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ANALYZING TRANSPORTATION KEEDS CF URBAN AREAS~-A NEW TECHNIQUE
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By Thomas E, HacDorald
Commissioner of Public Roads

The past few years have seen a striking growth in the so-called
"public oninion surveys." Automobilé manufacturers have attempted to get
a Jump ahead of their competitors by questioning drivers as toc the details
of apnearance, operation, and performance of the vehicles they would like
to be driving, Similarly, processers of foed have found, for examnle,
that the size, chape, and future usefulness of the container sometimes
have ag great an apneal to the customer as the mreduct it encloses, and
accordingly have directed their packaging policies with due regard to the
results of opinicn surveys., Government agencies have by a sampling tech-
nique determined the probable consumer demands for many preducts once
peace releases our war machine for the production of civilian goeds., The
best known users of this survey technique are, of course, those who con-
duct the public opinion polls that reveal with such startling clarity the
political thinking of the country.

If such a wide variety of items in cur daily lives can be precisely
analyzed by a samplirg wrocess, why cannot the American public's travel
habits and needs be similarly analyzed? 3Before answering this guestion
let us look briefly at the reason for asking it.

At the time of passage of the original Federal Aid Road Act in
1916 very little highway improvement had been comnleted. Although city
streets were generally paved, the mileage of improved rural highway was
smell indeed, What mileage was improved extended from the cities in more
or less groping fashion into the nearbyr rural areas tc provide some
measure of relief from the confinement of the city to the urban motorist
who wished to extend his travel horizons, and to induce a greater volume
of trade to the mutual benefit of the city merchant and the rural consumer,
By the time of enactment of the Federal Highway Act of 1921, however, a
number of States had recosmized that orderly development of highway trans-
portation required the establishment of a system of rcads of the first
order of importance on which exmenditures for improvement should be con-
centrated, This first Federal Highway Act endorsed this princinle, and
substituted for the haphazard improvement characteristic of the early days
of the automoblle the construction of a connected system of highways known
tien and now as the Federal-aid highway system.

Over the course of a cuarter century, by a consistent adherence to
the sound policies of the Federal Aid Highway Act as it has been amended
from time to time as conditions demanded, improvement has been extended
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to all of the more imvortant rural highways, Today we find it possible
to travel with comfort znd generally at nearly any reascnable desired
speed between virtually any tws commuinities in the country.

True, many miles of highway barely suffice for the present traffic
volumes, and will have to be increased in capacity and iznroved in safsty
fzatures Yo meet posi-war traffic demands. Moreover, many miles have
suffered frem the concerntration of wartime loads and the inability to
provide needed replacement because of wartime skortages, Much still
remains to te done to our rural system merely t¢ keen abreast of the nec-
egsery demands »f travel,

But by contrast, from the standpeint of moving traffic, the main
rural highways have attained a degree »f inprovement far beyond that now
Zeund cn the city street, Eere surface conditicn may still e adequate,
but in often repeated instances traffic has become almest hepelessly
snarled and interzal novement is experiencing s slew stagnation, Our
najor problem of tomorrow is to bring the main rural road systex up to
its full utility by greater efforts at its extremities, We must free
the main rouies through and inte the cities of their increasing cenges-
tion, and we must build the essential feeders in rural areas. Products
mast more from farm to market, from industry to consumer, and neople
must rove from henme to work and in their social and recreaticnal pursuite
freely and efficiently if we 2re to develop effectively the rescurces of
the Nation, Restrictions to movement at tine ends of the Jjourneys, with
which we shall be faced scon after the war, will Te as intolerable as the
resistance of the mein line mud of the early twenties,

Both in magnitude and complexity the city wrcblem stande 25 a
challenge. &+mroxirately half of the total vehicle niles of travel are
perforred within the linits of municipalities. Almeost exactly half of
the motor vehicles recgistered iz 1941 were cwned in cities having a
popuiation of 10,000 or meore. Tne importance of the ¢ity to rural high-
way traffiec is seen in figures that show that over 85 percent of all
trips on the rural highway have elther their origin or Cestilnation, orf
both, within nunicinalities. Undeubtedly rany of the remaining 15 percent
of the trips that have both rural origin.and destination pass through one
or more jzcorporated places, The influence of the city extends outward
from fve limits 2long the rural highways, ar influence taat is reflected
in rural highway traffic for distances up t¢ 35 miles from the largest
citles, BEven cities of as small zs 10,000 population have an effect on
traffic for distances of 5 to 6 miles beyond their boundaries, The magni-
tude of the problem is thus the result of the combination of the internal
moverient within the city itsels and the volume of traffic attracted to
the city from its outlying suburban and rural areas.

