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SUMMARY

Important Considerations in the Valley

The purpose of this document has been to present the basic factors
concerning urban transit, demand, technology, and usage. The object
was not to solve a specific problem or evaluate a specific proposal or
system. It is hoped that it will give the reader a better understanding of
urban transportation — why it occurs, how it may be modified, and, to
some degree, how it is viewed by the individual citizen.

Although no solution to the Phoenix transit problem was sought or
obtained, this summary will set forth some of the basic questions and
considerations which should be incorporated into future transport plan-
ning for the Valley area. It is not meant as a review of the material which
follows, much of which is to provide the reader with indications of the
consequences of particular answers to the following questions.

Most fundamentally, the appropriate people and agencies need to
make the basic decisions regarding the future growth of the Valley with
regard to size, dispersion of land use, development of core areas, etc.
These decisions will set the basic patterns and demands for transport,
and to a very large degree, define the transport technology which will
best meet the demands. Future transportation systems should be designed
to serve these basic factors as related to the Valley. Once these decisions
are made, it is equally important that there is the determination and
mechanism to guide urban development in the desired direction. It is
irrational to plan transport facilities on the basis of land use expectation
that have little chance of fruition.
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Secondly, the location of any system must serve the demand. Systems
which join only major retail or industrial arecas will not receive great
usage. The basic travel demand is from the home to a non-home location
and return. This is the service which needs to be provided by any viable
system. The more directly it can serve the home, the more attractive it is
likely to be.

The alternative transit systems available in conceptual and prototype
stage are extensive. They range from high-capacity, high-speed rapid
transit to those providing more flexibility and privacy than today’s auto-
mobile. There is no need for local or state agencies to develop new
technology; however, they should determine which is best suited for
their needs.

In the light of recent legislation, an imminent problem for many
communities will be the public financing of transit operations. Questions
must be answered concerning the degree to which non-revenue funds
shall be used. Should they provide capital improvements or should they
also supplement operating expenditures? Who should, preferably, pay?
Should non-revenue funds be used to support outmoded systems which
have no likelihood of ever being self-sufficient?

If public ownership of transit systems becomes prevalent in the
Valley, can new methods of revenue collection be developed? These
would need to be as efficient and equitable and less objectionable than
the fare box.

What specific actions can be taken to make transit more attractive to
the user? What operational changes are needed to meet one or more of
the guidelines set forth at the end of Chapter IV?

Those making decisions regarding transit must realize that they are
not planning for “others” but for the entire community. What is generally
attractive to one group of urbanites will probably be attractive to most
others. Specific groups will use a relatively less attractive system only as
long as they are restricted by social or economic forces. A system pro-
vided for “others” that “I” may improve the quality of “my” preferred
mode will not be effective.

Finally, what can the Valley, with other urban areas and the state
government, do to encourage or bring about innovation? If the individual-
ized bi-modal system, such as the StaRRcar, has potential for this type of
urban area, then what can be done within the next decade or two?

These are but a few of the important questions involved in urban
transportation planning. It is hoped that this will provide a basis for

Vi
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further informed discussion. Rapid change is difficult to accomplish, and
the future seems remote, but it must be remembered that the year 2000
is closer than 1940.

vii
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CHAPTER

The Urban Mobility Problem
Phoenix 1970

This chapter is concerned with the fundamental factors which cause
a demand for urban transportation and the variations of this demand
within the Phoenix metropolitan area. The basic premise is that trans-
portation is not an end in itself, but a response to the demands of the
people in this urban complex.

The period since World War II has been one of most rapid growth
for the State of Arizona and the Phoenix area. This growth has occurred
in the form of low-density residential developments accompanied by
decentralization of many retail, service, and industrial activities. The
area included in the City of Phoenix has grown as significantly as its
population. In 1950, the City of Phoenix had an area of 17.1 square miles
with a population of 107,000. In 1970, the preliminary census figure for
the 247.9-square-mile city indicated a population of 580,275. The annexa-
tion and population history of the incorporated city since 1950 is pre-
sented in Figure 1. The population growth of Maricopa County is also
presented.

A major characteristic of this growth has been the development of
only a few areas of high residential density. An examination of popula-
tion densities (people per square mile) revealed that in 1950 there were
only three square mile areas with densities over 7,500. In 1965, there
were also only three square miles, although they were not the same
three areas. Square mile areas with densities of 5,500-7,500 people per
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2 Transit and the Phoenix Metropolitan Area

FIGURE 1
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Growth of Phoenix and Maricopa County

PHOENIX INCORPORATED CITY MARICOPA COUNTY

July 1 Area (sq. mi.) Population Population
1950 17.1 106,818 331,770
1955 29.0 155,000 465,000
1956 35.8 170,000 500,000
1957 36.3 179,000 540,000
1958 52.6 242,000 580,000
1959 110.0 364,000 620,000
1960 187.4 439,170 663,510
1961 189.8 452,000 726,500
1962 220.2 468,000 758,000
1963 222.7 483,000 792,500
1964 222.7 494,000 819,100
1965 245.7 504,000 834,700
1966 246.2 511,000 850,500
1967 247.3 519,000 872,100
1968 247.6 528,000 900,000
1969 247.7 546,000 930,000
1970 247.9 580,275 963,132°

? (preliminary)

Source: Valley National Bank, Arizona Statistical Review, Page 9—September 1969.
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FIGURE 2

Source: City of Phoenix Planning Department, The Comprehensive Plan — 1990,

Pages 29-30 — November 1969.




The Urban Mobility Problem 3

square mile numbered seven in 1950, nineteen in 1960, and twenty-one in
1965. The typical densities of 3,000-4,000 persons per square mile are
characteristic of the single family developments in Phoenix. A majority
of the incorporated area of Phoenix presently has less than 2,000 persons
per square mile.! The 1968 land use is shown in Figure 2. This land use
map indicates some concentration of centralized commercial and indus-
trial activities. The central area is also important with respect to employ-
ment and retail sales volume. Figures 3 and 4 indicate the retail sales
volume and employment for a typical month in 1964. These figures depict
not only incorporated Phoenix, but most of central Maricopa County
including all areas where contiguous urbanization is expected in the
foreseeable future. The population of Maricopa County is projected to
increase to 2,460,000 by 1995. Paralleling this population growth, an
estimated 1,340,000 vehicles will be registered by 1995. The projected
growth of population and vehicle registration is presented in Figure 5.

Today the major transportation emphasis in the Phoenix area is the
movement of people and goods by motor vehicle. Based on the expansion
of present trends, the average person will travel 16 miles per day in 1995.
The 4.8 million daily auto-driver trips forecasted for 1995 will have an
average duration of about 16 minutes per trip. This represents about 37
million vehicle-miles of travel daily. The auto-driver trips and vehicle-
miles of travel forecasted for 1980 and 1995 and the 1964 data are pre-
sented in Figure 6.

Public transportation service and usage is quite limited in this urban
area and, thus, the automobile has been the dominant mode. Forecasts
indicate that this will continue to be the case in 1995. Forecasts of transit
usage based on existing facilities, which are minimal in terms of the
overall daily transportation pattern, would be highly speculative. Con-
sequently, the planning agencies are faced with the much more chal-
lenging and difficult problem of determining the proper role of transit
in the Phoenix metropolitan area virtually independent of the existing
conditions.

Before undertaking such basic decisions, it is important that those
concerned have a basic understanding of problems and implications of
public transit. Thus, the object of this report is to bring together the
pertinent facts, philosophy, and research regarding transit.

Characteristics of Urban Travel

In order to understand urban transportation demand, it is necessary
to be familiar with the basic purposes which call forth this demand. The
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4 Transit and the Phoenix Metropolitan Area

FIGURE 3

1964
Retail Sales Distribution

Source: Valley Area Traffic and Transportation Study (unpublished data).

FIGURE 4

1964
Employment Distribution

Source: Valley Area Traffic and Transportation Study (unpublished data).
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The Urban Mobility Problem 5

POPULATION AND VEHICLE REGISTRATION
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FIGURE 5

Source: Valley Area Traffic and Transportation Study (unpublished data).

urbanite does not travel only for the sake of travel. His travel represents
a response to demands placed upon him in order that he may conduct
those functions which are important to his social and economic well
being. The individual will choose the mode, route, and the time which
will best fit his needs and provide him with the greatest satisfaction or
the least cost. Thus, it 1s the social and economic structure of an urban
area which is of primary importance in determining the transportation
demands and evaluating the feasibility of various alternatives to meet
these demands. To a great extent, this social-economic structure is best
reflected in land use patterns and intensities. These must be combined
with the economic profile of the community since transportation does
incur costs.

The willingness and ability to pay for increased urban transportation
will vary with the level of real income. In general, individuals are
willing to spend more for transportation (in terms of buying more trans-
portation) as their income increases. With regard to intra-urban travel
(travel within an urban area), there is probably some level at which an
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6 Transit and the Phoenix Metropolitan Area

AUTO-DRIVER TRIPS
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FIGURE 6

Source: Valley Area Traffic and Transportation Study (unpublished data).
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The Urban Mobility Problem 7

increase in income will no longer produce a proportional increase in
urban travel. The total transportation expenditures may continue to
increase, but this will take the form of travel outside of the urban areca
(often recreational travel).

Residential land use is the most prevalent in the urban area. The
home is the focal point of an individual’s activities. The residential
location represents the most probable beginning and ending point of
urban travel during the normal 24-hour period. In addition, the home
and the characteristics of the home including density, location, and car
ownership are probably the best social-economic indicators of the
demand for transportation.

Any trip may be defined as having an origin and destination. Within
the urban area, the home represents either the origin or destination of
the vast majority of all trips. These are often referred to as “home-based
trips” and represent about 80 percent of all urban travel. If this seems
high, it must be remembered that the vast majority of urban trips today
are single purpose in nature. Thus, the typical trip is from home to work
and, then, from work to home, or from home to a shopping center and
immediately back home.

If one uses the usual definition and defines the purpose of a trip by
the activity at the destination, then the normal distribution of trips by
purpose would be as indicated in Table 1. These purposes include the
home or residential purpose plus the more conventional activities cate-
gorized as work, shop, social-recreational, etc. As can be seen from the
table, the work trip represents a substantial portion of the total urban
transportation. It must be remembered that these are only the trips to
work. For every trip to work within a 24-hour period, there is also a trip
from work, most of which will be destined to the residential location.
Thus, approximately 40 percent of urban travel is work oriented. (Some
confusion may result in that similar comments may be made for all other
purposes and this would seem to total 200 percent. This is not the case
but stems from the fact that each trip has two ends — an origin and a
destination.) It will be shown later that the work trip is extremely im-
portant for two reasons: 1) because of the timing of the trip, i.e., the
time of day in which the trip is made and 2) because of the fact that
most transit operations serve the work trip demand rather than others.

Table 2 indicates the normal distribution of land use in metropolitan
areas. Comparisons of Tables 1 and 2 illustrate the importance of com-
mercial and industrial activities. Twenty percent of the trips are destined
to work locations, yet only 6.5 to 7 percent of total land area is industrial.
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8 Transit and the Phoenix Metropolitan Area

Even if the 2.5 to 3.5 percent devoted to commercial land use were
included, this would still be significantly less than 20 percent and also
would not include the 9 percent of business trips. A similar statement
should be made for shopping trips which account for approximately 10
percent of total travel destined to approximately 3 percent of total land
area. Thus, the intensity of generation of transportation demand varies
with land use. This is what should be expected since there are underlying
economies which lead to the concentration of people to achieve industrial
and retail efficiencies.

