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Abstract—This research extends the investigation of the relationships between measures of accidents and
waffic flow, and considers the hourly fow instead of the average daily traffic (ADT), which has already been
tepocted. The findings of this study serve as a basis for further clarification of the inferactions between
various levels of traffic flow and road accidents. Eight four-lane road sections were studied during an 8-year
period, providing adequate data base ! 7n carefully predefined criteria. Power functions are fitted and
classified according to: (1) time-sequence analysis for each roadway section: and (2) cross sectional aralysis
on 2 one year basis. The results are presenied, separately for multi and single vehicle accidents, in a
matrix-format. A linear dependency was observed between the power and the logarithm of the multiple
constant. This was done in a similar fashion to the previously reported study of the relationships between
tead accidents and ADT. The results for each type of analysis and type of accident are discussed, and three
examples of a practical application are given.

I.INTRODUCTION

This research was conducted as part of the establishment of the safety evaluation procedures
for the analysis and interpretation of road accidents in Israel. The format of the entire research,
based on gathering nationwide data, is shown in Fig. 1. The basis for such research is the
availability of an adequate data bank consisting of effective reporting, storage, retrieval and
compilation systems. The study was conducted in four major phases, as indicated in Fig. 1: (1)
phase | investigates the relationships (power functions) between two measures of total ac-
cidents (density and rate), and average daily traffic (ADT) on four-lane and two-lane irierurban
road sections; (2) phase 11 extends (he investigation of phase | for the four-lane sections
through separate consideration of single and multi-vehicle accidents: (3) phase Il examines
deterministic relationships between two weighted sccident measures and the hourly traflic flow
for zach type of accident; and (4) phase 1V attempts to go thoroughly into the relationships
between measures of accidents and hourly traffic flow by separating the traffic stream into
free-flow and congested-flow modes, and by interpreting the results in a probabilistic manner.

Phases | and 1] were previously reported by Ceder and Livneh [1978). Phases 111 and 1V are
described sequentially in this (Part 1) and in the Tollowing (Part 11) papers.

In the pasi, some aspect of road geometry has been identified as a dominant factor in
accident causation at a given location. Thereafler, an attempt was made o interpret the
frequency and number of accidents using the ADT value as additional information 1o the road
geometry, Nevertheless, when eliminating considerations of geometry, the ADT by itself cannot
be used to explain the overall interaction between traffic flow characteristics and accidents. For
that purpose, one should approach the actual traffic flow observed at the time of the accident. In
addition, the level of risk associated with traffic flow can be determined only on the basis of
smaller time intervals than daily periods. This work attempts to clarify and improve the
understanding of the relatiorships between measures of accidents and hourly traffic flow, which
is more fundamental than the accident/ADT relationship. The analysis and interpretation are
performed in a similar fashion to that outlined in phases | and 1l of the study.

3 SOME PREVIOUS STUDIES
The common measure of accidents considered in relation to hourly traffic flow, g, is the
“accident rate™ A, This rate is usually based on the number of accidents per year per million
(or 10°) motor vehicle-kilometers (or miles); that is, the annual number of accidents based on
the annual amount of exposure. Several forms of relationship between A, and ¢ have been
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found in the literature. The variety of A, - ¢ dependency is probably due to different types of i

accidents, ranges of fows in the analysis, and road designs $

Belmont [1953], found for two-lane sections that A, (during daylight only) increases almost :

linearly with g, whereas Smeed [1955], has shown that A, for total accidents has a small
L variation for different aniual ¢ values. Nonetheless, Smeed pointed out that A, values for
single-ve scle accidents have a tendency to decrease with the increase of q, and multi-vehicle
accidents show the opposite lendency.

Leutzbach [1966] and Gwynn [1967), have concluded for four-lane divided sections that a
U-shaped dependency exists between A, (for total accidents) and q. where the minimum A,
values are oblained for ¢ values between approx. 600 to 1300 veh/hr per two lanes. Therealter,
Baker and Gwynn [1968], noted that A, (total accidents) increases rapidly below ¢ = 550 veh/hr
per two lanes, but has little variation beyond this flow value.

