AN ACCIDENT FREQUENCY
PREDICTION MODEL FOR SELECTED
STATE TRUNKLINE CLASSIFICATIONS




AN ACCIDENT FREQUENCY
PREDICTION MODEL FOR SELECTED
STATE TRUNKLINE CLASSIFICATIONS

Wen Hou Kuo

A Report Prepared by the Testing and Research Division
In Cooperation with the Traffic and Safety Division

Research Laboratory Section
Testing and Research Division
Research Project 76 G~223
Research Report No. R~1068

Michigan State Highway Commigsion
Peter B. ¥Fletcher, Chairman; Carl V. Pellonpaa,
Vice~Chairman; Hannes Meyers, Jr., Weston E. Vivian
John P. Woodford. Director
Lansing, December 1977




The information contained in this report was compiled exelusively for the i
use of the Michigan Department of State Highways and Transporiation, Recom- I
menlations contained herein are based upon the research data obtained and the
expertise of the researchers, and are not necessarily to be construed as Depart-
ment policy, No material contained herein is to be reproduced—wholly or in
part~-without the expressed permission of the Engineer of Testing and Research.



I
INTRODUCTION .

Improper driving, the roadway and its environment, as well as con-
flicts among vehicles are the primary causes of highway accidents. Some
accidents can be prevented either by providing motorists with sufficient and
effective road guidance information!, or by improving roadways through
reconstruction in conformance with current design standards. Since safety
program funding is limited, it is neither practical nor possible for program
adminigtrators to fully examine and improve every segment of the highway
system. Thus, a selection procedure is needed to identify segments of
roadway which are consideredhazardous and, therefore, may require some
treatment.

In the following steps, the fechniques of quality control are used to
develop a high-hazard identification program. ‘

1) Categorize every segment of roadway in terms of "controllable'
variables; for example, those described in Section I.

2) Describe the accident behavior of each roadway segment in each
category in terms of accident probability distributions,

3) Set theupper control limit for accidents that could oceuron a road-
way segment in each category, based on the probability distributions des-
cribed above. Any roadway segment that has accidents beyond the upper
control limit is considered abnormal and, therefore, should be examined
for assignable causes.

4) Rank the roadway segments which exceed the upper control limit
according to the hazard criterion.

5) Determine what actions can be performed on each roadway segment.
Also, determine what costs and benefits correspond to each contemplated
action. This information is needed in the next step.

6) Use mathematical programming techniques to find the "best' im-
provement strategy for these roadway segments with available funding.

1 A User's Guide to Positive (Guidance; U. 8. Department of Transporta-
tion, Federal Highway Administration, Office of Traffic Operation, June
1977,




It is the purpose of this study to provide techniques for establishing
Steps 2 and 3, and also some information needed in Step 6.

The data for this study are the accident statistics and ADT figures for
every 0.2 mile segment of roadway in the Michigan trunkline system (ex-
cluding Interstate) of Highway Districts 1 through 4 for the years 1971 to
1975, inclusive. Since 86 percent of the 0.2 mile segments in this data set
are classified as rural, two-way, two-lane roadways, we shall devote our
primary effort to this category of roadway segments.

Each 0.2 mile segment of roadway is classified according to variables
described in Section II. Non-linear curve fittingtechniques are used to es-
timate parameters of accident probability distributions describing accident
behavior on the 0.2 mile roadway segment. Stein's estimation procedures
are also used to simultaneously estimate accident parameters. These
techniques are presented in Sections IV through VIII. The procedure for
setting up the upper control limit for each category is outlined in Section
X.

Throughout this repori, the term 'accident' refers only to those inci-
dents involving death or personal injury. No property damage accidents
are included.

IT
MIDBLOCK CLASSIFICATION

Every 0.2 mile segment of roadway in the trunkline system (excluding
Interstate) will be termed a 'midblock.' There are 17,446 midblocks in
Digtricts 1 through 4. Each midblock is categorized according to the fol-
lowing midblock characteristics:

M1) urban, fringe-strip, or rural (U, F, R),

Ms) one-way, two-way, or divided highway,

Ms) number of lanes, |

My) intersected or non-intersected midblock (I, NI),

Mjz) tangent or curve (T, C),

Mg) no passing or passing (NP, P),

Mry) lane width (10 ft, 11 ft, 12 ft),

Mg) curb and shoulder width (0-4 ft, 4-8 ft, 8-10 ft, 10-12 ft).




The number of midblocks in each group categorized according to the first
three midblock characteristics are shown in Figure 1. Note that 86 per-
cent of the midblocks are in the category of rural, two-way, two-lane mid-
blocks. As mentioned before, this is the only category that will be fully
examined. The further breakdown of this category is shown in Figure 2.

There are 4, 545 intersections in the category of rural, two-way, two-
lane midblocks. The frequency distribufion of intersections per midblock
in this category is presented in Table 1. Each intersection is categorized
according to the following characteristics:

Il) located on tangent or curve midblock,
intersecting road is tangent or curve,

no signal, flasher, or signal,

no turn, right turn, left turn, or both turn lanes,
left turn phase, left turn prohibit or none,

all red or none.

Number of Intersections Number of

Per Midblock Midblocks

0 11,020

TABLE 1 1 3,538

THE FREQUENCY DISTRIBUTION OF 9 384
INTERSECTIONS PER RURAL, TWO- |

WAY, TWO-LANE MIDBLOCK IN ! 3 o8

DISTRICTS 1 THROUGH 4 ,’ 4 11

5 3

6 1

The number of intersections in each group categorized according to the
above characteristics are shown in Figure 3.

The above data were provided by the Engineering Development Unit,
Traffic and Safety Division, Michigan Department of State Highways and
Transportation.