The complexity of the predblem is cobvious to any whs drive in city
treffic, TFarrow streets are exmected to serve traffic of all character-
istics, Ioprovements in the form of new routes or widenirng of existing
sireets are Lenpered ¢r prevented by highly develoned and consequently
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nigh-valued property. 4ll classes of vehicles--passenger cars, taxils,
trucks, busses, and sometimes streetcars—~rust be accommodated. Pedes-
trizng are 4ifficudlt or impossible of controel. 4nd generally the streets
re expected to serve ae terminal facilities for private passenger cars
and for trucks, busses, and streetcars as ther siop to load or discrarge
cargo ar pASSEngers,

HZighway admirnistratcrs heve long been aware of the existence and
irmortance of this condition, The urgency of the urban problen was empha-
sized particularly in the report "Interregional HighwaysY prepared by the
Tationel Interregional Highway Committee and transmitted to Congress by
the President on January 12, 1944, The material on whick this report was

n large part based had been develoved as a result of years of study and
research by the State highway departinments through the highway planning
swveys, in a nomber of States, city and State officials have been actively
colliaborating for nany years in the Jeint solutisn of this coomon provlen,
And it is prchably largely because of tie mass of factual inferration on the
whele sitreet and highway prcblen that hes been assembled by these planning
surveys that legislation ncw before the Congress propases for the first time
sensinuing apyrepriations in significant amount earmarked for expenditure
zolely within urbarn sreas,

Eecause the problem of urhan travel is common %o State and urban
agencies, a separaticn of the responsibilities for the sclution of its
coimpenent parts is difficult and nrobably undesirable, A satisfaciory
selution reguires a truly cooperative aprroach,

An improvement on a main thrcugh route aver if designed primarily
to 2id rural traffie anvrcaching or wvassing thrcugh the city will inevitably
worX to the benefit of the city travel, The new facility, undoubtedly
superior to the parallel streets, will attract te it substantial velumes of
rurely intracity treffic., BSiudies show thet on present routes through cities,
improved only by widening end mofern traffic contrcl technipues, traffic
volumes inerease frcm figures such as 4,000 to 6,000 vehicles per day at the
city limits to as high as 30,000 near the center, even in mediuwn sized cities
of 200,000 to 300,000 population. That the volumes in tne larger cities are
not greater on such streets probably means thet this figure represents
aporoximately thelr reasonable capacity,

To gauge the externt that city traffic will be attracted to a suverior
Tacility requires a knowledge of the entire city's travel needs, now and in
the future, and of how the facility itself may szrve to remcld the city
travel pattern, facility well lcecated and adegustely designed can aid in
the orderly develomment of the community zlong sound planned lines; one
imPr0perly nlaced or inadeouately d951gned can retard if not prevent this
desirable urban development.

Turing the course of the rural highway planning survers, technipues
for studying rural needs had Deen worked out in detail, TVolumes of traffic
had been recoried both nanually and by various mechanical or electronic
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devices designed for the purpose, Origins and destinations too had been
determined in rural areas and on roads aporoaching cities of various sizes,
ir the latter cases generally to find the amount of "bypassable" traffic.

A variety of procedures were develoned to fit various conditions invelved.

But none of the precedures develoved for such areas was entirely
anplicable to urban travel studlies, not so much because the particular tech-
niques could not be applied to the nmore intensive problenm, dut more because
of a difference in fundamental concent of the dAifferent studies.