Plundt [1969], has compared three types of day and night accidents: rear-end collisions due
to blocked lane(s), rear-end collisions due to slow and disabled vehicles: and single-vehicle
accidents due to loss of control. For the first type of accident, A, tends to have a convex
upward curve with ¢ (particularly at night); for the remaining two types, the curves are convex
downward. In a different study, Leutzbach et al [1970), have shown that on a four-lane
Autobahn section in Germany, the resultant U-shaped curve in the A, = q plane is mainly
attributed to rear-end accidents, whereas ¢ values have little effect upon the A, values of
single-vehicle accidents. Chapman (1971, analyzed accident and flow data from England, and
generally agree with Plundt's findings.

Recently, Brilon [1976), in a study of 8 four-lane sections on German Autobahns. found
1 similar results (U-shaped curves) to those reported by Leutzbach et al. [1970). In addition,
Brilon hypothesizes that the minimum A, valve is oblained for the most frequent range of q.
This hypothesis is examined, among other analyses, in a following section. It should be
emphasized that all the above mentioned studies consider the relationship between A, and q
only on the basis of roadway classification (cross sectional analysis)

Coder 8

3 DATA CLASSIFICATION AND ANALYSIS ORIENTATION

The data were selected, based on carefully defined criteria, with the aid of the data bank of
the Israel Central Bureau of Statistics. As shown in Fig. |, the data include (i) fatal and injury
accudents on 4-lape interurban road sections. including the type and hour of day of the
accidents; and (1hourly trafiic fow - a daily profile (accomplished by fixed counters), by hour of
day, for cach road section. The overall data were gathered for an 8-year period (1967-75),
excluding the war year 1973, In order to eliminate any undesirable and/or unknown influence of
external parameters, four major criteria were imposed as follows:
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Fig. 1. The overall research plan.
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(1) The roadway sections exclude geometric design elements which disturb the 'raffic finw W !‘ ;
r | (steep grades, curves, roadside obstacles, etc.), and are isolated from interactions, entries and 4 1
. exits (to eliminate the influence ol cross-traffic); lf 1
‘1 (2) No changes were made in the roadway section characteristics of section length, pave- 4

ment width, and shoulder width during the period 1967-75 (1o ensure a comparable base for the
data);

(3) There were different daily profiles for ¢: two daily peaks, one peak or no peak flow (to
} establish generality); and

(4) There were similar daily profiles for g, excluding weekends, for each roadway section
during the period of 1967-75 (o ensure steady travel characteristics).

In order to clarify criterion (4), an example of average daily g profiles of a roadway section
15 exhibited in Fig. 2. The left illustration in Fig. 2 shows that the general tendency of each
year-profile is eminently preserved. However, there are changes in the levels of each year-
profile as the result of increasing ADT values with tiine. The latter effect on daily ¢ profiles can
be eliminated, to soms extent, by the use of normalized ¢ values. That is, taking p = ¢/qe :
instead of g, where 0 < p =10 and q, is the maximum g value, dJemonstrates the similarity &% |
between the average daily g value, as shown on Jhe right flustration in Fig. 2. [tis worth noting that
criterion (4) has also been applied o an examination of four seasonal average daily g profiles for

cach year, to ensure the steady characteristics of the travel patiern on each selected roadway
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Fig 1. An example (Roadway 13, ses sion 6), of daily profiles of ¢ and p (normalized values) for an &-year
petiod

section. By the above described procedure, a total of 8 four-lane divided roadway sections were
selected for study.

The accident and ¢ data collecied from the 8 roadway sections during the 8-year period
were analyzed on a separate basis ( described in detail by Ceder and Livneh, 1978), as follows:
(i) time-sequence analysis of data for specific roadway section over an extended period of time
(8 years); (il) cross-sectional analysis of data for a given period of time (onv year) for a group
of roadway sections (8 sections) having the same roadway classification.

