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In the 1944 report of the Committee,! vari-
ous methods for making origin and destination
surveys in urban areas were outlined and a
method recently developed, based on inter-
views 1n the home and at the roadside, was
descnbed in detail. Since the publication of
that report, there has been a considerable
expansion of the use of this new method, and,
as a result of the experience gained, some
improvements have been made in the pro-
cedures

Comprehensive surveys have been in prog-
ress in the areas of the following 37 cities:

Atlanta, Georgia -

Baltimore, Maryland

Baton Rouge, Louisiana

Boston, Massachusetts

Charlotte, North Carolina

Chattanooga, Tennessee

Cincinnata, Ohio

Columbus, Georgia

Denver, Colorado

Foit Wayne, Indiana

Greenville, South Carolina

Indianapolis, Indiana

Jacksonville, Flonda

Kansas City, Missouri

Lincoln, Nebraska

Lattle Rock, Arkansas

Mason City, Iowa

Memphis, Tennessee

Milwaukee, Wisconsin

Nashville, Tennessee

Newark, New Jersey

New Orleans, Louisiana

Oklahoma City, Oklahoma

Omaha, Nebraska
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Ottumwa, Jowa

Port Huron, Michigan

Providence, Rhode Island

Richmond, Virgima

St. Joseph, Massoun

St. Lows, Missourn

Savannah, Georgia

Shreveport, Lowsiana

South Bend, Indiana

Spartanburg, South Carolina

Springfield, Missouri

Tulsa, Oklahoma

Waycross, Georgia

Smaller cities wathin the metropolitan areas
of those mentioned, some of them in adjoining
States have gererally been included in the
survey. For example Covington, Kentucky,
is included in the Cincinnat1 survey and the
Newark survey includes 42 separate munici-
palities. In all cases the work is bemng done
under the direct superwision of the State high-
way department in cooperation with the
Public Roads Adminstration and with munici-
pal and other local agencies

To check the accuracy of the results, ground
counts have been made at bndges and other
pomts of traffic concentration. Comparisons
have been made between these counts and
traffic computed from the interview data to
have passed by the ponts dunng each hour of
the day and mght. In addition travel by
workers to and from certain plants and areas,
a8 determuned from the interviews, has been
compared mith data obtammed from the em-
ployers and other sources concerming the daily
number of workers. From these checks it has
been found that work travel was generally
fully reported in the interviews whereas travel
for other purposes was less fully reported,
particularly in the earlier surveys.
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Figure 1 shows a comparison of the number
of passenger cars counted at five control
points in Denver, Colorado, with the number
calculated from the interviews to have passed
these points. The comparison 1s by hours and
the traffic computed from the mmterviews 1s
sub-divided into that which passed a cordon of
external stations located around boundanes of
the area and work travel and non-work travel
performed entirely within the area The ex-
ternal travel was computed from roadside
interview data and the internal work and non-
work travel was computed from home-inter-
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points and for all five of them combined. It
seems reasonable to assume therefore that the’
unreported work travel followed very closely
that which was reported and that the survey
results as adjusted represent a reasonably
accurate picture of the daily traffic movements.
In any event the adjusted data should be suffi-
ciently accurate for design purposes since the
adjustments are relatively small for the peak-
hour penods which are used for the basis of
design

In the surveys which have been more re-
cently undertaken, improvements have been
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Figure 1. Comparison of the Actual Number of Passenger Cars Counted at Five Control Points
in Denver, Colo., with the Number Reported in Interviews to Have Passed These Points

view data. This companson is somewhat typ-
1cal of the earler surveys. The work travel
was rather fully reported in the home inter-
views and the companson for the morning
peak, which consisted mainly of travel to work,
18 therefore very close; the comparison for the
afternoon peak, in which travel for the purpose
of shopping and for other purposes is mixed
with the predominant travel from work, 15 not
quite so close, while that for other periods of
the day 1s considerably less satisfactory. In
this case it was found that multiplymg the
non-work travel by 25 gave a curve which
followed the ground count very closely
throughout the day, for each of the control

made 1n the procedures so that better control
pomnt checks are bemg obtamed Figure 2
shows a comparison of ground counts with
expanded interview data, including both
trucks and passenger cars, at three control
points 1n Milwaukee. In ths case the com-
panson is sufficiently close so that no adjust-
ment was deemed necessary. The mght trips
which apparently were missed in the interviews
in fairly large proportion are not considered to
be of any great importance so far as route
selection and design are concerned These
better results have been obtamned by more
careful training of the interviewers and by
placing emphasis on the completeness of the
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data rather than on speed. In addition,
simphfication of the form has made the record-
ing of the tnps less laborious, thus encouraging
more complete trnp reporting Since the fail-
ure to report tnps completely during the war
18 believed to have been due n part to unwill-
ingness to admut violation of gasohne rationing
and other wartime restrictions, it is anticipated
that the termunation of these restrictions will
result in stidl better comparisons between
ground counts and interview data
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bines of travel by methods similar to those used
1n Kansas City, and will give analyses of the
traffic which will use expressways and other
1mprovements on varnous proposed alternate
locations Among the ecities for which such
reports are in the process of preparation are
Charlotte, Cincinnati, Fort Wayne, Memphis,
Milwaukee, New Orleans, Providence, Rich-
mond, and others.

The technique descnibed in the report of the
Commuttee was designed prnimanly for wartime
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Figure 2. Comparison of the Number of Passenger Cars and Trucks Counted at Three Control
Points in Milwaukee, Wis., with the Number Estimated from Interviews to Have
Passed These Points

For a number of the cities where these stud-
ies have been undertaken the analyms of the
results has reached an advanced stage The
method of analysis and the use being made of
the data in the Kansas City area 1s described
in some detail by Mr John M Picton in a
paper presented at this meeting. The data
obtained m Denver, Atlanta, Savannah, Rich-
mond, and numerous other cities are being
used in route selection and in the determina-
tion of design features for portions of the inter-
state system. Reports are being prepared for
& number of cities which will show the desired

conditions and had as a primary purpose the
obtaimng of information which would be help-
ful In making plans for immediate postwar
construction, Now that the war 1s over, 1t 13
beheved that modifications can be made in the
procedures which will result in greater accu-
racy and the obtaining of data of greater value
from a long-range pomntof view  Forexample,
in the surveys so far made the field work has
been done m a relatively short period and
seasonal coverage has been lacking. It would
be much better if the work could be spread
over the year and the number of interviewers
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correspondingly reduced. In addition to the
supplyng of the seagonal coverage, this would
permut more careful selection and traimng of
the interviewers. As another example, no
information has been obtained on the week-end
travel because the restriction in effect during
the war greatly reduced recreational automo-
bile traffic and also created a reluctance on the
part of the person being interviewed to tell
about tnps of this character Since the re-
strictions have been removed, 1t 18 probable
that the inclusion of data concerning week-end
travel will enhance the value of the results
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Work 1s being done on the development of a
revised manual of procedures based on the
experience which has been gained so far in this
work Itisexpected that the members of the
commuttee will assist 1n this and it 18 hoped
that duning the coming year a manual, en-
dorsed by the commuttee, will be prepared
which can be made available to any aity wish-
1ng to undertake work of this kind In addi-
tion to describing the procedures used in the
survey, such a manual would include an exposi-
tion of analysis techniques and a discussion of
the methods of presentation and the uses of
the data.

