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1. BACKGROUND
1.1 General

During the last years traffic-planning in Sweden has been
characterized by decreased investments in new roads, at
the same time as road traffic has continued to lincrease.

Rather than on new constructions, resoureces have been
directed to measures in the exlsting traffic system, partly
point by point, partly through area regulation.

To get the best possible beneflt out of these measures,
methods are required for identifying conditlons in the
exlsting system with best possible accuracy, as well as for
predicting such changes in these conditions as will follow
from the measures adopted.

In the sector of traffic safety there 1s a great need for
new methods aimed at a more efficient use of the availlable
resources. To meet this demand we need a method to identify
the conditilons in the exlsting network as well as a method
to predict these changes 1n these conditlicons that will
follow from different changes in the network. However the
complete interaction that exists between "the man™ - the
vehicle and the road will contlnue to render such forecasts
a difficult task, For that reason a method for immediate
evaluation of realized changes 1s required as a complement
to the methods mentioned. Hereby experiences from steps
taken can be utllized in a continuous feed-~back. Several
attempts have been made to find suitable methods that fulfil

the above-mentioned conditions.




1.2 Diiferent methods of determining accident risks

In order to determine accident risks in existing traffic
systems in urban areas, actual accident data has been used
in different ways. A common procedure ILs to rank the
intersections 1n the network according to number of accidents
occurred and then to distribute available resources on this
basils.

Sometlmes, accldent frequencles have been related to some
measure of traffic "production" of the intersections. The
object of the frequency measures mentioned is to rank
individual Intersections.

In other cases, the object has rather been to measure the
accident risk for different types of intersections. Thig
makes 1t posslble to get a better understanding of the
effects of different details in construction, regulation
and other conditions.

By relating actual accident frequencies both to the design
of the intersection and to the amount of traffic, attempts
have been made to construct accldent forecasting models.

To work with actual accldents as a basis has turned out to
be assoclated with vast difficulties. The precision in
describing present conditions as well as in the forecast
ig generally tco small to meet reasonable demands. These
difficulties are related to the collection and analysis of
accldent data as well as to the accldent frequencies.

This may be illustrabed by the following example:

To be able to draw a conclusion from a certain directed
measure such as installing traffic lights at an inter-
section, analysis of accldent statistics from several

years before and after the installatlon is required. Even
then the validity of the conclusion may well be impartioned
by other factors that have occurred. For example the traffic
flows in the intersection may have changed considerably in

the meantime,
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Because of these difficulties with actual accldent data,
anpother criterla that better meets with the necessary
reguirements has been needed for some considevable time,

A commen point of origin has been the definition of
"dangerous" and "eritical® behaviour patterns in different
situations in traffic. The resulting models are founded

on theories concerning the causes of traffic aecidencs.

A general problem with these models has been the difficulty
b validating the methods, that is to establish the rela-~
tions between the behaviour patterns defined on one hand
and actual risk on the other.

Concerning the validation problem, models based on studies
of conflicts (near-accidents) seem more promising. With
these, attempts are made to separate such critical situa~
tions which in a direct continuation may cause an accident.
The basic idea is that 1f the degrees ol seriousness in
observed conflicts can be measured, the actual risks in-
volved 1n these conflicts can be defined. The main
dlfflculty seems to be the measurement of che degree of
serilousness.

Internationally, rescarch and development concerning the

recording of conflicts in traffic has been going on for
hardly 10 years.

1.3 Foreign research regarding the recording of conflicts

At the General Motors (1) a conflict recording technique

was developed in 1968, with the purpose of measuring acci-
dent risks 1n Intersectlons. A conflict was delined to
occcur when a car driver makes an averting manoeuvre such as
Jbraking  or turning aside in order to avoid what he believes
will otherwise result in a collision.

This technique has been used by the Ohio Department of
Transpertation (2) and the Virginia Department of Highways (3).
In these appllcations, tests were carried out in order to
valldate the method.
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The experlences can be summarized as follows:

1. The results from the studies secem to strengthen the
hypothesis that a relationshilp between accidents and
conflicts does exist,

2. With minor modifications, the technique could be
appllcable to other types of facilities than inter-

sections.

The possiblility to predict accident frequencies from con-
flict studles 1Is thus encouraged by these experiences.

However, the G M technique is associated with certain
problems. It 1s true that the objective criterion for

a conflict (such as the lighting of brake ~lights) is
unambiguous and easy to apply. The conflicts registered,
however, do not always fulfil the basic requirement that

a conflict should reflect a situation wich a certain
accident risk. In some cases, brakings which were record-
ed as confllcts were performed with a wide margin and
purely out of caution.

At the TRRL in England (4) a technique has been developed
which was also used at the TPI in Oslo (5). In this case,
the definltion of a confliet is based on the distance
between the parties involved in the averting manoeuvre.
This technique seems to be importuned by uhe reliability,
that is the precision with which the conflicts can be
recorded (by ebservers).

