TENNESSEE TRAFFIC PATTERNS

By N W DouGHERTY

Professor of Conl Engineering, Unwersity of Tennessee

SYNOPSIS

Last year we pointed out the remarkable similarity of successive annual or sea-
sonal patterns at the same station taking the monthly flow as the umt There
18 a great similarity 1n general pattern if we use the weekly flow as a unit How-
ever, there 18 a range of variation from 0 to 30 percent 1n density, or volume, for
successive weeks

Wider variation 1n volumes for daily flow may be expected Comparing each
day of the week with the average day for the week, we find a range of values from
06 to 15 times the average The usual range of values 1s from 0 8 to 1 20 times
the average

The ratios of total weekly traffic to traffic on Wednesday, Friday and Sunday
are grouped closely about their average which indicates that the averages for
these three days may be used for getting the average weekly flow

The studies indicate conformity of general pattern By taking samples at
different hours of different days an average may be obtained which will closely
approximate the average for any period The data studied thus far show that
the more samples taken, the better will be the confornity If for example,
seven hours count were to be made, these seven hours scattered over the different
days of the week, the average would be better than to count the seven hoursin
any one day Further 1if the hours were selected at a different time for each day,

the result would be better than to use the same hour for the several days

SUMMARY OF PATTERNS PRESENTED LAST
YEAR

Last year patterns were presented
showing seasonal vanations in traffic us-
ing the flow per month and the flow per
week as the umt We found general
conformuity of pattern from year to year
and for different traffic stations Indi-
vidual patterns, however, varied enough
to warn us that no short period count
could be made on any one day, or for any
one week and expect to get any but the
most approximate results for general
averages

The mean daily flow for one month
may vary as much as 30 percent from
the mean daily flow of the next month
The mean daily flow for one week may
vary as much as 40 percent from the

mean for adjacent weeks The daily
flow may vary more than 100 percent
from adjacent days Averages for cor-
responding seasonal periods have close
enough conformity to project values from
season to season, or from year to year

SHORT TIME PATTERNS

The study has been extended during
the present year to shorter periods of
time 1 the hope that we may approxi-
mate the errors inherent n short period
counts For the last several years the
Tennessee State Highway Department
has been conducting a three day count
on the State highway System during the
last week of August Toll bridge collec-
tions indicate that this 1s the maximum
week of the year Since the traffic, ex-
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cept for a very small mileage, may be
carried on two lanes of highway, we are
as much 1nterested 1n maximum flow as
average flow From the annual patterns
we can get a fair estimate of average daily
flow for the year

This year (1935) the count was made
on Wednesday, Fniday and Sunday
These days were chosen because the aver-
age for Wednesday and Friday has a
very constant ratio to the average for
the week, while Sunday gives the peak
density An extended study was made
of the toll bridge patterns to determine
the relation between the flow for Wednes-
day, Fnday and Sunday and the average
for the week The ratio of total weekly
traffic to traffic on Wednesday, Friday
and Sunday varied from about ten per-
cent below to ten percent above the
average Figure 1 1s platted to show the
range 1n values for different stations
Obion and Loudon are about 350 miles
apart Trotters Landing 1s about 150
miles from Obion and 250 muiles from
Loudon This diagram shows the aver-
age of ratios for several years

The general conformity 1s that of figure
2 platted for different years at Loudon
Here we may note that nearly all values
of the ratio fall within a 20 percent band,
10 percent below and 10 percent above
the average Note further that the ratio
1s very close to umty

The following data for Obion are
typical of all the stations studied

Ratio Average for Week to Average for
Fri, Sun

Year
Mimmum Maximum Average
1930 0 906 1 200 1 018
1931 0 922 1 082 1 008
1932 0 934 1 147 1 015
1933 0 920 1 089 1 006
Average 0 9205 1129 1012
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The average for each year 1s the mean
of 52 ratios A table for the several
other stations would be a practical repeti-
tion of the above