TOTAL
MIDBLOCKS
17,446

460
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Figure 1. Number of midblocks in each group categorized according to the first three
midblock characteristics (Districts 1 through 4).
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)
ACCIDENT DATA

The total number of accidents that occurred in each midblock in Dis-
tricts 1 through 4 from 1971 through 1975 are recorded. Each accident
that occurred on a midblock is coded as 'intersection-related' if the occur-
rence of that accident was judged to be a consequence of the intersection.
Any non-intersection related accident is then coded simply as a midblock
accident, Thus, every accident that occurs on a non-intersected midblock
is a midblock accident. Hence, the total number of accidents occurring on
a. midblock is the sum of the number of midblock and intersection-related
accidents, '

Each accident is also coded according tothe following accident charac~
teristics:

Aq) right angle, Ag1) ran off roadway, hit
Ay) Tear end, abutment
Ag) left turn, A1g) ran off roadway, hit tree,
A,y right turn, Aq3) parking, '
Ag) head-on, Aq4) pedestrian,
Ag) ran off roadway, Ay5) dry surface,
Aw) ran off roadway, hit guardrail, Aqg) wet surface,
Ag) ran off roadway, hit sign, A4r7) icy surface,
Ag) ran off roadway, hit pole, Aqg) light,
Ayg) ran off roadway, hit culvert or Aqg) non-light.

ditch,

These accident statistics for every midblock in Districts 1 through 4
were provided by the Engineering Development Unit, Traffic and Safety
Division, Michigan Department of State Highways and Transportation.

IV
AVERAGE DAILY TRAFFIC DATA

It is well knownthat the average daily traffic volume (ADT) is a signi-
ficant variable affecting accident statistics. In order to incorporate this
variable into the accident statistics for each midblock, we must assign an
ADT value to each midblock.




The Engineering Development Unit, Traffic and Safety Division, pro-
vided the actual ADT survey at various spots in Districts 1 through 4.
Based on this set of ADT data, we can assign an ADT value to each mid-
block in two ways. The simplest way is to use linear interpolation to as-
signan ADT toeach midblock situated between two ADT survey gpots. The
disadvantage of this method is that intersections are not taken into consi-
deration forthe ADT assignment. To remedy this defect, a second method
of ADT allocation is presented as follows.

Case 1 - Intersections Existing Between Two ADT Survey Spots

As an example, let us say that there are N midblocks and three inter-
gections between two ADT survey spots. We further assume that two in-
tersections are located on the 1™ midblock and one intersection is located
onthe 4" midblock (1<J). Let 1x bethe ADT value of the k™ midblock, k=1,....K.
In this example, T, and tn are known (survey of ADT). We would like to
estimate Tk.K=2,...,N-1 , based on these data. This situation is presented in
Figure 4.

! 2 1 J N
T T, & | % | 8af 3 LM | ha TN
Figure 4

We see from Tigure 4 that the 1 and s» midblock are broken down into
three and two subsections, respectively. The length of each subsection is
specified in Figure 4. Since there are no other roadways in between the
first midblock and the first subsection of the ™ midblock, it is reasonable

'to agsume that T,=n,k=2,...,1-1, and W, the ADT of the first subsection of
the ™ midblock, is also equal to % . Similarly, Te=Ta k=J*1,...,N-1 and
T2*T . The difference between 1, and % resulted from the traffic flow in-
put from the three intersections. With no other information about three
intersections, we must assume that the influence of each intersection on
the traffic volume is the same. That is, each intersection is either intro-
ducing or absorbing (m-1y)/3 trafiic volume. Under this assumption, we
obtain the following estimates:



Tr= - (1-Tw)/3 @

Tra= Ty ~2(Ty-Tu)/3 )

Vi = T1-2(T)-T) /3, k=T+1,..., 1-1 (3)
and

Ty=T-2{N-Ty)/3 (4)

The ADT values of the i™ and y» midblocks remain to be determined.
we shalluse the weighted average of subsection ADT values as the estimate
of midblock ADT. That is,

3 3
] "kl_:‘ b "n/kl;:‘ i (5)
and \
. 2
s hyT h
17 T/ E (6)

Case 2 - No Intersections Between Two ADT Survey Spots

This situation does not often occur, but when it does, unless other in-
formation is available, the average of the two given ADT's is used as the
ADT estimate of every midblock between two ADT survey spots.

We note that, for each category, the average ADT's obtained by the
above two methods are comparable. As will become obvious in later sec-
tions, the parameter estimation procedures are most sensitive to average
ADT of the category congidered. Thatis, either method would give "equiva-
lent' estimates of accident parameters. In this study, we shall use mid-~
block ADTs generated by the second method.

A%
ACCIDENT PREDICTION MODEL

For a midblock in a. given category, let 1 be the ADT of the midblock
and define xM to be the number of accidents occurring on this midblock
during a given year. We denote pi(n) to be the probability that there are
exactly i accidents occurring in the midblock during a year. That is,

pi{T)ep X (D)=i],i=0, 1,. .. )

Then, the expected number of accidents per year, a(m, of this midblock
ig equal to,

BT =EX(TE ipy(7) (8)




%Homoado 913 Ul .%Qﬂ..om.mhmkm pUE SI20TGPTW JUSpPIooB-UoU JO uonlrodoad usomied disuoneleyd 9 aindti

0009

000s

0C0¥

*SHOO[QPIWL SAIND PaJOasSIUI-UOU ‘aur[-oM) ‘ABM~OM] ‘TBINI JO

L 'LaVv JOVNIAY
000€ 0002 000! 0

1

l

i T i

80

60

ol

- SOOI JusSue) Pe}ooSISUI-UOU ‘OUB[-CM] ‘ABM~OM] ‘TBINI JO

Axo8ereo o) Ul LAV oFeiose pue sIYPO[qpTI JuepIooe-uou Jo uorlrcdoxd usemieq diysuoe[sy °g oandig

000+

L LAV 3DVHIAY

© ooog 0002 000! 0
[ T

0008
T

4
od
L4

80

o
o .
0d '5YD0TEQIN LNICIDDV-NON 40 NOILYOdOHd

©

0d 'SMDOTEAIN LNIAIDIV-NON 30 NOILHOJOYd

-10 -



In order to set up the upper control limit for accidents that could occur
on a roadway segment in each category, we must know the variance of the
defined random variable [x(V. Furthermore, if some improvement effort
has been performed on this midblock, the expected accident change due to
this action is therefore equal to s(m-u*(1*), where ™ and u*("®) are the ADT
value and the expected number of accidents per year of the new category to
which this midblock belongs, respectively (resulting from the improvement
action). 'Thus, a major goal of this study will be accomplished if the (v
for each category of midblocks can be expressed in computable form. This
can be accomplished as follows.

It is reasonable to assume that the number of accidents occurring on a
midblock during agiven year are statistically independent. Hence, we may
postulate that,

mMm=[o,m]', ixn (9)
It is clear that,

Po(T) -1-%:' P 10)

where (1) is the maximal number of accidents that could occuron a mid-~
block during a year.

