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Part I. he Logi¢ of the Conflict Method and its Implications

1. We are concerned here with the measurement of safety in trans-
purk., ILet us agree at the outset Lhat safety {or the lack thereof)

is mearured by the expected number apd severity of accidents scour-

ring during a specified period of time(l,.
2. TInferences ahouL the magnitude of the eupected accident rate may
La madn dlrecL;x on the basis of accidents recorded in the past,
This if often ipadequate in more ways than one( ’. In recent years,
indirect methods for the estimation of the expocted acecident rate
have.gained populariéy. In an attempt to avoid the need to rely on
accident reccrds, inferences about safety are made indirectly from
the occurrence of neaf misses or "eonfliots",

3. There is no smoke without fire. nppiied co tfansport safety, ‘it
ils anticipated that a high rate of conflict occufrence will be asso-
ciated with a large accldent rate and vice versa. . .

This is the intuitive foundation on which vesearehers and pragc-

titioners begqﬁ to deﬁelop the conflicts techniques, The concept of

It is hardly surprising there-

fore, that most researchers adopted slightly different definitions
of what a conflict is. There are those who identify a conflict with

"evasive action", others who detect its occurrence as a Furiction of

the proximity in time of the colliding elements. OF course, many

shades, puances and variations exist between the methods used, in

dependence on the severity of an evasive action which is deemed

‘decisive or the proximity of elemenis on collision course which is

. Numbers in parentheses refer to notes commencing on Page
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ist;nguiah conflibta and normal situationq.

rqlty of approach during the initial atages of the develop-_

J :ment o[ a’ novel technique is desirable. It holds the promise of

copvergence on the most satisfactory procedure, However, contlnued

‘fragmentation of effort and persistent differenco in the unﬁerlying

"cnncopt of the term “conflict" will be debilitating. Aas will be

ééménﬂtrated in the sequel,-the usefulness of the conflict me thod

i
-hinges on the transferability of research results over relatively %%

%

large geographical areas. g

Failure to converge on a common defini-

tion of what constitutes a ronfllct will effectively prpciude the

~fide practical application of the conflict technlque of safety

measurement. It appears therefore, that after several Years of

exploring various alternatives, concensus stould be sought on the

Fundamental question: how should conflicts be def ined?

5. Tt is tempting to launch

the discussion with the question:

"What is a conflict?", This start leads to a blind alley. 'The term

"conflict" derives its usefulness {(if any) from the facilitation of

indirect estimation of the expected accident rate, If go, it should

Le defined to best perform this task. Thus, the term "confliet" is

dle nition not deduction from observation.

6. Experience accumulated so far indicates that some definitions of

"conflict" have boen more successful in predicting accidents than

others. ‘fhus the fundamental question may be further specified ko

reag:

how should the term conflict Le defined so as to maximise the

predictive power of the conflict method of safety measurement.

The fundamental question would be incompliete if it was not

tempered by the requirement of practicability.

Whatever Lhe defin-
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'ition of Lhc term conElict whiuh is eventually adoprod it must he

_chnracterized by one outatandlng faature.- That Ls, estlmdtinn oE

Lhe rat

at whigh conflicts .pgaur, mus

Wmumrum

estimate Df the conflict rate is obtained by fielq observation,

¢alculation on the back of an envelope or compubtey simulation, 1t

has to be done at 4 reasonable cost and during a felatively shork.

period of time.

7. In spite of the uncertain trumpet which those familiar with the

conflicts technique sound, it is being applied Lo an ever larger

"set of circumstances: vehicular traffic at junctions, protectes

pedestrian €rossings, comprehensive traffic management schemas,

design of road networks in residential areas, airspace ulilization,

marine navigation etle.

It is unllkely that a simple and brlef definition of the term

"conflict" will be sufficlently specific to provide clear cut

ij quidance in all situations. & uscful definiticn of conflict between

aircraft over the North Atlantic is probably different from the

definition of conflict to be applied to pedestrian safety at peli-

can crossings. In consequence, it is best to organize the discussion

below inte two parts. 1In the first, thhppigggp%gg“guiﬂ;ngwthe

deflnltlon of the term Meonflict™ wi;}_bé“ligtgﬂ“apqtg}gféﬁied.

These principles are common to all situations to which

the confliot

method may be applied. They should_facé}iggygminfggmédw?hgipe‘qf

the definition to be used in

hiﬁqqtignﬁ In the second

rart, the application of these principles to selected situations is

illustrated.

B. Let us begin the quest for a reasonable definitiDn.qf the term




conflict“ by’ illustratlng in a simplified manner how indirect

'mnasurement of safety might be accomplished using the conflicts

.method. I can think of only two somewhat.different circumstances.

In the first the task would be to estimate the magnitude of the
expected aceident rate for a systew. For want of a better term

Ehis.task will be termed "absolute safety measurement!,  Consider

e.4., a specific junction. Observe the occurrence of conflicts at
the junction for a specified period of time. Lekt it be known that

one accident cccurs on the average, say, in 10,000 conflicts

. Divide the conflict count by 10,000 to obtain the estimate of the

expected accident rate for the period of observation. Note, that

the accidegt—tq—qonflict ratio {1 in 1o, 000) must be known from

:othnl sources dﬂd can not be derlved from the confllct count itself
The second type of situation in which the conflicts method

might be used %s probably more prevalent and possibly less demanding

in terms of information from external sources, It involves only

measurement of the ratio of expected accident rates, not of their

magnitude, This will be called: "relatlve safety measurement" )

Consider the same junction as before. A change, say, in the dura-
tion of the amber phase of the signal is being contemplated. ‘A
conflict count is carried out before and after the change. If the
definition of conflict is adequate, the ratioc of the two conflict
rates derived from field counts is an estimate of thc.ratio pf
expected accident rates hefore and after the change, as required.
9. It may be helpful to describe at this point an acclident accur-
rence sequence wiich seems to be implied by the manner in which

the conflicts method as described above is to be applied, The

(B
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:qséquenééicpnéists.of two stepé;' Firstly, a potentially ﬂangerous

fg¢"4  f_L:

Bitudtion ﬂevelops. It will be valled a “conflict" TN fixed-frac¥-

tion of these conflicts is converted into acelden;s.

In terms of probability,

E{acecidents/Unil of time}‘=.E(Conf1icts/Unit of timé] %* P(Accjdcnti

Conflict),

Or equivalentiy, .

i, . : :
Expected Accldent Rate = {Expected Conflict Rate) x {Accident-to-

Conflict Ratio}. . 1

“o

The sequence of accident occurrence implied by the procedure for

indirect safety measurement and captured by equation 1 is schemati-

cally depicted in figure 1.

ACCIDENT 1

CONFLICT

5TART
HOT ACCIRENT

*\ NOT CONFLECT

Figure 1
The boxes stand for events and the arrows determine Lhelr chrono-

logical orderlng. In this dia

'he only.path tq.,!.h.e "accident”
event is via the ﬂc@n{lic}ﬂ“gyegt. Following a "gonflict!, either

an "accident" or a "not accident" event materializes. The “accident

EVGHt"‘fOllOWS the "conflict" event with a probability which equals

the accident-to-conflict ratio,. Equation 1 conforms to this process.
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~The scheme in figure 1 requires that

the conflivt event ba defined such that

all accidents be preceded by conflicts.