TABLE 1
Typical Urban Trip Characteristics
Activity at Destination Percent of Trips
House (Residential) 40%
Work 20%
Shop 10%
Social-Recreational 11%
Business 9%
School 3%
Miscellaneous 7%
TABLE 2

Typical Urban Land Use Characteristics

Percent of Total

Land Use Developed Land
Residential 37.0 - 43.0%
Commercial 2.5-3.5%
Industrial 6.5-7.5%
Railroad 4.0-5.0%
Streets 27.0 -30.0%
Parks and Playgrounds 4.0 - 7.0%
Other 10.0-11.0%

Source: Arizona Academy, Thirteenth Arizona Town Hall on Traffic and Highways,
Pages 50 and 52JAugust 1968.

The preceding generalization is valid, but it is important to realize
that within any category (industrial, business, commercial) the intensity
of activity may vary considerably. It is intensity that is the best measure
of transport demand. Thus, indices such as retail area, retail sales, num-
ber of employees, etc., are commonly used in the evaluation of an
individual location.

As previously indicated, the land use most important in determining
the overall transportation demand is the residential area. This indicates
the income level and, therefore, probable car ownership of the inhab-
itants. Generally, as income increases, the number of trips also increases.
However, most of the increase occurs in non-work trips. Any family, with
even moderate income where one or more of the individuals is employed,

Word Searchable Version not a True Copy



The Urban Mobility Problem 9

must use some form of urban transportation to reach the employment
site and return. However, as disposable income increases, the number
of work trips would not necessarily increase. Therefore, the increase in
transportation usage is one of an increased number of shopping, recrea-
tional, social, and other trips. This is, normally, accompanied by an
increase in car ownership.

Thus, there are two important points: first, that the work trip in
urban areas will normally increase in proportion to the increase in
population (the trip per capita figure being relatively constant), and
second, that with increasing affluence, the number of non-work trips
per capita will increase. Current transit systems are predominantly
work-trip oriented, and, therefore, do not benefit from the increased
demand for urban transportation due to increased income. In addition,
there is substantial evidence which indicates that transit usage decreases
rapidly with increased car ownership. Figure 7 indicates the increase in
car ownership as a function of income.

These relationships need to be modified by two urban characteristics.
The first is the existing public transportation system. Where a substantial
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FIGURE 7

Source: Unpublished thesis of William E. Leonhard entitled A4 Study of the Effects
of Income on Trip Characteristics for Tucson, Arizona, Arizona State
University, June 1968.
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10 Transit and the Phoenix Metropolitan Area

public transport system is in existence, car ownership rates will be less
for the lower income levels since these families will use transit for their
urban mobility. In areas with minimal transit facilities, even very low
income families tend to purchase an automobile though it may take a
substantial portion of their income. Recently, studies of urban mobility
and the poor have been conducted in areas without substantial transit
operations. These indicate that although buses or other special transport
provisions may help in locating a job, the newly employed, low income
person soon becomes an automobile owner and forsakes the public
transportation system. A basic unanswered question is whether this
phenomenon is a reflection of the desires or psychological needs of the
individual or a reflection of the fact that few transit systems can serve
the total demand for transport in such cities.

The second major urban characteristic which affects the car owner-
ship and income relationship is the availability of center-city, high-
density residential units for medium- and high-income families. Where
these are available, they have a lower car ownership rate than one would
find in lower density residential areas. The reasons for this may be:
1) the expense of maintaining a multiple-car family (primarily, because
of parking) and 2) the availability of taxis and/or public transportation
to meet some of the travel demand.

In conclusion, it is vehicle ownership, social-economic status, and
land use intensity which will normally account for the variation of trip-
making to and from specific locations in an urban area.

There is obviously an additional trip characteristic which has an
important impact on the transport system. This is the length of the trip.
Since urban transportation planning basically concerns the planning of
major systems (transit, freeways, and arterial streets), the length of the
trip is an important factor. A short shopping trip may never leave the
residential area and may, therefore, never appear on a freeway system
or be susceptible to transit usage. This trip, then, becomes relatively
unimportant in the evaluation of the total system. However, a long trip
will have a substantial proportion of the total length on the freeway,
arterial, or transit system. Thus, the longer the trip, the greater impact on
the system. This is especially true if the trip occurs when the system is
already overcrowded.

There is an important relationship between average trip length and
trip purpose. This is illustrated in Figure 8. Trip length can be measured
in either travel time or distance. The majority of planning studies use
travel time as the better index.
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The Urban Mobility Problem 11

As indicated in Figure 8, a high percentage of shopping trips are very
short whereas work trips tend to be much longer. It is characteristic that
work trips are the longest of all urban trips. This is expected since the
individual is trying to optimize his economic position. Thus, in normal
shopping, one will normally be destined for the closest retail location
which provides the needed goods. If this is a loaf of bread, the trip may
be quite short. If it is the week’s groceries, it may be somewhat longer.
If it is a very unusual shopping need, such as the purchase of a new
automobile, the trip or trips may be longer than the average work trip.

TRIP LENGTH

SHOP WORK

°/o TRIPS

LENGTH

WORK il P& BTG TEND
SOCRECT XM K P P AL AL LT
SHOP LSS L L)

AVERAGE TRIP LENGTH

FIGURE 8

Variation of Trip Length by Purpose

Source: Arizona Academy, Thirteenth Arizona Town Hall on Traffic and Highways,
Page 60—August 1968.
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12 Transit and the Phoenix Metropolitan Area

It is the work trip, however, which is of extreme importance. One
does not necessarily accept the job which is located closest to his home
since to do so would, normally, mean a loss of income over that which
could be obtained from traveling somewhat farther. There have been
theories that there should be a close relationship between place of resi-
dence and place of employment because of the regularity of the travel
between the two. However, there is little to indicate that there is a
relationship which would minimize transportation costs between the
residential location and the work site. A desirable place to live and the
job with the best working conditions and highest income are probably
two of the most important factors in the life of the modern urbanite. In
most cases, he will attempt to get the best conditions possible for both
his home location and his work location, and will be willing to spend
both time and money in transportation in order to commute between two
locations. Therefore, it is not unexpected that the work trip is substan-
tially longer than any other trip in the urban area.

One further characteristic of the trip length is its variation in urban
areas of different sizes. It might be expected that as an urban area grows
larger, the average trip length would increase substantially. This does
not seem to be the case and, generally, there is a very slow growth of
average trip length with an increase in population. Many urban trips
(shopping, social-recreational, etc.) probably do not increase substan-
tially as the metropolitan area grows. There may or may not be an
increase in the length of the work trip depending on the concentration
of employment locations within the urban area. This is a function of the
characteristics of land use distribution within the area, and this point
will be analyzed in a later chapter.

The Urban Transportation Problem — The Peak Hour

The preceding section has discussed the amount of transportation
demand and how it varies. It may, truthfully, be stated that the urban
transportation problem of today and probably 20 years from now is a
problem which occurs two or three hours a day during two peak periods.
It is the moming and evening peak period during which the transport
facilities are heavily loaded which require improvement. The other 20 to
21 hours of the day find most urban areas with capacity that exceeds the
transportation demand. Figure 9 indicates a typical variation of total
transportation demand with time of day for the typical weekday. Two
things can be seen from this figure: first, the intensity of the two peak
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The Urban Mobility Problem 13

periods, and, second, the fact that a substantial proportion of the peak
periods are composed of work-oriented trips. The morning peak period
rises more sharply and dissipates more quickly than the evening peak
period. The morning may be either slightly higher or somewhat lower
than the evening peak period depending on the amount and timing of
school trips. If school trips are not considered, the morning peak-hour is
usually somewhat less than the evening. (For planning purposes, the
school trips may distort the overall picture because, although their
number is substantial, their length is very short compared to other
trips.) When school trips are not included, the work trips will, normally,
exceed 70 percent of the peak period trips. The peak period congestion
is even more acute than indicated in Figure 9 because of the greater
length of the work trip.

The peaking characteristics of transit are even more extreme than for
total travel. Figure 10 presents a typical variation in transit trips by time
of day. It is not unusual for a transit peak-hour to contain from 15 to 20
percent of the total daily transit trips. This leads to even greater relative
inactivity during the off-peak period. Coupled with this is the fact that
the use of transit during the weekend falls to a very low level. Thus,
transit operators currently have to provide very high capacities for a
period which seldom exceeds 15 to 20 hours per week. At other times,
because of franchise or other legal commitments, they must provide
service during periods which produce few revenue passengers. To under-
stand the difficulty in operating under these conditions, one need only to
imagine the economic disadvantages to a factory which would produce
a product on a 15-hour-a-week basis. This, in very simple terms, is a
fundamental reason behind the shift from private to public transit
ownership during the last 25 years.

The transit peak-hours, besides being more pronounced than that for
total travel, are even more heavily oriented toward the work trip. They
are composed almost solely of work or school trips. It is interesting to
note that the evening peak period of transit falls off almost as fast as the
morning peak and does not have the gradual decline indicated for total
travel. This gradual decline in the later evening hours is a reflection of
social, recreational, and possible shopping travel which, currently, is not
using transit.

Although it is somewhat difficult to see on the two figures, the morn-

ing work peak usually precedes the school trip peak. At 7:00 A.M.,
approximately 75 percent of the person trips are work oriented and
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14 Transit and the Phoenix Metropolitan Area
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The Urban Mobility Problem 15

approximately 20 percent are school oriented. By 8:00 A.M., only about
50 percent of the trips are destined to work and 45 percent are school
trips. A similar case exists for transit. The use of commercial buses for
the movement of school children would be beneficial to transit operators
and save school districts substantial capital investment in buses which
are used only a few hours per week. This would probably be possible if
one or more of the following could be accomplished: a slight shifting of
morning school starting times (so it would not occur at peak), greater
ability for transit operators to use split shifts, and the willingness for
school districts to find some other way to supplement teachers’ salaries
(other than as bus drivers).

In conclusion, it is the combination of timing, purpose, and length of
urban trips which cause the urban transportation problem. It is the fact
that trips are not evenly distributed throughout the day but are concen-
trated in two periods which overloads the system. That the trips involved
also happened to be the longer trips accentuates the problem. The
situation for transit is even more acute. It is suggested that a rational
attack on the problem would be a more specific analysis of the peak
periods than is normally conducted. It is questionable whether the
transportation planner need be overly concerned with those trips which
occur during the off-peak hours. Thus, the normal procedure of looking
at all trips and determining peak-hour factors may be somewhat in error.
It might be suggested that an analysis of only the work trip might be
easier and more accurate. This may be modified, somewhat, by the fact
that much of the growth in urban travel will be growth of off-peak trips.
With increasing affluence, it is expected that the peaking characteristics
will continue to be modified. Nonetheless, there is no indication that the
peaks will not retain their importance.

The Structure of a Trip
(The Skeleton)

In order to further understand the urban trip and to identify the
functional advantages and disadvantages of various modes of transpor-
tation, it is useful to develop a conceptual framework which will identify
the parts of the trip. One method is to divide the trip into four basic
components. These are the collection, distribution, line haul, and
transfer functions. This is shown, graphically, in Figure 11.