DISCUSSION ON ORIGIN AND DESTINATION SURVEY TECHNIQUES
AND USES

Jorn T. Lynca, Discussion Leader

Mgr. LyncH: This meeting 1s for discussion
of procedures by members of the commuttee,
and others who may have had expenence with
origin and destination surveys, to see what im-
provements can be made in techmques and,
now that we are getting away from the condi-
tions which existed dunng the wan, what
changes can be made that will make the results
more useful.

I suppose everyone here is more or less
faxmbar with the type of survey which has
been made 1n a large number of metropohtan
areas during the past two years Farst, a rep-
resentative sample of the dwelling umts wmathin
the area was selected, and by interviews 1n
those dwelling umits, information was obtained
concerning all trips made on the preceding day
by each person residing there. Questions were
asked concerming the ongins and destinations
of the tnps, and the purposes of making the
tnps, besides other questions which vaned
somewhat from city to city The data were
expanded on the basis of the relation between
the number of dwelling units in the sample and
the total number of dwelling umts in the area

To secure information concermng trips made
by people who lived outside of the area, road-
side interviews weie obtained at stationsin the
area surrounding the city.

Trucks registered within the area were
sampled from the registration ist From this
hst, a certan percentage of the trucks were
selected and the trips made by each on a desig-
nated day were recorded. Expansion was
made on the basis of the total registration.

The expanded total of all tnps obtained
from these three sources which passed a
pomnt or crossed a hne were compared with
ground counts to check the accuracy of the
survey

The size of the sample vaned from about 10
per cent 1n the smaller cities to about 1 1n 20 or
5 per cent 1n larger cities. In fact 1in 30 was
used 1n the Newark Area The samples from
several cities were analyzed for statistical ac-
curacy to aid in determuming the mze which
should be used 1n subsequent surveys Figure
A shows the standard error of estimate for
trps destined to different zones i Savannah,
Georgia The sample was 10 per cent and the
curve indicates that for trip groups of about
4,000, the sampling error would not exceed 6
per cent in two cases out of three, but that for
trip groups as small as 1,000, the standard
error would be about 14 per cent.

Mr. John W Hossack, Acting Manager of
Nebraska Highway Planning Survey, who has
been in charge of numerous origin and destina-
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Mr. John W Hossack, Acting Manager of
Nebraska Highway Planning Survey, who has
been in charge of numerous origin and destina-
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tion surveys in that State, has been requested
to present some of the Nebraska data

Jorn W. Hossack, Acting Manager, Ne-
braska Highway Planning Survey In the con-
duct of a successful origin and destination
study there are four distinet phases: the selec-
tion of the sample—the conduct of the survey
~—the coding, expansion and tabulation of data
—-and the presentation of these data in such a
manner that others may find them useful in
planning street and highway improvements

Following the experence gained in conduct-
ing special O and D surveys n a number of
cities, the manner of selecting the sample and
the general methods to be followed 1n conduct-
ing such surveys are pretty well standardized.
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Figure A. Savannah, Georgia, Metropolitan
Area Survey—Standard Error of Estimate of
Trips Destined to Different Tracts

. Information relative to these phases 1s avail-
able 1n memoranda prepared by the Publc
Roads Admimistration, 1n papers read before
varous groups, In magaznes, etc While.
there are a few rough spots in the techmque
covenng these phases which perhaps should

' be polished a bit, a city embarking upon an
“0 and D” study would find ample mnstruction
relative to these phases

Information concerning the remaining
phases of the survey, however, has been con-
spicuous by its absence. Since most of these
surveys have been conducted by orgamzations
with experience on other statistical surveys,
the prehmnary analysis was not too difficult.
The varous items of mformation were as-
signed numencal codes, and the data punched
on cards for mechanical tabulation, The ex-
pansion of the sample to the whole followed a
more or less standard procedure Thus the
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determnation of factors probably needed but
httle explanation Having the cards punched
the natural thing was to prepare numerous
tabulations comparing the vanous items of
information one with the other With the
tabulations prepared, however, what next?

The most mportant phase of the survey
still lay ahead—that of presenting the data to
the ultimate user in such a fashion that he
could properly interpret and apply these data
to the problems at hand. No matter how well
the foregoing sections of the survey had been
conducted the information would prove of
httle value unless it could be presented to
those 1n a position to use it, 1n such form as to
be understandable and of use to them

Those who have been connected with these
urban area surveys know that presentation of
these data in such fashion is not easy Since
the first of these studies dates back less than
two years, a number of the States arrived at
this problem of presentation almost simul-
taneously, and inasmuch as the method of
approach was relatively new they all had to
proceed on their own, as they did not have the
benefit of the expenence of others.

In Nebraska we are now in the midst of the
analyses of the metropohtan studies conducted
at Lincoln and Omsaha, and I am sure that
many of the problems which we encountered
are 1n common with those of other States. In
many of the States the planning organizations
are working hand in hand with well staffed
planning commussions, or with consultants
retained by the city, and thus the data are
utihzed and the general plans prepared nght
mn that office. In Nebraska the Highway
Planning Survey is expected to commle and
present the data so that not only our own
design department, but the cities and other
mterested agencies may make use of 1t In-
stead of dealing with planming orgamzations
and people more or less famibar with this type
of survey, the data must be m such form as to
be understood by city commissioners, citizen’s
planning committees, ete. To present the
picture so that these individuals will grasp it,
and still retain the detail necessary for appl-
cation of the data to speaific problems 1s 1n-
deed dafficult

Since this problem of presentation 1s one 1n
which a number of States and cities are now
engaged, I believe that a discussion of 1t will -
prove of value. In order to show concrete
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examples of the various types of illustration
chartsare presented which are in various stages
of preparation for use 1n the report of the
Omaha-Council Bluffs metropolitan study.
These charts are not offered as models, as we
realize that they fall short of the mark on
several points. I should hke to use them,
however, to explain the manner of approach
which has been followed in the analysis of the
survey in Omaha, and to form a basis for the
ciscussion whach is to follow.