1.4 Present research at the Department

At the Department of Traffic Engineering in Lund, the
development of a conflict recording technigue has been pro-
ceeding since 1973. The project consists of the following
main parts: |

1. Definltion of Lhe concept of serious conflicts.
Documentation.




2. Choice of method of recording. Reliability tests.

3. Validation of the method, that is testing relation-
ships between recorded confllicts and accldents.

In order to validate the method, studles were performed
in 50 intersectlons in Malm&. Such confllcts (accidents)
were conslidered, which took place within 20 m from the
intersection (measured from the nearest cormer). In all
50 intersections there is a 50 km/h (31 miles/h) speed
1imit,

1.5 Applicatiqns of conflict recordings

A conflict recording technigue that admits an adequate
descriptlon of actual accident risk would have several
important fields of application:

1. Detailed desgcriptlon of accident risks in inter-
sectionsg. With the help of such a description
improvement schemes for diif'ferent intersections can
be ranked according to privity. The results also
form a good basis for planning and design of trafiic
facilities and thelr physical environment.

2. Evaluating the effects of saflety improvement measures.
In this case, the speed of the method 1s of decisive
importance. In principle, the effects can be studied
immediately after Lhe alterations. By doing several
after-studlies, also the time-dependance of the effects
may be followed.

The possibility of rapid evaluations can be exploited
gystematlically with the purpose of experlmenting with
different measures on the facilidies and thelr physical

environment.

3. Studies of the causes of accidents.
The conflict recording can be of great importance in
this area through the in depth description of the events
preceding the conflict that 1s obtainable.




This knowledge can be used when planning for lmprove-
ments in the physical environment and in connection
with information and education programs.

For example, driving schools would be able to use
video~taped conflict situations in order to point out
characteristic accident causes.

Building prediction models for accident risks

Conflict recording enables the production of a vast
data basge in short time, and with full control over
the chosen explanatory variables. (Such as traffic
flows, physical design, type of regulations, weather
and light conditions). B

When judglng the applicability of the method, it should
also be considered that a reduction in the [requency of
serious conflicts may be viewed as an improvement In
itself, disregarding the effect on accident frequenciles.
The importance of the frequency ol serious contlicts
as a .quality measure should be penetrated further.




2. METHOD

2.1 Problem statements

The ultimate alm of the project is to investigate whether,
in some sense, meaningtful relationships can be established

between serious coni'licts and traflfic accidents.

To investigate this, a comparison was made between the
number of accidents involving personal injuries and the
recorded conflicts. The comparison inveolves 50 inter-
sections in Malmd, with accident data for the years 1968 -
1974 and with approximately 10 hours of recording per

intersection.

The following eséential problems can be separated:

1. Definitlon of serious conflict.

2 Choice of recording technique. Reliability test.
3. Definition of accident. Cholce of sample.
4

Choice of statistical methods.

2.2 Definitions

The interactlon between road-users when passing an inter-
section can be described as a series of "elementary inci-
dents". The passages may take place in any relatilve

directions (same, opposite, perpendicular etc.).

1. Undisturbed passage: the road users pass each other

with a time lag of such a size that one does not affect
the other in any way.

2. Potential conflict: the road users approach the inter-

gection in such a way that they would meet. One or both
of the parties lnvolved adjyust his speed in ample time
to avold a conflict.




3. Conflict: one or both road users has to brake or
fturn to avoild a serious conflict.

4, Serious conflict: one or both of the road users
must brake. or turn suddenly to avoid a collision.

5. Accldent: none of the road users discovers the
sltuation until the remaining time of reactilon is
go small that a colllsion can not be avoided.

Every "elementary incident" occurs with a certain fre-

quency in every intersection: accldents more rarely and
undisturbed passages with a very high frequency.

2.3 Definltion of serious conflict

Hypothesis: Conflicts, which allow an objective measurc-
ment of degree of sericusness, are related
to accldents 1n a certain way.

One way to measure the degree of seriousness is to deter-
mine the rewaining time to a colllsion. The following
definition has been used in this project:

If" two road users approach each other on a collision course,
one or both will discover the danger in a certain position
and react by breaking or turning. The time to accident (TA)

is that time that would have passed frem that moment in
which one reacts and starts to brake or turn until that
moment the colllsion would have occurred, if both parties
had preceeded with speed and direction unchanged.

EXAMPLE :




In the position indicated B has just dlscovered the
danger, reacted and just started to brake.

Time to accident (TA): A: 1% = 1,5 scc.
.15
B 5 = 1,5 sec.

TA can vary with some teunths of a second between the

two parties, depending on different relative positions
at the collision. In such cases the highest TA is
selected. If the difference in TA cxceads the margiln
mentioned, no collision would occur if both proceed

with constant speed. With the original definition, such
2 sltuatlon would not be a serious conflict.