I'his approach enable, in essence, the consideration of dyramic and environmental effects
inhcrent in the relationship between measures of accidents and measures of traffic flow. In the
ne«t iwo paragraphs the differences between a consideraion of ADT and ¢ values with respect
16 the time-sequence and cross secltional analyses are explained.

ln the time-sequence analysis (for a specific roadway section), each ADT value refers to a
different measure of accidents, due 1o their possible mutual changes over the considered period
of time: hence, they constitute, say, eight data points for the 8-year period. The time-sequence
analysis with g is based for each year on a number of data points (dependent on the snsidered
q range and intervals), whereas only one dala point is presented when cons sring the
accident/ADT relationship. The ADT value increases, usually, with time, and this increase is
reflected in the time-sequence analysis. The ¢ values, however, could have oniy an upper
bound, and therefore, it is perhaps only possible to notice the changes with time for high ¢
values. Nevertheless, the time dependency, in the lime-sequence analysis, for the relationship
between measures of accidents and g, is relatively negligible, due to overlap among the ¢
ranges of the considered years.

In the cross sectional analysie (for a given year), each ADT value refers to a different
measure of accidents, due to the various roadway sections; hence, they constitute, say, eight
data points for 8 roadway sections. Similar to the explanations for the lime-sequence analysis,
when considering ¢ values, one oblains several data points for each road section rather than a
single data point (for the accident/ADT relationship).

To summarize, for the time-sequence analysis, the relationship between measures of
accidents and g emphasizes the uniqueness of each roadway section, while for the crose
sectional analysis, the uniquencess of each year (or other given period) is emphasized.

4 MEASURES AND MODELS
The data were gathered, basically, by matching each type of accident with the average ¢
value at the time of the accident. The ¢ value is considered with respect to the interval ¢ * Aq,
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where Aq = 50 veh/hr per direction of travel (two lanes). That is, each ¢ range was divided into
intervals of 100 veh/hr on a 1wo-lane basis.
The mearures of accidents were carefully defined and selected as follows: | = denotes eithe: a

particular year (for the time-sequence analysis) or a parlic. ar roadway section (for the cross
sectional analysis),

-5 Nitg) {acc'odcn( density (acc/km)
Ada=Z L for the interval ¢ + Aq

where L, = the length, in kilomelres, of roadway section i; in the crosy sectional analysis i
denoles a seclion and L, is a variable, while in the time-sequence analysis i denotes a year and
then L = L, i.e. has a constant value; and N;(q) = total annuai number of accidents (of a given
type) which occurred during the five work days of each week for the interval g + Aq.

Another component which should be taken into account is the exposure time of each q + Aq
interval. Hence:

" the annual exposure lime of
Tiq) = L,(q)= { e ; }
e E,: 2’ We) traffic flows within the interval ¢ + Aq

where 1,(q) = the daily exposure time for the interval ¢ + Aq at the jth day, j=1,2,...,26]
(excluding weekends).

An example of T(q) distribution is shown in Fig. 3, where the upper illustration is for the
lime-sequence analysis (one section, over an 8 year period), and the lower illustration is for the
cross sectional analysis (one year for 8 sections).