In prepanng reports covering various ex-
ternal surveys we found that if the facts could
be presented in pictonal rather than tabular
form, they were much more effective, as tabu-
lations, especially lengthy ones, are dafficult to
grasp. We also found that the charts had to
be fairly simple and self-explanatory as other
wise many fail to catch their sigmificance In
planmng our report of the Omaha-Council
Bluffs study we therefore felt it would be wise
to rely on a pictorial presentation of the facts
to as great a degree as possible, augmenting
these charts with such tabulations as would be
necessary for later detailed study Previous
to the time we started charts for our Omaha
study, we had an opportunity to see a few of
the prehminary reports made by other cities
Some points 1n these reports were not exactly
clear and perhaps not so complete as they
should be Thus we gave consmiderable time
and study to our method of presentation hop-
mg that 1t would be clearer and more com-
plete. Now that our report is nearing comple-
tion, we realize that there are still several
poimnts which are confusing

At first we tentatively prepared several
charts showing the desired lines of automohile
travel for inter-zone movements of various
magnitudes. Chart 1 shows all inter-zone,
or external station to zone, movements of 250
or more vehicles per day Chart 2 shows
those inter-zone movements of from 100 to
250 vehicles per day. While these charts do
lustrate the location of a few focal points of
traffic and the general direction of a few of the
greater movements, they are very confusing
and much too difficult for the average individ-
ual to grasp. The passenger car movements
of less than 100 vehicles per day amount to
approximately 43 per cent of the total passen-
ger car traffic. This is partially due to the
Tact that the area is broken down into numer-
ous small tracts While these movements
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individually are small, many of them proceed
i the same general direction as others, so
that an analysis using only the heavier move-
ments leaves out a considerable portion of the
traffic. Several of the charts which I will
show later illustrate this point effectively.
Were we to extend the desired lines of travel
to smaller increments (say to 50 or 25 vehicles
per day) we would have even more of a “hodge-
podge” of lnes, and the picture certainly
would not be clanfied

The system which we had used for illustrat-
ing the movements into and through the area
in the reports of our external studies, had been
well received and in general farly clear to
those to whom 1t has been presented I might
show you a few of these charts

Chart 3 shows the zone of origin or destina-
tion for traffic eritering or leaving the area on
US Nos 6, 275, and 30 (Alt) west of Omaha.
This is the heaviest traveled highway entering
Omaha, and we had to resort to a different
scale on this chart than that used on the re-
maing external illustrations You will note
that the cross-hatched portion of the band
shows the traffic for an average week day in the
autumn of 1944, the penod of our survey,
while the superimposed solid black band shows
the estimated 24-hr annual average traffic in
the immediate postwar period. This latter
estimate was based largely upon conditions
immediately prior to the war at which time
traffic 1n our State was at an all time peak.
By refernng to Charts 1 and 2, we find for this
same highway one desired line of travel above
250 (actually 540) vehicles per day, and one of
from 100 to 250 vehicles per day, these ac-
count for but 34 per cent of the total
volume By dropping to 50 vehicles per day
on the desired lines of travel at external
stations, we would still show but 60 per cent
of the traffic at this station

Chart 4 1s similar and shows the distribution
of passenger car traffic from Nebraska Nos.
50 and 31 southwest of the city. The desired
hne chart showed no movements of more than
100 vehicles per day from these stations By
dropping to 50 per day 20 per cent would be
accounted for Chart 5§ shows the distribu-
tion of the traffic from US Nos. 73 and 75
south of the city  You will note this fact from
the band into that area  Again, other than a
line of 300 vehicles per day from the south to
the bomber plant, there are but two lnes of
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from 100 to 250 vehicles per day appearing on
Charts 1 and 2, these accounting for 48 per
cent of the traffic, actually only 33 per cent of
the other than war traffic. Movements
above 50 vehicles per day represent 39 per
cent of the total normal traffic on this route.

Since flow charts used on the external por-
tion of the survey seemed to be fairly satisfac-
tory, we decided to prepare similar ones
showing the origin and destination of traffic
going to or from the vanous zones within the
city. In order to lay out the zones which
should be considered we studied tables show-
ing the number of “to work” and ‘“‘to shop-
ping” tnps destined for each tract. Follow-
ing this we subdivided the city of Omaha into
11 zones, six of major importance, five of
minor. These 11 zones were the origins or
destinations of 84 per cent of the external
passenger car trips entening the area, and 93
per cent of the internal passenger car trips
Fifteen per cent of these internal tnps were
intra-zone. Chart 6 shows the tract of origin
or destination for all traffic going to or from
the central business section of the city. These
charts were all prepared on the basis of 1944
autumn week day travel, and thus any war
time distortion due to restrictions or war plant
activity 1s reflected theremn. The traffic from
the various tracts is consolidated into bands
and builds up as 1t approaches the central
business section of the city Chart 7 shows
similar information for traffic to or from the
md-town commercial and apartment district
Note here the movements from this district to
the central business district; these were also
shown on the preceding chart. Since each
chart shows all the traffic to or from that par-
ticular zone, certain movements are duplicated
on other charts; this duplication must be taken
into account when using the data. Chart 8
shows traffic to and from the belt line industrial
distnet, and Chart 9, that to or from Benson,
a residential suburb Chart 10 depicts the
traffic entering the South Omaha industnal
and business district. In Omaha the tracts
which were used were in general, census tracts,
although some of the larger of these were sub-
divided ‘Therefore, 1n setting up zones many
are of odd shape and of necessity include con-
siderable area devoted to purely residential
use. Were we to conduct another survey 1t
would be an advantage to set up the tracts on
s use basis and thus the zones could be con-

siderably reduced in size and would give a more
representative picture. Since these zones are
large and rather irregular in shape, 1t would
appear desirable to show the distribution of
traffic entering the zone among the various
tracts within the zone 'We have, therefore,
been toying with 1deas for presenting this dis-
tnbution on these same charts In South
Omaha, the Union Stock Yards and two of the
larger packing plants occupy tract “A”, one
packing house is in “B” and one in “C".
The business section of the suburb islocated in
tracts “D”, “E”, and “F* with most of it bemng
concentrated near point “G”. There 15 also
some scattered industry at various other points
within the zone. As an experiment we have
drawn a “pie” diagram, showing as the pie the
total traffic into the zone. This was spotted
at approximately the center of gravnity as com-
puted for ongins or destinations within that
zone KEach of the pieces of pie represent the
portion of traffic to or from the various tracts.
I am not sure that this manner of presentation
will be used as 1t may be confusing to some who
will use the chart Chart 11 shows the
traffic for the Martin bomber plant and its
ongmn and destination This indicates some-
thing of the magmtude of this traffic during
the war, and the portions of the city most
affected This installation was of permanent
construction, but has been abandoned as an
airplane factory, and is available for other
uses It probably will be used in the postwar
period, but certainly on a greatly reduced
scale.

We beleve that these and the other flow
charts which are not presented here give the
picture of the desires of automobile traffic
within the city, and upon roads approaching
the city very well. They are numerous, how-
ever, and there are some movements dupli-
cated on vanous charts, to get an over-all
picture 18 a bit difficult. We felt it would be
well, therefore, to consolidate the various
charts into one, drawn along the lines which
have shown up as most important on the
varous individual charts. To do this necessi-
tated following each of the individual tract to
tract movements through the area, and assign-
ing them to vanous sections of the net-work of
major flow lines appearing on the preceding
charts These lines, incidentally, were selected
entirely independent of the street system, al-
though naturally some of them ke in close
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proxumity to existing streets They are lines
of direct travel connecting the travel centers
of the various tracts, and should be considered
as schematic diagrams rather than actual route
locations.