This seems to Lie at variance with the bulk of present practice.
It is cuatomary at presenl to identify conflict eccurrenge by the

obeorvation of sowme evasive action by drivers, ki1

accldents are in fact preceded by observable evasive

Bome cases no evasive action at ali takes place; in others it iw
not observiable, TFrom the scanty evidence there is, it may not he
even the majority of accidents which are preceded by observable

evasion.

Thus, either insistence on the requirement of conflict pre-
codence g not really necessary, or the "evasive action" based con-
flict definitions are faulty. The issue needs examination,

Assume for a while that an "evasive action" based conflict de~
finition has been adopted. Thus, accidents may occur without being
preceded by a conflict. . If 50, the equality in eguation 1 does not
hold #ny more, To restore its validity one needs to add to the
right hand side an estimate oF the expected number of aceidents oc-
curring without bLeing preceded by a conflict. The only practical way
of doing so is to assume that Lhere exists a constant ratio betwaen
Lhe éﬁpeLlud iiumber of accidents which are preceded by conflicts and
tLhose which are not. . Also, that this uitlversal constant halds for
all circumstances. This is what users of the "evasive acﬁion" hased
conflict definitions have bheen assuming (implicitly).

Founding a new method of safety measuremént on such as assump-

tion is not too appealing. Tts validity is of course debatable.

p——

£
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liowevar; in the ahsence of & cnnvincing way tu damunatrate vurrqct- o
ness or falgicy debate is unhkely to bo. fruitful. ‘l'ho only con—

structiva step possible is Lo illustrate cirruquances in whlch

is likely to lead to fa11Uta.

Assume that.a conflict is counted whenever a vehicle brakes at
a rate In excess of 0.3g9. Accidents Wwill occur not only when such
evasive action was unsuccessful Lbut also in a variety of sther cike
cumstances. When drivers do not recognize danger in time; when

their brakes fail; if pavemant friction factor is less than 8.3q

etc. In all these circumstances a conflict {as defined) dowvs not

‘precede the accidents, On the basis of thisg illustration can one

reasonably expect a constant ratio to exist between accidents pre-
ceded by conflicts and those which are not? For, if one compafes
two sites differing only in, say, their pavement frlctlon, that
with the lower friction Factor i5 likely to have a higher proportion
of accidents not preceded by a conflict. Paradoxically, the more
hazardous site will tend to have less conflicts, as the pﬁvement
can not sustain decelerakions in excess of 0.3g; ;
Thig paradex is a general one and jilluminates yet another de- -

ficiency of the “evasive action” based conflict definition. Rvasive

action is a sign of the cocurrence of a_danqqrqugwg;tug§;93.¢ Tt Jsh

however, also a sign tha

has been properly recogniked as such

and that evasxve actJou was pOS%lble. It is erclsely the blenkdown

[—

of communication hntwcen the driver and his environment as well as
the unforgiving rcoad system oot allowing evasive action tu he taken,

which constitutes a significant part of tlhie safety prohiem. Thus,
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-_abggncé of evasive action may be as revealing of haéard as its preF

‘ratio is then astimated By dividing the acc1dent and conflict rates.
séndé. More will be said about the inadequacy of evasive-action

* And here is the rub.
" based conflict definition in note 8.

For us to use the estimate of the A/C ratio -
derlved from somebody else's study,

z

In summary, it scems

Prudent to regquire that the conflict de-

} We must use in our conflict study the samo deflnltlon nf
finition be so selected that all aceidents are preceded by conflicts, the term conflict as has been used for

the est1mation oE
In particular,

the use of evasive actlon for Jconflict definition

. the A/C ratio,
may 1Lad Lo erlous problems.

We must make sure that “our conflict"

is very much like
11.

When the expected accident rates of a system "before" and "after" "their canflict" insofar as the 1ikelihood of conversion

treatment are compared, or when the comparison is between the ex- into accident goes.

peeted accldent rates of two different systems, we speak of relative

In other words, the "situations which -are being compared” encompass
safety measurement,

“the systems the safety of which is being measured and all those
With reference to eguation 1, the ratio of expected conflict which were used for the estimation of the A/C ratio.

For, suppuse
estimate df the ratio of expected that our definition of.

rates in this case is ap unbiased

conflict was to dlffer from that used for
accident rates, provided that the probability accident~giver~conflict estimation of the A/C ratio. Surely there is no reascn to expect

I

!

i

is the same in !

the two situatdns which are being compared.

the same probability_of accident-given-conflict to apply.
It follows,

that only those conflict definitions are legitimate

Similarly, even if the same conflict definition ig used, but

fuseful) for which the pro

bability of an accident to ensue onge a

some local characteristics render the likelihoad of conversion of

conflick has occurred is the same in all situations which are

being conflicts into accidents different from the A/C ratic derived else-
7 . (5)
comﬁgged.(3) where, its use would yield erronecus measures of safety.
12, In most situations knowledge of relative safety is insuffi- : 13, Uaving argued that statements {a) and {h) must Lo complied with

cient ' par absolute safety measurement {estimation of the magnltude

, if we wish to have a useful method for the indirect measurement of

of the expected accident ra te} knowledge of two values is necessary

safety, lel us explore the implications of such compliance of the de=-
{see equation 1).

Estimates of Lhe expected rate of conflict oq- finition of the term "conflice",

currence may be obtained from field surveys, models, ete. But where Yo estimate the magnitude of the expected aceident rate,

Wwe count

are the needed estimates of the accident~to~conflict ratio tu come conflicts,

The estimate of the conflict rate is theemultiplied hy

iy

from? ‘These must come from special purpose studies. Studies, in

the applicable aceident-to-conflict ratio. This "applicable accident—

which conflicts are counted on systems for which alsoe estimates of

to-conflict ratio" must be gleaned from some external source.

the expected accident rate are available.

Tﬁe accident-to-conflict




ffqulnwith some iﬁagination and . optimism one can hope for a
gaté_of affairs in which the measurement of safety using the con-
'f1i§£ ﬁethod is Qideepread (Obligatory? Standard practice?}.
1hrouqh research and experience a catalogue of A/C ratios has been
- compiled, FEach entry specifies the best current estimate of the
;A/C ratio applicable in a specific situation. {One entry may read,
F €.9., ...vehicles trapped by amber light when opposing traffic is
woving: ASC ratio = 1/12,100), Possibly estimates of accuraéies

| ara also listed. Subsequent editions of the catalogue will have

firer conflict categories and more accurate estimates,
Two conclusions follow. First, unless the user of the confiict
method adopts the catalogue conflict definition he has nothing to

g0 on. He can count conflicts t£ill doomsday without being able to

. ok estimate safety. Failure to work in strict accordance with the

catalogue definition of "conflict" yields an estimate of "conflict
rate" which has no known relationship with "safety" as defined in

the first paragraph, It follows that the imaginary "patalogue® will-

-be'a'unifying device forcing ail users to adopt the same conflict
definition. 7

it is somewhat surprising to realize that the bagic function of
a common catalogue and common conflict definition has not been ex-

plicitly stated in the literature on the conflict method, nor has

its absence been missed. I can think af three reasons. One, -that
my perception of the use of the conflict method is in error, ‘Two,
that nsers of the conflict method intend to apply it only to the

task of relative safety measurement, Three, that activitity in this

lingate closer which are legitimate definitions of the conflict

“and its application to a specific case is justified only if there is

E. llaver

flbld has been predominantly research orlentated and concerned 1n.gsn

the main with discovering an operationally auccessful conf]ict deﬂ:?.....
finition, relegatlnq other tasks till some later tlme. .