If 7 is large enough, P(") can be approximated by the following equ-
ation;

@18 o) e J22E1(T)
po(') ]EEPI(T) I—P:(T) ] (11) )

From Eq. (11), we obtain the following fundamental equation,

pu(r)= 5 Rl (12)
Thus, the accident prediction model will be completed once the functional
form of mtM for each category of midblocks is specified. To study the
functional form of r(n, we rank 6,728 rural, two-way, two-lane, non-
intersected tangent midblocks according to ADT value. Then, every 100
sequential midblocks are formed as a group to compute p., the proportion
of midblocks that have no accidents during a year, and to also compute T,
the average of midblock ADT's. The results are plotted in Figure 5. The

same procedures are also repeated for the category of 4, 292 rural, two-
way, two-lane, non-intersected curve midblocks. The results are plotted
in Figure 6. The correlation coefficient between p, and average ADT for
both categories is -0.96. Thus, e, is a linear function of 7 for the range
of ADT values in these two categories. More precisely, p, can be ex-
pressed as the following equation,

=11 -




P, =1-af (13)

where 'a' is a non-negative parameter to be determined.
The above equation suggests that

Bo(T)=1-a¥ _ (14)

Substituting Eq. (14) into Eq. (12) and then combining with Eq. (9), we ob-
tain the following equation:

H
Pi(ﬂ'[ﬁl—‘] 1 (15)

Equations (14) and (15) completely specify the accident prediction model.
Note that the accident behavior of each midblock category is categorized
by only one parameter (a).

it can be shownunderx this model specification that the expected value,
MM , and the variance, o}, , of the random variable x(m are respectively,

PEO=EXM =250 o t(reat 16
M)=EX(T Y (16)
and

Okm “%[l -]’ B (N =aT(1+aT)(1+2&7) (17)

VI
PARAMETER ESTIMATION PROCEDURES

Based on the model specified in Egs. (14) and (15), we would like to
estimate the parameter 'a' for each category of midblocks. The estimation
procedures are described as follows:

For a category of n midblocks, let 7; be the ADT of the ith midblock,
i=1,....,N ., Denote pi to be the proportion of midblocks that have k accidents
during a year. That is, :

Pa’% ; (18}'

- 3D -




where My is the number of midblocks that have k accidents during a year.
Then, basedon the model specified in Eqs. (14) and (15), px can be esti-
mated by the following equations:

60'1“0?_ (19)
and

A1 M ar k Y

P“'“E[H:m] ol (20)

N
where  7-I n/m

Equations (19) and (20) shall be used to fit the empirical probability
distribution defined in Eq. (18) for every category of midblocks. That is,
the parameter 'a' for each category is determined such that the sum of
square of residuals, SSR, defined as, -

2
- 1 ] .a'l'i k .
”"““‘“‘%":&{“&[m] "’*‘} (21)
is minimized.

The above estimation is carried out by a non-linear curve fitting com~
puter program written according to the least square criterion. The fitted
results for each category of midblocks are presented in the next section.

VI
PRELIMINARY PARAMETER ESTIMATIONS
(BASED ON PROBABILITY DISTRIBUTIONS)

As mentioned before, we shall only examine the category of rural,
two-way, two-lane midblocks. The empirical and estimated probability
distributions of this eategory and its subcategories are presented in the
Appendix. Although no statistical analyses were performed toevaluate how
well the model specified in Egs. (14) and (15) fits the data, one can see
from the Appendix that the estimated probabilities are close to the actual
probabilities.

The estimated parameters are presented in Tables 2 through 5. Nota-
tion used in Tables 2 and 3 and the Appendix are defined below.

R22M - the category of rural, two-way, two-lane midblocks,

NIM - the category of non-intersected midblocks

-13 -
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IM - the category of intersected midblocks,

TM - the category of tangent midblocks,

CM ~ the caiegory of curve midblocks,
NPM - the category of midblocks that have no passing zones,
PM - the category of midblocks that have passing zones,

10, 11, 12M -~ the category of midblocks for which the width of each
lane is 10, 11, or 12 fi.

Combinations of the above categories can be interpreted in a similar
manner. For example, R22NITNPM represents the category of rural, two-
way, two-lane, non-intersected, tangent midblocks that have no passing
zones; and, R22ITP12M is the category of rural, two-way, two-lane, in-
tersected tangent midblocks that have passing zones and lane widths of 12
ft.

The estimated parameter would be close to the true parameter if the
empirical probability distribution is reliable. Since sample sizes (total
number of midblocks and intersections) of categories that are smaller than
those presented in Tables 2 through 5 are not large enough to obtain reli-
able distributions, we did not estimate parameters for these categories
based on probability distributions.

Unless there are unknown factors affecting accident behavior, intuitive-
ly, the parameters of CM and NPM should be larger than those of TM and
PM, respectively. Moreover, the parameters of 10M, 11M, and 12M
should be in descending order. If the above conjecture is true, the order
of parameter magnitude in Table 2 is correct. But, the parameters of
R22ITNPLOM and R22ITNP12M inTable 3 are too small and too large, res-
pectively. This could be due tounreliable probability distributions that are
obtained based on sample sizes of only 160 and 167, respectively.

We would like to point out that the probability distribution tail of mid-
block accidents would be affected the most if pize; for izj and the sample
size is not large. That is, P. in our case is more reliable than », iz1.
In this case the parameter of each category can be estimated by using Eq.
(19) only. However, using Eq. (19) alone {oestimate the parameter means
that we would have to discard a substantial amount of available information.
In general, this is not a preferred estimation procedure. To remedy this
defect, we shall use Stein's techniques which would combine #. and results
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obtained from fitting the probability distribution toestimate parameters of
every category. The major advantage of this method is to utilize all the
available information to simultaneougly estimate category parameters.
Stein's techniques and the estimated parameters based on this new method
are presenied in the next section.

Vil
THE ESTIMATED PARAMETERS

The estimation method presented in this section was first presented
by James and Stein? and, later, revised by Efron and Morris®. This me-
thod, which will be called Stein's estimator throughout this report, is bet-
ter than the usual maximum likelihood estimator from the standpoint of
square error loss.

Suppose that for given 6i (parameterto be estimated), X[ isl,...;N(n23),
are independent and normally distributed with mean & x;|é;=¢; and variance
var (X;)0)=D; - Furthermore, we assume that the prior distribution of
ui.is1,...,N are algso independent and normally distributed with mean &g =u;
and variance ver(@p=a. Then, the preferred estimate of #i, based on the
observation %, is

Bi =By + (1-B)Xy @2
where N

By = CiDi/( A +D;) (23)
with Ci=Mox [(Ki-Z)/(Ki+2)r0] (24:)
and “

Ki=X (& +0))*/ (R +pp)? (25)

2 James, W., and Stein, C., "Estimation with Quadratic Loss, ' Berkeley
Symposium on Mathematical Statistics and Probability, Proceeding No.
4, 361-379.