Chart 12 shows the over-all picture obtained
by combining all of these movements The
scale here is 6,000 vehicles per inch rather than
3,000 as on the preceding charts In the circle
the scale is 12,000 vehicles per inch The
cross hatched band illustrates autumn week-
day traffic of 1944 while the super-imposed
sohd black band gives an estimate of the
traffic in the immediate postwar period Ths
postwar estimate for internal traffic 1s the sum
of the 1944 traffic, and 75 per cent of those
transit and auto passengers who mdicated that
they would ordinanly have driven cars on the
trps 1n question. The estimate for intracity
traffic is probably low as it makes no allowance
for recreational and other types of trips which
may have been entirely missing dunng the
perniod of the survey Based upon prewar
counts within the aity 1t would seem that this
estimate of purely mtracity traffic may be
from 10 to 15 per cent low The postwar
traffic to or from the Martin Bomber Plant
was reduced to one fifth its war time volume,
and this accounts for the fact that in the band
leading into Fort Crook, the black portion 1s
within the shaded wadth, indicating that post
war traffic 18 expected to be less than that in
1944,

This chart does not include any intra-tract
movements or any movements between ad-
joming tracts as these movements were so
short as to be difficult to assign to any one
band. The chart includes 70 per cent of all
movements within the area, and of those not
shown 20 per cent are between adjoimng
tracts

Chart 12 illustrates the mmportance of re-
taining the smaller increments of traffic when
studying potential traffic flow. For example
at point “H”, Chart 12 inchcates a potential
traffic volume of 7700 vehicles per day. Using
Charts 1 and 2 there are 3 hnes of over 250
vehicles per day which could be considered as
part of this route, and but 10 Lines of from 100
to 250 vehicles per day. These constitute
3600 vehicles per day or less than 50 per cent
that shown on Chart 12 At pomnt “J”, 18
shown a potential 1944 volume of 4300 vehi-
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cles per day. From Charts 1 and 2 we find
that this includes two Lnes of more than 250
vehicles per day, and but eight of from 100
to 250 vehicles per day. These account for
2900 vehicles per day or approximately 67 per
cent of that shown on Chart 12

The diagonal route at “K” (Fig. 12), has
2100 vehicles per day. From Charts 1 and 2
we find no lines of more than 250 vehicles per
day and three lines of from 100 to 250 vehicles
per day. These account for 375 vehicles per
day or approximately 18 per cent of that
shown on Chart 12.

These three points were selected at random,
but compansons at other points would prob-
ably indicate sumilar results

The matter of laying out the net-work of
vemns upon which the movements are to be
concentrated 1s, of course, a matter of judg-
ment. The chart, since 1t 1gnores existing
1mprovements 18 not an exact flow map of the
traffic which could be expected on any particu-
la1 street were that street to be improved It
does, however, 1llustrate the over-all needs of
traffic in the area, and should lend itself well
to planning, additional improvements for an
area, or to laymng out a major street system.
When the actual routes for improvement are
selected, estimates of the traffic which could
be expected to use them should be prepared
taking into account the usage of those im-
provements in conjunction with the existing
street system.

Charts similar to those shown for passenger
cars are being prepared for truck movements.
Charts relative to transmit passengers and to
means of travel to and from work, shopping
and recreation are also being prepared. These,
however, will not be 1n such detail.

MR JonN Picron, Planming Commassion,
Kansas Cily, Muwssouri: Do not the existing
highways have an influence in Chart 6?

Mr Hossack The lines along which the
bands are drawn were laid out to follow the
centers of gravity of tracts (that 1s, center of
gravity for ongins and destinations) to as
great a degree as possible. Actually the main
street of Omaha, Dodge Street, lies East and
West, several blocks to the North of the major
flow band shown on this chart We tried to
steer off existing streets as much as possible,
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unless they happened to fall on the desired
line. Of course we did use the location of the
external stations as a focal point.

Mzr. Roy E. JoreENSEN, Connechicut Stale
Hyghway Department: Is it your opinion, or
have you made any deduction, as a result of
your survey, to the effect that knowing where
traffic bound for the central business area origi-
nates gives the basic data needed for the rest
of the traffic? It is very stnking to note from
Chart 6 and from previous illustrations that
the large volumes of traffic you are bound to
think of 1n relation to express highways are all
concentrated on a focal point which is the
center of the city.

Mr Hossack: I think the other illustra-
tions will indicate that. These bands look
pretty large, however you will find heavy
bands 1n evidence on other charts also.

MR. Roy E. JorGgeNsEN: If you ignored the
other zones and found only the origin of traffic
bound to the central business area, would you
have the picture you need in planning express
highways?

M=z. Hossack: This illustration shows
only the traffic which has either 1ts origin or
destination in the central business district.

Mz R H. Baupock, Oregon State Hyghway
Commassion: You stated that the 1944 traffic
volume was approximately twice that of 1941.

MR. Hossack That is for the external traf-
fic, not internal, -

Mz R. H. Barpock® What was the rela-
tionship on internal cases?

MRr. Hossack: We have no exact data on
that. On the rural roads we have had
numerous prewar traffic counts TUntil re-
cently, however, we didn’t delve in city
problems. A rather extensive traffic survey
was conducted by the city of Omaha during
1939 From a check of the counts made in
that survey, and those made recently, it
would appear that present internal traffic is
approximately 75 per cent of prewar

Another thing I forgot to mention is that
this series of charts is entirely based upon
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1944, autumn week day average traffic, that
is, the traffic during the period of our survey.

MRe. R. H. Barpock: Don’t you think that
the changes of the traffic pattern due to
location of war plants are reflected mn th
charts? .

MRr. Hossack' I think they are, and on
Chart 11 you will note the effect of our major
war plant on traffic  On that chart all bands
to the south are matenally affected.

Pro¥. Bruck D. GREENSHIELDS, Yale Uni-
verssly: Several years ago E P. Goodrnch
published a paper in Cusl Engineering in
which he showed that the population pattern
of cities followed the bell shaped curve which
portrays what is known as a ‘“normal”
distribution. In the charts shown here 1t
will be noticed that there is a concentration
of traffic about the generating centers which
grows less as the distances increases. Is
there not a normal pattern of city traffic
which can be used as a guide in city planning?
Different types of industries and concentra-
tions of population generate certain traffic
which in turn needs certain streets and arteries
to carry it. Traffic planning is analogous to
designing a water supply system First the
demand is calculated and pipes and conduits
of the required capacity installed. To design
traffic-ways of adaquate capacity one must be
able to accurately estimate the demand

Mr E. H. Howmes, Public Roads Ad-
ministralion: What 1s the volume represented
at the widest lines at the center in Chart 12?

MR. Hossack: About 16,000 vehicles per
day on 1944 basis

MRrg. Hormes: What 18 the volume of traffic
on the heawviest street in that direction?

Mg. Hossack® I do not know for sure;
Dodge Street, which is several blocks to the
north of this band, carried around 15,000 to
18,000 vehicles per day.