In both rural and urban areas the end resuli desired is the same--
a measure of the novenent of mersons and goods for which preovision must be
nade, In rural areas this movement carn be measured with reasonable accuracy
in terms of vehicles. In urban areas, on the contrary, a study of the nmove-
nent of passenger cars, trucks, and busses is not enough, We must get dewn
to the basic measures of the travel of individuals themselves, whether it
be by private vehicle, bus, streetcar, taxi, or rapid transit. 1In the city,
effective planring calls for a detailed knowledge of the daily movements of
nasses of vneople, and the provision of facilities for that moverment by what-
ever type of vehicle is indicated as nmost anvpreopriate. And of course to
supplenent that knowledge is required an equally detailed knowledge of the
daily movement of goods and a wrovision of ecually appropriate facilities.

We come then to the reason for asking the guestion: "Can the vublic's
travel habits be adequately analyzed by 'ominicn surveys' ™ The reason is
that travel habits riust be deternined, and there seems t0 be no other feasi-
ble way to do it., The answer to this question is "yes." And the results of
surveys ¢f this tyme already comnleted in a number of cities back un this
affircative and vositive answer,

In the surveys now being conducted all travel for a specified day is
Cetermined for a revresentative samnle of the city's residents, a samnle so
carefully controlled that the results can be exnanded to show in detail the
total internsl movement in the city for a iypical day. Along with the travel
are determined a number of items of important corollary interest, The
success of this or any other sampling techricue denends on the selection of
& truly representative sample, of a known proportion of the universe in size,
or if the sample is not fruly representative of the entire universe, the
degree to which it is biased must be known with great accuracy. In select-
ing mersons at random for questioning about a certain issue, for examwvle,
care must be taken to determine such factors as their occurnation or income
group if it is expected that versons in different occumations or income
grouns might think differently on the issue. Then to determine the thinking
representative of the entire population, the results of the questioning of
each group are given a weight equivalent to the proportion that group is of
the total population, The difficult feature is not so much the questioning
Or the mathematical work of exnension of fthe eample. It is rather the
determination of the vroper factors by which to weight the results of the
Questioning,
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To aid in development of the method. of samnle selection the Public
Roads Aéministration was fortunate in having the cooperation of the Bureau
of the Census, That bureau, through the Division of Snecial Surveyrs,
regularly conducts surveys to collect widely varying types of data, gener-
ally using some sampling technique. Their recommendation was to select a
sample purely on a geographical basis, ¢n the theory that in a sample so
selected all other factors would be automatically included in proper
proportion,

Thus, for a travel habit survey by this means, the first reguisite

is the selection of a sample inflexibly chcesen as to geographical distribu-
tion, and adhered to in the interviewing without the slighest deviation,

The natural tendency of an interviewer, orn finding the occumants of a desig-
rated house absent, to cell on a neighbor must be strictly avoided, It
should be obvious, of course, that the travel habits of a person easily found
a% home must be gquite different from these of a person seldom there, but
this distinction is frequenily overlocked unless its impertance 1s stressed,

The size of the sample varies with the size of the city. In the
stialler cities in which surveys have been conducted, those with populations
up o about 150,000, a ten-percent sample has been used. As the size of
the city increases, and as the volumes of travel with which we must deal
also increase, a smaller sample is adeguate, In cities arsund 500,000 popu-
lation a five-percent samnle has been found to be sufficient, and for larger
cities in which studies are now contemplated, it ig provable that the sample
will consist only of one address in forty.

The manner of selecting the particular addresses to include in the
sanple varies with the city and with the material there available that is
useful for the purnose., Generally the Sanborn maps have nroved moet helpful.
Where coverage by these maps is comnlete and they are reasonably up to date,
the street and number of each unit to be interviewed may be listed directly
from the maps. These listings nmay be checked by a variety of means such as
city directories, Census statistics, water or other utility company records,
assessers! records, and other sources, No single method of samnle selection
is arbitrarily determined in advance, Instead the sources in each city are
reviewed and the most comnlete and accurate used as z base, with other less
detailed records used as a check., 1n newly developed or outlying areas it
is sometimes necessary acturlly to list all addresses from a ground survey,
and to select theose for interviewing from the list,