The advantage of this system is that it does indicate functional diffi-
culties and it is also flexible in the sense that virtually any trip (or even
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16 Transit and the Phoenix Metropolitan Area

a part thereof) can be analyzed. For example, considering a trip from
one urban area to another, the collection and distribution would be the
ground transportation, the line haul might be the air transportation
component and, finally, the transfer would occur at the airport terminals.
Further, the ground segment of either end of this trip could in itself be
analyzed on the same basis. The individual may have been driven to a
central city terminal, taken from there by bus to the airport terminal. In
this case, the auto trip from his home to the downtown terminal would
be a collection function, the terminal itself a transfer point, the bus trip
to the central airport terminal the line haul function, and the distribution
would be the processing through the airline terminal. Its application to
the more typical urban trip, be it auto or transit, is illustrated in
Figure 11.

This concept is also instructive in identifying those portions of the
trip which have been improved by advanced technology and those
portions of the trip which are most unpopular with the user. Modern
technology, as is applied to transportation systems, has increased the
speed, efficiency, and capacity of the line haul function. This is true in
regional transportation as well as intra-urban transportation. Further-
more, most of the advanced concepts which will be discussed in a later
chapter are those which improve in speed or capacity in line haul func-
tion. Although an improvement of the line haul function does improve
the efficiency of the overall trip, there may very well be a point of
diminishing returns with regard to the improvement of this component
and the neglect of others. This is currently being realized by the regional
and international air transport industry and may be indirectly realized
by urban transport users when they make decisions regarding mode.

Improvements in the collection and distribution function have been
fewer. These, essentially, use the same technology and the two terms
only indicate a difference in direction for a particular trip. The term
“flexibility” is often applied to urban transportation. One definition of
flexibility is the ability to move the individual from a collection, to a
line haul, and back to a distribution function without interfering with
the individual and his immediate surroundings. Of the popular forms of
urban transportation, the automobile has the greatest flexibility. How-
ever, there are possibilities of developing new forms of transportation
which will have these capabilities. These will be defined in the next
section and further described in the next chapter.

The most difficult portion of the trip to improve through technology
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18  Transit and the Phoenix Metropolitan Area

and one to which the user is sensitive, is the transfer point. In many
cases, the improvement of the transfer situation often resolves itself into
problems of management and scheduling rather than into engineering
hardware. In transit trips, the transfer points are the terminals, stations,
or bus pickup points. These have long been realized as being major
stumbling blocks in the development of efficient and attractive transit.
The effect of delays and the need to move from one container and
environment to another will be discussed in the section on the non-
economic characteristics. All that needs to be indicated here is the fact
that the characteristics of the transfer point, although not economically
measurable, are often (possibly most often) the deciding factor in the
individual’s modal choice.

If the transfer point is the most critical and most difficult to improve
in regional transportation and urban transit, then it seems reasonable
that the same might be true for the auto trip. In the automotive trip, it is
the freeway interchange and the immediately adjacent area which rep-
resents the transfer point. Recently, more attention has been given to the
fact that it is necessary to control the flow of traffic at the interchanges.
Several recommendations have been proposed concerning the metering
of on-ramp traffic or even the closure of certain ramps at specific times
in order to improve the overall system.

Another phenomenon in the interchange area which has not been
fully appreciated is the effect on the arterial street system. Prior to the
construction of freeways, the arterial streets performed a line haul func-
tion, and, therefore, traffic volumes were fairly continuous along the
route. If an arterial street extended from one side of the urban area to
another, there was a gradual buildup of traffic as it approached the more
central area. This would be typical of the current traffic volumes on
streets such as Camelback and Indian School Roads. When a freeway
is built and, certainly, when an entire system of freeways is built,
the arterial street radically changes its function from line haul to
collection and distribution. Traffic volumes will be very intense in and
around the interchange area, but they may be less at some distance from
the interchange than they were prior to freeway construction. The
constant buildup of traffic on the arterial gives way to a much more
intense variation of traffic increasing rapidly as one approaches a free-
way interchange, decreasing as one moves away from it, and, then, again
increasing as a second freeway is approached, etc. Besides the engineer-
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The Urban Mobility Problem 19

ing effects, this produces secondary economic effects with regard to the
economic desirability of various locations along the arterial. It also
illustrates the fact that in planning, great care should be taken to protect
the interchange area from those developments which would aggravate
the already intense transportation demands there.

Both the relative and absolute length of the various portions of the
trip (the line haul, collection, and distribution) are of importance when
evaluating possible transport modes. The possible combinations are
indicated in Figure 12. These include the following cases: 1) where the
collection and distribution are relatively short compared to the line haul,
2) where one of the two (collection or distribution) is relatively short
and the other is longer and 3) where both collection and distribution
are relatively long with regard to line haul.

In all cases where the line haul portion is short in absolute terms
(either in distance or time), the total trip is usually short and will lend
itself to some form of local and very flexible transportation. As previously
indicated, the short trips are not particularly significant when analyzing
the overall system. Currently, such trips are made either by foot or
automobile, although there is the possibility of using some type of mini-
transit as described in the next section. There would almost never be a
large enough accumulation of short trips in any one part of an urban
area to justify a high capacity system.

Thus, for large system evaluation, it is the three combinations of the
longer trips which are of interest. Where the line haul portion is of
considerable length, trips from many areas may combine requiring a
relatively high capacity system.

In the first alternative, a long line haul with a very short collection
and distribution could be satisfied by a fixed rail transit facility where
the collection and distribution is normally accomplished by walking or,
possibly, some form of mini-transit. Such demand would normally re-
quire high-intensity land use development at the origin and destination.

The second type would be typical of the situation of many of the
larger and older urban areas which have retained some high-intensity
locations and combine these with newer low-density developments. Thus,
the shorter end might typically be accomplished by walking, the line
haul either by automobile, transit, or commuter railroad. The longer
collection or distribution end would normally involve an automobile
where park-and-ride or kiss-and-ride would be used if the line haul were
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The Urban Mobility Problem 21

transit or railroad. No single form of transportation, which does not
require a physical transfer of the traveler from one transportation con-
tainer to the other, has yet been implemented to efficiently solve this type
of problem. The bi-modal forms of transportation described later might
or might not be able to meet such a demand. The automobile has storage
and other problems at the high density end.

The third alternative is typical of the dispersed urban areas. It is the
type of trip which is most efficiently met by automotive transportation;
although in the future, it might be equally well fulfilled by other
individual or bi-modal systems.

It must be emphasized that the conditions at the transfer point are
probably the most important and most difficult to improve. The preced-
ing is meant only to illustrate the abilities of certain general types of
transport to meet certain types of demands. In general, the first case can
use technology which provides high-speed, high-capacity line haul but
may have relatively slow or inefficient collection distribution systems.
The third case may allow some decrease in efficiency of the line haul
function but requires a more efficient and, probably, faster collection and
distribution system. The second set of conditions often is the most diffi-
cult and has all of the problems of the first, plus the problems of the
third, and no real inherent technological advantages which would tend
to balance these.

A Continuous Spectrum

Innovations over the last decade have broadened the choice of
transit systems into a continuous spectrum. Recognizing the wide range
of this spectrum, transit systems can be grouped according to four major
classifications: 1) Rapid Transit, 2) Highway Compatible Systems,
3) Individualized Transport and 4) “Non-Stop” Transit Systems.

Rapid Transit service is, primarily, provided by rail-guided, multiple-
seated vehicles operating on exclusive right-of-way without interference
from other traffic or pedestrians, usually at speeds above 30 mph, with
stops normally spaced one mile or more apart.

Multiple-seated vehicle systems which normally operate on city

streets, expressways, and freeways but may be capable of operation on
exclusive right-of-way are classified as Highway Compatible Systems.
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22 Transit and the Phoenix Metropolitan Area

These vehicles are usually subject to interference by other users of the
streets and, generally, operate with frequent stops at speeds of approxi-
mately 15 mph.

Individualized Transport includes those types of transport seating six
or less passengers. Operation may be similar to either Rapid Transit or
Highway Compatible Systems. A system may incorporate one or more
modes of guidance and propulsion. Individualized Transport and “Non-
Stop” Transit Systems are similar to Rapid Transit when operation is on
exclusive right-of-way and to Highway Compatible Systems when on
streets and highways.

“Non-Stop” Transit Systems may be similar to Individualized Trans-
port, but the individual units are combined with other units during the
trip. These combined units move continuously and do not stop.

The continuous spectrum concept of transit also applies to the avail-
able range of propulsion systems, guideway methods, and amount of
capital investment.

In the past, particular guideway systems have often been directly
related to a particular propulsion system. However, fixed rail systems can
use any type of propulsion but most often use DC electrification. The
linear electric motor, AC electrification, and gravity-vacuum propulsion
are potential future fixed rail power sources. The internal combustion
engine has been the major power source for the other systems including
the national railroad system. A major research effort is currently under-
way to develop a non-polluting power source. Batteries, fuel cells, me-
chanical flywheels, and steam engines are some areas of development.
Experimentation also is being conducted using hybrid engines combining
several of the above.

A brief discussion of the propulsion systems with emphasis on their
state of utilization, application, flexibility, and pollutant emissions
follows.

Conventional Propulsion Systems
The internal combustion engine is adaptable to diesel, gasoline, or
liquid petroleum gas. The fuel ignition produces high pressure which

forces the piston down, producing the mechanical energy to propel the
vehicle.
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The gasoline internal combustion engine is the major source of air
pollution in the transportation industry. It was estimated that 3,000
pounds of carbon monoxide, 200 to 400 pounds of hydrocarbons, 50 to
150 pounds of nitrogen oxides, 5 pounds of aldehydes, 5 to 10 pounds of
sulfur compounds, 2 pounds of organic acid, 2 pounds of ammonia, and
0.3 pounds of solids are discharged for every 1,000 gallons of gasoline
consumed in 1961. Compared to a gasoline engine, a diesel engine emits
one-half to one-fifth the amount of carbon monoxide and hydrogen
compounds. Liquid petroleum gas engines are the lowest emitters of
these contaminants; however, widespread transportation use of this fuel
is unfeasible at this time because of the present limited supply and bulk
hauling difficulties.?

Pollution control devices are being installed on most gasoline engines
to reduce the amount of contaminants emitted. Development will con-
tinue in pollution control devices, fuel composition, and alternate com-
bustion processes. However, due to the increasing numbers of personal
vehicles in large metropolitan areas, these lower levels of emission may
not be tolerable in a few years.

Most urban transit systems which operate on rails are propelled by
on-board electric motors. The power is transmitted to the vehicle’s
motors by an overhead wire system or a third rail. DC motors are most
often used in these systems. The San Francisco Bay Area Rapid Transit
(BART) tested both DC and three-phase AC third-rail propulsion sys-
tems and found no major cost advantages or performance differences and
selected the DC system.’

“Clear Blue Sky” Propulsion Systems

Low-pollution propulsion systems in the development or conceptual
stage include fuel cells, batteries, thermo electric generators, thermionic
generators, solar cells, gravity-vacuum, linear electric motors, mechanical
flywheels, external combustion engines, gas turbines, and hybrid engines.
The most promising of these systems will be discussed in this section.
The propulsion systems which dominate the present transportation pic-
ture were relatively unknown in the early 1900’s, and their present im-
portance would not have been predicted by many, if any, at that time.