I am not sure as to the volume of traffic in
the downtown district. There can only be
about so many vehicles on any streef of a
certain width When one street becomes
congested, traffic moves to nearby streets.
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Thus you have dispersion of traffic on several
streets 1n the downtown area

In studying Chart 12, 1t might be well to
note some of its limtations. Were artenal
streets, or expressways, to be bwlt upon the
approximate hnes of all the vanous bands
shown on this chart, it 1s probable that the
traffic movements would he approximately
those shown However, if but a few of the
routes were to be improved, as undoubtedly
would be the case, then further traffic esti-
mates on those routes would be necessary, as
the improvement of any route to hgher
standards would very probably attract some
traffic which has been assigned to another
band, that is, of course, assuming that no
new improvements along the hne of the other
band were contemplated For example, we
have assigned traffic travehng from Benson
(Northwest of “H”) to the central business
district to the diagonal route between these
two points. At present, no route exists along
this line. In case an expressway was con-
structed approximately straight west from the
business district, and no improvement was
made on this diagonal route, some of the
traffic between these two bands would
naturally be attracted to the other route.
Thus we should need to make a new estimate
of traffic.

At this point it might be well to point out
that in assigning traffic movements to the
various veins we have tried as much as possible
to keep traffic away from the congested central
area. For instance, traffic from the northern
section of the city and west of 30th Street -
which was destined south of Omaha or fo
Fort Crook was assigned to the ven just to
the west and parallel to 30th Street. How-
ever, were an expressway to be constructed
along the genersal lines of the band running
north from the business district and then to the
northwest, that route would attract & con-
siderable portion of such traffic. Therefore,
once you have selected the system of streets
which are to be improved, a new analyss of
the traffic which could be expected to use
those routes should be made This would
necessitate reassigning the various move-
ments to these routes giving due weight to
service offered by them as compared to that
offered by existing streets. Chart 12 gives a
composite overall picture from which to start
planning. You will note that on Charts

3 to 11, inclusive, the numbers of tnps re-
presented by each movement are shown.
Thus if you question the vemn to which a
movement is assigned, the numbers are all
there, and you can assign it as you see fit.

On Chart 11 the numbers are the expanded
vehicles per day to or from each tract, with
the other end of the trip at Fort Crook or the
Martin bomber plant. In drawing the chart
we tried to assign movements to a direct
route msofar as practical We did, however,
consolidate these movements on more or less
of a trunk as they proceeded toward Fort
Crook.

Mr. Burron W. MarsH, American Aulo-
molnle Association: What sort of a basis have
you in mind for estimating the traffic volume
for a certain part of a route, that you would be
expected to have 20 years from now? Are
you going to seek from the city planning people
their ideas as to what will be the development
1n certain areas? Or what criterion will you
use to measure the large growth which will be
expected 1n many of the radial directions and
which 1n some way must be estimated to de-
termine the capacaities for which you will bwild
the new highways?

Mgr. Hossack: The City Planning Com-
mission has mformation relative to land use
and the portion of the city they expect to
build up in the next 20 years, but frankly,
as to means of projecting the traffic into the
future we are seeking ideas.

Mz. Barpock It is my idea that what you
are now presenting are basic data which can
be used in the future to project and design a
system of express hghways and arterial
routes, either through or around Omaha, to
serve that city, not only for the present, but
for some reasonable time in the future. Itis
our custom in Oregon to assume an amortiza-
tion period of 30 years; therefore to project
the traffic 16 years hence, and we have been
rather loathe to use any data secured in the
war years, or this immediate post-war period,
because the economy is entirely out of gear.
For a time we experienced a war economy, now
we are in a conversion economy from war to
peace. I beheve it is better to use traffic data
secured in 1941, which was the last normal
year, except in those cities where the impact
of the war has developed certain industries
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which will have lasting social and economic
effects upon the City. I understand you
intend to use these data leading to the major
objective of the design and construction of
arterial highway routes; to make the studies
of movement of traffic from a certain origin
to a certain destination and to demgn a
facihty to serve that movement

MR. Hossack That 18 correct Incident-
ally the traffic on rural highways was based
upon 1941 traffic counts. We have taken thie
hiberty of calling this the post-war traffic, as
we are approximately back to that traffic
now

MR. Barpock: Won’t you find that when
you do make a projected design of a certain
arterial road, that that artemal, if bult
correctly, will steal traffié from roads adjacent
to 1t, and also will generate traffic that never
existed before?

Mr. Hossack I think that to be true.
I very much doubt, however, that Omaha 1s
thinking 1n terms of expressways They are
thinking 1n terms of further improvements to
existing streets, and perhaps the construction
of certain extensions and cross connections
which are needed. In other words, with our
highest traffic volumes approximately 20,000
in the heart of the aty, super lughways are
perhaps a bittle beyond the needs of the cities
in the mid-west Consequently at the present
you don’t hear people in a city of the size of
Omaha talking much about super-highways.
The time 15 coming, when they will be inter-
ested in that type of development, but before
that time comes, information may be gathered
on normal conditions, so as to have available
the more exact data which 18 necessary

MR MarsH: Do you not beheve there 18
some volume beyond which it becomes more
economical to construct a freeway than to
provide the needed capacity through street
widening?

Mr Hossack: I certainly think so, al-
though 1t may be doubtful whether Omaha
has reached that stage. Unless the economy
is self-evident the average individual balks
at the expenditure of so many mullions of
dollars mght off the bat It is a process of
education and must be gradual.
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MR Marsu* Isn’t that a job to be done,
to show that at some volume economy makes
a freeway justifiable and to sell that fact to
the people?

Mr Hossack* You still must keep your
feet on the ground. Nebraska only gets
$700,000 per year of urban funds and that
doesn’t all go to Omaha.

My point 1s that with only $700,000 to
spend, and with hmited funds available to
the City of Omaha, we in Nebraska are not
m a position to embark upon a 20 or 30
mllion dollar super-highway program We
had better take the money available and fix
some of the rough streets we have With
these funds we could 1mprove some of those
streets, resurfacing and widening certain
streets for artenals, and bulding such cross
connections as necessary The funds spent
for such improvements as these will give
greater service per dollar than they would if
spent on a mnute fragment of an expressway
system As for the survey, I think that 1t
will have a long time value The city plan-
ning commussion doesn’t have too large an
organization or much power at present but
through their reports and through the Cham-
ber of Commerce and Citizens Planmng
Commuttees over a period they have an effect.
I think that the recommendations which
they will make and the use they will make of
this report, 1n recommending & long time
program, will sometime lead to an mtegrated
system of arterial streets and super-highways.
We aren’t to that stage yet We need the

- money for httler things

MRr. Lynca* I may be able to shed some
hght on the point made by Mr Baldock with
reference to the use of data obtained durng
the war. Figure B shows how traffic was
projected on & proposed expressway in Tulsa,
Oklahoma. The traffic from zone to zone
was analyzed on the basis of speed on existing
streets and that assumed for the expressway.
T am not sure of the exact relationship but
beheve that 1t was assumed that traffic would
move about three times as fast on the express-
way as on existing streets in congested areas,
and about twice as fast as on other streets
The number of trips is indicated by the width
of the band

There 1s an aircraft plant in zone H-3 and
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tnps to that plant are shown below the narrow
band representing the proposed expressway
location and all other trips are shown above
the hne. You see the aircraft plant traffic
ncreases a8 the west caty it is approached,

321

potential automobile trips when restrictions
are removed. With this method of analysis,
1t was possible to take into consideration
probable post-war changes in the automobile
traffic volume
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Figure B. Estimated Volume of Existing Automobile Traffic that Would Use an Expressway
Located Approximately as Shown in Tulsa, Okla., and the Amount of Increase That May be Ex-

pected in the Immediate Future

and other traffic increases as the downtown
area is approached

The dark shaded portions on the outside
are trips made as passengers 1 automobile,
streetcar, and bus, by people who said they
would have used their own cars if 1t had not
been for war time conditions This represents

MR. Bawpock* I believe that 1t is one of
the functions of the Highway Research
Board to pomnt out to aty authorities the
necessity for the correct location of express-
ways, to encourage discussion and to create
public sentiment, so that, as rapidly as pos-
sible, the city authonties will reserve certain
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areas by zoning or purchase of needed mght-
of-way, as, otherwise increase in property
values may prevent the building of such
facilities at the time they are absolutely
needed.