Thus, the TA-value is a measure of that remaining c¢ime,
which 1s allotted to the road users for avoiding an
accldent. A high TA-value means that the conflict is
not serious, the partics have ample time to decide
how to react.

A low TA-value, on the other hand, 1indicates a situation
where an immediate reactilon is necessary to avoid a
collision. Some road users might conscliously lower the
TA-value by braking as late as possible, even when

they discover the danger much earlier. In such cases

the TA-value is a bad measure on the degree of serious-
ness of the situation.

One might suppose that there exigsts a threshold value

for TA, so that no road users consciously enter a situa-
tion where the TA-value 1s below this threshold. Road
users, involved in such situations, have a margin to

react which 18 so small as to demand immediate action in
order to avoid an accident. The TA-value is then a measure
of the serilousness of the situation. It follows that this
threshold value should be a good cholce for defining

"serious" conflicts.
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Serlous conflicts arise as a consequence of a disturbance
in the interaction between man, vehicle and environment.
One of the major "causes" is the design of the traffic
environment. ¥The reguirements on the perceptual abilities
of the road users become too great.

Az an example, about 3/4 of all aceldents on zebra-crossings
in urban intersections occur after the vehicle has passed
the intersection. (5)

An accident can be sald to occur as a result of a lowering
or the TA-~value in a serious conflict below a necessary
minimum. That minimum,which is needed to avoid an acclident,
1s difficult to establish exactly. The value probably
depends on, for example, the specds Jjust before the con-
flict ariges.

In a {irst stage, attempts were made to apply the theory

of serious conflicts on actual traflic situations. Con-
tinuous video recordings were performed in some interscctions
of various designs. On the basis of thege studies, 1,5 sec.
was chosen as a threshold value for conflict situations.

This leads to the following definition:

A seriocug conflict situation is at hand when the remaining
time to an accildent (TA, as previously defined) is less than

1,5 sec.

The studles mentioned showed that it is practical and
possible to grade the conflicts in two types:

1. serious conflicts with TA < 1,0 sec.
" o K 1,0 sec. £ TA = 1,5 sec.

The probability that a serious conflict will result in an
accldent evidently depends on the road users possibilities

to avoid the accident. These possibilities mainly depend

on the reaction time offered, but probably also on the spzed
of the parties involved.
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The reascon why this 1s so is inhevit in the very definitilon
of serious conilicts. While the distance to the '"collision
point®, for a certain TA-value, is iIn direct proportion

to speed, the braking distance 1s proportional to speed

squared.

The following example i1lluminates this point:

Case. 1. TA = 1,5 sec Case 2. TA = 1,5 sec
Vi= 40 km/h = 11,0 m/s Vy= 20 km/h = 5,5 m/s
e ¥ I >
sp = 16,6 m % S1 = 8,3 m
i
(offered braking d1stance) (offered braking distance)
[ Sy = 16,6 m §9= 3,3 m
%(offered braking (offered
i distance) brak1ng
; istance)
s -
.
}ﬁ\!vz 40 kn/h = 11,0 m/s vz = 20 km/h = 5,5 w/s
i
Actual braking Actual braking
distance = 15,0 m distance = 3,7 m
(dry bitumen, level section) (dry bitumen, Tevel section)

Actual braking distance _ 15,0 _ , o5 Actual braking distance _ 3,7 _4 a5
Offered braking distance 16,6 Offered braking distance 8,3

The example above shows that the relatlon between actual

and offered braking distance is consliderably less in Case 2,
where both cars keep lower speeds. In this case, the spatial
margin is relatively bigger and hence the probability, fthat
the conflict will develop Inte an accident is Jikely to be
smaller. A description of the speeds for those involved in

a conflict can be obtained in different ways. One possibility

is to classify every intersection studied according to some
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criteria of speed standard, another to classify each con-
flict accerding to the speeds of the vehicles immediately

prior to the conflict.

In the conflict studics that have been carrled cut so far
attempts have been made to classifly the conflicts accord-
ing to both TA-value and actual speeds,

Four clagses of conflicts were selected:

Class 1: B8peed £ 35 um/h (22 wiles/h)
1,0 sec. £ TA £ 1,5 scc.

(Speed of all vchicles involved)

Class 2: Speed £ 35 km/h TA < 1,0 sec.

E7aN

Class 3: Speed 2 35 km/h 1,0 see. £ TA
(Speed of any vehilcle involved)

1,5 sec.

Class %: Speed 2 35 km/h TA < 1,0 sec.

Tests of conflict observers have shown that it is possible
to train the Jjudgement of speeds so that a difference, as
measured between different observers, of less than i 5 km/h
(3,1 miles/h) is obtainable.

As a consequence, the speeds were classified according to
principally continuous scale in the second stage of the
conflict studies. However, this clasgification of speeds
has not been used in the analysis performed so far.