3Efron, B., and Morris, C., '"Data Analysis - Using Stein's Estimator
and Its Generalizations, ' R-1394-OFB0, March 1974.
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The estimate A; of A, which is allowed to depend on i, is the solution
to,

L] N
A -E‘Gll](Ai)/El I (A (26)
with
aj=5-D; H Il
(27)
a;=($;-30:)/3 =i
and
Sj'(xi-uj)? Liel,...,N (28)

The functions {1} in Eq. (26) a.ré Fisher informations which are defined as

Li@=1/[2(a+0})] jui

LiW=3/[2(A+D)7]  jui (29) .

We permit solution Ai of Eq. (26) fo be negative, but were A, so nega-
tive that Bi>1 or 8<0, we could use 8=l or -0, instead.

Before applying the above equations to our problems, let us numeri-
cally recategorize those subcategories presentedin Tables 2and 3 in Table
6. .

TABLE 6
DESCRIPTION OF MIDBLOCK CATEGORIES

Description of Category

Category
Number Non-Intersected Midblocks | Intersected Midblocks

1 R22NITNPLOM R22ITNPLOM
2 R22NITNPLIM R22ITNPL1M
3 R22NITNP12M R22ITNPL2M
4 R22NITP10M R22ITPLOM
5 R22NITP11M R22ITP11M
6 R22NITP12M R22ITP12M
7 R22NICNP10M R22ICNP10M
8 R22NICNP11M R22ICNP11M
9 R22NICNP12M R22ICNP12M

10 R22NICP10M R22ICP10M

11 R22NICP11M R22ICP11M

12 R22NICP12M R22ICP12M
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Case 1 - Rural, Two-Way, Two-Lane, Non-Intersected Midblock Category

We shall simultaneously estimate the parameters of the probability
distributions of midblock accidents in 12 subcategories of R22NIM presented
in Table 6. That is, N=12. Let » and ¥ be the total number of midblocks
and average ADT of the i* category, respectively. Define Xito be the pro-
portion of midblocks in the i* category that have accidents ina year. Then,
% is (approximately) anormally distributed random variable if wis fairly
large, and based on the model specified in Egs. (14) and (15),

8 =EX;=a; (30)
where « is the parameter of the i* category, requiring estimation.

As explained before, the estimated parameter i, based onthe appro-
priate probability distribution, is a reliable estimate of the true parameter
if the empirical distribution is reliable. Since the total number of mid-
blocks of R22NITNPM, R22NITPM, R22NCNPM, and R22NICPM are quite
large, the estimated paramecters of these categories based on probability
distributions are quite reliable. Thus, we shall use this information as
prior estimates of e,. That is, from Eq. (30) and Table 2, we obtain

1799.19 x 0.0000381798 = 0,066492 , i =1,2,3
1938.41 x 0.0000324820 = 0062963 , § =4,5,6
Ui 154440 x 0.0000503277 = 0.082759 , 1 =7,8,9 (31)

2171.17 x 0.0000372580 = 0.080893 , i = 10,1112

Substituting prior information presented in Eq. (31) and the data x; into
Egs. (22) through (29), we obtain Stein's estimate of each. ¢; which, in turn
gives the estimate of a; by dividing by the average ADT. The results are
presented in Table 7.

We see from Tables 2 and 7 that the estimated parameters based on
the probability distributions and Stein's techniques are very close. This is
not surprising since the sample size in each of the 12 categories is large
enough to obtain a reliable empirical probability distribution.

We shall take the parameters' values presented in Table 7 as the final
estimates of true parameters of the 12 categories. Then, the expected
number of midblock accidents per year per midblock in each of 12 categor-
ies is equal to u;(1),

S, - (32)

These equations are plotted in Figures 7 through 10.
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TABLE 7
ESTIMATED PARAMETERS OF THE PROBABILITY DISTRIBUTIONS
OF MIDBI,OCK ACCIDENTS, BASED ON STEIN'S TECHNIQUES

Proportion of Estimated 7
Category Ei’é:;te Defectivexhgidbloeks, 3; parampeter,
a;= 9;/T;

R22NITNPLOM  0.068692 0.065817 0.066090 0.0000465104
R22NITNP11M  0.068692 6.060111 0.060773  0.0000378543
R22NITNPIZM 0.068692 0.085405 0.082950 0.0000323656
R2ZNITP10M 0.062963 0.051809 0.052401  0.0000364068
R22NITP11M 0.062963 0.056036 0.056148  0.0000348423
R22NITP12Z2M 0.062963 0.074495 0.074218  0.0000300715
R22NICNP1OM  0.082759 0.062857 0.064310 0.0000543695
R22NICNP11M  0.082759 0.080718 6.080883  0.0000506881
R22NICNP12M 0.082759 0.117816 0.110868 0.0000438702
R22NICPLOM 0.080893 0.057767 0.059983  0.0000410117
R22NICP11M 0.080893 0.072865 0.073251  0.0000387222
R2ZNICP12M 0.080893 0.095387 0.094618 0.0000356472

TABLE 8

ESTIMATED PARAMETERS OF THE PROBABILITY DISTRIBUTIONS
OF MIDBLOCK ACCIDENTS, BASED ON STEIN'S TECHNIQUES

Pri Proportion of Estimated
Category Estri;;)xzte Defective Ié\{licﬂalocks, ai E:slraineter,
1 %j=8j /Tj
R22ITNPLOM 0.088681 0. 060000 0.071643  0.0000474067
R22ITNPIIM 0.088681 0.090710 0.089748  0.0000414133
R22ITNP12M 0.088681 0.112575 6.099378  0.0000351113
R221ITP10M 0.074855 0.066071 0.069058 0.0000431244
R22ITP11M 0. 074855 0.068649 0.069344  0.0000385614
R22ITP12M . 0.074855 0.082643 0.081636 0.0000322420 P
R22CNPLOM 0.107223 0.102008 0.104186 0.0000739613 : }[
R2Z2CNP11M 0,107223 0.104142 0.105191  0.0000518585 ‘\
R22CNP12M 0.107223 0.113253 0.109904 0,0000384321 }
R22CPLOM ¢, 080162 0.090184 0.080163 0.0000563017
R22CPI1M 0.090162 0.077561 0.080476  (.0000416938
R22CP12M 0.090162 0.100862 0.098120 0.0000327572
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THE EXPECTED NUMBER OF MIDBLOCK ACCIDENTS PER YEAR