As an innovation a diagram was platted
showing the range of difference between
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Figure 1. Relation of the Average of Wednes-
day, Friday, and Sunday Traffic'to
Average Weekly Traffic
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Figure 2. Relation of the Average of Wednes-
day, Friday, and Sunday Traffic to Average
Weekly Traffic for Several Years
at One Station

ratios, Values up to the mean and back
down agamn were arbitrarly platted
Figure 3 shows a picture of this kind
Values of the ratio were arranged 1n the
order of magnitude and platted umt dis-
tances between as ordinates and actual
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ratio values as abscissae  Figure 3 shows
relative values for the three days of the
week and for Sunday The other days
will be similar to Sunday with somewhat
less range 1n abscissae

HIGHWAY RESEARCH BOARD

day flow—6 AM to 6 PM The mean
of a large number of observations tends
to become constant for different stations
and for long periods The variations,
however, are sufficient to warn us not to
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Figure 3 Variation in ratio plotted in order of
magnitude to mean, then descending
to maximum
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HOURLY PATTERNS

The hourly pattern varnes greatly
For the purposes of the study we com-
puted hourly percentages of the 12 hour

Percentage of 12-hour Day,6AM-6PM

Figure S. Relation of hourly traffic to that of
the 12 hours from 6 A M.to6 P M
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Figure 6. Range in Daily traffic derived from
one hour and 9 hour counts compared with ac-
tual daily traffic. The pattern was obtained
from a composite of a large number of stations

take very much stock 1n the accuracy of
a very few observations

Figure 4 shows the range mn values for
different hours of the day for Sunday
The values platted are for the four ad-
ministrative divisions of the State, taking
the mean of many observations in each
divisions
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To get a picture of the pattern by hours
Figure 5 was drawn Each curve repre-
sents about 100 observations Note that
the range 1s from 1 5 percent to 9 5 per-
cent for the hour 6 AM to 7 AM and
from 45 to 135for 9 AM to 10 AM
Note further that the curve for Fnday
1934 1s about the same as for Friday
1935 Wednesday is about the same as
Friday

PREDICTED FLOW BY HOURLY COQUNTS

During 1936 we hope to make an ex-
tended study of short period counts The
toll bridge records are being marked to
give hourly flow for the whole year
With this yearly cycle we should be able
to develop a counting schedule that will
give any desired accuracy. In 1935 the
hourly flow for a period of one month
was studied

Figure 6 shows daily volume of traffic
for the month as determined by one
hour counts  Note that the curve ranged
from 400 vehicles per day to more than
1000 vehicles per day although the actual
range 1s from 551 vehicles per day to 769
vehicles per day The pattern used was
that obtamned from a composite of a
large number of stations ranging in flow
from 500 to 1000 vehicles per day The
pattern gives averages too large as 1s
shown by the actual count compared
with average days obtamned from the
composite pattern

As the number of hours in the sample
1s 1ncreased the vanation from the aver-
age 15 decreased We have not gone far
enough to measure the probable error as
compared with the number of observa-
tions but we feel that such measurement
will be possible when we get yearly cycles
and make a large number of compansons.
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TEMPERATURE AND TRAFFIC

Figure 7 shows the monthly average
temperature and average traffic We
would expect traffic to vary with the
weather and 1t does T}lere 1S probably
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Figure 7 Relation of Traffic to Temperature

no law that will take the place of neces-
sity for certain travel, but there 1s cer-
tamnly a relation between temperature
and a large volume of travel

CONCLUSIONS

1 A three day count will give the
weekly average within a working range
of accuracy

2 Hourly patterns are similar but the
range of values 1s so great that a large
number of samples are needed to get
accurate results

3. For the same number of samples a
large number of separate observations
gives a better result than the same num-
ber of observations over a continuous
period
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DISCUSSION ON TRAFFIC PATTERNS

Mr NateaN CHERNIACK, Port of
New York Authority Annual vehcular
traffic data were seldom necessary when
proposed lighway facilities were free and
tax supported, since 1t made hittle differ-
ence how much traffic they carred an-
nually, so long as they could accommo-
date the peak summer traffic and still
leave a margin for future expansion
When toll facilities began to be consid-
ered and potential revenues constituted
the first test of self hqudity, annual
traffic data became prime necessities