2.4 " Technique of recording scrious conflict situations

2,81 General

The recording technique to be selected must fulfil certain
requirements on practicality and reliability. Film- and
videotechniques give a high reliability tor conflict record-
ing. By determining speeds and relative distance of the
parties involved, TA-values can be obtained with a high

accuracy .
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However, the method has some difinite disadvantages:

1. Using one camera only a part of the intersection can

be gtudied at one Gime.,

2. In many Iintersections, some considerable work would be
required in order to find suitable camera positions
(1f they exist), and to obtain permissions for using
these positions.

For the reasons mentioned, this method was rejected. Record-
ing with the aid of observers, for direct observations and
placed in the intersection lack the disadvantages mentioned.
At the same time, this method requived a thorough training
of the observers and a control of their ability to select
serlous conflicts according to the objective criteria.

2.%,2 Training of observers

In order to train the observers conflict situations were
collected and documented with the help of video recording.
This technique has great advantages when compared with film
technique for the same purpcse. The list of material is
reduced, since the video-tapes can be re-used. Further,
video admlits a direct sound recording which contributes to
a more realistic performance. The recordings were made

by a portable 3ONY-equipment for use with either batteries
or AC-power.

In city traffic, road users oi'ten find themselves in a situa-
tion where they unknowingly have to e¢stimate the time that
remaing o a potential accident. In an absolute majority

of these situatlons, they estimate this time with enough
accuracy to avold the TA-value from f{alling below the cricical
threshold.
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The ability of road users to estimate time lags indircctly
is fundamental for our belief that persons can be trailned

to judge conflicts according to the objective criteria.

According to experience the training should be planned so
that the obscrvers firsvt of all are taught to make an in-
direct cstimate of the degrec of seriousness, in the same
way as voad users. By comparing the TA-values for record-
ed conflicts with the subjectively experienced degrec of
seriousness the objective fime limits for serious conflicts
can be separated with acceptable accuracy. The accuracy
mainly depends on the intensity of the training. The train-
ing of observers hitherto undertaken shows that, as a
complement, these should also be aware of the technique
behind the calculation of TA-values. In that case, they
will also be able to make a correct cstimate of situations
where, for example, a car prakes suddenly without being

compelled by circumstances.

2.4.3 Tests of observers

Before the observers participate in the conflictdata
collection at a Field site, thelr reliability (i.e. their
abllity to select serious conflicts) has to be tested.
Tests of the external reliabllity of the observers have
been performed, meaning that estimates of the same situa-
tions werc compared, beiweeén the observers as well as with

the objectively defined criteria,
These tests were carried out in the following way:

Several observers were placed on the same spot and were

given the task of recording the conflicts between the same
traffic flows. The same conflicts were simultanecously
recorded on video tape. The tapes were then examined, where-
by all conflicts were reglstered and compared with the

records of the different observers.
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The conflicts, registered by the observers, could be
ldentifled since these were instructed to note the kinds
of road users involved (car, pedestrian etc.) and their
direction of travel. Also, the observers noted the time
when the conflict ocurrved. Time was also recorded cone-
tinecously at the video tape.

A test of the external reliability of five observers was
carried out in May 1974. The results were as follows
(TABLE 1 ) :
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Any test of the internal reliability of the observers has not been
considered necessary for the field studies carried out as of yet.

With internal reliability we mean the ability to maintain the same
way of estimating serious conflicts during a longer period of time.

The reason why the internal reliability has not been tested is the
relatively short durability of each field study period {at most six
weeks).

During May 1975, nine observers which had been trained on different
occasions (Nov - 74, April - 75, May - 75) were tested simultaneously.
These tests, illustratieg the internal reliability together with the
external, is accounted for in TABLE 2.

In TABLE 3 there is a comparison between the number of conflicts per
minute in field studies carried out 1974 and 1975 at both occasions
in April and May. In identical studies 1974 and 1975 (between 1130
and 1300) there is a difference of only 6 % according to the number
of conflicts per minute recorded.

The difference, when comparing 1600 - 1830 for the two years, is 24 %.
This is mainly due to the fact that there was two observers in the
1975 studies but only one 1974.

The results of the reliability tests must be considered satisfactory,

what concerns the ability of the observers do discern whether a con-
flict is serious or not according to definition.

2.5 Data collection

2.5.1 Description of the intersections

For the statistical analysis, the following information was collected
concerning designh and other technical specifications of the intersec-
tions:

1. Type of regulation a. No regulation (right~hand rule)
b. Give-way rule
c. Signalized intersection
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2. Street width Number of lanes in each approach

3. Pedestrian crossings Presence of zebra crossings in
@ach approach

"cornera®

Y, 3ight conditions a. Good sight in all
of the intersection (A sight
triangle with all sildes longer
than 3 - 5 m = 10 - 15 ft,

depending on speed limit)

ot
=

>3 -

>3 -5nm

b. Bad sight in one or more of

the corners of the intersection.