THE EXPECTED NUMBER OF MIDBLOCK ACCIDENTS PER YEAR

PER MIDBLOCK, u(T)

PER MIDBLOCK, uCT)

AVERAGE DAILY TRAFFIC VOLUME, T

Figure 8. Expected number of midblock accndents per year per
midblock in R22NITPM.
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THE EXPECTED NUMBER OF MIDBLOCK ACCIDENTS PER YEAR
PER MIDBLOCK, M(T)

THE EXPECTED NUMBER OF MIDBLOCK ACCIDENTS PER YEAR
PER MIDBLOCK, #(T)
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Figure 10. Expected number of midblock accidents per year per
midblock in R22NICPM.
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Case 2 - Rural, Two-Way, Two-Lane, Intersected Midblock Category

In this case, we shall simultaneously estimate the parameters of the
probability distributions of midblock accidents in 12 subcategories of R22IM.
The prior estimates of #s, based on the probability distribution, are as
follows:

2178.54 » 0.0000407067 = 0.088081
2099, 14 x 00000356598 = 0,074855 (33)

2006.74 x 0.0000534315.= 0,107223
2386.14 x 0.0000377856 = 0.090162

U; =

The same procedures used in Case 1 are repeated to obtain the results
given in Table 8.

Comparing Table 8 with Table 3, we see that the estimated parameters
of R22IT'NP10M and R22ITNP12M, based on corresponding probability dis-
tributions, have been substantially adjusted by Stein's techniques. The ex-
pected number of midblock accidents per year per midblock in each of the
12 categories are plotted in Figures 11 through 14,

Case 3 - Intersections Located in Rural, Two-Way, Two-Lane, Intersected
Midblock (R22IM) Category

In this case, we shall simultaneously estimate the parameters of the
probability distributions of intersection-related accidents per intersection
located inthe category of rural, two-way, two-lane, intersected midblocks.
Define x;to be the proportion of intersections in the i* category that have
accidents in a year.

Due to the limitation of sample size (see Table 5), we shall only exa-
mine the categories, outlined in Table 9.

We shall use the estimated parameters, based on probability distribu-
tions of categories of intersections located in R22ITM and R22ICM as the
prior estimates of ;.i=1,...,6 , in Stein's estimation procedures. That is

U = 2138.58 x 0.0000356741 = 0,075686% , i=1,2,3
j =
2258.51 » 0.0000377549 = 0.08526%7 , i = 4,5,6 (34)
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THE EXPECTED NUMBER OF MIDBLOCK ACCIDENTS PER YEAR

THE EXPECTED NUMBER OF MIDBLOCK ACCIDENTS PER YEAR
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Figure 11. Expected number of midblock accidents per year per
midblock in R22ITNPM.
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THE EXPECTED NUMBER OF MIDBLOCK ACCIDENTS PER YEAR
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Figure 14, Expected number of midblock accidents per year per
midblock in R22ICPM.
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TABLE 9

DESCRIPTIONS OF INTERSECTION CATE GORIES

Category Description

1 Tangent intersections that have no signals and
are located in R22ITM

9 Tangent intersections equipped with flasher and
located in R22ITM

3 Curve intersections that have no signals and are
located in R22ITM

4 Tangent intersections that have no signal and
are located in R22ICM

5 Curve intersections that have no signal and are
located in R22ICM

6 Curve intersections equipped with flasher and

are located in R22ICM

TABLE 10

ESTIMATED PARAMETERS OF THE PROBABILITY
DISTRIBUTIONS OF INTERSECTION-RELATED
ACCIDENTS PER INTERSECTION LOCATED IN

R22IM, BASED ON STEIN'S ESTIMATION PROCEDURES

Category! Eitiiz:.te = 6i PEa?;AEZEZSS
1 0.0758869 0.071693 0.071694 0.000033832
2 0.0758869 (.4457i4 0.438114 0.000142271
3 0.0758869 0.069231 0.069256 0.000030460
4 0.0852697 0.094030 0.093990  0.000048042
5 0.0852697 0.079594 0.079596 0.000035080
] 0.0852697 0.400000 0.388736 0.000116885

!Descriptions of each category are presented in Table 9.
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Since sample sizes (number of intersections in each category) in this
case are not all large enough to assure that the xis are normally distri-
buted, we transformed each x; through the following equation,

vi = sin” (V7)) (85)

to satisfy the normality requirement inStein's estimation procedure. Now,
we apply Stein's procedure to the transformed data v, to obtain the results
given in Table 10.

The expected number of intersection-related accidents per year per
intersection in R22ITM and R22ICM are plotted in Figures 15 and 16.

We have obtained the estimates of parameters of the probability dis-
tributions of midblock accidents in the 24 subcategories of R22M. We have
also obtained the estimates of parameters of probability distributions of
intersection-related accidents per intersection located in R22TM and
R22CM. The sample sizes for catogories that are finer than those cate-
gories presented in this section arenot all large enough to support reliable
distributions. However, we shall make an effort to also estimate para-
meters for these categories in Section X. We shall also present the esti-
mates of parameters for some categories of urban and fringe-strip mid-
blocks.

The expected number of accidents per midblock is the sum of the mid-
block accidents and the intersection-related accidents per intersection lo-
cated inthis midblock. Note that we only estimate the parameters of prob-
ability distributions of intersection-related accidents per intersection lo-
cated in the category of rural, two-way, two-lane, tangent and curve mid-
blocks because of the limitation of sample size. In this circumstance, we
would not be able to estimate, for example, the expected number of acci-
dents per midblock in R22ITNP10M because we donot have the estimate of
the expected number of intersection-related accidents per intersection lo-
cated inthis category. However, if weare willing touse the expected num-
ber of intersection-related accidents per intersection located in R22ITM as
the estimate in R22ITNP10M, we can then estimate the expected number
of accidents per midblock in R22ITNP10M.