. The second conclusion indeed applies to research.- Its cenéraL

task seems to bé the generation of a useful "catalogue"(ﬁ?. That is,;
the conduct of special purpose studies the objective of which is the

estimation of A/C ratios for various situations. Sipce estimates of

satisfactory quality will ensue from the conduct of several studies, -

it is mandatory that:

P )
£ ;} Researchers agree upon and adopt the principles which

govern the selection of conflict definitions.

the conflict event for each specific situation.

Féilure to do so will tend to perpetuate the present fragmenta-

tion, yield estimates of A/C ratios which ave of insufficient accuracy,

prevent widespread application of the conflict method and possibly
cause its unwarranted demise.
14. “The implicatioﬁs of statement {a) from section 12 ‘have been

explored above. We will now use statement (b} of section 12 to de~

event and which are not,
Two.facets of the A/C ratio nee& to be remembered. First, what
it is an estimate of the probability "accident-given-confliect™.
Second, that to use an A/C ratio, it needs to be copied from-a . '

"catalogue", It follows, that the use of an A/C ratioc so obtained

good reason to helieve that the probability of an accident ko ensue




eonflict in the case under congideration is tﬁé'same as in.

men ‘{b} means. It also imposes certain obligations on the conflict
'*Idefinition. For, if as a result of poor choice of definition, the
probability "accident-given-conflict" will continue to depend on
factors which are specific to each site, the catalogue value is of
no use, .

To illustrate, consider again the "trapped-by-amber" conflict,
Suppose that only one A/C ratio is catalogued. In consequence this

‘value will be used where rain and ice are rare as well as at jungw

tions which are frequently slippery. The implication of such use
is that definition of the conflicl event has been found such, that

the probability of an accident to follow a conflict does not depend

ol the state of the pavement., Can such a definition-be found?

If not, one could obviouély insert into the catalogue two A/C

ratios. One for dry pavement conditions, the other for slippery

conditions,

i appears that the definition of the conflick @vent mugt he so

chosen that the probability of "accident-given-conflict"” depend

31gn1f1cantly only on_factors which are common to all situations to

which the A/C ratio will be appiied.

Conversely, a definition of the conflict event so ¢hosen, that

the probability of “accident-given-conflict” is likely to depend

significantly on factors specific to each location and not common to

all sitvations to which the A/C ratio is to be applied, is not a

legitimqte one.

; .
The underlined statements are effective guidance in the search

aslikuations which led to the catalogue value. This is what state;-

"for an adequaté”ééfinition BE Ehe'cohflibt.éﬁéﬁt

this in fact so?

E. llauer

‘“éhéy-aisﬁ-[eéd:fq-"
several questions. The first is at the very’ hearL of the confllct
method. This method, so it seems, relies ona hypothctlcal feature

of the event chaxn which leads to accidents. Namely,; that beyonﬂ .a

certaln point of thls chain of EVents,_the outcome;(acc:dent or not}

depends only on a small number of factors common:

o] maHY'siggs

The second question is more practical. By selecting the de-

finition of the conflict evenl very “"close" to the accident event

one hopes that the same A/C ratio will apply to many BltUutLDNS.-
This however also means that conflict occurrence -is rare and their
count is difficult. To circumwvent this difficulty one could choosae
a conflict definition farther removed from the accident event.

This would render conflicts easier to count., lHNowever, the A/C ratio
in this case is likely to depend on a larger number of factors, This
means many more entries into the catalogue, each entry applicable

to a smaller set of conditions. Which choice is best advised?

- 15.. The hypothetical feature of Lthe event chain implicit in the

underlined statement of the preceding paragraph needs further

discquasion.

Visualize, say, a red vehicle approaching an iﬁtersection.
At some early point In time its probability of being involvgd in
an accident while passing th;oﬁgh the intersection is affected by
the general flow of traffic, the type of cnn;rgl (stbp signs, - +
signal elte.} the intersection layout etc. At some later point in
time, say after the vehicle's entry into the intersection, the

probability of its being involved in an accident no more depends
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on the gqeneral flow of traffic, Xt depends now on the specific
congtellation of the vehicles in the vieinity, their respective
speeds, thé drivers who control them, the prevailing pavement con-
dition, the level of illuﬁination ete.  Yhus, whiie some of the
vaverage" local factors coase to exert influence over the probabi-
lity of accldent involvement, sone “instaﬂ&f?ny?s \lg}al facLora
take their place. Let us follow the vehicle for a few more seconds
and imagiﬁa that it got into rather close proximity to another
vehicle. What happens beyond this point depends predominantly on
thsa two drivers involved, the capabilities of their vebhicles and
pnssibi? the friction provided by the pavement. TFactors such as
weather, visibility, signs, layout etc. may not be of aay importance
at this point in time as far as the probability of acecident occur-

rence is concerned. lf so, one qhould be able 1o define conflicts, .

to be uuch that the A/C ratlo would appl

to all situationsg in

whlch drlver, vehicle aﬂq_pﬁvnment characteristics can be assumed
to be on the same average.

To generalize the red vehicle story, imagine a sequence of

events which precede collisions and each of which could be chosen to

serve as our definition of conflict. In the schematic event chain

shown in figure 2, nodes 1, .2, 3... depict such events.

) f colliasion

. Ty

. 1 - B . at
i }}z- P P4 . '

AT 2 4 o : time
~l e - "
T, - ~ ., )
! \P I p \f_s ; -~
o=t \ ~h A
L ;]

P Y ..
* no collision

Figure 2, Eveni Chain
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Let pq, p2, ... dendte-the.probabilitiés Ehat-é"cdlliéioﬁ‘ﬁiii énﬁﬁd
once events 1, 2 ... have occurred. For events fdr“removed'in timé“
from the potential collisions (saf, event 1} the probability (pl)3“
.surely depends only on the average site conditions which are forecast
some time into the future. For events much closer in time Lo the
potential chllBan (say, event 3), the probability (p 1 depends on
a fairly specific set of conditions characterizing the site at that
-time. For events even closer than thét to the potential collision
it is hypothesied that the probabiiity of collision ceases to depend
on a host of site specific conditions and ig influenced only by some
fairly general traits having to do with what people can and can not
do, w&at veﬁicles are capable of etc.