Whatever method is used, a gsample is selected generally by working
entirely around each block and advancing block by block throughout each
census tract., The census tract is used as 2 basic unit of area tecause it
i1s usually of a suitabdle size to serve as a2 useful zone of origin or desti-
nation of travel for analysis purposes, and also because of the large amount
of data on population, housing, and other trends that are available for all
cities by census tracts, These data can obviously be of material value in
estinmating the trends of travel in the various sections of the city.
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0f equal immortance with the selection of the sample is the gelec-
tion and training of interviewers, for the success of the survey depends
on the ability of the interviewers to obtain full and accurate information.
This in turn ig dependent on the manner in which the interviewer presents
himself or herself to the residents of the selected addresses, and the
thoroughness with which he or she undersfands the purposes and needs of the
survey.

In nearly all of the surveys thus far conducted the responsibility
for the work has been assumed by the State highway department, and the
immediate direction of the work has been assigned to the highway planning
swrveys, where personnel well qualified by experience and training are
available to organize and supervise the study. Generally, also, various
city and local agencies have cooperated, principally threough the provision
¢f office space and gsome personnel assistance., In substantially all cases
the Public Hoads Administration has assigned one or more men to assist in
the organizational and trairning phases where the experience they have
ebtained in previocus surveys is most valuable.

) Jzpable interviewers have been obtained without difficulty through
the employment services for all surveys thus far undertaken. Women have
been found to make the most effective interviewers, and they are also more
easily obtainable than men. Wives ¢f service men, school teachers during
their vacations, or local housewives desirous of augmenting their femily
income represent the largest sources of interviewers. In some surveys high
school boys have been employed, but they are not believed to be as satis-
factory as women of more maturity.

The job of obtaining the desired information can be greatly facili-
tated by good advance publicity. Newspaper and radio releases properly
timed have been very helpful, but of even greater value are post cards
signed by the mayor or other official and mailed to the prospective inter~
Viewee two or three days in advance of the scheduled date of the interview,
Cooperation in publicity has invariably been of the highest order, indicat-
ing not cnly a desire on the part of the local agencies to assist in the
work, but also a recognition of the need for a realistic apnraisal of the
area's transporsation needs.

With the crganization to obbtain the needed data established and
trained, and with the public encouraged to be ready with the answers, what
then are the questions that we ask? The questions are designed to elicit
information principally on the number of trips by various modes of trans—
vert and their definition by place of origin and destination, the purpose
of the travel, and the place and purpose of all steps.

The interviewer first ascertains necessary informatien for the con-
trol and expansicn of the interview data, such as the number of persons
Tegularly living at the address and the occupation and vnlace of employment
of each, Then fer each individual of five years of age or clder, details
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of each of his or her trips for the previcus day are recorded. 4 trip for
this purpose is considered to be a one<way trip from origin to destination,
such as from home to work or to school,. or vice verga. The origin and
destination to the nearest dlock or strzet address, the time of starting

and arrival, the type of transportation, whether as a car driver, a rider

in a car, or as a public transportation-passenger, and the purpose of the
travel are recorded for all individuals questicned. For those who drive
cars, further questions show when and where the car was parked, in some
cases the majer streets traversed, and in all cases whether or not the
driver passed cne or all of a few well known points such as bridges or via-
ducts, referred to as control points, The place of each stop en route and
its reasen, such as for shopping, to get gascline, or to pick up a passenger,
also are recorded. These guestions are considered to be the minimum by
which a reascnable analysis of the travel can be made. In some cities addi-
ticnal data have been obtained, such as more detall on parking where that

is an important factor,

It will be seen that the information is requested for the "previous"
day, ALl interviews zre scheduled from Tuesdays to Saturdays so that the
travel data obtained are representative of weekdays, Monday through Friday
only. It is this travel that is important in the daily flow of traffic in
the city and it is this travel that has been least affected by wartime con-
ditions., Week-endtravel is so abnormal now as to make its determination of
little value, With the resumption of #more nearly normal conditions, sampling
of week-end travel by fthls same means will be desirable,

Information thus obtained will show the travel of residents of the
city on a typical day of the season in which the survey iz conducted, This
residential survey, however, leaves geps in the total internal movement
that must be filled in by other, but similar means.