As the consequence of the above definitions, two accident measures were selected {or this
research

Aydq) - 100
1‘.(q)e !]q‘a—- (”
Adi) A-gff?!‘.'_(_" )

where A, (q) = weighted accident (acc/10"km-hr), which means the accident density
(acc/10"km) per ore hour exposure of trafic flows within the interval ¢ + &q; and Alq)=
accident rate (ace/10* veh-km)

a0 y
b roodwoy (3 sechon 6 1
A 00K ‘ ] e ! ~1 1
} | r )
1 ) = o { |
t=  N— | [ | | |
2000 | | | | ™ {
’ | | |
| BEER
|
< l | - \ | I . —
t
2
&
"R 974
| e
] [ |
SO0 |
\ r 4
400K !
|
|
| | : a8
|
0 I | \ ‘
{ | ! r—4 |
\ | | f
i L. 4 1 i L. 2.1 1.1
20 Qx (0 X 0 200 W00 B0 OO

Q lveh hosr )

Fig ). An esample of T(q) disiibutions [or the lime sequence (upper parl) aadd cross sectional (lower pact)

analyses
y “ﬂm"“”"v % . oW
’ o 4 it - 84 4 Y P Ll :--
v At { ,,"& l oo d "' L *.‘\‘_ .‘,‘Qy:’ v"(;é
SR QU SRR N ey % : :.&-n}m»,;

T
- ko
%3 ved,

. e~ ——
(e e
- ‘,‘;

=
b
Fra

Se'-il

o
B ol
'
"
by
*
y -
ov .'“
+L7 A
i Y
»
Hyrs
' PSS

a0~

-

- 27
7o W - -
Y% i

-

-

_—

Vo o il

L o A e L B s e 2 L N gl g






- o R A
P L )3
~ > - l,«\'A.ul ’
-y
Ll
wauepioow STOTNRA~T L. e
. SIUREIOOw B]ITURA-STOUTS -
| ! %o we (15 0 $0°1 082 L r =
- - 1, 0T-C74 T TT { | f oo | w
! * T eer or.eew | | 19570 9o e-ot! s |
. : I T— |
- ' ! 't et it ot-% | | tee T MR N {
| | o czves . »v-ﬂ.ag oo et | { s | e |
M M | st eoz- LTS M | o9t 0 o o 1) s | ; |
, |
- ——— ——— e
& | | ot ue ottt} T ¥l U R TR . | | !
= | oc'e orwes) {g00-a¢ weesz | ' I & § o |}
= ! I oee we-  or-gec | 990 00" T- o-ort! . ! |
- : . L : ik e ———————————————
E | | e e o8y | 1000 (TS PO LI i
3 } - - . - | -0 e e
i | mo usto- e ! | toe°0 ctoe- L1°0| . |
2 ! a- e * 3 w RIS
- | [ tte e sty | T oie e I - ! i
- | - - i | - - | ! Py | 1
.m ! I o~ siwe ' ete Lo - . ! |
= S sy o o I SE—— A —————
- | “on | L L S 4 ot L2 oi-s -
- ‘ ! ! | - ! {
et 1 ~ - ” “ : { - ! )
M ! | vsTo e ek i 4 B L €0 .
Bl o — — - I S—. S— S
4 : Y 71 5
o _ e O | o o g i T |
| e av.qu_ jp-0T-6 o1 £y | | | ¢ i i
! t e 0 T~ _0T-00°8K | wi'o el 0" ess s | !
9 ,
IS " - s e il ' -
= T3 3 —
e » o1 ot nuc 2 _ | ”ie s gy a" . ]
< W0 v lg 0087 vTEST | | { #
.m | { o0 % cor | | seT0 o8 o ooe ..
= o - - e B Bt E——— e S
h _ N > i ‘as s e ' ia ™ .l.n ‘d ‘o
: ' i g
| * n-l - u‘ . ! C ﬂ—l 3 ..G( : lu),. >i: P
H $ 1 ' ¢ ISP IoY | B0 Leg | Avapwoy
1 A - S " TR—— e o - !
SISATRUE 3DUINEIS- W) IGL JO SHNSII BSSIBIY | AqE]
, e —————— -
“ = w oy = o -0 LW LD v T D O E T -~
. KT =5 ERESR v R “EEAUOoE SE=SOs 3 ' & =8
- — -n( =2 omnl - = = C.QI‘I.V. - hl\umtl - - 5
s = = E v = = v = 2SSt S v 3 - =
S > s “ES® 2 = .2 EBze == cCoR = P =< s >
- o= > c e M.MC - eSs > oS - o= ﬂml mAu.Mw
&3 2BBS= L= -2 2 La .8 O.,Fg=s
u - &8 O = w M ' Q& = = : m - - -
gy = E Soge€S - &3 E2S 2L 2> =
= - 1 e B e ~ . .. ¥