In most cities it is almost always true that
by thé time the money is available the
opportunity is gone, because of lack of
planning.

Mr. LyncH. The Kansas City survey was
made jomntly by the State highway depart-
ments of Missour: and Kansas and the analysis
was coordinated under the direction of Mr.
Picton, Chief Engineer of the Planning Com-
mssion, Kansas City, Missoun Mr John
F Harbes, Planning Engineer, State Highway
Commission of Kansas, will tell us something
about that survey.

MR. Harses: I should hke to add a bit
to the discussion before reading my remarks
The approach in our survey was to project
the reported ongmn-destination of traffic as
the crow fhes, so to speak. In other words,
straight hne diagrams, or desire lines were
developed. We have given little attention to
present routings.

We have felt that we are Little concerned
in this type of study with travel habits at
the present time. What we want to know 1s
how they desire to travel? A few of the
details of the approach to the analysis are as
follows:

We first prepared the straight line diagram
from which we think we have a reasonably
good idea of the pattern of movement within
the ity From that pattern we have selected
certain routes of travel that seemed to best
fit the pattern. We have selected not only
one route, but alternate routes

After those selections were made, they were
plotted on a map of the city. Based on
rough calculations we then decded which
of these routes would be of sufficient import-
ance to warrant their serious consideration
as expressways. For those routes to receive
further consideration, probable ingress and
egress points were decided upon

After this work had been completed we went
into the city and drove each street to deter-
mine the approximate speed at which vehicles
now travel and as a result a speed was estab-
lished for all streets.
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In assigning speeds we took 1nto considera-
tion certain future facihties which are now
planned by the city as stnotly city financed
improvements It was felt these facihties
would, when constructed, have an effect on
the traffic using the expressways.

In our actual projection work we took each
trp according to assigned speed for the streets
used and figured which was the quickest, most
economical way, for that person to make that
trip. In other words we took each trip and
put them on the proposed expressway at the
most advantageous ingress point and took
them off at the best egress point Trips
projected to the expressway were, of course,
only those tnps that could use the facility
to advantage.

It 15 amazing to me that such consistency
can be attained on a 5 percent sample in
figuring one route aganst another. In our
case we have two possible alternate, com-
peting limited access facilites We first
considered one as normal access, and the other
as limited, and then we switched them about.
Tt1s surpnsing how consistant the results came
out We have learned in traffic work, gener-
ally spealang, that unless you have a rather
pecubar situation, and that situation 1s quite
obwvious, you will find the flow in one direction
about equal to the reverse flow. So that we
now have consmderable confidence in the
results

Generally speaking, the Xansas experience
mn urban origin and destination surveys is
hmited to the survey and analysis of the, data
for Kansas City, Kansas, and to some extent,
Kansas City, Missoun The greater metro-
politan area 1nvolves a population of approxi-
mately 600,000 people. The Kansas portion
of the total survey represents only about 35
per cent.

The method used in obtaining external
origin-destination traffic data was, I believe,
the usual method, wherein 100 per cent of
the traffic moving on the prnciple roads
adjacent to the area was intercepted and
interviewed at the site. The internal phase
of the survey followed the techmque developed
by the Public Roads Administration com-
monly referred to as the “home interview”
type. The analysis of the data obtained at
both the external traffic stations and through
the home interview is believed to indicate
conclusively the wisdom of giving much
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attention to the matter of zoning the area.
While the analysmis of the Kansas City data
is only partly completed, it 15 evadent that
there 18 a good posability (at least a try would
ment consideration) of reducing the volum-
mous amount of work mvolved in projecting
traffic to certamn preliminary lines or proposed
facilities which have resulted from the over-
all pattern estabhshed from straight or desire
line dhagrams and that a more comprehensive
presentation of these straight line diagrams
can be made.

It appears that in zoning a city considera-
tion should be given to the geographically
natural barriers, culture make-up of the city,
size of zones and density of population in
each zone. Major streams, railroads, m-
dustrial areas, retail business sections, apart-
ment-house sections and ehte residential
areas should be zoned so they may be easily
identified. It is not intended that this type
of zoning should be a substitute for the lot,
block and tract breakdown generally proposed
for this type of survey, but would be in addi-
tion to i1t. More particularly, ;n ordinary
residential and business sections it may be
found desirable to denote by zoning the hmits
of bhighted sections or the price range of re-
sidential property 1n given areas

Examination of the straight hne diagrams
developed in connection with the Kansas
City survey will show that oftentimes the
true importance of a movement is difficult
to evaluate because of the wide variation in
areas of zones and densities of population
within the zones. For this reason 1t appears
that an effort should be made during the zon-
ing process to establish an easily identified
relationship between zone areas and popula-
tion densities. If this relationship is known,
along with full knowledge of the character of
development (residential, business or indust-
ral), then the graphic presentation could be
more properly evaluated Under the method
adopted mn the Kansas City survey a high
volume of traffic exchange may prove to be of
less mmportance than a smaller volume of
exchange when the zone size and population
density 15 considered

A proper zone classification may also
sumphfy the correlation of present traffic
volumes with anticipated future increase or
decrease in volumes resulting from probable
future population changes. As a result of
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the cooperative effort on the part of the City
Planning Commssion and city industral
leaders, an estimate of probable future
residential development, as well as industnal
development, has been made for Kansas City,
Kansas These estimates show the probable
distnbution of population and industnal
employment by 1970. The probable changes
to take place 1n the city by 1970 are highly
significant and will unquestionably have a
substantial bearing on final recommendations
for expressway and boulevard facihties.

The traffic data obtained from the survey
have now been projected to certain align-
ments under consideration. However, the
techmque to be employed in giving considera-
tion to the probable changes in population
as they may affect these ahgnments is still in
the stage of conversation In this instance a
large part of the increased population will be
in areas now wirtually undeveloped. The
population 1n these areas at present and for
which automobile trips have been recorded,
obviously is not of sufficient size to permut
direct application of the pattern of these
trips as a pattern of distmbution for the
probable increased population.