. One’can believe or disbelieve the red vehicle story. Addad
speculation will not bring us any closer to.establishing its valid-
ity. The notion that a conflict definition exists such that the
probability of an accident ensuing deponds only on few almost
universal factors is quite appealing. Appeal, howaver, does noﬁ'

assure validity. T}

g?hls,»thbe sure, is not a very sound procpdﬁre. For, nhould one,

-find that a ortaln confllct deflnltlon ylelds A/C rarlos whlch are

Suffluiently stahle over a number of sites, op= would tend to acrepL
the hypotheg;s._ Should, however, the A/C ratlos vary from s1te to

site,;onganqld put the blame on_an inddequate confllct delnLthﬂ

and continua to search for a better ongl..

16 The second question raised in ?aragraph'S relates ko the




choice betwesn alternative conflict defiﬁitions (evénts 1,2....5
in figure 2},
Let us review the considerations which should affect the choice,

We hypothnsizgd in the previcus section that the "cloger" to the
-éollision the conflickt event ig selected, the fewer local factors
influence the vaiue of the A/C ratio, -Choice of a conflict de-
finition "close" to collision would therefore mean that only few
A/C ratios need to be caﬁalngued. Thereby, investﬁent in research
almed at the estimation of A/C ratios will not be exorbitant.
-Moccident data needed for such studies should be easy to come by
and the acecuracy of estimated A/C ratios should be adequate. 'The
drawback of choosing such a conflict definition is in the fact

that events very close to collision tend to be rare. 'This may

render the conduct of conflict counts impractical in terms of

cost and durakion.

Choosing a conflict definition which is farther remgved
from collision will increase the number of factors which determine

the value of the A/C ratio, If so, for'each value of a factor,

an.A/é ratio needs to be provided in the catalogue, This, of
course, nagnifies the amcount of research needed. Very soon, onhe
comes against aun objective obstacle - lack of sufficient aceldent
data,

Liet us try to.estimate,_e.g.. the A/C ratio for (1) vehicle;
vehicle collision; (2) of the rear-end type; (3) at junctions;.
{4) at night; (5) when the pavement skid number is 3-4. We will
-have to count conflicts and obtain accident information in

with these five factors. As the pavement skid number prevailing

E. Hauer -

may render the task of countipng conflicts cheap and fast.

~good estimates of the A/C ratio can be provided.

1. The aim of tha conflict method is to obtain estimates of the

at the time of the accident is not ordlnéiily rééﬁfd;d;réﬁtiﬁaéionzy.?.:
of the A/C ratio categorized by skid number is prabébiy'not'fgésiﬁlé.g'
(At most one may attempt to provide A/C ratios for such categories
as appear on the accident report form, i.e., dry, wek, icy).- _ .

While the complexity of the catalogue is increased by choosiﬁg
a conflict definition,farthef removed from the vollision, the fre-

quency with which such events occur is now increased. This, in turn,

It appears then, that the range of choice (of a conflict defini-
tion) is delimited from the right {figure 2} by the freduency of con-
flict occurrence which is acceptable for field counts. It is delfmi-

ted on the left by the number of factors and categories for which

17. In sections 3 to 16, the substantive nature of the conflicts
method for indirect safety measurement has been discussed. It pre-
scribes certain rules to be followed when atfempting to define the
conflict event, Tﬁe main features of the conflict method and the

rules for confligt definition are summarized below:

expected accident rate using the equation:

Expected Accident Rate = Expepted Conflick Rate x Accident to
Conflict Ratioe. fThe estimate of the expected conflict rate is

usually obtained from a site survey.

The estimate of the Accident to Conflict Ratio will be copied [

from a "catalogue". The catalogue will give best available

estimates of the A/C ratio. - It should be created by a co-

R —;

'Qfdinated research effort,
T o B
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11, 7To facilitate estimation the conflict rate, the conflict event

needs to be defined. The definition must be chosen to facili-

tate sufficiently accurate estimation of the expected conflict

rate and to allow the conduck of surveys. The conflict de-A

finition must obey the following two rules:

4, The conflict event must precede all accident events.

B, The conflict event must be so chosen that the probability

| "accident-given~conflict" be the same in ail systems the
safety of which is compared or to which a certain A/C
ratio is applied. )

I1f. ‘he "confliclt method" can not be used For estimakion of ex-
pected accident rates withHout a "eatalogue" of A/C ratios
being available. IE ig the task of researchers
A, kO ayree upon & single conflict definition te apply to

- each specific situation. .
B, to obtain estimates of M/C ratlos and their accuracy and

conpile Lhose in a- cataloque

PartVII. Application

18. Part I of this paper was devoted to the examination of the
principles whicli should guide the definitlon of the conflict event.
The purpose of Part II is to apply these principles to specific
cases in order to see whether a practical procedure for the selec-
tion of a conflicy ﬂefinition emnarges.

19. Consider, e.g.é accidents ketween main road and minor road
vehicles occurringnﬁhen minor road vehicles enter the junction

without realizing its presence bcforehand(T).
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For this type'of'accident, £irst a conflict defiﬁiﬁibn-wiil bé
suggestcd.applicable to the "before and "after" }e]ativelsaféty

comparlson at the same siLe. Mext, atill in the tealm of Le]aLtve

a

: safety measurement, s conflict definition will he devised to hie used

i

i in the comparison of relative safety at diffquﬂ& sites. Followinq

this, a conflict definition For absolute safety measurcment will be
cpnsidered. |

20. The taek then is to measure the relative change in the fre-
quency of the aforementioned type of accident which is brought .about
by a treatment modifying the behaviour of mihor road vehicles.

Assume that the treatment (oversize siyns, lane separation island,
etc.) does not affect the behaviour of the main road vehicles. If
5&; the followiﬁg tentative conflict definition might be satisfactory:

A confllct is sald to occur when a minor road vehlcle enter

the maln road w1Lhout reallzlng ItS bresence beforehand

This deflnitlon complles with two requirements. ' First, for an
accldent of the type examined to oeenr, a minorvroaﬁ vehicle musk
enter the main road without realizing its presence befocehand. Thus
2ll accidents are.preceded by conflicts as defined. Second, in the‘
two situations compared, the main road traffic has not changed.
Thus, once a minor road vehicle entered the junction "unaware®, the
chance of an accident occurfing ie the gsame "before" and "after".
Consequentiy,

EfAccident rate before)
E{Accident rate after)

» . E{Conflict rate bhefora) (2)
E{Conflict rate after) ~°7

21. However, direct ohservation of conflicts using the tentative

definition in paragraph 20 is impractical. Such conflicts are simply
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too rare, Tven at a bad spot one should not expect more than, BaYe

two such conflicks ta occur per month. One could attempt to esti-

mate indirectly the rate at which the (tentatively defined) conflicts

occur. Consider, e.g., measuring the distance from the stop line at

which velhicles begin decelerating. Such information may be plotted

ta the form of a cumulative frequency distribution as in figure 3.