In an external combustion engine, the working fluid is converted to a
vapor which drives the pistons or turbines for propulsion. The steam
locomotive is an example of such a system. General Motors is testing an
experimental external combustion vehicle. Its working fluid may be
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either helium or hydrogen and requires expensive materials because of
the high operating temperatures and pressures. Lear Company recently
abandoned its estimated $10-million research effort to produce a steam
car A two-year Federally sponsored demonstration project is now
being conducted in San Francisco and will test and evaluate steam

engine buses.’

The battery which must be recharged and fuel cell which must be
refueled are both potentials for small vehicle propulsion. Battery-powered
vehicles are limited in range and speed; however, experimental high-
energy-density batteries may improve these characteristics. Fuel cells
provide for the direct chemical conversion of fuel into electric power.
The fuel cells with the greatest promise at this time, are expensive to
produce and use expensive fuels.

The mechanical flywheel energy storage method involves the accel-
eration of flywheels from an external electrical source. It has been used
in European and Japanese bus systems where the flywheels are acceler-
ated at stops from overhead electric power.® Smaller flywheels with
greater energy storage capacity are needed.

The primary use of gas turbines for land transportation has been in
freight locomotives. Small gas turbines are being studied and tested in
rail passenger transportation and in its application to personal vehicles.
Its major undesirable characteristic is its high fuel consumption at light
loads and during idling. The main advantages of the gas turbine are its
low emissions of hydrocarbons and carbon monoxide and its efficient
movement of heavy loads.

Development on the linear electric motor has occurred during the
last several decades. It appears to have a good potential for use in urban
high-speed ground transportation. A rotary motor cut parallel to its axis
and laid out flat with the rotor replaced by a flat shuttle constitutes the
basic linear electric motor concept. Either the primary or secondary
portion of the motor can be placed on the vehicle. However, because of
economic considerations, the primary portion — the powered assembly —
is generally conceived as being on the vehicle. Power to the motor can be
supplied by on-board engines in this arrangement. Placement of the
primary on the guideway with electricity supplied directly would reduce
the weight and cost of each vehicle. The main application appears to be
in propelling air suspension vehicles. This has the advantage of having
no power loss or weight added through the use of gears; also, the thrust
is not dependent on tractive friction.
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The use of gravity or the use of differential air pressures to propel a
vehicle has been known for many years. The combined use of differential
air pressure for initial acceleration and the use of gravity to accelerate
and decelerate a vehicle (similar to a roller coaster) has been proposed
for urban transportation. The unique characteristic of this system is a
natural acceleration which the passengers do not feel, thereby permitting
high average speed. The maximum speed the vehicle would reach de-
pends, primarily, on the depth below the starting elevation. A depth of
21 feet has been proposed for one-fourth-mile station spacing. At this
depth, a maximum speed of 49 mph is anticipated. With spacings three
or more miles apart and a depth of 900 feet, estimated maximum speeds
are in excess of 200 mph. The elapsed time between stations is, primarily,
dependent on the slope and ranges from 32 seconds with one-fourth mile
spacing to 96 seconds with a three-mile spacing. A three-foot model was
tested in California and traveled a 300-foot section in 1.2 seconds. The
Department of Transportation is currently reviewing a proposed $10
million full-scale demonstration project.’

Design for hybrid propulsion systems combining more than one pro-
pulsion method have, generally, involved two basic concepts. The first is
the utilization of one form of propulsion while off a guideway and
another while on the guideway — for example, a battery-powered vehicle
off a guideway which is externally powered electrically while on a
guideway. In this combination, the recharging of batteries while on the
guideway may be practical.

The other type of hybrid design involves the combination of propulsion
systems. The intra-city bus, for example, has operating characteristics
requiring large amounts of power for brief periods during acceleration
and much smaller demands while cruising, decelerating, and waiting.
To provide for such demands, it has been suggested that a vehicle could
use a smaller, continuously running, internal combustion engine which
would be aided by electric motors when power demands are required.
These motors would be powered from batteries which, in turn, would be
charged by the engine when the power demands were lower.

Guideways and Capital Investment
The term “guideway” relates to the fixed facilities which guide or
help to guide the direction of the vehicle. Streets are guideways since

they guide and support moving vehicles.

Operation of transit vehicles on existing streets virtually eliminate the
capital investment in guideways. The vehicles could range from a small
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transit vehicle costing several thousand dollars to larger capacity vehicles
ranging from $20 to $70 thousand each. Such a system is flexible, per-
mitting changes in routing at minimal expense. Local and express service
can operate on the same routes since passing opportunities are provided.
Exclusive lanes can be provided at any time.

Another major guideway concept uses rails to provide exclusive route
operation and automatic vehicle guidance independent of the operator.
The vehicle can be either supported, suspended, or merely guided utiliz-
ing one or more rails. Two rail-supported systems have dominated high-
speed transit operations, and are adaptable for construction above and
below ground as well as at ground level. Underground construction
minimizes the need for outright purchase of right-of-way, but construc-
tion costs of $10 million per mile and station costs of $2 million each are
not uncommon. At-grade construction costs range from $1 to $3 million
per mile and $500 thousand per station, but land must be provided for
right-of-way and, as well, grade separation from other transport modes.
The use of freeway medians is an economic approach to some of these
problems. Elevated construction requires little land acquisition if located
above city streets; generally, this has been considered as having an
adverse aesthetic impact. Construction costs range from $2 to $5 million
per mile, plus about $500 thousand per station. A combination of these
three is possible. The main disadvantage of these types of transit guide-
ways is their initial capital cost, long period of planning and construction
prior to utilization of the facility, and limited location flexibility. Loca-
tion flexibility is provided by addition or deletion of guideway mileage
or stations.

Other combinations of guideways deviate from the conventional
steel-on-steel rail systems by using rubber on wood or rubber on con-
crete. Many of these systems incorporate rails in an auxiliary role or for
guidance purposes only. The utilization of rubber wheel vehicles allows
for potential operation on city streets as well as on exclusive right-of-way
and decreases the noise level.

Cables and conveyor systems have bad a small role in transit. They
have been, primarily, used for short distances and at low speeds.

The air suspension vehicle, which has been used mainly in water
transportation, is undergoing tests for potential high-speed ground trans-
portation. Vehicle stability at very high speeds is the main advantage of
this method of vehicle support.
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CHAPTER 11

Conventional Transit

Public land transportation in the United States began with the stage
wagon and coach era of the 1770’s. Prior transportation (foot, horse, and
horse-carriage) continued to dominate with the six-passenger public
vehicle used by the wealthy. The city dweller was not provided with this
form of local public transportation until 1829, but its acceptance resulted
in rapid growth. The horse-drawn street car began to compete with the
coaches in the 1850’s, and by 1880, there were over 18,000 street cars
running over 3,000 miles of track in this country. These forerunners to
the motor bus and rail transit operated until 1917. The horse-drawn
vehicle was displaced by the cable car and the electric street railway.
The cable car began in San Francisco in 1873, and by 1890, the U. S. had
over 5,000 cable cars which carried 4 million passengers a year. The cars
held 12 to 38 passengers and traveled 12 to 14 miles per hour in outlying
areas. Downtown travel was 6 to 8 miles per hour. Operational cable
cars were seldom seen outside of San Francisco after 1906.°

The electric railroad, utilizing overhead lines, began operation during
1888 in Richmond, Virginia. Use of the trolley spread to many cities in
the 1890’s using both elevated and subway systems as well as surface
lines. Pay-as-you-enter cars eliminated conductors just as today’s auto-
matic ticketing and computerized billing hold promise for the future.
The ten-cent fare was reduced to five cents for peak hour. This was
followed by off-peak reduced fares for school children.

There were other milestones during the late 1800°s and early 1900’s.

27
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Notably, there were the unsuccessful experiments with battery-powered
cars and underground electric third rails in 1857. The railroad which
developed into the major inter-urban passenger vehicle of the early
1900’s also served many intra-city trips.

The motor bus system may have developed from the 1914 Los Angeles
jitney service. Automobile drivers were paid five cents by the riders they
picked up. Converted automobiles were used as buses as early as 1905.
The first motor bus was available in 1920. Soon after, the motor bus and
trackless trolley bus replaced many street railway systems as well as
most cable cars.

The automobile era began with four vehicles in 1895 and grew to 3.5
million in 20 years. Its role is dominant in U. S. transportation today. The
idea of a personal family vehicle as envisioned as America’s dream by an
1841 Act of Congress is approaching reality. However, it is not the horse
and buggy of that era. More than one trillion vehicle miles will be trav-
eled by 100 million motor vehicles over the 3.7 million miles of roads and
streets in the U. S. in this year. The dream is a reality for all but a few:
the young, the old, the poor, and the physically handicapped. These are
not the only users of public transportation. They do, however, represent
a substantial majority of the users of many public transportation facilities
today. In large metropolitan areas with strong central business districts,
a higher proportion use transit by choice; however, this is, in part, due to
the deficiency of automobile facilities.’

Figure 9 indicates the trend in transit patronage since 1920. The peak
in patronage occurred in 1945. The 23 billion passengers in that year has
since decreased to about 8 billion per year. Operating income has, cor-
respondingly, decreased, and in 1967, the industry operated a deficit of
$66 million.

The diversion of riders from mass transportation is no longer rapid;
in fact, transit patronage has stabilized at about 8 billion for the last
several years. However, the comfort, convenience, and relative speed
advantages of the automobile, increased public expenditures for urban
freeway systems, and dispersion of urban economic activity still exist
and the relative role of transit diminishes daily.

Rapid transit (that operating on exclusive right-of-way) is the only
form of public transportation which has not had either a rapid growth or
decline in patronage. It exists in only a limited number of cities and
there have been no major systems completed since the end of World
War II. Cleveland, Philadelphia, and San Francisco will be major tests
in determining the future of this form of transportation. Cleveland has
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just completed an $18 million, four-mile line connecting the airport and
the city’s center. This is the first rail line in the United States connecting
a major city with its airport.'” San Francisco’s 75-mile Bay Area Rapid
Transit will be discussed, in detail, in Chapter 3. However, several im-
portant generalizations concerning large scale, new rapid transit systems
can be made here. Rapid transit cannot be financed out of operating
revenue. BART’s plan is for operating revenue to offset only the cost of
the rolling stock and yearly operating and maintenance costs.i1 Unlike
San Francisco, general obligation bonds to help finance rapid transit
have been defeated by the voters in Atlanta, Seattle, and Los Angeles."
Secondly, it is a long time before a rapid transit system begins operation.
In San Francisco, it will take in excess of 15 years of considerable plan-
ning, persuasive action, and construction.

As previously indicated, transit has a major peak-hour problem.
Transit, today, has very little weekend and night utilization. The peak-
hour volume has ranged as high as 22 percent of total daily usage in
Cleveland.” These high transit peaks require additional rolling stock
which otherwise would not be needed if transit usage were more evenly
distributed throughout the day. It is estimated that the peak-hour volume
requires about four times as much equipment as can be operated produc-
tively at other times of the day.