Truck travel i1s ignored in the residence interviews., It is obtained
Ty recording a selected day's travel, including all steps, for a represent-
ative sample of all trucks garaged in the city. Where the information
cannot readily be obtained for the vrevicus day, drivers have not objected
to keeping a log of the following day's trips on a form provided. Similariy,
information on taxi travel is obtained, using the manifest sheets in cities
where such records are required, and elsewhere by requesting & represent-
ative sample of drivers to log a day's travel, 3Bus and streetcar trips
(the vehicles, not the passengers) are determined from transit company
records,

By such means all internal travel is accounted for., Added to this
internal movement is the travel of nonresidents entering or leaving the area,
determined by actual road interviews, The area included in the internal
survey lies within a cordon which is cut by various radiating routes., At
Bach point where any such route carrving a significant volume of travel cuts
the cordon, traffic is stopped and its travel within the city determined,
with detail as to purpcse and stops, as in the internal survey.
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Added altogetrer these several compernents provide a measure of the
total travel, its origin and destination, and its purpese. How accurstely
is this measured? ;

There are twn checks that are readily applied. The first is to test
the adequacy of the sample as tc size, which may be done by interviewing
far an ares, such as a census tract, net only the particuler selected sem-
ple, but cther samples of the same size or even the entire area. Bach
sample is checked against the other or each, expanded, is checked against the
total, Such checks in the early surveys showsd such a rerarkable accurccy
that they are no longer considered rcecessary.

The other test is rot only a test of ihe adequacy of the sample in
z statistical sense, but a measure of the completeness with which the
travel is determined by the interview method., This test sizmply determires
from the heme interviews and the exiernal suwrvey the number of vehicles
reported to have passed the varicus control points zmentioned earlier. The
figures thus dstermined can be checked by a volume count takern during she
souree of the survey. 4 check of this nature will also show immediately
whetner there is a reluctance to renort or an inability to recall all travel.
There has been speculation, for example, es %o whether a driver might recall
all of an evening's recreational travel, either because of a real or fancied
misuse of his gasoline ravicn er for tther reascns, There is little question,
hewever, that all home to work and wcrkx to home trevel will be recalled, and
that travel accounts for 85 to 90 percent of all morning and evening pesk
traffic, Thus, if the "interview" volume checked the actual corunt at the
centrol points during morning and evening peaks bBut snowed a deficiency
guring evening hours, it could be assumed that the business travel was com-
vletely repor-ed and that other travel was nct, and zpprenriate adjustnents
rade in interpresation of the figures. To date no eanalyses have progressed
tn the stage of contrel point checks, but preliminary information gives
reason for condfience that substantially all travel is properly reparted.

Analytical work regquired in the surmarization of the Tesults is
straightforward and rapid, using punch card processes, Questionraire forms
are designed to be largely self coding. Funching, sorting, and basic tabu-
lations of origin, destination, end {rip purpese are completed easily and
quickiy. The cards are then available for the more comprehensive and time-
consuming analysis cf the probable travel needs of the future as influenced
Dy the changes in the ¢ity structure and other faciors to the extent that
they can %We forecast.

The methods emnloyed in these surveys are advantageous in many
Pespects, From an administrative viewpoint some of the favorable features
are the following:

1, They can be confucted with personnel now readily obvainable,
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2. Their cost, both in value of returns arnd in comnarison with
sther tynes of surveys, is low, 4 survey of an area including as many
as 1,000,000 residents may be conducted for $50,000, smaller areas for
much less.

3. They are beneficial from the standpeint of public relations,
Interviewers have been very favorably received, and the opopertunity to
carry a message into as many as 10 percent of the homes in the area, to
show that officials are making studied efforts to provide transportation
services of greatest utility to the individuals themselves can be expected
tc gain public support fer the measures proposed as a result eof the swrvey
The people will kmow that they have had » part in the solution.