5. opeed standard a. High spceds., (Average speed
(for other than in one or both of the inter-
signalized inter- seceting streets 1s more than
sections) 35 km/h = 22 miles/h)

b. Low speeds {(Average speed less
than 35 km/h = 22 miles/h in
both intersccting streets).

2.5.2 Traffic accidents

There are some obvious problems associated with the defini-
tion of Y“traffic acecident”" for this purpose, and with the
cholee of a sultable data collection method. The first con-
ditlon on the definitlon selected must concern the represent-
ability of the collected data. It is well known that while
accidents with very serious consequences are well represented
in the police records, accidents with only material damages
are not. Of the latter, reporting frequencies of 25 - 50 %
have bheen mentioned, compared to 85 - 90 % for accidents

wlth personal injuries.
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Considering accldents with only material damage, the
police records are too incomplete to be of use. In spite
of the fact that accidents with personal injuries are con-
siderably fewer, the number of police reported accidents

with personal inJjuries was chosen here Cor definition of
"aceident". Investigations of the degree of reporting
such accldents has not shown the existance of any bias.

Therefore, it can reasonably be assumed that the loss is
randomly distributed in the sample of selected inter-
sectlons, especlally since these were geographically con-
centrated to an urban arca within Malmg. As a base for
the collection of accident data was used a copy of the
police record concerning traffic accldents with personal

injuries.

2.5.3 Serious conflicts
2.5.3.1 Recording

To record conflicts a form of the type shown in FIGURE 1
was used. The figurce also includes an example.

Apart from a direct repistration ol data concerning type
of conflict, movements of the parties involved eteetera,
the lorm also facilitates a briecf description of the
sequence of events that preceeded the conflict. The
intentlon was that the observer should record only such
factors, that he could discern clearly and that in some
way contributed in trigging the conflicst.

This slwple way of recording the conflicts was possible
because of the in this connectlon relatively few conflicts
that arousc. At most 10 conflicts pur hour were obtained.
Besides, the form selected makes possible a rather compli-
cated description of the events. This was considered valuable
at that stagce in the development projeset. When using con-
flict recording for practical applications, a more rational
method of registration could be found.
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2.5.3.2. Planning the field studies
Field studies for the collection of conflict data were

performed in two periods, May - June 1974, and Feb. - May
1975 .

During both periods the same 50 intersections in Malmd

were studied.

Each intersectlon was studied in average four hours 1974
and si1x hours 1975.

The studlies were distributed over four time intervals of
the day:

1. 9 P.M. -~ 11.30 P.M,
2. 11.30 P.M. - 1 ALM.
3. 1 AM, - 4 A.M.
L, o4 AM. -~ 6,30 A.M.

All studics 1974 were carried through with only one
observer, while these studies during 1975 that considered
peak-hour traffic (4 A.M. - 6.30 A.M.) were made by two

obgervers in each intersection.

The experience f{rom peak-hour studies during 1974 shows
the difficulties for only one observer to survey the entire
intersection. The number of potential conflicts increases

steeply during the peak-hours.
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2.5.4 Traffic flows

Traffic flows were counted by special persconal  parallell
to the recording of conflicts. The counts were made S0
as to differentiate between different directions and
different types of road uscers. The purpose of the counts
is twofold:

1. Later and if necessary, traffic flows will be
included in the statistical analysis of relationships

between aceidents and conflicts.

2. By relating number of conilicts Lo various flow
measures, you have the foundation for modelling the
connections between seriocus conflicts on one hand and

design elements on the other.

An example of the form used for flow counts is shown in
FIGURE 2.

Since only one counter would not manage a simultaneous
count of all flows, an approximate procedure was chosen:
Every count lasts 5 minutes. In heavy traffic, divide
the total amount of flows in two or three parts. A mini-
mum condition is that all flows should be counted twice
per half hour, i.e. at least during onc third of the
total time. This procedure yields an evrror that is
acceptable for the purposes mentilioned above.
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3. RESULTS

The purpose of the statistical analysis was to investigate the depen-
dence on different variables of the number of observed conflicts per
accident with personal injuries, and to investigate the relationship
between accident and conflict frequencies at different conditions.

It seems reasonable to assume that the relation between conflicts and
accidents is not a constant but varies with, for example, different
means of transport. However, if the method should be of use for prac-
tical applications, this relation must not depend on too many variab-
les.

In a first attempt, the material was divided with regards to six para-
meters. Three of these describe the physical design of the intersec-
tion, namely speed standard, traffic islands and sight distances.

The other three, means of transport, flow and observation period
describe the traffic elements involved. With "means of transport" we
mean the type of road user involved in conflicts or accidents. (Car
drivers only, car and pedestrian, bicycle or light motorbike). Depen~
ding on the direction of the cars involved, if any, the traffic flows
were defined as straight or turning. Observation period is related

to hour of occurrence of the conflict or accident (9.00 - 16.00 or
16.00 - 18.30).