These disadvantages of transit should not lead to an automatic rejec-
tion of new public transportation. Today, there are an estimated 15 to 18
million people who are dependent on its service. The main advantage of
most transit operations is its potential capacity. However, any new sys-
tem must compete with the automobile for patronage.

Transit will continue to serve the line haul portion of many trips. A
major diversion to existing systems, however, is questionable or, at best,
has only a slight possibility. Free public transportation would probably
stimulate usage, but, because of the complex origin and destination
patterns of the modern city, it would probably attract only a relatively
small percentage of the total trips. A change in both public and private
vehicular transportation technology is the long-range opportunity. A
transportation system with the line haul capacity and speed of rapid
transit used by all transportation vehicles, would be such a change — for
example, vehicles utilizing both existing streets and freeway networks
for collection and distribution of trips coupled with an automatically
controlled line haul facility. The introduction of freeways realizes some
of this improvement for personal vehicles and bus transit operations.
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FIGURE 13

Trends in Yearly Transit Patronage

Sources: 1968 Transit Fact Book, American Transit Association.
Future Highways and Urban Growth, Wilbur Smith and Associates, 1961.
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Phoenix Area Transportation Systems — Pre-Statehood
Courtesy State of Arizona Department of Library and Archives
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Early-Day Washington Street
Courtesy State of Arizona Department of Library and Archives

Washington Street Looking West from First Street, About 1905
Courtesy State of Arizona Department of Library and Archives
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New systems incorporating this dual mode flexibility and potential are in
the planning stage and range from adaption of the automobile to a newly
designed “personal” vehicle. The main common denominator of these
proposals is a high capacity line haul facility adapted to individualized
collection and distribution.

In 1980, based on present trends, there will be 250 million people in
the U. S. traveling 800 billion urban miles.'"* The composition of urban
land use in 1980, if the same as present, will have about 30 percent of
the total developed land used for streets, freeways, and other transporta-
tion. The central business districts of today’s large cities like Chicago,
Detroit, and Minneapolis have about half of their total area devoted to
the movement and storage of automobiles. In Los Angeles, it is approach-
ing two-thirds.

A detailed examination of urban form as it has historically related to
transportation technology, is presented in Chapter 6.

Phoenix’s Transit

Horse-drawn cars marked the beginning of transit in Phoenix in 1887.
The system grew to a five-car operation with eight miles of track in 1892.
Electric railway cars replaced the horse car system by 1895. Fire, un-
profitable expansion, and organized labor led to purchase by the City in
1925 for $20,000. This completed the first of three cycles of public-private
ownership of Phoenix transit systems.

Rebuilding of the system was financed by a $750,000 bond issue, and
in 1928, the first of 18 street cars began operation. The City system ex-
panded to 17 street cars and 23 buses by 1941.

Private operation in 1935 provided bus service to Tempe and Mesa.

In the early 1940’s, the City began converting street car lines to bus
operation. A fire also curtailed the City street car operation, destroying
all but six cars which remained on one line until 1948 when the line was
converted to bus operation.

In the 1950’s, the private line then operating within the extended
limits of the City of Phoenix, changed ownership twice and, eventually,
purchased the City system providing an integrated service for the entire
City.

In 1966, the ownership transferred to the Phoenix Transit Corpora-
tion, a subsidiary of Chromallory American. Local service is presently
provided in Phoenix, Scottsdale, and Glendale. Sun Valley Busline oper-
ates between Phoenix, Tempe, and Mesa. Greyhound Busline provides a
similar service to the communities to the southwest of Phoenix. A jitney
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service operated on the Arizona State University campus for several
years, but financial problems resulted in its closure in 1969.

The historical trend of the Phoenix Transit Corporation has been a
steady decline in revenue passengers and passenger revenue. Other
sources of revenue, including charter service and advertising, have been
steadily increasing, but it has not been sufficient to offset the decline in
passenger revenue. The history of revenue passenger use is shown on

Table 3.
TABLE 3
Yearly Phoenix Bus Transit Patronage
Revenue
Year Passengers
1960 9,309,573
1961 8,785,691
1962 6,415,263%¢
1963 7,813,739
1964 7,366,656
1965 6,917,424
1966 7,419,175
1967 5,180,372
1968 5,131,331
1969 4,786,130

L 56-day strike
Source: Phoenix Transit Corporation Semi-annual reports filed by the company with
the Arizona State Corporation Commission.

The trend is similar to other transit operations. People who are
essentially captive users of transit probably account for most of the
current use of transit in Phoenix. The Phoenix Transit regularly sched-
uled bus routes have about 18,000 paid fares per weekday or about 9,000
users of the weekday service. High school students represent approxi-
mately 12 percent of the total passengers on these routes. Weekend
patronage falls off sharply to about 9,000 paid fares on Saturday and
2,500 on Sunday.

In 1947, there were an average of 71,318 transit trips per day. Of
this total, 17,337 were school trips. Ten years later, there were 38,042
school transit trips per day. However, the total number of trips per day
had decreased 13,741 to 57,577 in 1957. Last year, there were 4.5 million
less revenue passengers than in 1960. There were only 4.8 million passen-
gers utilizing the 1969 Phoenix bus transit service which operated about
3 million total bus miles. This is less than 2 revenue passengers per rev-
enue mile."”

Currently, a great deal of interest surrounds transit as a solution to
the urban transportation problem. New transit systems and improve-
ments to existing systems may result in increased passenger utilization.
Some future systems are discussed in the following chapter.
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CHAPTER III

Future Systems

This chapter will examine a few future transit systems according to
the classification defined in Chapter 1. The first two sections discuss
Rapid Transit and Highway Compatible Systems. Developments in these
classifications are based, primarily, on technological and operational
improvements of existing transit operations. For this reason, systems in
this range of the transit spectrum are, probably, most adaptable to the
immediate future. A recent rapid transit demonstration project, and the
only large-scale new rapid transit system, are emphasized in the first
section. The section on Highway Compatible Systems stresses the im-
portance of motor bus operations along with the wide variety of dem-
onstration projects tested and proposed.

The Individualized Transport and ‘“Non-Stop” Transit Systems classi-
fications conclude the chapter. Systems in these classifications are in the
preliminary stage of development. Contained within these classifications
are systems which are both similar to and unlike conventional transit.
Notably, some of these systems need not compete with private transpor-
tation, and, potentially, they can be integrated into a transportation
system serving all trip purposes within a metropolitan area.

Rapid Transit

After more than a decade of dormancy in the U. S., new rapid transit
systems are being completed in three urban areas. Cleveland’s four-mile,

33
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$18 million line connects the city center and the Hopkins Airport — the
first connection of this type in any U. S. major city. In Philadelphia, a
14.5-mile, $95 million suburban line now carries 30,000 passengers a day.
This automatic fare collection and automatic train-operated system be-
gan service in February, 1969.'° In San Francisco, the Bay Area Rapid
Transit (BART) has been designed for the purpose of curing the Bay
Area traffic congestion problem. BART and the Westinghouse Transit
Expressway, which has recently undergone a two-year feasibility and
demonstration study in South Park, Pittsburgh, will be examined in this
section.

The Westinghouse Transit Expressway uses rubber-tired, independ-
ently propelled vehicles operated on an elevated concrete surface. Each
vehicle has a capacity of 28 seated and 26 standing passengers, and the
one-way capacity of this system ranges between 5,000 and 16,000
passengers per hour. Vehicles operate at speeds as high as 50 mph and
are propelled by DC axle motors which collect power from the track. A
rail is used in this system for guidance; however, unlike traditional sys-
tems, the rail is centrally located and not used for vehicle support. The
capital cost for the elevated double track is estimated at $4 to $6 million
a mile.

The major advantage of this independently propelled vehicle design
is the ability to vary the vehicle-train size. This feature is coupled with
completely automatic vehicle control, thus allowing continuous operation
of high-frequency service provided by trains of variable size. Systems
were developed which continually check the operating equipment and
indicate any malfunctions to a control room. If a malfunction exists, the
appropriate action is indicated. In addition, there is a two-way communi-
cation between the passengers and central control. In this manner, the
passengers of the driverless vehicle are notified of actions being taken
and, in case of emergency, they are able to communicate with the con-
troller. The system tested operates on a loop. There is a need for a
workable switching method."’

BART, unlike the Westinghouse Transit Expressway, has been de-
signed as a steel wheel and rail system. The initial study for Bay Area
Transit occurred in 1957, and the system should be completed within
this decade. An excess of 15 years will have been spent in planning,
testing, and construction. This system utilizes few radical changes from
past rail transit operations. Computerized, fully automatic trains will
operate over 75 miles of exclusive right-of-way attaining speeds of 80
mph and averaging about 50 mph. The operation on overhead, surface,
and subway routes will connect three counties. Access to the BART
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system will be provided by 37 stations equipped with automatic ticketing
facilities. Service during the week is tentatively planned for 15-minute
maximum headways except during the peak hours when a 1.5-minute
minimum headway is planned. The operating capacity at this minimum
headway is 30,000 seated passengers per hour per single line.

The total design of the BART system results from the concept of
providing service which can compete in attractiveness with the private
automobile. High-speed stability considerations have resulted in rail
spacings wider than conventional railroad gage. Passengers’ comfort and
convenience have been provided in the design of the BART cars and
stations. Each 72-passenger car will have carpeted floors, wide aisles,
recessed lighting, tinted windows, and automatic air conditioning. Each
station has been individually designed and integrated with the other
transportation facilities in the area.

The design of this modern rapid transit facility has been an immense
financial undertaking. The latest reestimated total cost is $1.38 billion.
Construction delays, inflation, and improvements to the system have
accounted for the increases over the initially estimated $1 billion. Funds
for this system have come from a variety of sources. General obligation
bonds approved by the residents of the three counties and Berkeley total
$812.5 million. The U. S. Government has contributed grants for dem-
onstration projects and capital construction. Demonstration grants for
transit design, fare collection, transit hardware, and beautification have
totaled $8.6 million. Fifty-two million dollars of construction grants have
been approved, and additional grants totaling $53.2 million are pending
approval. The Trans-Bay tube and its approaches have been financed
with a State of California grant of $180 million. Motor vehicle bridge
tolls are the ultimate source of this grant. The rolling stock is financed
from revenue bonds totaling $73 million. A one-half cent increase in sales
tax, commencing in April, 1970, will ultimately provide $150 million and
eliminate the financial deficit that BART has faced for the last three
years.'®

A graduated fare structure from 25 cents to a maximum of one dollar
is tentatively planned to provide for the yearly operating and mainte-
nance costs and repayment of the rolling stock revenue bonds. At this
time, only estimates exist as to the impact BART will have on the Bay
Area development, and, in particular, its impact on the two existing
transit systems and travel on existing streets and freeways. It is estimated
that the 1975 transit riders will be divided as follows; about 57 million
for BART, 208 million for the Muni System, and 60 million for the AC
Transit System. The estimated net revenue for that year, including ad-
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vertising revenue, is: BART, + $10 million; Muni, — $7 million; and AC
Transit, — $5 million. The percentage change from 1965 for the latter two
is + 13 percent and — 247 percent, respectively, despite projected pa-
tronage increases of 47 percent and 14 percent. It is estimated that about
61 percent of BART users will be diverted from the automobile and that
BART will carry 40 percent of their passengers in the peak hours. If
comparable to other cities now considering rapid transit, this traffic will
probably account for about ten percent of total peak-hour travel."