A& vehicle entering the junction without realizlng its presence be-

forehand docs not decelerate till D=0. Thus, the intercept of the

2 extrapolated cumulative distribution with the vertical axis is an -

Py

estimate of the proportien of vehicles in "conflict" (provided

SR PN

that it is possible to weed out vehicles which did not decelerate

but.centered sufficiently slowly to be aware of the main road and

P T

its tiraffic).

w%'**éﬁf“r
A

22, To obtain in this case an estimate of the rate at which the

tentatively defined conflicts occur, one needs to extrabolate the .

i Lail of the cumulative distribution. Three points deserve noting.

First, the specific type of measurement from which figure 3 was :

plotted is not the only or the best method, Better results may be

CCumiianiE 0/S7a
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obtained from measurement of other one-dimensional variables (e.g.

—

time-to-stop-line) or possibly multi-dimensional distributions

Flor Sros ArvE

(distance, speed, deceleration etc.), Second, for the purpese af

;]

extrapolation, the right lhand part of the distribution is largely

i irrelevant. ‘This concurs with the current practice of selecting

BDIETANLEE

a threshold value for conflict events, Events to the right of

 ¥ the threshold do net count as "conflicts". Thirdly, for extra-

polation, the shape of the curve to the left of the selected

threshold is needed. This reguirement is at variance with present




practice in conflict studiés. At present, the result of a conflict
survey is & gingle point on the curve. ‘

23. . It may be possible to alter the conflict definition which haé
been adopted tentatively (bar. 20} to render obserﬁations more ‘prac-—
tical and to increase correspondence with present practice.

For the time being, we wish merely to estimate the ratio of

tha expected conflict rate beféré and after treatment.
This is given by the ratio of the intercepts with the vertical axis
of the extrapolated cunmulative distriputions (figure 3). The ratio
(D)) plotted as a

of khe cumulative distribution (F (o) /F

after bafore

function of D is shown in figure 4, On the extreme right, the

ratio is unity as the effect of the treatment is not felt beyond a
certqin distance from the jﬁnction. On the vertical a*ia, the value
of Lhe ratiolis the estimate of the relative change in accident rate
{(of the type defined in paragraph 19) due to the treatment. If the
curve joining the two extremes is of the form_shown in figure 4, it
is easy to revise the tentative definiﬂion of the conElict event.

The ratio of the cumulative distributions at D* is seen to be the

same as at D=0, Thefefore,gthe probability accident—-given-"vehicle-

decelerates-after-p*" is the same before and after treatment. Thus,

the def;nition may be revised to state’ _

a conflict is sald to occur if a minov road vehicle does not
begin decelerating till past a distance D*_bEEOFG the stop line.
. Should this newly defined conflidt event be sufficiently fre-

'quénh, estimates of the rate of which éonflicts occur cam hbe ob-

tained from ohservation. Also, the conflict event is now morevakin

to the presently used evasive-action-based definitions. A subtle

(Eguation 2).

f

‘vehicles which enter the junction without realizinﬁ-iﬁs'preéénce B

E. Hduer{'

difference," however, needs to bo noted. ' For“the”aBoVéldefihed”¢ﬁh-

flict'evasivé'actioﬁ (decéleraéion) héed-nbt ooour ay aliﬁ*:ﬁoéﬂv__“ [:l'

Jbeforehand "do not begin decelerating till past D*"; dnd - therefore

count as conflicté.(s)'

24, It is the task of research to examine the Ffunction F

0}/

Fbefore{D,' Should one find consistently a horizontal segment near

after

the vertical axis, the conflict event may be defined as suggested

in paragraph 23. Any other regularity might Facilitate extrapolation:
of the relationship to D=0, A word of caution is in order. Adoption
of a threshold D'without first establishing the shape of the curve

in figure 4 may lead to error. TE, in figure 4, e.g._D*is selected
to be 30 m, one would impute a 5% increase in accidents to a treat-.
ment which in fact reduced the rate by some 20%.

25, Discusslion so far revolved around the measarement of safety

at the saﬁe site "before" and "after" treatment., The conflict de-
filnitions suggested for use in this case will not work when salety

at two different sites is to be compared.

Investigating safety "before" and "after" at the same site,
conflicts were defined solely in terms of eventssoccurring to the
minor road vehicle. Implicit was the assumptinnrth;t the "treatment"
{which distinguishes "before" from “aftei“) did not affect the flow
or behaviour on the major road. .

. When two different sites are to be compared, conflicts can no
more be defined in terms of events occurring to minor road vehicles
only. For one, major road traffic flow may be differsnt at the

two sites. Thus, even if "unaware” minor road vehicles were to
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emerge withfequaifffeéhencyiat'bdth Eités}'fhéir éhéhcéZOﬁ.céllidinq
with major.road.éshiéiés'might“be'différent;' be:twd,:the physical
setting of the two sites (e.g. sight distances)'may.have important
repercussions on the way major road vehicles behave when &onfronted
with the imminent emergence of an “upaware" minor road vehlcle.

To meaningfully compare the safety ;t two sites, it is esmen- %
tiél {as always} that the P{accident/conflict) be the same at Loth, %
A definitioﬁ of the cﬁnflict event needs to be devised for Ehis to
hold. This new definition must be such that differences in major
road vehicle behaviour and flow are reflected in the rate at which
conflicts occur.

Before attempting to devise a conflict definition sulted for
compsrison between different sites, clarification of the kihematics
involved may be helpful,

26. We are considering collisions betweeﬁ "unaware" minor road ve-
hicles and vehicles on the main road. A callisicn caﬁ caaur only if
the main road vehicle is in the “éonflict region"_iﬁ,x) where

' x=vT-igar?
with

X distance from front of main road vehicle to near nide of

minor road vehicle trajectory ' T m
v speed of main road vehicle ) . ) m/séc,
A constant deceleration of main road vehicle m/sec.2

T time spent by minor road vehicle in path of main

road vehicle ) : I sec,

It seems (figure 5) that the conflict region depends only weakly

on the deceleration of the main road vehicle. Change of direcction
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'x

might be a more sucdassful avasion.

o

minor road vehicle emerges. “unaware! and a main road vehicle. is in

the conflict region, the occurrence of an accident i a matter of .0

chance which depends only of ﬁhe abilitiea of drivers ahd vehicleé'..

and therefore remains the same at all sites.

If such speculation is warranted, a fentative conflict defini- =

‘tion followst

It is the event when a minor road véhiclé_ehterﬂ

and a main road vehicle is in the conflict

"unaware"

the main road

region.

accidents

All

Thie definitlion satisfies two requirements.

e probabi-

Th

(of this type} are preceded by conflicts (as defined).

Lo

ompared.

The problem now is one of estimating the rate at which such

lity accident-given-conflict is the same for the systems

conflicts occur,.

atively simple if

The task of conflict rate estimation is rel

27,

ajor road vehicles

aviour of m

it is sensible to assume thét the beh

minor road vehicles,

unaware"

is unaffected by the actions of

This may be so because the minor road is hidden from view or because.

such is the general mode of behaviour on main roads.

requries

e

estimation of the conflick rat

In this case,

.