The brightest ray of hope seems to be the
possibihty of analyzing the metropolitun
area as to classification of development and
to determune from such an analysis where
employment is most hikely to be provided for
the class of people that would live in the newly
developed area The condition prevailing 1n
Kansas City may be considered as the unusual
one; however, this sifuation suggests the
refinement of survey techmque in anticipa-
tion of such conditions It is beheved that
careful zoning may be worthwhile in that it
would possibly provide a partial index n
making necessary adjustments in the traffic
projections to fit probable future population
changes.

Another observation concerns the purposes
of trips during the peak hours (morning and
evening) as projected to the alignments under
consideration, Approximately 80 to 95 per
cent of the trips projected to the alignments
under consideration during the morning and
evemng peak hours was found to be to and
from work, as compared with 65.3 per cent
for all trips recorded during the survey.
| While these findings are perhaps not greatly
different from those expected, the venfication
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of this fact seems to suggest the advisability
of giving consideration to a simplified pro-
cedure 1n obtaining the field data, particularly
if 1t is consistently found in similar surveys
that the work trips are overwhelmingly
predominant during the peak hours

TABLE 1

PERCENTAGE OF WORK TRIPS OF TOTAL AUTO
DRIVERS DURING 4 HOURS FROM 7-9 AM & 4-6 PM

AM PM

% %

State Limited o1 02

Balance of Projected Trips 87 82

Ridge Lamuted 80 78

Balance of Projected Trips 81 90

8 W. Boulevard Limited 96 84

Balanoe of Projected Trips 86 89

T, m od but not

; P8 OCCUIring 1N Per pro- " %
A of all trips (Auto) durn

period pe (Auto) dunng | &

l 88

Mg. JorgeNsEN: Was the traffic projected
on expressways on the basis of saving 1n tume
only or was it also based on other economc
evaluation?

Mr. HarBes: We had a great many
discussions on just how that should be done
and the best proceedure we finally developed
was to allow a certain distance to be traveled
on ramps entenng and leaving the expressway,
the speed on the ramps to be the same as
that assigned to the approaching street
This is a debatable pomnt but the more 1t was
discussed the more we became convinced the
procedure was nght We figured the equi-
valent of a quarter of a mile in time, so 1t
really is on time, yet it does take distance
mto account automatically. We allow a
quarter of a mile getting on and a quarter of
a mile getting off the expressway The over-
all process used 1n the project 1s relative and
we felt that as long as we were consistant in
method, we did not need to worry too much
about determining the relative factors of the
two facihties -

In the report, cost estimates on the different
alternate routes will be included

MRr. Barpock: It seems to me that imn
order to sell these things to the people, the
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monetary benefits gained by the improve-
ments must be shown, and after all, I do not
believe we can wait for all the money to come
from Washington. Many studies have been
made which indicate that the annual benefits
far exceed the annual costs It 1s good bus-
mess to build such projects, and if the people
of a city can be convinced that they are losing
large sums of money annually by using old
facihities, 1t may be possible to finance the
needed improvements locally.

Mr Lyncm* Oklahoma has been one of
the pioneers m this ongin and destination
survey work Two of the first city surveys
to be made were 1n Tulsa and Oklahoma City
and 1 addition to that they have done quite
a lot of work on external surveys around
smaller towns and cities i the State We
have so far discussed the surveys in the larger
cities, and 1t will be interesting to know some-
thing of the work in smaller cities So far as
I know, Oklahoma has made the only origin
and destination survey of a whole route of
considerable length, which 1s the route from
Oklahoma City to Tulsa. Mr. Hicks, who
had charge of that work, will tell us about 1t.

Mr Crarence Hicks, Jr , Oklahoma Stale
Highway Commassion: The Oklahoma High-
way Planning Survey made a traffic study
between Oklahoma City and Tulsa, a distance
of approximately 119 miles.

In the presentation of the traffic survey
data between Tulsa and Oklahoma Caty, each
of the 12 station locations 1s set out, the dates
and hours, the number of interviews, the per-
centage of interviews and volume expanded to
24 hr. Separate tables are given for each
station showing the direction of traffic flow,
number of vehicles, percentage of through and
local traffic, origm and destination and
percentage of passenger cars and commercial
vehicles. The volume of traffic found was
compared with that of 1941, 1942 and 1943
where possible

The analysis was made first for traffic using
U 8. Highway Number 66 from each of five
cities along the route, Edmond, Chandler,
Stroud, Brnistow and Sapulpa, and a further
analysis with regard to traffic on the same
highway between Oklahoma City and Tulsa
followed

Counts for turning movements were also
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made where principal county roads and other
State Highways jomned U S. 66 and were
presented m tables showing the count by
hours and percentage of the total for each
hour. A plat showing the turming move-
ments was also made.
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1t may not have reached either Tulsa or
Oklahoma City The percentage of through
traffic 18 rather large 1n each of these aities,
indicating that a realignment, of the highway
would be justified where the distance would be
shortened
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Figure C. Volume of Traffic on State Highways within McAlester, Okla., Having Origin or

Destination or Both Outside the City

In this study, through traffic 1s taken as
that going from Tulsa to Oklahoma City or
from Oklahoma City to Tulsa, excepting i
the study of individual towns previously
named where through traffic has been taken
as that going through the city non-stop though

The heaviest traffic 1s between Tulsa and
Sapulpa, 4,327 vehicles, while the lightest is
m the vicimty of Chandler with 1,626 vehicles.
The through traffic from Tulsa to Oklahoms
City 18 716 and from Oklahoma City to Tulsa,
544, making a total through traffic of 1,260
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vehicles. Present traffic 1s a.ppmximateiy
68 per cent of the 1940 traffic.

MR. Ly~nca: I too bhave a few figures for
MecAlester, Oklahoma, which will show the
method used in analyzing the traffic there
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might possibly be by-passed, but this is mis-
leading because a good deal of the traffic stops
1 the city.

Figure D shows the traffic passing a station
at the north edge of the city. The right-hand
shaded band 1s north bound traffic; the other
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Figure D. Distribution within and through McAlester, Okla., of In-Bound and Out-Bound

Traffic Passing the North City Limit on U S 69

Perhaps they will clarify a httle the kind of
surveys made between Oklahoma City and
Tulsa.

The bands in Figure C represent State
Highway traffic, that is, traffic that has origin
or destination outside of the city. The
mmpression is gained from this chart that there
18 a large amount of through traffic which

15 south bound traffic. It shows how the
traffic tapers off when it gets in the center of
the aity

TFigure E shows the traffic passing a station
at the south end. Most of 1t also feeds out
near the center of the aity, and the uniform
band in Figure C was made up of these two
wedges of traffic superimposed upon each other
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Similar surveys were made mn each of those
hitle towns

M=r. JorGENSEN: How do you account for
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the other 8 hours and we start at 6:00 o’clock
1 the morning, and work from 6 till 2, and
the following Monday from 2 until 10 We
think that we get comparable counts if taken

the difference in traffic going between the two on the same day of the week.
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Figure E. Distribution within and through McAlester, Okla., of In-Bound and Out-Bound

Traffic Passing the South City Limiton U S 69

cities, one direction having 700 and the other
direction having 5007

M=z. Hicks: I assume more business is
transacted in Oklahoma City than in Tulsa.
We take a 16-hr. count at a station. If we
start a count on Monday at 1, we can only
take 8 hours. The following week we take

Me. LyncH: Detroit has had experience
in analyzing ongin and destination data.
Therr survey, based on the analysis of group
ride questionnaires was one that we studied
1n setting-up the home mterview type survey.
Mr Lloyd Braff, a member of our Commttee,
was closely connected with that work, and
we should hke for hun to tell us something
about 1t
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MR Lioyp BRrarr, DeLeuw Cather and Com-
pany: I agree with Mr. Marye that 1t 1s the
practical application of the origin-destination
surveys which1s important and that the survey
1s only a means to anend. In Detroit we were
working toward an objective: and not the
appheation of a survey techmque.