X
APPLICATION OF THE ACCIDENT PREDICTION MODEL

In this section, we shall demonstrate and discuss how to use the acci-
dent prediction model presented in this study.
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THE EXPECTED NUMBER OF INTERSECTION -RELATED
ACCIDENTS PER YEAR PER INTERSECTION, 1 (T)
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1) The model can be used to design a control chart for controllingthe
proportion of ‘defective’ midblocks ineach category. For a given category
of midblocks, let 'a' be the parameter of the probability distribution of
accidents per year per midblock. Let . be the ADT of the midblock,
i=1,...,N ., Define Ziw =1, if there is an accident occurring in the i*
midblock duringa year, and o otherwise. Then gq, defined inthe following
equation, :

N
q= %ifl Zi(T) (36)

is the proportion of defective midblocks in the given category. It is easy
to confirm that the expected value, pq, and the variance, ¢f, of the ran-
dom variable q are,

N -
Bg = Eq-'}iifl EZ;(T;) = af o0
and |
N ‘
04 = o, & vor 2400 = 3 [~ L /N (38)
= )
where
N
F= I Ti/n *

Moreover, g is approximately normally distributed if ~ is fairly large.

Now, for a given future year, let q be the (sample) proportion of de-
fective midblocks in that category. Based on the sample proportion of de-
fective midblocks, we would like to make a decision about whether q is
high enough to hunt for an assignable accident cause associated with this
category of midblocks. This can be facilitated by using quality control
charts which set an upper control limit (UCL) as the criterion for judging
whether q is excessive. The upper control limit is determined so that if
chance variation alone were at work, the probability of a (sample) propor-
tion falling above UCL is the prescribed risk «. Since a hunt will be made
for an assignable accident cause only if the sample proportion of defective
midblocks falls above the UCL, « then, is the risk of making the hunt when
there was no assipgnable cause of the observed deviation.

The upper control limit for q is determined in the following equation,

vel=Hat raOe (40)
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where pg was defined in Eq. (37), oq is the square root of o4 defined in
Eg. (38), and z~is the upper 100= percentage point of the standard normal
distribution.

2) The model can be used to design a control chart for controlling the
expected number of accidents in each category. For a given category of
N midblocks with parameter 'a,' we define xi(f) to be the number of yearly )
accidents of the i* midblock inwhich the average daily traffic volume is Ti .
Then, X , defined in the following equation,

_ 1 N

X=n LXim (41)
is the average number of yearly accidents per midblock in this category.
It can be confirmed that the expected value, #x, and the variance, o, of
the random variable X are,

px =EX= %‘ {u-f + uﬂ? T|’/N] (42)
and =1 '

0% = Var(X) = %h:f‘ al; (1 +a¥;)(1+2aT;) (43)

Thus, the upper control limit for X is,

UCL = g + 1O (44)

where #x was defined in Eq. (42), 0x is the square root of 0f defined in
Eq. (43), andzis the 100= upper percentage point of the standard nor-
mal distribution.

In Cases (1) and (2), we treated the overall quality control for a cate-
gory of midblocks. Sometimes, even if § or X are under control, there
could be cases where a few midblocks have exceedingly high accidents. It
might be beneficial to conduct a case study on these high accident midblocks
to identify assignable accident causes. Thus, we need a control chart to
identify extraordinarily high accident midblocks. The control chart for
this purpose is presented below.

3) The model can be used to identify high accident midblocks. For a
given midblock with parameter 'a,' let v and xthbe the ADT and the num-
ber of yearly accidents of that midblock. Then, the midblockwould be con-
sidered as a high-accident midblock if the number of accidents in this mid-
block is higher than ¢ , where c is the least integer such that,

Pr I:X(T) >C| = e 45)

where the probability distribution of x(tywas specified in Section IV.
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4) The model can be used as a reference for designing new roadways.
Various segments of a roadway can bhe constructed in many ways according
to those midblock and intersection variables that classify midblock cate-
gories, Costs of each construction method vary and each results in a dif-
ferent expected number of accidents, as shown in this study. Since the
construction cost and the expected number of accidents can be estimated in
advance, this information could be converted into a set of suitable cost-
and-accident-related criteria for designing a minimal accident roadway.

It is beyond the scope of this study to investigate how to convert the
construction cost information and expected number of accidents into a set
of cost-benefit criteria. But, we would point out that the estimated number
of accidents for each roadway design should be taken into consideration in
making the final choice,

5) The model can be used as a reference to provide information need-
ed for optimally allocating limited funds into various safety improvement
programs. As mentioned before, mathematical programming techniques
can be applied using cost and benefit information resulting from each im-
provement action to optimally allocate limited funds to various improvement
programs. To do so, it is essential tohave a reliable estimate of the bene-
fit (e. g., the expected accident reduction) resulting from improvement
action. This estimate can be obtained by using the accident prediction
model, because the expected reduction due to an improvement action is
simply the difference between the expected number of accidents before and
after the improvement was applied to a section of roadway. TFor example,
an h-mile section of roadway in the category R22NITNPLOM can be widened
into the category R22NITNP12M. If the average traffic volume, 1, on this
roadway remains the same, the expected accident reduction, EAR, result-
ing from this action is equal to,

EAR = O—l"-2-|:¢‘T('I+q!T)"dgT(]+GQT)] (4:6)
= &(ﬂ,—nz)l’[li'(ﬂg'*“zﬁ]

where ay=0. 0000465104, ay=0, 0000323656 (see Table 7)and h/0.21is the num-
ber of midblocks, in this section of roadway.

From the above example, we see that the expected accident reduction
resulting from improving a midblock is equal to EAR,

EAR = (a:‘“z)T[}"'(ﬂﬁ"z”] (47)

where a; and g are the parameters of the probability distributions of ac-
cidents of this midblock before and afier improvement, respectively, and
T is the expected ADT of the midblock before improvement inthe following
year.
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The parameters for each category obtained in the previous section
should be used and interpreted carefully. For example, we see from Tables
7 and 8 that the no-passing midblock has a higher accident rate than the
passing midblock, This could be due to the fact that roadways allowing
traffic to pass have better driving conditions than no-passing roadways.
Thus, the process of removing a. 'no-passing’ restriction from a no-passing
roadway should not be considered as a potential improvement. Thus, one
would not use Eqg. (47) in this situation. '

X.
URBAN AND FRINGE-STRIP MIDBLOCKS

We have demonstrated in detail the estimation procedures in the cate-
gory of rural midblocks. In this section, we shall repeat the same proce-
dures to estimate parameters in the categories of urban and fringe-strip
" midblocks. Due to the limitation of sample size, we shall only estimate
the parameters of the probability distributions per year per midblock in
categories of urban, two-way, two-lane, non-intersected and intersected
midblocks (U22NIM and U22IM), and fringe-strip, two-way, two-lane, non-
intersected and intersected midblocks (F22NIM and F22IM). The results
are presented in Items 1 through 4 below. In Item 5 we present the esti-
mated results in the categories of midblocks which are finer than those
presented in the previous sections.