Measurement of minor road vehicle béhaviour an

a)

d extrapolation

such as suggested in paragr

ate thae rate al which

aph 21 to estim

‘vehicles emerge from the miner road.’

"unaware"

and. flow on the

Measurement of the distributions of VvV, and T

b)

e probability of a major road wvehicle to be

major road to find th

conflict region when an unaware minor road vehicle crosses

in the

v

its path.
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with no apparent intention to stop.

probability "accidentugiven—conflict".

‘Hauey

In the special case when the distributions of V and’'T are the same.

" at both sites, estimation is as in the "before® and *after" case

except that the right hand ‘side of equation 2 needa to be mulLlplled;'_ff“

by the ratio of main rond flows.
28. Yo astsume that the behavicur of major nead vehic;es is not
affected by what is happening on the minor road may not be warranted

in many. cases, One might speculate, that when sight distance is

adequate, some main road vehicles may take precaution not to be in

the canflict region if a minor road vehicle approaches the Jjunction
In principte, this behaviour
is subject to measurement and modelling. Tt is the task of research
Lo provide the tools whereby measured behaviour at the site can be
transkated (extfapnlated) into the rakte at which main road yehicles

are in the conflict region. (Muclh like the extrapolation of

)(9)

"conflict rate" from data in figure 3.

29. Often knowivdqe of relative safety is 1nsuffl «  Real .

Lreatments usually affect several types of acc1dents.

installation of aseparation island on the minor road to alert drivers

to the presence of the main road. While collisions to "unaware"
vehicles may bhe reduced, collisions with the island itself will
increase. To form an opinion on the effect of a treatment, usually
clianges 1n absolute numbers of accidents need to be known.
Conceptually, it is a minor step from relative safety measure-.

ment at different sitea to absolute safety measurement, The only

. additional piece of information needed is the value of the applicable

Also conceptually, estimates

of this value are easy to obtain. All it takes is to weasure

e

Consider, e.g.,

T T

R

reliable eatimatesr

B Hauar'
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: Econflicts and count aceidgnga at many sxtes to obtain atatlstically

Th1a ia thn task of, research : In practical

terms, ib is a costly and arduuus task, the product of which is a

catalogue of accident ~to-~conflict ratics.

The only point of principle to raise here, relates to the
domain over which one must maintain the.aame definition of the econ-
Elict event. .
that the preobability of an accident to ensue once a conflict has
Gccurreq must be the same for all systems the safety of which isg
being compared. When safety is to be measured in AESOLute tefms;:
one is implicitly comparing.the system under scrutiny with those
systems from the examination of which the catalogue values of the
accident to-conflict ratio have been obtained. Thus, the conflict
definition must be such that all these systems to which the cag—
alogue value will be applied bave Lthe same probability "aceident-

given~conflice",

NOTES:

- {1) I chose to distinguish between the expected and the actual

number of acgidents during the specific period of time. This is a-

rather important distinction. of opinion may

Legitimate difference
exist about the very concept of expected number of éccidenté-and_
therelore explicit justification is in order. _

The stated aim is to describe an impoftant praperiy of the
transport system or parts thereof - the property of safety, Safety
is just & general term. We mean specificalliy that property of the

transport system which manifests itself in the occurrence of

accidents,

The cornerstone of the confiiét method is the insisﬁence
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Unlike length, mass etc. which are fairly definlite and permanené
properties of certain systems, accident occurrence is characterized
by irregularity and "randomness', One is hardly'sur#rised 1f six
accldents occur at a junction one year and none during the next with-
out there being any significant change in traffic, weather, geometry,
ato.

What then is a permanent property of a sfstem {say junction}
which may be useful in characterizing safety? One needs to resort,
s0 it seems, to concepts such as "average", "fréquency in. the long
run?, "expected" etc. HNope of these concepts is without difficulty
as they invelve imagining an impossible situnation. Imagine then a
juncticon .and count the number of accidents during the current year;
Repeaﬁ the "current year" {(impossible isn't it?)} and count again.
Repatition means, that the séme traffic flows obtain, but not the
exact replication of each movement, that vehicles are from the
same populaticn but not the identical vehicles pass again through
the junction etc. : :
of yearly accidents would yield an average value which approaches
a stable pumber as the number of counts.increases. ‘This is what
is meant by the term "expected annual number of accidents™.

I have now created a double headed menster which reveals only
its unimportant head - the actual number of accidents. The impor-
tant head {the "expected value®™) remainsg forever shrouded in mysEery;
Yet I am arguing that the mysterious "expected value®™ is the real
measure of safety - the only guidance for action. This may offend -
common sense, as reality (the actual accident) is deposed in favour

of an entity the existence of which is merely postulated.

Hypothetical repetition of such imaginary counts e

It follows,

)
|

" number of accidents",

E. llauer

that some substantial rensnns fnr the choice muat ba given.

The flrst reason has béen’ alludeﬁ to earlier.3

Namply, that
the actual fumber of-accidentd is essentially unpredlctahle in the
Bame sense ag is the cutcome of ‘a roll of a die.- What we ‘would

regard as the same transport system; can have widely different_ac~- }

cident experience in two equivalent time periods;V A measure-of-

safety which can assume different values for identical systems iq
not very useful. .

laving resigned ourselves to the fact that the actual numbet.df 
accidents is practically unpredictable, we can proéeéd to the next
reason for favouring the expected value. The bost we can do, so it
éeems, is to state ﬁhat the actual numbex of‘accidenté wiil be X
with probability Y. Yo do so, we need an estimate of the expected:
value~at least. l &

The third reason for "expected" and agajnst “acLual“ is derived
from the use to which a measure of safety ls normally. put. such
measures are used to judge improvement or deterlaratlon; effective—
ness or its absence: cost and benefit. All of these, so it turns
ouk, are measured by the expected number of accidents (poésibly
clasgified by severity).

Finally, this is what practitioners have beeu trying to do
anyway. An attempt is madé aiways to diagnose safety on' the basiéz
of accident records averaged over a number af years. An average of
this sort is used in order to characterize the intrinsic:property
of the system under consideration. It is an estimate of the "expected
. The practice of averaging may not havg been -

stated explicitly as an attempt to estimate the expeuvted accident
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rate, but I feel that it was meant that way.

If so, why create a strawman? Why argue at length for the

acceptance of the notion that it is the expected number of accidents_ 

that counts if it is standard practice already? For two reasons.

Firstly, because some are reluctant to concede on ideclogical grounds:

that the aim of measurement in transport safety is the estimation

- of expected accident rates. It does not do any harm to make. the

argument explicit. Secondly, because failure to distinguish between

~actual and expected accident rates leads to unnecessary'confusion.

e

‘Hgtably it leads to the unfounded expectation that an accident pre-=

diction method {such as the conflicts technigue) should predict

the actual pumber of accidents. This is as unrealistic as it is to
aim at predicting the outcome of a throw of a die. The most we can
say is that it will be on the average 3.5., and this is all that
matters.