BART’s success or failure will be a major determinant in the future
of large-scale rapid transit systems.

Highway Compatible Systems

Innovations in Highway Compatible Systems have concentrated
on improvements in motor bus operations. The motor bus, presently,
dominates transit usage in the U. S. Over the past five years, buses have
carried approximately 70 percent of the total passengers using transit,
about 5.7 billion passengers a year. Total transit operating revenue for
1967 was $1.5 billion. Motor buses accounted for 72 percent or $1.1 bil-
lion of this total. Improvements in the bus and its operating performance
have been, and will continue to be, one of the main areas of emphasis in
transit operations.”

Delays which occur on regularly scheduled bus transit routes are a
major problem and, on the average, account for about one-third of the
total trip time. Delays occur from traffic conditions and passenger stops.
Traffic delays can occur at stop signs, signalized intersections, and be-
cause of other traffic interference. On regular city bus routes, as much
as 60 percent of the total delay can occur because of passenger stops,
loading, and unloading. Paradoxically, more passengers result in more
delays which reduce the quality of service and, thereby, could reduce
patronage. The frequent stops along a route limit the operating speed
potential. Average operating speeds range from a few miles per hour to
15 or 20 mph on regularly-scheduled routes. Exclusive bus lanes and
deviations from the regularly-scheduled route have been tested and will
be examined in this section.

One major problem is the decline in ridership which regularly
scheduled bus routes in medium size cities (from 50 to 250 thousand
population) are experiencing. Demonstration projects designed to in-
crease patronage have experienced varying degrees of success.

In Peoria, Illinois, a demonstration project was undertaken to deter-
mine the feasibility of new bus service operating techniques. Deviating
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from the regular route concept, a door-to-door commuter service was
established for the home-to-work peak-hour trip. The passengers con-
tracted for the service on a monthly basis and were issued special passes
which they paid for on a zone-fare basis. The passes assured the passen-
gers of a seat and were automatically reissued each month. Passenger
convenience was emphasized throughout the demonstration project.
Coffee and donuts were occasionally served. Christmas cards, book
matches, and pass holders were issued to the subscribers. Complaints
were investigated and action taken, if possible. Taxis were substituted
free of charge in the event of a major breakdown. The overall results of
this 14-month demonstration project were an increase in peak ridership
of 13 percent, in increase in gross revenue of 12 percent, and an increase
in net revenue of 8 percent.

After the project returned the operation to the Peoria city line, the
company eliminated most of the above consumer services and increased
the fares. This resulted in a 21 percent loss in passengers and the elimi-
nation of the previously-established growth rate. The company has re-
cently reestablished most of the eliminated procedures, and ridership has,
once again, increased. Off-peak routes were also established in new
suburban areas which previously did not have a service. Regardless of
the frequency of service, which ranged from 20 to 60 minutes, no route
was able to earn more than approximately 25 percent of its operating
costs.”!

A similar peak-hour study being conducted in Flint, Michigan, uti-
lizes the same concepts of door-to-door service and the passenger con-
veniences provided in Peoria, Illinois. It has been unsuccessful in its
attempt to compete for a portion of the 100,000 automobile commuters.
A $75,000 advertisement campaign to promote the service persuaded
only 500 commuters to try the service while the number of regular riders
has been about 300, or 11 passengers per bus.

Twenty-six 40-seat buses provide such conveniences as air-conditioned
service, stereo music, and free coffee and donuts. The typical monthly
cost for this service is $18 for a one-hour commuter trip. This service is
presently losing approximately $200 daily. If the vehicles were only half
full during the rush hours, the service would be showing a profit. The
conflicting results between Peoria and Flint perhaps can be partly ex-
plained by the affluence of the commuters in Flint, and their expressed
desire for more personal freedom in transport. These services limit flex-
ibility in start time and use of intermediate stops are not available.”

Several other demonstration projects involve the use of exclusive bus
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lanes to improve the service. An experiment is underway in Washington,
D. C., to provide two-way service. This not only makes downtown jobs
more accessible to the suburban resident, but also makes suburban jobs
more accessible to the Inner City resident. Instead of returning empty
buses to the starting point, buses are rerouted through areas of the Inner
City to pick up workers for suburban jobs. In a four-mile segment of the
eight-lane Shirley Freeway, the two center (reversible) lanes are being
tested as exclusive bus lanes during the rush hour.

If an Atlanta plan is approved, the use of exclusive bus lanes will be
coupled with the door-to-door collection of passengers. Exclusive bus
lanes on arterial streets will connect suburbs with the downtown area.
The proposed system consists of 750 route miles which converge with 32
miles of exclusive busway trunkline.

Another proposal is to meter cars onto freeways and allow buses to
enter freely. In this manner, traffic volume and speed are regulated to
improve bus operation.

Another bus innovation which is receiving considerable interest is the
proposed dial-a-bus system. In this system, a driver-operated bus is
routed by computer dispatch to pick up passengers after they have called
for service. It is based on the recognition that low-density areas of the
city are the most poorly served by public transit. Economic service on a
regular basis to these low-density residential areas has been unsuccessful.
The collection and distribution services in these low-density areas would
be provided by computer dispatch of the nearest bus which could best
serve the trip origin and destination recognizing the destination require-
ments of other passengers already on the bus. In this manner, flexibility
of both routes and schedules can be attained. This linkage of many
origins and many destinations combines the mass movement advantages
of the bus and scheduling advantages similar to a taxi. The service, as
conceived, consists of small buses with 10- to 15-seat capacity possibly
connecting with other mass transit facilities.

Another proposal consists of standard collection routes on existing
streets with a line haul service by the same bus operating on a rail fa-
cility. This is very similar to the Atlanta Plan except that the dual mode
capabilities can, potentially, lead to an all-electric vehicle requiring no
driver on the line haul rail portion of the trip.

In the Los Angeles area, bus experimentation has centered around
the provision of service for the urban poor. It was found that most of the
existing buses to ghetto areas did not fulfill the origin and destination
requirements of the residents. New lines were established through
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Midtown Tubeflight Station
Courtesy Rensselaer Polytechnic Institute

Tubeflight Vehicle Interior
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Seattle — Downtown Station Concept
Courtesy U.S. Department of Housing and Urban Development

Advanced Station Design Concept
Courtesy U.S. Department of Housing and Urban Development
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General Motors RTX Bus
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Future Transportation Complex
Courtesy Rensselaer Polytechnic Institute

Tubeflight Vehicle Station
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Watts which were subsidized during the development stages and,
later, converted to a permanent line. The results of these operational
changes were that 60 percent of the trips carried on this line were work
trips and 35 percent of the passengers were able to obtain new jobs.
Another bus service provided direct home pickup of passengers for des-
tinations to scattered industrial areas. A bus pool was established with
the individuals working in the same plant as the passengers. This portion
of the study has found that the elimination of transportation barriers
does not create new job opportunities for the people in the project area
and that the improved public transportation did not have a substantial
effect in reducing unemployment unless there was a high demand for
low-skilled labor.”

To summarize, the bus experimentations have found some success.
There have also been significant failures. Nonetheless, this form of pub-
lic transportation seems best equipped to adapt, in the immediate future,
to low residential densities and diverse patterns of origin and destination.

Individualized Transport

The concepts being tested in Individualized Transport utilize many
of the advantages of the personal vehicle and combine these advantages
with those of conventional transit operations. The individuality and flex-
ibility of the private automobile is most often combined with the high-
carrying capacity and rapid-transporting capabilities of a rail system.

The deviation from this trend is a recently-proposed public automo-
bile service. This concept was developed to provide short-range service
within local areas of low-to-medium density. This service would be pro-
vided to regular drivers and those who are capable of driving an auto-
mobile but either do not have access to an automobile or cannot obtain a
driver’s license because of age restrictions. A special driving provision
for the latter group would allow use of the facilities. The proposed
electric vehicle seating from 2 to 4 people would be available at stations
throughout an area, and rented by the hour or on a mileage basis. A
disadvantage of this system is that it would not serve the non-drivers.
Furthermore, many technical and legal problems such as the issuance of
special driver provisions, prevention of vandalism, maintenance of ve-
hicles, and redistributing the vehicles to meet demand, must be over-
come. A prototype vehicle which would probably cost about $1,000 has
been built and demonstrated successfully.*

Individualized Transport utilizing a fixed rail operation has been
based on using rail service for the entire trip or increasing the flexibility
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by utilizing a vehicle which is also capable of operation on existing
streets. Two proposed systems, Teltrans and the automatic taxi, provide
Individualized Transport service on exclusive right-of-way only. Both
systems utilize electric propulsion for the four-passenger vehicles, oper-
ating in an enclosed tubular guideway. In the Teltrans system, propul-
sion is provided by linear induction motors. The automatic taxi system
uses AC induction motors with power pickup from overhead rails. The
proposed speed of the Teltrans system is 45 mph, and operation at a
practical capacity of between 5,000 and 15,000 persons per hour is antici-
pated. The estimated cost of this system is about $3 million per single
track mile. The automatic taxi system utilizes a rubber-tire vehicle with
average speeds of about 30 mph. The estimated capital cost per single
track mile for this system is $2 million.*

The StaRRcar system utilizes a dual mode, personal vehicle seating
two passengers which is manually driven on city streets and is also
capable of operating automatically on special guideways. The proposed
propulsion system uses batteries off the guideway and external power
pickup when on the guideways. Probable guideway capacity is the same
as the other systems in this classification, and speeds from 40 to 60 mph
are anticipated.

The StaRRcar system combines many of the advantages of modern-
ized rapid transit and the conventional automobile. On the guideway
which may be concrete, the track would guide, control, and power the
vehicle. At stations, the driver may leave the guideway and manually
operate the vehicle or take another mode. If another mode is used, the
vehicle becomes available for another user. Users could be charged on a
rental basis.

A typical work trip from a suburban residence to the central area
might utilize the system as follows. The station nearest the home pro-
vides entry onto guideway, and this facility is used to the station nearest
the employment site. The vehicle, then, is available for another user and
can be dispatched for use or parking elsewhere. The return journey
home is made in the first available vehicle. The vehicle can be driven
home for evening use on the street system or left at the local station. The
high-speed line haul facility is integrated with door-to-door mobility and
convenience. The estimated cost of guideway is $1 to $3 million per
track mile.*®

The automatic highway has received increasing attention for high
density movements. The system proposed adapts conventional automo-
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biles to automatic control by combining onboard sensing equipment and
wire blocks or cables buried in the roadway. In this manner, the pri-
vately owned vehicles specially equipped could use not only existing
streets and highways, but also, these modified highways. Operation on
the automatic highways would be at higher speeds and at decreased
vehicle spacing resulting in an estimated capacity increase of two to four
times that of existing freeways. Other advantages would include in-
creased convenience and safety.

Major problems include the longitudinal control of the vehicles, the
provision of insurance that vehicles using the system have required
equipment, and that the equipment is functioning properly. High-speed
breakdowns will also be a major safety consideration with the small
spacing that the system is considering. The cost for this system is un-
known at this time. Other systems which utilize Individualized Trans-
port, yet combine the operation into trains during some phase of the
trip, will be discussed in the following section.

