded for measure¡nent of intersection exposure.
Therefore, the suggested measure of intersection
exposure vrill be oriented as follows:

f{(vi . vi)P ô1i¡r (vi + vi)Q ôii¡,
anã othér intéisection géometric and traffic ele-
ments )

where

p,q = constant (ProbablY, 0 < P < 1)r
k = type of conflict maneuver (crossing,

merging, and diverging), and
6i.ik = 1 if i and j having rnaneuver type k

- are in conflicting directionsr 0 if i and
j having maneuver type k are not in con-
flicting directions.

Signalized Intersections

At signalized intersections, the magnitude of acci-
dent risk dePends not only on conflicting traffic
volumes but aLso on site paraneters such as signal
phases, cycle length, sPlits, Iens size, signal
mountings, and the tyPes of signal actuation. These
components of traffic signals are found to be sig-
nificantly related to traffic accidents at signal-
ized intersections (23,24).

Àn accident exposure neasure is desirable that
can incorporate as many factors as is reasonable to
distinguish varyíng accident experiences at signal-
ized intersections. Thus, the suggested exposure
measure at signalízed intersections vtiII be oriented
as follows¡
r{ (vi ' vi)P 6ii¡, (vi + vj)Q 6ii¡,

otËer iátersãðÈion geoneÉric añd traffic elenents,
and conponents of traffic signals and their opera-
tion )

Note' again, that the exPosure rneâsures for both
unsignalized and signalized intersections should be

developed fro¡n the relation of A = f'z(x) presented
in Equation 10. A v¡ord of caution is added to the
boundary of intersection acciclents that is different
fron study to study. So¡ne studies did not even
nention what distance from the intersection vJas

defined as the point where accidents become inter-
section related. The definition of intersection
accidents with respect to distance to the boundary
should be explicitly established for both the major
and minor streets.

CONCLUSIONS

An overview of exposure measures such as distancer
time, traffic volune' vehicle hoursr and vehicle
mites used in the past for evaluating accidents on

highv¡ays and intersections revealed that they are
inadequate and insufficient primarily for the foL-
Iowing two reasons:

(1 3)

E = acciclent exposure over tine T,

9A,98 = direction A and B flows per unit time,
and

t¡rtg = tine for an A vehicle to clear the
conflict zone and the time for a B vehicle
to clear the confl-ict zone, respectively.

Hodge and Richardson (20) atternpted to evafuate
Richardson's (19) theoreticaL exposure formulation
by using a si¡nulation model. Their si¡nulation
results suggest that the exposure level between tv,o

crossing novements is sinply Proportional to the
product of the intersecting volurne. That is,

(1 4)

(ls)

Tanner (!!) found that c equals 0.5, Leong 122)

suggested c equats 0.42, and Hodge and Richardson
(!!) found c to be equal to I. rn sun¡nary, exPosure
*ã"u."" suggested for unsignalízed intersections in
the past v¡ere as follows. For sinplicity, these are
shordn in mathe¡natical form.

¿ (Vi + vi) ôii Grossman (!!) ,
r (V¡ . vj) 6 { I Surti (þ) ,
ñ'i'v.. . 'p"iåd rrel ,
(V1..-ü2)a Tanner Q!) and others, and
vl- b ' v2 c Horland (!Q) .

where

V = traffic volune,
iri = traffic direction,

N = total number of conflicting points,
vl = major traffic volune,
V, = ninor traffic volume,

arbrc = constants, and
ôi¡ = I if i and j are in conflicting

Pointsr 0 if i and j are not in
conflicting Points.

Note in the âbove sun¡nary that exposure measures
suggested in the past were exclusive of intersection
geometry and other traffic elements except traffic
volume. Also note that the conventional approach
treated crossing, merging, and diverging naneuvers
as having the sãne accident rísk.
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I. Conventional exposure measures 9rere used
exclusive of highway geonetric ând other traffic
elements that affect accident risk and

2. Conventional exposure rneasures failed to
recognize that accident rate ís an equivalent ex-
pression of accident-risk exposure, which operates
in the highway-traffic-environment syste¡n.

For sections between signalized intersections,
the conventional exposure measure of using a single
variable is to be replaced as an exposure rneasure
that can encompass all highway and traffic ele¡nents
that affect accidents. For intersections, the
conventional exposure measure that treats the dif-
ferent traffic conflicts as the sane accident risk
is to be replaced as an exposure measure that can
distinguish the propensiÈy of accident risk of
different traffic conflicts.

Eor both highways and intersections, exposure
measure should contain all highway geonetric and
traffic elements that affect accidents. The number
of accidents is the sguare of the exposure measure
operating in the highway-traffic-environment syste¡n.
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