I have argued that if there is a property of the transport
system characterizing its safety, it ié measured by expected values.
Specifically, a~chahge iﬁ the level of safety is a change in the
expected number and/or severity of accidents. This in turn means
that every inquiry about Lhe level of safety and its change must.
answer bLhe questicon: what is the expected number and/or severity
of acciﬂenfs and the change therein? The egtimation of expected
accident rates is then the central problem of safety management
and research.

{2} The shortcomings of relying on accident records of the past

for the estimation of expected accident rates are many.

5§, Firstly, there is the moral objection. Before anything can

" data is available for evaluation has important "institutional®

a vehicle design, a slqnal timing) a uumber of accidents muat Qe
The practice of experimenting with the lives, 1limbs and properLy cf
people seems to be the exclusive right of the military and of tIDHSf.
portation engineers. | |

Sevondly, accumulation of a sufficient number of accideﬁﬁs takes

time. In the interim many changes occur in the gystem under scru-

tiny., As the system changes, so does Lhe expected accident rate, -
Thus, reliance on records of the past can not yield estimates which

are either current or accurate.,

“hirdly, the need to wait for a long time before sufficient

repercussions.’ The manhagement of safety is the outcome of publie
opinion, pelitical responsiveness and initiative and of action by
institutions of agencies executing safely programs. A period of
data collection which is weasured in years exceeds by far the at-
tention span of the publié, the term of office of a politician and
often the average tenure in the same job of the civil servant.
Thus, the effectiveness of safety action seldom gets evaluated
simply because by the time the information is available, nobody is
interested in it any more, Other problems nccupy.the public, the
politician lost his seat and the'engineer has retired orv has been

promoLed and is responsible for entirely different acﬁivities,

It.is the net result of the third shortcoming which may oxert
the most profound influence on safety management: Management of
safety is expensive., Think of the resources devoted to the enforce~

ment and adjudication of the traffic law; the time and moncy spent




on driver education, vehicle licenaihg and inspectinn; roadway

lighting, publicity campaigns otc. ete, Very little is known
about the effect on safety of most safety management programs, It

is not because theae are untried. It is because pragram evaluation )
spanning a period of several years' is often institutionally impractical,
Progress toward ratlonal action in safety management is hampered

by the absence of adequate Lools for the measurement of saféty;

Indirect methods of safety measurement way remove this obstacle to
pragress, .

3. 1t wmay be useful to consider at this juncturé the difference

between the concepts of “exposure" and "conflict", as the distinction
between ‘the two is not always qléar.

Exposure is a frequently used concept. It secms to measure
the intepnsity of use of a transport system and the number of occa-
sions during which vehicles, pedestrians, children etc. are exposed
to accidents., It is used in two related manners. Firstly, to bring
different systems to common denominator in order to facilitate a '
fair comparison of their safety. The central idea heré is the elji-
mination of differences in the intensity of use between the systems
which are beiﬁg compared. Secondly, to estimate‘the probability
of accident per unit of use (single vehicle accidents ﬁer vehicle
milet pedestrian fatalities per road crossing etc.).
When it comgﬁ to specifics the‘concept of exposure becomes at

times somewhat iﬁuéiye. Consider, e.g., the crossing of a road hy
a pedestrian as aAﬁnit of exposure. Should road crossing when there

is no vehicle in sight be counted into exposure? If yes, what isg

B, [auer I
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the pedsstiian'exposedftb?.:IﬁfOpificroﬁsings.Withivéhiclabfciosefﬁ“'“'
than a certain distance are to be included'inlexpOQa;e,'ié oﬁé.nbéfffi.
really speaking of conflicts? .

If there is a difference of essence between—the.two concepts
it seems to be rooted in the requirement that, for conflicts, the
probability‘accident—givennconflict be the same for systems which
are being compared., This implies,rthat for all systems which are

compared, the ratio of (expected)} number of accidents and Lhe

{expected) numher of conflicts has_the sam@ numerical value.

. With exposure, one hopes to achieve the opposite. When the
expected number of accidents is divided by exposure, one.intends
to highlight the differences between thé systems compared, It is
precisely this difference between systems in the probability of
accident per unit of use which is why exposure is introduced. Thus,

for the concept of conflict to be useful, the number of accidents

per conflict must be the same for all systems compared. TFor the

ii concept of exposure to be useful, the number of accidents per ex-
posure must be allowed to vary between systems. Conserquently, the
. two concepts can not he identical.
Another distinction between the two concepts can be made in terms
of their intended use. Conflict studies facilitate the estimation
of the expected number of accidents oceurring on a system perlunit
of time under a‘sﬁecific level of use. The output of a conflict
study can be used in conjunction with information on exposure to
obtain‘estimates of probability of accident per unit of exposure,
"This suggests a degree of complementarity apd sequential ordering.

First, information is obtained on the expected number of accidents

a
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for the systems! then it may be interpreted using in:ormatioh on-
exposure. '

4, Consider the contemplated change in the duration of the ambéi
longation is suggested., Suppose also that a conflict is recorded

whenever a vehlcle is Lrapned by the amber 51qna1 inaide the inter~

secticn. A conflict’ study would Aost llkely conclude that tha
.This leads to the conclusgion that there has been no chanée in the
expected accident rate, This may be erronecus. One may rightly
suspect, that a conflict of this nature (trapped by aﬁher)'is less
risky after the change. After 'all, the trapped vehicle has now
more time to clear the intersection before the opposing traffic
stream gets green light. Since the conflict definition used for
the study violated the underlined statement.in Section 11, an
erroncous conclusion has been reached.,

5. Continuwing the illustrative example‘from above, let us redefine
the occurrence of a conflict to mean the presence of a moving

vehicle trapped by amber in the junction at the time the opposing

brafficrstrehm is moving, If now during the "before" study 200

conflicts are counted and in the "after” study 180, the indicated
Vrleﬂuction in the conflict rate is 10 per cent suggesting the same
reduction in the expected rate of accidents of this type.

There is good reason to expect that the prolongation of the

amher period will create slightly longer gueues, more stopping and

possibly more rear-end accidents. A different conflict type (rear-—

end) used in a "before and after" study would also yield -an estimate

P

pericd {Section 8) and for sake of specificity assume tﬁéfxiﬁﬁlpfo-_f:'”'

“conf]lct rate bafore" is much the same as the "conflict rate aftex”.

o

rates Whlch are assooiated w1th a suggested prolongatlon oE the

‘amber period

To 3udgn deqlrability,_all consequ nces must'be con-

'Sidered. Howevor, re!atlve changes do not lend themselves to-j01nt;~'”

. consideration, For joint consideraticn one needs to know" tiow many

how severe, For this, estimates of A/C ratios are needed.'fﬁofa‘
.often than not, a change in the transport system affects ﬁo£'0n19
the frequency with vhich different conflict types accur, iE:aigok_
#liminates some types and introduces new ones. (Guard rail instal-
lation, restriction of turning movements, street lighting etc,) .

In this case, relative change has.no ﬁeaning and safety needs
to be measured in absolute terms.