“Non-Stop” Transit Systems

The basic provision in the “Non-Stop” Transit Systems is a high-speed
continuously-moving line haul train. The passenger using a conventional
form of transit encounters delays and stops between his origin and
destination terminals. These delays can constitute a high percentage of
the total trip time but are necessary for passenger collection and distri-
bution. The “Non-Stop” Transit Systems eliminate these intermediate
delays, and the only delays encountered are those associated with the
origin and destination of the trip. There are two basic methods for
handling passengers. In both systems, the passenger compartments are
combined to form larger units during the line haul operation. In one
method, the passengers relocate after connection with the line haul train
and select the car which will leave the line haul facility at the desired
destination. In the other system, the individualized compartments are
transferred at the desired destination, and, therefore, passengers remain
in the same compartment for the entire journey.

In the former case, a series of self-propelled passenger cars might be
utilized as follows. The through train could consist of a series of cars
moving on a closed loop or route. At a station, or terminal, the rear car
(or cars) is disconnected from the through train and decelerates to a
stop at the station. While this is taking place, one or more cars are accel-
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erated from the station and enter in front of the through train. The two
couple together, and the passengers relocate to the car which corresponds
to the desired destination.

In this type of system, the stations need not be located immediately
adjacent to the line haul facility. The only cars that stop at a station are
those which contain passengers with that destination. This feature could
be utilized in developing a network of local stops linked with the line
haul facility at several locations. If this were the case, several cars might
exit the line haul facility and each car then proceed in different direc-
tions to stations. A major technological contribution is needed to perfect
a method of switching and interlocking of trains before such a system
could be implemented.

Another high-speed system utilizes a pallet in combination with con-
ventional automobiles. A personal vehicle would be driven from existing
street networks and on to a continuous moving train at selected terminals.
The transfer to the line haul facility by using a pallet-type arrangement
has been proposed. The automobile requires no additional special equip-
ment, and the pallet vehicle could take the form of a flat car capable of
carrying several vehicles. Switching is the major problem in this system.
One method proposed utilizes parallel tracks at terminal points. The
automobile driver would be driven onto a flat car which, in turn, would
be accelerated to the speed of the line haul facility; then, the two trains
would be coupled and a lifting mechanism would transfer the pallets
onto and off of the line haul train. The capacity and speed characteristics
of rail service would be integrated with the automobile preserving the
automobile’s characteristic comfort and enhancing the total trip by elim-
inating driving during the line haul. There are many forms of individual-
ized vehicles that could be combined with trains. Some of these, such as
the StaRRcar, were described in the previous section and are bi-modal
in nature.

This chapter has not tried to describe all of the various systems being
proposed. The main intent was to present the range of concepts currently
being demonstrated or researched. These new urban transit modes at-
tempt to combine many of the positive aspects of both private autos and
conventional public transit within their systems. A brief listing of the
positive attributes of private automobile service include: 1) comfort in
all weather, 2) convenience, 3) dependability, 4) privacy, 5) flexibility
of use, 6) speed of travel, 7) status, and 8) adaptable for the entire trip.

Word Searchable Version not a True Copy



43

Future Systems

6961 Axenuef ‘puinop uoyvriodsun.d] puno.ary paads y3sif . SUuIAl] ueqin) Jo Aeng) sy} pue Jsuel], d1jqnd,, :S90IN0S

€961 ‘uonpriodsuv.i] uvq.i) Jo ASojouysa ay |
"'QOG 1 ‘@4npn,g 2y fO plioy 2Yy) S1 uoDILOdSuD.L]
8961 ISn3ny ‘uoyvpiodsun.] Jo sapopy

umouyu) 14/ syoa ‘ssed 9 ydw )9< umouyu) dn pue 9
00001 - ¥ paads y3ry LISNVELL
«dOLS-NON,,
S yoex J[3uls 00061 - § ydwog-g1 dnpueoool§ 9-¢C
U /£-1§ LIOdSNVIL
ddZI'TVNAIAIANI
o[qeLIe A o[qeLIe A yduw (g - ‘OL- Sl -
19 19 ydw og - 8 000°0L-8$ ¢l T1EI LY dNOD
AVMHDIH
o[tw/uorI 1-7$ 000°0€ - 8 qdwgz-61 000°0C1$ 01 dn 08 -0I LISNVYIL dIdVd
1S0D TV.LIAVD e, agaads LINAZLSOD m“w.ﬂ“_“cu
TavaoNd TOVHAAY NOILVDIJISSV'ID LISNVIL
ALIDVAVD WALSAS AIOIHAA

wn.pIddg JIsurd I, 3y} Ul SINSLIdIIBIRY)) JO SAguwy

y H'1dV.L

Word Searchable Version not a True Copy



44 Transit and the Phoenix Metropolitan Area

The positive attributes associated with public transit are: 1) compact
movement of passengers, 2) high capacity capabilities, 3) low space re-
quirements, 4) high safety rating, and 5) provision for non-car users.
No system proposed to date approaches fulfilling both sets of character-
istics, but they present an improvement in transit over that which exists
today.
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CHAPTER IV

The Individual Decides

The preceding chapters have described the urban transportation
problem and have given some history of transit development and set
forth examples of new technology and concepts which might be imple-
mented. A general index of the costs of such transportation was also
presented. This chapter will attempt to present transportation alterna-
tives as viewed by the urban transportation user.

Since the costs of transportation to the degree they are known were
identified in the preceding material, they will not be discussed here
except as they may be viewed by the individual. It will be seen that
various other characteristics involving speed, comfort, privacy, etc., are
also important and may be very difficult to evaluate in monetary terms.
Thus, the analysis of transport alternatives from the user’s viewpoint
becomes most difficult. Only during the past few years has research.
much of it borrowing from the social and psychological sciences, been
productive and substantiated by basic data collection.

The fundamental assumption behind all of the discussions which
follow is that the individual transportation user is rational in his decisions
regarding his use (both mode and routing) of the transport alternatives
available. The problem is to identify his rationale. This requires not only
the inclusion of non-quantifiable items such as comfort, privacy, and
others, but also the realization that the user is not equally sensitive

45
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to the expenditure of the quantifiable items including time and money.
The discussions which follow will touch briefly on a number of these in
order to indicate the type of knowledge currently available and to indi-
cate those characteristics of transportation systems which have the most
negative effect on the users. It is obvious that any new or improved
system should try to avoid, deemphasize, or compensate for such char-
acteristics in order to increase its attractiveness to the user.

Although most people agree that there are a number of non-measur-
able transport effects, most feel that there are at least two which can be
measured and that their values should be relatively constant. These are
the dollar costs of transportation and the time it takes to make the trip.

Although most economic analyses rightfully indicate and compare the
total cost of transportation alternates, it should be realized that the
individual when making decisions regarding transportation alternates,
generally does not decide on a total cost basis. Economists have long
contended that the effect on the public is modified by the timing and the
method used in charging those costs to the individual. The withholding
feature of the income tax is an example.

When alternates are compared, there is the question of whether pre-
vious investments should be included or whether such decisions having
already been made, should be neglected. When previous investment is
brought to the individual level, it has an equally profound effect. It is
this factor which probably has the over-riding influence on the individ-
ual’s view of the direct costs of alternate forms of urban transportation.

Specifically, once an automobile or any other unit of privately-owned
transportation has been purchased, the user very seldom includes the
depreciation of such in his decision regarding its use for a particular
trip. This is especially true when the trip is relatively short and, maybe,
is somewhat less the case if an extensive trip of several hundred miles is
involved. This is not to say that the individual never considers this cost.
There is, probably, very serious consideration given prior to the purchase,
and the availability, cost, and convenience of alternate modes of trans-
port may be balanced against the individual’s investment.

There is a possibility that, because of the high rate of style obsoles-

cence (as opposed to obsolescence due to use) that there may be a
reverse factor at work. This would be the case when the individual user
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having once purchased a vehicle feels that in order to “get his money
out” of the investment, he would use this mode of transportation at a
time when a consideration of cost would indicate it an unlikely alter-
native.

It has been established that the expenditures which have the greatest
impact on the user are those which are removed or collected from him
on a hard-cash basis each time be performs a trip. Typical of these costs
are parking fees, tolls, and transit fares. Many users, when faced by a
short urban trip, do not (even when asked) make their evaluation in
terms of the gas consumed. They feel that the gasoline purchase has
already been made and, although they realize that a certain amount of
fuel will be burned on each trip, they think more in terms of filling the
tank every so often. They do not consider one short trip as having much
of an effect. It would seem that the methods of cost collection are prone
to favor those types of transportation which are individually owned.
Thus, any form of private or public ownership which is faced with the
problem of collecting the costs of transport from the user as each indi-
vidual trip is accomplished, is at a disadvantage.

The second quantifiable characteristic of urban travel is that of travel
time. The transport user evaluates his time in terms of the total trip, that
is, from the time he leaves his origin (possibly his house) to the time he
gets to his destination (the inside of his office or the inside of a shopping
center, etc.). This would appear rational although some studies do ana-
lyze time savings on certain portions of the trip, specifically, the line haul
portion. Transportation, almost by definition, causes an expenditure of
time. During this period, the user is prevented from doing something
more productive or something more to his liking. Thus, it seems reason-
able to look at time in transportation as something that has a disutility,
or in other words, as a negative factor which should be minimized.

In measuring the amount of time saved by making a trip by one
mode as compared to another, at least two major items are of interest.
The first is the view of the user as to whether the actual time saved is
really an advantage, and, secondly, the value in terms of dollars, that
might be placed on this savings.

In the first case, it seems reasonable that an individual’s view of time
expended must certainly take into account the pleasantness or unpleas-
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antness experienced. Most are well aware of the phenomenon of time
seeming to “fly” when engaged in something very interesting or very
appealing. On the other hand, a very short period of time may seem
quite long when exposed to unpleasant conditions. Although this seems
a very real and simple concept, its application to the development of
urban transit systems and to an understanding of the user’s decision has
not been quantified until recently. There are current studies which indi-
cate that time spent waiting during a trip is weighted as two and a half
times that spent in motion.”” Thus, any waiting — waiting for a vehicle,
waiting at a transfer, or waiting at an intersection — is viewed with a
much more negative attitude. It would seem that any mode of transpor-
tation which requires a transfer and, normally, a time delay at transfer,
would immediately be at a disadvantage. An extension of these findings
might indicate that the conditions under which waiting is accomplished
is of importance. For example, being delayed within a vehicle which is
protected from the elements may be less offensive than being delayed by
standing on a street corner or station where one is exposed to the ele-
ments. It is not known whether a few longer waits are more or less
offensive than a large number of shorter delays (with the same total
delay and under the same conditions). It would not seem unreasonable,
however, that the numerous short delays might be, in fact, more ag-
gravating.

The important fact is that the expenditure of time for urban transpor-
tation is viewed differently depending on how that time is expended.
Anything which can be done to improve the psychological effects of this
“wasted time,” the more attractive will be that mode of transportation.
Where a relatively long trip is involved and where the individual is not
needed to control the transport unit, the individual may be free to pursue
some personally productive or pleasurable activities which might have a
positive effect. The typical example of this is the businessman in eastern
cities who uses the time on commuter railroads to work, catch up on his
casual reading, or play cards with a group of friends.