Wherever continuous vehicular traffic
records have been kept, a precise com-
pilation of annual traffic 1s possible, and
there 1s no need for estimates of annual
trafic Where no continuous records
are available, however, one never knows
what the annual traffic for a given high-
way facihity 1s, or might have been n
the past, much less what 1t 1s hkely to
be 1n the future

Sample traffic counts have frequently
been used as a basis by engineers to
estimate annual traffic, but in the prepa-
ration of these estimates, three impheit
assumptions have invanably been pres-
ent, namely

(a) That vehicular traffic follows reg-

ular periodic cycles

(b) That the degree of regularity has

been determined

(¢) That the traffic patterns of the

facilities for which annual traffic
estimates are required are prob-
ably simlar to those for which
traffic patterns have been deter-
mned

To what extent these three assump-
tions have been justified in any given
case have usually been left unanswered
Consequently, as one of the phases of

1ts more comprehensive stuches of the
problems which arise 1in connection with
self hquidating facihities, the Port Au-
thonty Traffic Survey (W P A Project
No 65-97-139) has approached its in-
vestigations of vehicular traffic patterns
with a view of answering these questions
It has therefore pursued 1ts investigations
with a three fold objective, namely
(a) To express quantitatively by
means of traffic patterns, hourly,
daily and monthly traffic cycles
for some 34 vehicular toll crossings
mn the Port of New York and 12
others throughout the nation for
which continuous traffic data are
available
(b) To determine how consistently
the traffic of any given facility
follows the periodic cycles pe-
culiar thereto, and
(¢) To determine the extent to which
corresponding traffic patterns of
different facihities conform to, or
differ from one another
Each of these objectives looks to the
applications of these traffic patterns to
the preparation of estimates of annual
vehicular traffic on the basis of the small-
est necessary traffic sample correspond-
ing to a required probable error mn the
estimate

HOURLY PATTERNS

The study of hourly traffic patterns
of the Holland Tunnel indicates that-

(1) Its hourly patterns are cistinctly
different for Weekday (Monday
to Friday), Saturday and Sunday
trafic Each pattern 1s indicative
of motorist travel habits for that
day

(2) The hourly patterns for each of




DISCUSSION—TRAFFIC PATTERNS

these three days are shghtly differ-
ent 1n the Summer, 1n Winter and
the Spring and Fall
(3) In the Summer, Monday and Fn-
day patterns differ somewhat from
the standard weekday patterns
Based on the above observations, 1t
follows that 1t requires a mimmum of
mne different standard hourly patterns
to portray the hourly variation 1n traffic
for the 365 different traffic days of the
year
(4) Holland Tunnel hourly patterns
over a period of eight years (1928-
1935) have remamned farly con-
sistent, although some significant
changes are noticeable For ex-
ample, the secondary peak hour on
Saturdays between 4 and 5 PM ,
18 gradually disappearing in favor
of the major peak hour between 1
and 2 PM 1ndicating the gradual
ebmination of the full workday
on Saturdays
Based on an examination of hour pat-
terns for a number of different facihties
1t appears that
(6) Hourly patterns of different facil-
ities differ considerably
Hence, a definite test should be made
1n every nstance, to determine whether
the charactenstics of the undetermined
patterns for any facility (whose annual
traffic 18 to be estimated from traffic
samples) would be sufficiently similar to
those of another facility to approximate
the undetermined patterns

DAILY PATTERNS

Analyses of daily patterns of a number
of vehicular crossings indicate that.
(1) For any one facihty, daily pat-
terns differ from season to season,
and
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(2) Daily patterns differ
among different facilities
Hence, 1n order to obtain a representa-
tive cross section of the traffic for any
given week, 1t 1s necessary to sample
traffic at least on a Sunday, Saturday,
and on either a Wednesday or a Thurs-
day, or preferably on both days To
omit any one of these three samples and
rely on relations among the traffic vol-
umes of the different days of the week,
established from past experience, will
subject the traffic estimate for that week
to serious errors

radically

SEASONAL PATTERNS

Analyses of seasonal patterns indicate

that.