1) There are 379 urban, two-way, two-lane (U22M) midblocks in Dis-
tricts 1 through 4 as shown in Figure 1. These 379 midblocks are further
broken down into non-intersected and intersected midblocks as shown in
Figure 17.

T8l uz2NIM

uzzam
379

20l yzaIM

Figure 17. Number of midblocks in each category of
urban, two-way, two-lane midblocks.
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The estimated parameters of midblock accident distributions of U22NIM
and U22IM, based on their respective probability distributions, are
0.0000517582 and 0.0000633827. The fitted results are presented in Tables
11 and 12.

2) There are 387 intersections located in U22M. The estimated para-
meter of this probability distribution of intersection-related accidents per
intersection located in U22M is 0.0000417107. The fitted results are pre-
sented in Table 13.

3) Thereare 1,008 fringe-strip, two-way, two-lane (F22M) midblocks
in Districts 1 through 4 as shown in Figure 1. These 1,008 midblocks are
further broken down into non-intersected and intersected midblocks as
shown in Figure 18, '

348 | F22NIM

FZ2M
1,008

8821 Fz2IM

Figure 18. Number of midblocks in each category of
fringe-strip, two-way, two-lane midblocks.

The estimated parameters of midblock accident distributions of F22NIM
and F22IM, based on their respective probability distributions, are
0.0000626857 and 0.0000474802. The fitted results are presentedin Tables
14 and 15.

4) There are 1,221 intersections located in F22M. The estimated
parameter of the probability distribution of intersection-related accidents
per intersection located in F22M is 0.0000425162. The fitted results are
presented in Table 16.

5) We have obtained the estimates of parameters of the probability
distributions of midblock accidents per midblock in each of the 24 cate-
gories of R22M. As one can see from Figure 2, each category can be fur-
ther broken down into five more subcategories according to curb and shoul~
der width. Since most of the midblocks in each of the 24 categories have
4 1o 8 ft or 8 to 10 ft shoulders, we shall repeat Stein's estimation proce-
dures presented in Section VIO to estimate parameters of these 48 cate-
gories. The estimated results are presented in Tables 17 and 18.
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TABLE 13
THE EMPIRICAL AND ESTIMATED PROBABILITY
DISTRIBUTIONS OF INTERSECTION-RELATED ACCIDENTS PER
YEAR PER INTERSECTION LOCATED IN U22IM

Year | e e | iatersostions | Provability | Brababiity | Residual
1971 0 290 0.74935 0.76344  —0,01409
1971 1 65 0.16796 - 0.17221  -0.00425
1971 2 19 0.04910 0. 04499 0.00411
1971 3 7 0. 01809 0.01316 0.00493
1971 4 4 0.01034 0.00413 0.00621
1971 5 1 0.00258 0.00136 0.00122
1971 8 1 0.00258 0. 00006 0. 00252
1972 0 295 0.76227 0.77086  -0.00859
1972 1 61 0.15762 0.16824  -0.01062
1972 2 22 0. 05685 0. 04296 0.01389
1972 3 B 0.01292 0.01230 0. 00062
1972 4 3 0. 00775 0.00379 0.00396
1972 15 1 0. 00258 0. 00000 0.00258
1973 0 287 0.74160 0.76196  -0.02036
1973 1 (&l 0.19897 0.17289 0.02608
1973 2 14 0. 03618 0.04540  -0.00922
1973 3 6 0.01550 0.01337 0.00214
1973 4 1 0.00258 0.00423  -0.00165
1973 5 2 0. 00517 0.00141 0.00376
1974 0 312 0. 80620 0.77368 0.03252
1974 1 BT 0.14729 0.16541  -0.01812
1974 2 7 0, 01809 0.04280  -0.02471
1974 3 4 0.01034 0.01237  -0.00203
1974 4 6 0. 01550 0.00384 0.01166
1974 5 1 0.00258 0.00125 0.00133
1975 0 301 0. 77778 0. 77387 0.00391
1975 1 64 0.16537 0.16488 0.00049
1975 2 13 0.03359 0.04303  -0.00944
1975 3 4 0.01034 0.01246  -0.00212
1975 4 2 0. 00517 0.00386 0.00131
1975 5 1 0.00258 0.00125 0.00133
1975 7 1 0.00258 0.00015 0.00243
1975 12 1 0. 00258 0. 00000 0.00258
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TABLE 16
THE EMPIRICAL AND ESTIMATED PROBABILITY
DISTRIBUTIONS OF INTERSECTION-RELATED ACCIDENTS PER
YEAR PER INTERSECTION LOCATED IN F22IM

Number of Number of Aectual Estimated . '
; Residual
Year Accidents Intersection | Probability | Probability

1,034 0.84685 0.86414 -0.01729

1971 0

1971 1 146 0.11957 0.11562 0.00395
1971 2 31 0.02539 0.01675 0.00864
1971 3 4 0.00328 0.00282 0.00046
1971 4 4 0.00328 0. 00053 0.00275
1971 6 1 0, 00082 0. 00002 0.00080
1971 7 1 0. 00082 0. 00000 0. 00082
1972 0 1,047 0.85749 0.87140 -0, 01391
1972 1 136 0.11138 0.11016 0.00122
1972 2 28 0.02293 0.01535 0.00758
1972 3 7 0.00573  0.00251 0.00322
1972 4 2 0.00164 0. 00046 0.00118
1972 6 1 0. 00082 0.00002 0. 00080
1973 0 1,049 0.85913 0.85870 0.00043
1973 1 132 0.10811 0.11949 -0.01139
1973 2 26 0.02129 0.01793 0.00336
1973 3 11 0. 00901 0.00311 0. 00590
1973 4 3 0.00246 0. 00060 0.00186
1974 0 1,056 0.86486 0.85449 0.01037
1974 1 138 0.11302 0.12253 -0.00951
1974 2 20 0.01638 0.01882 -0, 00244
1974 3 4 0.00328 0.00333 -0, 00005
1974 4 2 0.00164 0. 00065 0. 00099
1974 5 1 0.00082 0.00014 0.00068
1975 0 1,041 0.85258 0.84918 0.00340
1975 1 143 0.11171 0.12636 ~0. 00924
1975 2 24 0.01966 0.01995 -0, 00029
1975 3 9 0.00737 0.00360 0.00377
1975 5 2 0.00164 0.00015 0.00149
1975 6 1 0.00082 0.00003 0.00079
1975 7 1 0. 00082 0. 00000 0.00082
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XI
REMARKS

During the course of this investigation, certain matters arose that are
worthy of comment. These are discussed in the following remarks.