In Detroit we were faced with a traffic
congestion problem prior to the war  Most of
the major thoroughfares were loaded dunng
peak hours beyond their capacity. As an
example, on a one-way street at a point
approximately three miles from the downtown
area, the peak hour traffic was 1n excess of
4500 vehicles. Several other major thorough-
fares were carrying 50,000 or more vehicles
per day. The City of Detroit was faced with
the problem of providing traffic relief Based
on its experience in street widening, the city
knew that such a program introduced more
problems than it cured 1t was evident,
therefore, that a network of expressways must
be planned to relieve the city’s street system.

The problem, therefore, was one of deter-
mining where the expressways should be
located to serve the needs of the motonsts, and
of laying out a major thoroughfare plan in
conjunction with the expressway network.

Severe traffic problems are created in
Detroit because of the heavy concentration
of employment 1n small areas. More than
70 per cent of all Detroit’sindustnal employees

work 1n plants having more than a thousand
obersons  Because of the interdependence of
®one mdustry upon another, industrial plants
are grouped in small areas, There are
approximately 10 so-called industrial areas
scattered throughout the city Each attracts
as many persons as downtown areas in cities
of several hundred thousand population.

The development of the network of express-
ways, therefore, required origin-destination
data which we did not have. We did, how-
ever, have a complete picture of the residence
location of all industnal employees in plants
employing more than 500 persons which was
obtained during the swap-ride program  This
mnformation included the location of the plant,
the shift the employee worked and his mode of
transpoitation It was 1deal information to
be worked up as an ougmn-destination survey

To this infoimation we supplemented a
study made prior to the war on the ongin-
destination and mode of transportation of
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downtown employees. The industnal in-
formation and central business cistrict data
were combined and used as a basis for our
ongin-destination matenal It was a very
complete picture except for the information
on outlying retail centers

The nformation was transenbed to flow
charts similar to those shown this afternoon.
The central busmness district of Detrnot is
located on the shores of the Detroit River here
and extends approximately 8 to 10 mules to
the east, north and west Its industnal areas
are located on a 3-or 4-mile cirewmt from the
downtown area 1n these approximate locations.

We divided the city into areas of approxi-
mately 1 sq mule each which were called origin
areas. For each industrial area, therefore,
we knew the number of employees who hved
m each origin area From these data, we
drew flow charts—one for each industrial area
and a composite of the entire city From the
composite chart, we attempted to locate a
network of expressways which would hit the
centet of gravity of the heaviest flow bands
throughout the metropolitan area

After laying out such a network, we apphed
the origin-destination data to determine the
volume estimated to use each of the roadways
This was done by taking into consideration
for each individual origin area 1ts location with
respect to its destination, the existing major
thoroughfare system between the two points,
the travel time which could be saved by using
the expressway, and the location of the
expressway with respect to the industnal
plants. In some areas, for example, as much
as 100 per cent of the automobile trips were
assigned to the expressway, while in others
close to the industrial area, no vehicles were
assigned to the expressway syshem In inter-
mediate areas, varymng percentages were
assigned depending on the benefits to that
area under study. The study of the entire
system, therefore, involved more than
10,000 combinations of possible trips. The
result of this analysis was a flow map indi-
cating the estimated traffic volume on each
portion of the expressway as well as the esti-
mated use of each ramp throughout the
entire network. In the downtown area the
apphication of the same data made it possible
to determune the location of ramps which
would best serve the public.

The downtown area itself was broken into
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10 areas and the origin-destination gave an
indication of the routes vehicles would prob-
ably take in tnps to their ultimate destination,

The ongin-destination data, therefore, was
used to locate the network of expressways,
estimate the traffic volume on each of the

routes, determine the location of ingress and
egress ramps and provide sufficient informa-
tion to determune traffic control methods in
the central business district. The next
step which is as yet uncompleted 1s an eco-
nomuc study of the entire problem

ANALYSIS OF SHORT COUNT METHODS IN MEASURING TRAFFIC

FLOW

Byx H. E. CunnNiNeHAM, Highway Engineer Economist,
Public Roads Adminisiration

SYNOPSIS

How short may a short count be? This perplexing question frequently occu-
pies the traffic engineer’s attention particularly on occasions when planning
extensive studies of traffic conditions. Not only must the engineer be assured of
obtaining reasonably accurate traffic information but the cost of the undertaking
should be kept to & minimum. The purpose of this paper is to report on an analy-
sis of short-counts varying in duration from 5 to 60 min. each and selected under
carefully controlled schedules.

Data from three mechanical counters geared to produce counts in 5-min. in-
tervals and operated for a full year period provided the basic material for the
analysis. Roads of dissimilar travel and volume characteristics were selected;
station 240 being located on a U. 8. numbered highway carrying 3790 vehicles
daily, station 124 on a well traveled State highway carrying 667 vehicles daily
and station 114 on a low densmty State highway or what normally might be a well
traveled county road carrying 248 vehicles a day. Results of applying 1440
schedule combinations of short counts in various 7-hour periods from 10 A M. to
8 P.M. are summarized as follows

Effect of varying the number and duration of short-counts on the average
percentage error of estimate of average 24-hour traffic
Duration 28-count schedule S6-count schedule

of count Sta 240 Sta. 124 Sta. 114 Sta 240 Sta 124 Sta. 114
min, o % % % % %
60 4.08 3.86 6.81 2.64 3.13 4 58
30 4 07 4.59 8.95 278 4.10 6.48
20 3 60 6.24 10.08 274 4.91 7 37
15 3.76 6.36 9.48 22 5.18 8.50
10 4.24 799 13.17 2.69 5.84 10.24

5 527 11.31 19.25 3.56 7.74 14.27

These figures demonstrate the effect of changes 1n number and dyration of short
counts on the accuracy of estimating average daily 24-hr. traffic The magnitude
of the traffic stream to be measured also has an important bearing on the selection
of a schedule as can be seen by reference to the figures for individual stations. In
actual practice, however, where a short-count schedule is insufficient within
itself to reproduce the universe, adjustment factors must be borrowed from a
related station. The effect of this adjustment on the resultant accuracy of the
work is shown 1n the following summary using short counts taken during the most
favorable 7-hour counting period (from 1 P.M. to 8 P.M.) and under a 28-count
plan-