-

%
3
4
5

> 2 520 Y - SN - e pipanyin e

i Ay e

~»
W R &,




PP P———

** mmiti-vehicle accidents

Relatoashiys belween road accidents and hourly trafie flow—| n 4

. .

e e A

| lme:sequerce modes e misins- oM Mecleng moden o

t;‘r

' w—y 1 i

i : ) | ?“")‘?
I l ;‘

< : |

.", l ; | So's (ohe wr @y 3
g o f | &
§ | - | v.‘, , § ot
| s | il

| | P )

| g

| ! )

0.

] 5
¥ 5 d
i
‘ . ‘ 38
! . i <%
4 L0 4 1 5 X
! [ | &L
. , : i o -
] | . 1 p
. -
s} 4 ’ 19
L &0 | Lo
| ’ 4,
b | .t ‘ :
| i3
g2 . { ’
/ 4
4 { |
g2 !
‘ o 7 i
w -
o »-o | - .
T s L] e
L .:a-ﬂAr,l; Benibiendianidiossibinnd dod i ! W R W
8 LS a4 L8 L LL e mag

q v )

Fig 4 The results of the time-sequence and the cross-sectional models for mulli-vehicle accidents
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The log a, values versus p, values are illustrated in Fig. 7. and the log @, values versus p,
values are illustrated in Fig. 8. From these figures, one can eminenti / observe the linear
dependency that exists between the variables. Consequently a linear regression procedure was
applied to each set of results. The fitted models are shown in Figs. 7 and 8 and
are indicated in Table 3 with their coeficiont of determination . In addition. the F statistic is
used 1o examine the possibility of combining the lincar models of both the time-sequence and
cross seclional analysis. This examination leads, iwived, to 8 common model through a
three-stage test: (1) betweun the variances; (2) between a s or B's; and (3) belween a,'s of B8,'s
(see Table 3). It was found that for both the A,.(q) and A,(q) models, there is no significant
diffecence between the linear models at the 95% fevel. The common models are specified in
Table 3, and are shown on the left part of Figs. 7 and 8 with respect to each type of accident.
The remaining parts of these figures illustrate, for each type of accident, sejarate time-
sequence and cross sectional models. Some of the findings mentioned in the previous section
are clearly and systematically demonstrated in this matrix representation,

Each linear model shown in Table 3 represents a family of curves which intersect at a
unique point. For example, this point in the A, - g plane (A%, q%) 15 obtained by

Al = acf‘l", a

Relationships

log AS = log a, + p,log (¢%)

and therefore, log A% = 8. log (¢%) = - B,, and similarly, log A, = a,, log(q3) = - a,. These
mtersecting points are symbolized with an asterisk in Table 3.

T EXAMPLES OF A PRACTICAL APPLICATION

Knowledge of the proper relationship (and limitations involved) between Ay ot A and g is
important from various aspects: traffic planning. design, operation and research. This section,
however, intruduces examples of only one practical application. That is, the evaluation of the
salety level cither before and alter implementation of a roadway improvement project, or alter
short-term operation of a new roadway section. This practical application is discussed also in
phases | and 1l (sce Fig 1), in view of the relationship between measures of accidents and ADT

Example 1. It is assumed that in section No. 6 of roadway No. 13, a salety improvement
was carried out in January, 1976. The data collecred after one year are:
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Table ) Results of the linear dependency hetween a, and Pyond g, and P,
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with suitable units 10 those indicated for the models. The question is, whether the level of

safety improved, and 1o what magnitude According to this research approach, the results
derived by the time-sequence analysis can be applied to this example. Hence, the evaluation
procedure is based on the results indicated in Table | for roadway No. 13, section No. 6 for