1) The Poisson distribution was also used to fit the empirical prob-
ability distribution of midblock accidents per midblock. That is, the prob-
ability distribution of xtnis,

Pi(T) = pr [xm = a] = o NT) Lii‘——f)} (48)
where A1 = at®or A= eT+bT%

Fitting these specifications to the data indicates that the model pre-
sented in Section V is better than the Poisson model in the least squares

sense.

2) The model presented in Section V assumes the following relation,

Pi(T) = [n,(n]; RES 49)
To make the above assumption more general, we assume that {p*m 4=,
is a geometric series with rate «(h. We then have the following model,
2, (T} = 1= af
i-1 (50)

B (1) = [l- r(?‘)] [r(T)] af, izl

Note that if «m=p;(, the above model becomes the one presented in Sec-
tion V. The above model with «¢(11=b (independent of 1 ) wasused tofit em-
pirical probability distributions. In most cases, this model] is slightly bet-
terthan the one presented in Section V. However, we felt that the reduction
in the sum of square residuals by using this model is not enough to justify
the extra parameter introduced.

3) In Section IX, the upper control limits were set to identify high-
accident locations. We also mentioned that the procedures for optimally
allocating available funds to various safetyimprovement programs at vari-
ous locations can be designed so that the accident reduction per dollar in-
vestment is maximal. The number of accidents is the unit used in both
cases to set the desired goal. However, in gsome situations, the number
of accidents might not be the best unit for decision making. For example,
Location I has more accidents than Location 2; but, each accident occur-
ring at Location 1 is much less severe thaneach one at Location 2. Under
this circumstance, it might be better to pay more attention to Location 2
than Location 1. That is, accident severity could be the more suitable unit
for decision making.
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THE EXPECTED NUMBER OF MIDBLOCK ACCIDENTS PER YEAR

THE EXPECTED NUMBER OF MIDBLOCK ACCIDENTS PER YEAR

PER MIDBLOCK, (T}

CFI=aTC+aT)
a=0.0000335853

PER MIDBLOCK, B(T>

AVERAGE DAILY TRAFFIC VOLUME, T

Figure 20. Actual and predicted expected number of accidents
per year per midblock in R22NICM. (The point (8057. 39,
0.255) is not plotted in the figure due to scale.)
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Figure 19. Actual and predicted expected number of accidents
per yvear per midblock in R22NITM. (The point (8057.39,
0.255) is not plotted in the figure due to scale.)
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Each accident in our data set was coded according to those accident
types (1 through 19) mentioned in Section III. The severity index of each
accident type can be estimated from past accident statistics. Thus, ifone
can compute the probability that a given accident occurring on a midblock
is theithtype accident, the expected accident severity of a midblock in
each category can be computed. Due to the accident sample sizes and the
time limitation, we did not investigate this subject.

4) There are other variables provided in the data that were not taken
into consideration due to thetime limitation. However, a similar approach
to that presented in this report could be used to study the effect of these
variables on accident behavior.

5) In Section V, we used the categories R22NITM and R22NICM to in-
vestigate the functional form of p, (Figs. 5 and 6), One hundred midblocks,
grouped according to the order of the ADT value (to compute P, }, are also
used to compute the average number of accidents, X , per year per mid-
block. If the model presented in Section V is good, the estimated value
pm defined in Eq. (16) should reasonably 'agree’ with the actual value x .

The parameters in p() for these two categories were presented in
Table 2. The results are plotted in Figures 19 and 20. One can see from
these two figures that the estimated values are reasonably close to the ac-
tual values except for one extreme point in each category. These two ex-
treme points are due to extremely high ADT's of a. few midblocks. This
raigses a. question concerning the accuracy of the ADT values of these few
midblocks. Nevertheless, the model gives reasonable estimates of the ex-
pected number of accidents per year per midblock.

Based on the above discussions, it seems that the parameter 'a' for
the probability distribution of accidents per year per midblock can be es-
timated by using the (non-linear) regression analysis on the following model
specification,

X(T|)'¢;Ta+ﬂ'2:§: 'fﬁ/Ni*€(Ti) (51)

where ; is the ADT value of the j» midblockof the it group, M is the num-
ber of midblocks in the i group, 7-¥ 1, /n and e is the random variable
I

2 Ni Wia . oM. s 2
with Ee(y=0 and Oem-[aTa*3a? IN*2C LN /N (ging the above method to
estimate the parameter 'a' is simpler thanthe method presented in Sections
V to VII. We do not, however, recommend this method since the estimated
results depend upon the grouping method used to compute T and x{).
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APPENDIX

THE ACTUAL AND ESTIMATED PROBABILITY
DISTRIBUTION OF MIDBLOCK AND INTERSECTION-RELATED
ACCIDENTS PER YEAR PER MIDBLOCK AND
INTERSECTION, RESPECTIVELY, IN EACH CATEGORY
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APPENDIX

Tables Al to Al18 are the actual and estimated probability distributions
of midblock accidents per year per midblock in each category of rural,
two-way, two-lane, non-intersected midblocks presenfed in Table 2 in the
text.

Tables A19 to A36 are the actual and estimated probability distribu-
tions of midblockaccidents per year per midblock in each categoryof rural,
two-way, two-lane, intersected midblocks presanted in Table 3 in the text.

Tables A37 to A48 are the actual and estimated probability distribu-
tions of intersection-related accidents per year per intersection in each
category of intersections located in R22ITM and R22ICM. Symbols in
Tables A37 to A48 are explained as follows:

I - the category of intersections.

TI(CI) - the category of intersecting roadways are tangent (curved).
In short, the category of tangent (curved) intersections.

NS - the category of intersections that have no signal.
FLR - the category of intersections equipped with a flasher.
Any combination of the above variables can be intexrpreted in a similar

way. For example, TI, NS in R22ITM means the category of tangent in-
tersections that have no signal and are located in R22ITM.
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