(1) Seasonal patterns for a given
facility or a group of facilities in a
given area are consistent from year
to year, unless disturbed by such
major factors as the opening of a
new facility, a change in tolls on
one or more of the crossings, or an
economic depression

(2) The month of May shows the
mmmum variation from year to
year, the month of October next,
and the months of January and
February show maximum var-
ations

Consequently, traffic should be sam-

pled preferably 1n May or October, or
as close thereto as possible

(3) Seasonal patterns for different
facihties vary radically from one
another

Consequently, at no time should the

seasonal pattern of one facility be apphed
to another for the purpose of estimating
annual traffic, without tests to determine
defimtely

(a) Whether the patterns of the
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two facihities are hikely to be
similar, and
(b) The degree of similarity be-
tween them
(4) Seasonal indexes have been de-
veloped, which reflect true sea-
sonality 1n traffic, by reason of the
fact that proper allowance has
been made for annual trend in the
process of their determination
With the aid of such specially con-
structed seasonal 1ndexes, current
monthly traffic data have been adjusted
to represent current traffic levels which
indicate the current month to month
trend of vehicular traffic Such cur-
rent trends are important to operators of
toll crossings 1n following current traffic
trends and 1 bringing out the effects
of specific events, such as particularly
adverse or favorable weather conditions
or unportant sporting events in gener-
ating vehicular traffic using toll crossings

Mr Mark Morris, Towa State High-
way Commussion I should hke to give
briefly some information secured 1n our
master station survey We, of course,
tried out several short cuts upon the
umverse of data we have 1n the complete
annual record of traffic past a single
station We took a number of different
samples from this universe in a number of
different ways In the first method we
took samples of 12 days of 24 hours
length, the 12 days evenly distributed
throughout the year, using up the 264
weekdays of the year with 22 samples
The maximum departure from the true
yearly mean was for a single sample,
13 percent In other words, if we had
taken but one of the samples uniformly
distributed throughout the year we
would have been but 13 percent 1 error
for the worst case If we had taken but
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the 22 samples of 12 24-hour days we
would not have been more than 13 per-
cent 1n error 1n the worst instance and
would not have had to count traffic 365
days to get an answer practically in
agreement with that obtamned for the
true annual average We took another
series of 22 samples of 12 days each 8
hours a day from 8 in the morning until
12 and 1 to 5 in the afternoon These
were taken for 12 days evenly distributed
throughout the year The 22 samples
used up the 8 hours available for the
series between the hours chosen The
maximum departure from the true mean
was here, for the worst case, 11 percent
We took the forenoon samples mn the
same way and the maximum departure
from the true annual mean was 15 per-
cent The afternoon samples taken 1n
the same way gave a maximum departure
of 13 percent In order to make a
survey that would be actually cheap we
got down to a l-hour basis We took
one hour each day for 12 days distributed
throughout the year, three in each quar-
ter The first hour samples were taken
from 7 to 8 1in the morning, second 8 to
9, and so on until we had the entire 12
hours of the 12-hour day, 7 AM to
7 PM The maximum departure from
the true mean was then 21 percent We
tried this i different ways starting with
a different hour The maximum de-
parture for any of these ways was 15
percent from the true annual mean We
still have another method which we wish
to try The voluminous data take a
long time to work up and there was n-
sufficient time for 1t prior to this meet-
mmg We tried, however, a somewhat
stmilar series m which we counted one
hour per day each succeeding day, mov-
ing up to a later hour 1n a hittle different
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manner The maximum departure for
that series was 19 percent

The accuracy of the several methods
referred to here 1s dependent on knowl-
edge of the traffic pattern of the station
So, 1t would seem that if the traffic pat-
tern for a series of stations can be deter-
mined, with accuracy, 1t would be possi-
ble to reduce greatly the cost of securing
satisfactory accurate traffic flow data by
using some one of these short counts or
samphng methods

Mr BurToN W MarsH. For a 1-hour
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check, sometime between 8 and 9 in the
morning and 4 and 5 in the afternoon
seems to be the most consistent

Dean MarstoN You said the max-
mum departure would be 11, 13, 19 and
21 percent What do you mean by
the maximum departure? Is that deter-
mined by a single sample?

MR Morrts If we had depended
on a sigle sample for that answer we
would have been in error 21 percent 1n
the worst case