4. They provide information that can be kept current with a mini-
nun of effort and cost, Trends in factors influencing travel needs may be
kent up by regular sampling of the sample, and checked by cccasional '
repetition of fthe entire work when it is theught that conditicns have
changed sufficliently to require a resurvey. A small group steadily
employed at interviewing and a minimum of analytical work will keep data
constantly current.

5. They provide the basis for a commlete study of travel needs by
all agencies concerned and give opportunity for a coeperative apnreoach to
the solution that is best for all interests, Conflicting propesals
advanced by a variety of agencies in a metrovolitan area may be compared
~agalnst the facts, rather than against one another.

From the viewpcint of the analyst who must interpret the figures
obtained and forecast what may be expected a good many years hence, these
surveys also offer many important advantages.

1. They show all travel within the ecity, whether it be by residents
or nonresidents, Furthermore, they show travel by all modes of transvor-
tation and are not merely an independent survey of passenger vehicles, of
transit riders, or cther segment of the problem. The position of each can
thus be analyzed and provision made for facilities appropriate for the most
likely distrimution of itravel by the various modes,

2. They measure the travel needs of the community from area ts area,
even from block to block if such detail is desirable, without regard to
dlstortion in present travel practices by existing street patterns, relative
degree of street improvement, or relative degree of transit service between
such zreas, The results of these surveys when considered in light of exist-
ing practices will show at once where the latter are distorted because of
inadequate planning er cperational deficiencies.

3, Analysis of present travel needs ig simple. Volumes of movement
between various areas by various modes of transvert are obtained directly
from the vasic tabulations first completed, General locations for necessary
improvements are shown at once, and as soon as tentative specific loecations for
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irprovenent are chosen, detailed analysis of the figures, block by bleck,
will mermit a clcse estimaie of the prodable volumes that may be expected
under present conditions.

L4, Allewences may be resdily made for changes that will ccme with
conversior from war to peace. Travel to and from given wlants or areas
ray be elimineted, decrezsed, or increased in accordance with the best
judgment ae to the future activity taere, and moreover, the effect of the
crhange mey be traced threughout all parts of the city. Similarly, the
effect may bte evaluated of slzckening in group riding or of the return ic
orivate vehicle from the use of public trenscortation enforced by war
necessities,

5. Trends in travel may be gzauged Yc some degrees =t least Tty trends
in other factors such as social, economic, and sccupaticnal status. 3y
rezsuring travel of recidents in aress such as census $rechs for which
trends in other factors are regularly recorded, it will be wnossidble <o
ferecast the amewunt of travel by varinus modes %hat should te anticipated
end approvriate provisions made for 1%,

6. Travel recuiremenis may be measured in relation to nroposed
urban develonment. If a new area shouwld, for examrle, ovrovide witnin its
confines shooning, sccial and recreational facilities, travel on arterial
streets or exgressways from that area for these purmposes will be unraces-
sory. The amount of movement that will be thus subtracted frem the majsr
thorsughfares can be estimated, and due allowance made in design, net cnly
for the artery but also for the circulstory system of the aresa.

Digcussion of these eurvers has teen wrimarily from the viewmeint
of the highway official, but the resultes should be of equal importance in
the vransit field. With the advent and grewth of free wheel public trans-
portatien the interests and responsibilities of the strest and highway
officials eon one hand ang transit »fficials cn the other kave been neces-
sarily drawn more and more closelr fsgether,

The officials resnensible for the improvement of streetsand highways
mwigt grovide facilities as mesrly as possible adeguate for traffic of bhe
¥Yolume and character expected during the life of the inmprovements. OUbviously
toth the volurme and character are dependent on many factors, smong which
policies of nublic transportaticn and ciiy arnd regional planning officials
are of paramount impcriance, Plasns for strest or highvay improvement in
urgan areas will never be effectively drawn ¢ executed without the full
Cooperation of all inferests involved., The interests of nublic transporta-
tlen and of over-all street and highway transocriation can never be diver-
gent, They must always be perallel, Indeed in many cases they are coincldent,