Accidents, which occurred during the week-end or which took place
on an ice-coverad pavement were excluded, in order to make the con-
ditions comparable to those of the conflict studies. All in all,
247 accidents and 765 conflicts were investigated.

The tables below show the physical design parameters of the 50 inter-
sections included, together with the number of accidents and conflicts
(separated according to means of transport, period of observation and
flow).




YARTARLE

TRAFFIC ISLAMD

SIGHT
COMDITIGHS

PARAMETER YALUE HUPRER OF
THTERSECTIONS

SIGHAL COTTRUL = ©

Lot SPERD IHTERSECTION,
MOSIGHAL COUTROL = 1
HIGH SPEED IMTERSECTION,
NG SIGHAL CORTROL = 2

[

H

HO O TRAFFIC ISLAHD = O

TRAFFIC ISLAXD IN OME OF
THE APPROACHES = 1

00D SICHT I ALL CORMERS = O
BAZ SIGHT IN ARY CORMER = 1

12

MEANS OF
TRANSPORT

PERIOD OF
OBSERYATION

FLOW

NUMBER OF

ACCIDERTS

CAR - PEDESTRIAN = 1 127
CAR - BICYCLE = 2 5
CAR - CAR = 3 36
CAR - MOPED = 4 32
09.00 - 16,00 = 1 130
16,00 - 18.30 = 2 117
STRAIGHT O

TRAFFIC = 1 193
TURMING TRAFFIC = 2 54

NUMEER OF
CONFLICTS

247
108
384

25
345

420

513
247




23

A1l variables are discrete and the coded numerial values therefore
arbitrary. In spite of this, a computer program for step-wise linear
regression (BMD 02 R) was used in a first preliminary analysis. As
dependent variable was defined the quotient between conflict and
accident frequency, with the six previously mentioned descriptive
variables as independent. It should be noted that the intension of
the regression anaiysis was only to give an idea of whether a strati-
fication in any of the independent variables would considerably reduce
the variance in the dependent varizble, in a qualitative sense. The
regression analysis can thus be considered an alternative to the
AID-method of Morgans and Songqvists. The procedure should work for
variables which are binary only. It is more doubtful Yor nultivariate
variables, especially if these are measurad in a nominal scale only.
In this case, all variables except menas of transport and signal are
binary.

The variabie means of transaort is multivarinte with ne meaningful
ordering of its values. That zuch a varizble docs net enter the
regression on an early steje cdoes not necessarily meen that it has
no explanatory power, but only that the assumed linear relation-
ship is inefficient.

Because of the high dagree of stratification, the number of accidents
and econflicts are low For many paraweter values. Such cases in which
they are zero had to be exciudad, due to the construction of the pro-

gram. More thaa bLalf of the elemantery cases iore excluded for that
reason, The first regerossion geve the following resuit:

Step Varichie L =squared multiple Incrgase
introduced VOVVG1QL10} coefiicient of R

] Period of observation  0,0364 0,03564
2 Means ¢f transport 06,0664 ,0300
3 Flow 5,0940 (0,0276
4 Sight conditions 6,1030 0,0090
5 Signal g,1151 0,0127
6 Trafiic island 0,17203 0,0045
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Since the amounts of conflicts and accidents are small, their quotient
often was rather unstable. This is probably one explanation for the
Tow coefficients of correlation. According to the table, no variable
increases the coefficient of correlation considerably.

However, one may serse the existence of two groups of variables with
different relative importance. Those variables, which describe the
physical design of the intersection, seem to be of less significance
than the others. Hence, variables of the first type were disregarded
in the second regression. The variable "means of transport" was divi-
ded in the four cathegories car, bicycle, padestrian and light motor-
bike., Each type of vehicle was represented by a dummy-variable, with
value = 1 if that vehicle was used and = O otherwise. The results
were as Tollows:

2

Step R Increase
squared multiple corre- of R~
lation coefficient

1 Bicycle 0,1100 0,1100

2 Car 0,2119 0,1019

3 Period of observation 0.2483 0,0364

4 Pedestrian 0,2542 0,0058

5 Flow 0,.2573 0,0031

The results show that "means of transport" has a relatively Targe

effect. This can also be seen from the summary of the number of conflicts
and accidents previously shown. The correlation coefficient (squared)

has increased to 0,257,

Because of the definition of conflict used in this study, the quotient
between conflict and accident frequencies might alsc depend on the
speed of the road users involved (apart from the coffect of different
means of transport). To test this, the variables were redefined in
order te obtain more homogenous c1asse§ with respect to speeds. Hith
these definitions the following results were obtained,
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Step RZ Incregase

squarad multiple corre=- of R
lation coefficient

1 Car 0,3067 0,3097
2 Traffic-class 1 0,5358 0,0262
3 Period of observation 0,5424 0,0065
4 Traffic-class & 0,5491 40,0063
5 Traffic-class 2 0,5509 - 0,0018
Class 1 = traffic in low speed intersections and turning traffic in
high speed intersections
Class 2 = turning traffic in signalized intersections
Class 3 = traffic straight on in high speed intersections
Class 4 = traffik straight on in low speed intersections

The result of this regression verifies the primary importance of means
of transport and speed of the road users involved,

The relatively low coafficient of correlation probably depends on the
limited size of the matérial, as well as on the targe random variations
in the number of accidents and in the number of conflicts.