] each g range along with a confidence interval. Since the power functions are intrinsically linear ;§'~
(can be expressed by natural logarithms, in a linear form), 95% confidence limit can be found e
for the new data (after the improvement), n (A, )., of In(A, s in the transformed plane ;"
sccording to ;’ ki

o

i #0n=2098 5114 l " [1n (A, )y = (In '5'.'.]". - :\i

" S lintA,), - (in A b
PN o .

for a two-sided 95% level r-test using the (-table with (n - 2) degrees of freedom, and where n is
the number of data points, 5 is the standard error for either In A, or In Ay, and (In A,) or
(In A..) is the mean value of In A, or In A, respectively. Note that this confidence limit is
based on the assumplion that the residuals in the transformed scale are normally distributed
with mean zero and constant variance. If. for example, the confidence interval is + SE,, and
+SE, for A,(q) and A,(q), respectively, then Ly substituting the data in the models, the
following resulls are obtained

e

: he
Fig. 8 Matrm representation of the model’s parameters a, and p,. where the left part distinguishes
results bw accudent type. and the remamng part—bdy both accxdent type and type of analyses.
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where A, und A,, (The expected safety measures if the safety level remuing the same) are the
results of substituting ¢ =800 in the models. The comparison between A, and A,, and
between A, and A, for ¢ =800 reveals that: (i) single-vehicle accidents have almost nol
changed, though the absolute A, value after the change decreased by 40%!; and, (i) 1clative
ymprovement is observed for the multi-vehicle accidents though the absolute Ay alue
alter the change increased by 60%! For such appiications, it is &lso advisable to determiuc that
the resultznt py and p, values are within or ¢close to the indicated range in Table 3

CONCLUDING REMARKS

This research attempls to find quantitative models (power functions) to represent the
posaible dependency between two measures of accidents and the hourly flow for eight
interurban road sections during an 8 year period

From these attempts to search for proper relationships between measures of accidents and the
hourly flow, it .- apparent that the technical j.rocedure involves a combination of two primary
types of analyscs: ime-sequence (for each roadway section) and cross sectional (on a one year
basis). For each type of analysis, the total accidents are primarily separated into molti- and
single-vehicle accidents. The latter separation enables one to: (1) distinguish accident costs for
each tvpe of accident and for each ¢ range. (2) find the differential effects of traffic flow on each
type of accident; and () perform a more reliable salety evaluation for “before and after”
studies

Phases | and 11 of the overall study, described in Fig. 1, are concerned with the influence of
ADT on the measures of accidents. However, this consideration by itsell cannot explain the
interactions between road accidents and trafic low, since it s only based on a daily average.
The consideration of hourly flows provides a betier understanding of these interactions. In
addition, it 1s possible to move one step forward in order to further understand the ac-
edents/traffic fow dependency by separating the hourly flow into free-flow and congested-
flow . This separation inte components of both types of wraffic flow and type of accident will
vltimately lead townrd more accurate accidenl prediction based on the traffic Row. The
following paper [Ceder, 1982) describes this further analysis (phase IV in Fig. 1), and attempis
also to determine and compare the prodabiliies for each accident/flow type component
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May 26, 1987

MEMORANDUM FOR: John Milligan
Technassociates f
FROM: Emile L. Ju11aé§ cting Chief
Docketing and Service Branch
SUBJECT: SEABRSOK EXHIBITS

Any documents fi’.a on the open record in the SEABRGeR pro-
ceeding and made a part of the official hearing record as an
exhibit 1s considered exempt from the provisions of the United
States Copyright Act, unless it was originally filed under seal
with the court expressly because of copyright concerns.

A1l of the documents sant to TI for processing fall within the
exempt classi1ficucinn,