6. The assertion that the central task of research is in the éenf
eration of a catalogue of A/C ratios requires clarification., Mostly,
because this is not presently recbgnized as the main ogjective of
research in this field.

Rescarch on traffic conflicts has so far been oriented Lowards_
Finding a practical method for conflict measurement and the demon-
stration that conflict counts are related to the ocourrence of
accidents and thus useful in their prediction. Investigations
usually end wilth the determinaton of the coefficient of correlation
and the testing of statistical hypothesis.

Coneern about the sample coefficient of correlation proved to

be confusing and at times frustrating, This is on the whole un-

necessary. To examine the cocfficient of correlation is to Ionk al

e e it gyt gy
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the right problem from the wrong angle. The Lool choaen for axamin—

ation dete mlnes the questlon asked, rather than the other way argund,

s

Let us start the argumont by conLemplating the meaning of con-
ditional probability. Specifically, of the conditional probability
of an accident event to occur given that a conflict event has occurred.

What real information we have, pertains to the number of con-
flicts and the number of accidents which materialize during a certain
pe;iod;of time. We estimate the value of the probability "accident-
given-conflict" through dividing the accident rate by the conflict
rate.  ‘Thus, the conditionalrprobability is an abstraction. It is
defiped to be the iimiting value which the estimate would approach
if conflicts and accidents were counted for a long period of time
without any change in the prevailing conditions. It e;presses our
beiief that the real accident generating system can be characterized
by a stable property which is called probability. In our day this
is not difficult to accepl. Once we accept the existence of the
accident event chain and of the associated permanent property - the
probability "accident-given-gonflict", all the important questions
revolve avound its estimation, What is the best estimate of the
A/C ratio? What is the distribution of the A/C ratio?
. Different definitions of the conflict event will be charac-

terized by different conditional probabilities, To illustrate, let

- the expected two-vehicle-accident rates at a specific junction be

10 accidents per year. Let the eipected number of events such that
two vehicles come closer to each other than 2m be 10,000 per year.

The. conditional probability acclident given conflict in this case

is 1/1,000.

Lat there be 1,000 events per year such that two

B, llauer

vehicles are closer than'l'mﬁ The associated probablltty 13 now
1/100.

doth prohabilities deacrlhe the same system. Their magn1

tude depends on the choice 6f the conflick event.

When those very same two conflict défiﬁitiohs'afé appii&&'fb__':”

another site, slightly different conditional probébiliﬁieé'kﬁf Eéu'
obtained simply because no two sites ave identical in all relevant'
factors., Thua, if" many sites were examlned one mlght find that
with 2m as the limiting value the conditional prnbablllty varies.
" from 0.1/1000 to 2/1000 whereas with 1l as the llmltlng value

the conditional probahility is ;n the range 8/1000 to 11/i000.

This is the crux of the issue. One is not only, oY oeven mal'

’interested Ain the mean yalue of the A/C ratio bu! also.in &

trlbutlnn of thlS valye among sites. A harrow distribution will

allow accurate prediction a wide d1sfr1hutlon is not very usefnl.

A sucgesqful deflnltlon is.one which ylelds estlmaLeq of A/C ratlo

from many Sltes such, that thLy are clcqely packed around the mean

...... )

To illustrate, assume that a site surﬁey indicates 20,000
confiicts defined by the 2m criterion. Considering the above men-
ticned range ih the A/C ratio, one should expect 2 to 40 accidents
per‘annum = not a very accurate prediction. In comparison, if
using the Im limiting value one would estimate 2, 000 conflicts per
annum, the estimate of accident rate would be 16 - ?2

Looking at research from the poan,of the eventual practical
application of the conflict method seems to require that emphasis

be placed on the estimation of the distribution of A/C ratios. RAs

cnly narrow distributions of the A/C ratio will be useful, research
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has to identify conflict definitions which are likely to yield the

same A/C ratio at different sgites.

bxamlndtlon of the coeff1c1ent of correlatlon does not seem to

e

TE——s

be requlrcd True, when the A/C ratioc varies: w1de1y among sites, the'

associated coufﬁ1ciont of correlation will be low and vice versa.
It is the other face of the same coin. But why look at the tail

of a coin’ if we are interested in the head? We have pérfectly good
neasures to characterize the distribﬁtion of the A/C ratio or its
spread (standard deviaténs, coefficients of variation, distribution
of. the slope of linear regression through origin etc.). ‘Phese
should be used in the search-fcr the conflict definition aﬁd in

Ehe examination of the distribution of the conditional probability
accident-given-conllict.

7. 'The very specific nature of the accident selected for illustraj
tion helps to focus discussion on concrete circumstances. Salient;
to this kype of accident is Lhe fact that one actor is "unaware"

of the imminence or possibility of collision with another actor.
This feature is commen to a, fairly large class of accidents;
driverslunaware of pedestrians, children unaware of vehicles etc,
In some cases, the methodology for conflict definition selection
discusscd below can-be extended without difficulty toé related tfpes.
of‘nccjdenté. In other cases (notaply the "unaware™ pedestrian
case) it is not eclear whether the méthod can be extended.

8. Some of the problems caused by the identifications of conflict
occurrence with observation of evasive action have been discussed
in paragraph 10. These can now be further illustratad within the

1 R
context of the accidents between minor road "unaware" vehicles and

main road traffic,

E. Hauer

Lonslder, e. g., the cumulatlve dlstrlbutian obtained from a_ .:f'“

field survey and shown in’ fxgure 6. Three driver'-shot th'ongh Lhe

junction without deceleration. Dvasive actlon wag Laken by one d” Ver

at 4m, another at 5.3m etc. Suppose that D *=10m has been found L

be the appropriate threshold value, By the deflnltlon in paraqraph.'
23, 6 conflicts would have occurred, Tf; however, only events 1n
which evasive action was observed, are recogn1zed as’ conflicts, only

three conflicts would have been counted, Such a _count dlsreqards tho

most telling events, Paradoxically, the more dangerous the ]unctlon,

the more drivers might barrel through the junction without visible

evasive action, the fewer the evasive action based conflicts would be.

© 9. The concept of "conflict” has been created Lo avelid estimabion

and observation problems which stem from the rarity of ihe accident
event. It now seems that in some cases even conflict are rare and
ﬁheir value has to be estimated indirectly. ~One must therefore ask
whether thisg "intermediate" concept is at all helpful?

It certainly is when a satisfactory conflict event can be de-.

. fined which is also directly observable. If, e.q., researcﬁ proves

consistent existence of a relationship as shown in figure 4,

estimation from field counts of conflicts way be feasible. When no
satisfactory definition of the conflict event leads lo relatively
frequent conflict ocourrence, the value of the concept is two-fold.
Firstly, it does aﬁay with the need to model that phase of the
event chain which takes place after the conflict till the accident.
This is accoﬁplished insuring that the factors affectking this part
cf the chain éf events are common to the situations gafeiy of which

is being compared, Secondly, it poses a clear attainable goal to

measurement, modelling and estimation.
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