Tables 4 and 5 show the number of conflicts and accidents per class of
traffic (as above)}. means of transport and time of observation, 1974
and 1975,

Figure 3 represents the results graphically.

Since "period of observation" does not explain any variation in the
accident/conflicts - quotient, the resuits were pocled with respect

to this variable and to year of study (1974 or 1975). From this, a
first attempt was made to compute a conversion factor between conflicts
and accidents. See table 6,

The table clearly shows the following tendencies:
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1. The accident / conflict qoutient increases with increasing speeds
(from ctass 1 to class 4)

2. The goutient incroases with an increasing amount of unprotected
road users involved (from car-car to car-pedestrian)

These tendencies agree with the fundamental hypotheses, namely:

1. The importance of speed mainly depends on the time criteria of a
serious conflict

2. The means of transport is of importance mainly because only acci-
dents with personal injuries are considered in the comparison.

In order to investigate whether this is the only reason to the varia~
tion of the quotient with different means of transport, an attempt
shall be made to relate the number of serious conflicts to all acci-
dents with personal or material damages. The problem of obtaining
representative accident data for this analysis 1is very difficult
indeed and has not been solved finally at this stage of the project.

In order to strengthen the validation studies, conflicts and accidents
shall be compared, firstly with respect to types of conflicts and
accidents, and secondly with regards to their primary causes. A
classification of accidents according to causes requires a better

data basc than the police records. Instead, analyses shall be made

of the interrogations with those involved in accidents and with the
witnesses,
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TARBLE 3

Site 1-20

“ 3 1y W # 5 5 I " = 5
52 3 -
Iy b o i & - - - - -
5 G 7 i : - . 3 - . .
6 l 6 . g g ip y b 1 14
T h S t t 5 L 1 ¥ 9 10
a - - - - 3 i 3 i . ~
9 2 g ! " 3 i " g 5 k
16 3 h # i . ; 3 B ~ N
i1 - - - - 3 6 " t N _
1h 5 i i o 7 5 i t 10 12
16 9 1 ! § I 3 i * ) B
17 i 3 63 i g i i ' G 13

19 - - - - I i i i -
20 3 P " “ 7 11 @ " 10 13
S kO B 1155 1176 62 TH 18fe 1872 T 59

Number of conflicts per minubte: 11.30-13.00, 197k: 0.03% 1/

” T, 107y 0,037 1/

16.00~18.30 197k ¢.033% 1/
H T, 1975 0.0kt 2/

1/ 1 observer per study 2/ 2 cohaervers per study




TABLE L

Accidents and conflicts per class of traffic, means of transport and

time of observatilion

197h

CLASS MBANS OF

PERTOD NUMBER
TRANSPORT OF OB- OF ACCI-

OBG.TIME NUMBER
ACCIDENTS OF ACCI- OF CON-

NUMBER

OBS.TTME NUMBER NUMBER
CONFLICTS OF CON- OF ACCI~-

SERVA~ DENTS PER MIN. DENTS FLICTS  {MIN) FLICTS DENTS
1/ TTON < 1071 PER MIN < 1073 PER MIN PER MIN/
: / o 1~3  NUMBER
p/ x 10 * 107 or con-
FLICTS
PER MIK
X 105
1 P 1. 1k h,13 3.40 3G 6.23 6.26 5.k
2 P 1 6 0.8h2 T.13 16 1.37 1.7 6.1
3 P 1 40 1,68 23.8 10 2.35 b.26 56,0
4 P i 7 0.842 8.31 1 1,37 0.73 1th.2
1 P 2 13 147 8.8k 35 5.19 6.7h4 13.1
2 2 6 0.301 19,9 1.21 6.61 30.2
3 P 2 32 0.601 53.2 1.99 h.52  117.1
Y P 2 8 0.301 26.6 0 1.21 0 -
1 1 T 4.13 1.70 11 6.23 1.76 9.6
2 1 7 0,842 8.31 L 1.37 2.92 28.6
3 B 1 5 1.68 2,98 2.35 3.40 8.7
L B 1 7 0.8k2 8.31 b 1.37 2,92 28.6
1 B 2 6 147 h.08 9 5.19 1.73 23.5
2 B 2 2 0.303 G.6h L 1.21 3,30 20,1
3 B 2 13 0.601 21.6 11 1.99 5.53 39. 1
L B 2 5 0.301 6.6 2 1.21 1.65  100.6
1 ol 1 L h.13 0.97 31 6.23 h.98 1.9
2 ¢ 1 3 0. 842 .56 5 1.37 3.65 9.8
3 C 1 6 1.68 L 5T 25 2.35 10.6 3.3
4 C 1 10 0. 842 1t. 12 1.37 8.76 13.6
1 C 2 1 1.7 0.68 35 5.19 6.7h 1.0
2 C 2 0 0. 301 0 8 1.21 6.61 0
3 c 2 9 0,601 15.0 28 1.99 1. 10.6
b ¥ 2 3 0.301 9.97 20 1.21 16.5 6.9

1/ See TABLE 6.

2/ Period of observation 1: 9.00-16.00
Period of observation 2:16.00-18.30

[y




TABLE 5

Accidents and conflicts per class of traffic, mesns of transport sod

time of observabion

1975

CLASS MEANS OF  PERTOD  HMNUMBER 0B5.TTME  NUMBER — NUMBEL ORS.TIME  BUMBER  HUMBER
TRANSPORT CF OB~ OF ACCT~ ACCIDENTS OF ACCI- OF COH- COHELICTS OF CON- OF ACCT-

SERVA~  DENTS PER MIK, DEETS FLICTS  (MIN) FLICTS DENTS
1/ TIOH LT PER MIN L3 PER MIE PER MIn/
® 10 - x 10 - i
N 163 NUMBER
2/ x A * OF CON~
FLICTS
PER MIK
[
¢ 107
e . . . 1975 1974
1 P 1 1k 3.6 3.61 36 £.36 h.o3n 8.7 5.l
2 i & 0. 842 T.13 17 2,060 g.50  B.h 6.1
3 P i 39 1,38 0005 16 3.1¢ 5.0t uh.9 56.0
h P i 7 o, 0k 8.31 & 2,00 0 - 11k,0
1 = o il .31 9.16 Lig T.13% G.45 th.2 13
2 ¥ = 6 0.301 19.9 16 175 g.ih 21.8 30
3 P 2 Er] 0. bt ST 1% 2,86 L.ss  9B.4 117,
4 P 0 5 G.301 26.6 3 1.75 1.71 15h.8 -
1 B i 6 3,67 1,679 11 8.136 .3z te.k 9.6
2 B 1 7 G.8he 8,31 5 2.00 C2.50 0 33,3 28.6
3 B i 2 1. 98 b 3 3.19 0.94% 15,5  B.7
i B 1 T 6. Bhs 8.3 L 2,00 2.00 hi1.6 2B.4
i 2 5 1,31 382 wp 713 3.08 12, 23.5
e 2 2 (. 7301 6.6k 6 .79 3.h3 9.3 2
3 B 2 10 G.hen 20,4 i 2,86 1,75 116.6 29
b B o g 0.301 16,6 7 1.75 foih 145,17 100
1 g ] b 2.67 {09 53 &.36 6.3 1.7 1.6
2 ¢ 1 3 G.ahe 3,56 T 2,00 3,50 10.2 9.8
3 C L 5 1.38 3.62 23 3019 7.1 5.0 3.3
4 ¢ 1 10 0.8k 11,9 17 2.00 8.50 1h.0 12,6
i " 2 1 1.3 0.763 72 e 10,1 0. 1.0
2 " 2 0 0.301 {; 5 1.75 2,86 0 G
3 C 2 [ G.hot th, 3 59 2,86 7.1 8.3 10.6
h o 2 3 0,301 Q.97 33 .75 18,9 5.3 6.9

1/ See TABLE 6,
2/ Pericd of observaiion i: 2.00-16.00

Period of observation 2:716.00~18, 3¢

L™




TABLE 6

Number of accidents per minute/number of confilets per minube for

different means of transport and different eclass of traffic

Class Car ~ Car Bieyeles - Car Pedestrian - Car
1 1,3 (5,191) 11,8 (13,53) 8,3 (27,156)
2 6,6 (3,25) 26,2 { 9,19) 11,7 (12,57}
3 5,5 (15,125) 30,0 (18.27) 68,3 (72,48)
4 8,8 (13,82} 55,0 (12,12) 207.7 (15,1}

The quotients have been multiplied with a factor 1O5§
Within parenthesis are shown the number of accidents and the number

of conflicts from which the quotients were calculated.

Class 1 = traffic in lov speed intersections and turning traffic in
high speed intersections

§

Class 2 = turning traffic in signalized intersections
Class 3
Class 4

traffic straight on in high speed intersections

i}

traffic straight on in low sgpeed intersections.
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FIGURE 3

Diagram of number of conflicts and number of conflicts per minute, for

different traffic classes and different mesns of transport
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