Further characteristics of the expenediture of time become clear by
investigating the user’s view of the value, in dollar terms, of the time
expended. Since many, if not most, improvements in urban transportation
are justified not because of a reduction in operating costs, but because of
a reduction in travel time, transportation economists have been inter-
ested in the appropriate value of time for a number of years. An exten-
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sive discussion of an appropriate time value in such an analysis is not of
particular use here and is not included.

It is the use to which the time saved is put that is important in deter-
mining the value of that time. Thus, one should be careful of an analysis
which indicates one alternative better than another based on the accum-
ulation of very small time savings (of a minute or two) for an individual
trip even though this might be applied to thousands of people ecach day
of the year. The point is, such a small amount of time probably could not
be put to much productive use as far as the economy is concerned.

A second major point is that the value of the time saved is certainly a
function of the purpose of the travel. For example, special consideration
is given to fire, ambulance, and police vehicles because it is realized that
a very small saving in time can be very important and valuable. On the
other hand, the “Sunday driver” on a recreational or social trip probably
places very little value on time savings.

The third and, again, obvious point is that everything else constant,
the value of the time saved is probably related to the income (produc-
tiveness) of the individual making the trip.

Although previous comments concerning the total cost of transporta-
tion might indicate that the user is not very sensitive or sophisticated in
his view of transportation, recent research would indicate otherwise with
regard to the expenditure of time. This might be expected if one remem-
bers that the user is very sensitive to any expenditure which he is forced
to make directly when the trip is actually performed. This, almost by
definition, includes the entire time expenditure. As the previous para-
graphs indicated, be is sensitive to the qualitative features of time. He
may also be quite sensitive to the quantitative features. There is now
evidence available which indicates that the user does view the time-
saving differently depending both on his income level and on the amount
of time saved. The value of one minute saved is much less both in total
value and in value per unit of time than the savings of 5, 10, or 15
minutes in an urban trip. The value of time saved in dollars per minute
when the total savings is 20 minutes may be almost three times that of a
one-minute saving. In simple terms, this means that the savings as viewed
by the user of one minute on each of ten trips is not valued anywhere
near as much as the savings of ten minutes on one trip.
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Furthermore, research indicates that the user is also sensitive to the
fact that the time saved on many urban trips cannot be put to the most
productive uses. Thus, one study of urban travel indicates that the value
placed on time savings by the user is somewhere between 25 to 40 per-
cent his rate of pay at this occupation.?®

This knowledge of the value of time to the user is of extreme im-
portance in evaluating his view with regard to alternate transportation
technologies. To repeat, the user and his view of the value of time must
first be determined on the total trip, must take into account the user’s
income level, and the total amount of time saved on the trip. This means
that the planners must now be concerned with not only the time savings
or the relative travel time, but also, the total trip length in terms of time.

The preceding has discussed two factors which are quantitative in
nature. It must be emphasized that there are numerous other factors,
most of which cannot be quantified, which have a direct effect on the
individual when he makes his modal decision. These include frequency
of service, need to change vehicles, reliability of service, the expected
delays in changing modes, overall speed, personal comfort or the sense
of freedom, safety, the control of his immediate environment both with
regard to the proximity of other passengers and with regard to the
temperature, ventilation, etc.

One primary concern seems to be the reliability of achieving the des-
tination at the proper or expected time. The time factor becomes quite
important when the work trip is considered. This probably reflects the
individual’s desire for a minimum travel time with adequate safety. It
should be noted that the uncertainty of total trip duration is usually
much greater at transfer points and, especially, when a mode change is
required.

Another general characteristic which includes many of the factors
listed above is, normally, referred to as comfort and convenience. These
include the lack of waiting lines, the availability and comfort of seats,
privacy, the ability to listen or not listen to the radio, the ability to smoke
or the ability to be removed from those who do, the ability to control the
temperature and ventilation, etc. These are, normally, more important to
the individual on the work trip than for other purposes. This, probably,
reflects both its length and, possibly, the individual’s desire to be free
from the impact of others, especially after having been subjected to such
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stress during the day at his work place. People on shopping, social, or
recreational trips are, generally, less sensitive to this.

The preceding discussions concerning travel time may be further
expanded or explained by consideration of comfort and convenience. For
example, some studies have indicated that bus users place greater im-
portance on getting to their destination in the shortest time and by the
shortest distances than does the automobile user.”’ This may be due to
the fact that the effects of time and distance are less acute on the auto-
mobile user because of the increased reliability, comfort, convenience,
and feeling of personal freedom. Part of this is also the feeling of the
ability to control, to some extent, the route, speed, and other character-
istics of the vehicle during the trip. Thus, the feeling that, if a delay is
encountered, the individual is free to seek another route rather than to
be delayed by the decision of another or the rigidity of the system, may
be important.

This chapter has presented some of the rationales used by the indi-
vidual as he makes his decision regarding his use of urban transportation.
In review, it is, probably, a rational decision based on economics, time,
comfort, and convenience criteria. The user is quite sensitive to, and also,
quite sophisticated in, his individual analysis or reaction to many of
these. It points out the important fact that equal time or equal costs for
different alternatives are not viewed as being equal by the user. Some
costs and some expenditure of time are much more offensive than others.
The more that is learned about urban transportation, the more it is
necessary to analyze the entire trip and analyze it both in its relative
and absolute terms. In the decisions concerning future transport invest-
ment, these facts must be incorporated, and the system should be de-
signed so as to minimize the distasteful factors. Typical of the guidelines
which might be established would be the following:

1. Minimize time and distance.
2. Keep delays and waiting periods at a minimum.

3. Decrease the uncertainty either by established schedules or by
frequent service.

4. Provide a small, basic compartment or unit for privacy.

5. Provide the individual with the greatest amount of control over
his environment including ventilation, temperature, smoking, etc.
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6. Minimize small recurring delays.
7. Minimize the number of transfers.

8. Minimize the requirements for the user to move from one unit to
another.

9. Maximize safety and freedom from breakdown.

10. Avoid repeated direct charges for service.
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CHAPTER V

Financing

The preceding chapters have included presentations of transport
costs and, also, the individual’s attitudes toward the collection of certain
fares and other costs. This section will look, briefly, at some of the ques-
tions regarding the financing of urban transportation from the standpoint
of the city or governmental agency. With regard to urban transportation
financing, it seems that there are two fundamental questions of concern
at this time. The first of these is ownership, and the second is govern-
mental support.

An investigation of the forms of urban transportation would indicate
that there are, basically, three types of ownership currently used. The
first might be called private corporate ownership. This would include
those systems which are owned and operated by private corporations
and supply transportation as the private sector would supply any service
or commodity. These corporations are, normally, controlled by local or
state regulations, and numerous conditions are imposed in their fran-
chises which require them to perform certain functions which they would
not otherwise perform. These include the inflexibility of route, the re-
tention of routes operating at a deficit, and the retention of service during
those days or times of the day when usage does not justify the service.
These are typical of only a few of current restrictions. They indicate,
however, that there has been historically, and still is, a strong feeling
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that part of a privately-owned mass transportation function is to provide
services at times and for those individuals where it is not economically
justified. These are, essentially, social welfare considerations. These have
been provided by private corporations when they were required and as
long as other, more profitable, segments were able to provide net revenue
for the economic deficiencies of these functions. The problem with most
of today’s privately owned urban transportation facilities is that their
history has been such that it tended to reduce the number of profitable
lines, the number of days per week that any line was profitable, and the
number of hours during the day that a profit could be sustained. There-
fore, a greater and greater proportion of the activities required justifica-
tion which was outside of the economics of the fare box.

Because of this, there has been a marked movement toward the
second type of transit ownership. This is public ownership normally
embodied in some type of public transit authority. These authorities have
suffered many of the ills of the private transit companies. This would be
expected. In most cases when the transit authorities were formed, they
purchased, or assumed in some other fashion, the fixed facilities, rolling
stock, routes, and maintenance facilities of private corporation. In many
cases, they also inherited the management personnel. This does not
mean, however, that public ownership was entirely an extension of the
problems of private ownership. In most instances, the publicly owned
corporations ad available to them relief which was not available to
others. This included elimination of local property or other taxes; reduced
maintenance responsibility in those cases where streets and other thor-
oughfares were used; release from state and/or local fuel, registration,
and other operating taxes; and, finally, the availability of other govern-
mental support. In addition, many could call upon a larger financial base
from which they might issue bonds for capital improvement. It must be
remembered that most of these provided only short-range relief and
were not able to stem or reverse the continued reduction of transit use in
the overall urban transport picture. Most of the existing systems still
suffer from conventional low fares and from the attitudes concerning
fares previously described.

Recently, more emphasis has been put on using conventional transit

to provide mobility for the poor, the handicapped, the aged, the young,
etc. Under these conditions, and remembering the demands of peak-hour
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loads described in the initial chapter, it is no wonder that most of them
feel that under the best conditions, they will be fortunate to have rev-
enues which cover their direct operating costs. This still leaves the de-
preciation of the investment in the fixed facility and vehicles. This makes
more difficult, if not impossible, any attempt at implementing new tech-
nology, new management concepts, etc.

The third common type of ownership is that which is represented by
the rubber tire transport industry in general. This is individual private
ownership of the rolling stock and public ownership of the fixed facility.
This is further tied to a philosophy which says that the individual who
owns the transport unit bears full responsibility for the financing of the
improvement of the fixed system. Plainly, this describes the individual
and his privately-owned automobile operating on a public system of
highways, freeways, and streets for which he provides the financing.
This has been accomplished through the development of a concept of
user charges which are specifically earmarked, both at State and Federal
levels, for the improvement and maintenance of highway systems. This
ecarmarking, in most cases, is justified by the fact that these user charges
represent virtually the entire financing capabilities for major highway
facilities both within and outside of urban areas.

There are many reasons for the success of this system. First, there is
the flexibility of the vehicle itself, allowing it to operate on virtually any
type of surface. Second, there is the freedom of the individual to decide
when and what type of vehicle he should purchase. An often-overlooked
factor is the system’s ability to finance itself by an efficient and inoffen-
sive tax mechanism. The highway user pays his taxes in a number of
ways, the most important of which is the tax on the fuel he consumes.
This tax is collected each time he purchases a gallon of gas, and yet the
marketing phenomenon is such that it is not called directly to his atten-
tion. The advertised retail price of gasoline and other motor fuels include
both the Federal and State user taxes. It is true that some companies
are now placing signs in their stations and on their pumps which indicate
the amount of the price which is tax, but this, probably, does not have
the same psychological effect as the imposition of a tax after the retail
price has been established. The sales tax is an example of the latter case.

This is not to infer that the taxes are not substantial. They would,
probably, be much more offensive if handled as a sales tax or if the user
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had to be billed once a year for an equivalent amount of money. Fuel
costs vary in Arizona from somewhere between 28 cents in the central
part of the state during a gas war, to 45 or more cents per gallon in
other parts of the state. In Arizona, there is a 7-cent State and 4-cent
Federal tax on each gallon of gasoline. Taking the two extremes, one
might say that the price of gasoline is from 17 to 34 cents a gallon plus
an 11-cent tax. If calculated in the same fashion as a sales tax, this
represents a tax of 65 and 32 percent, respectively.

The second advantageous tax characteristic is its efficiency of collec-
tion. Because of the shipping and distribution mechanism for motor fuel,
it is relatively inexpensive to collect these taxes. Virtually all of the fuel
will be used by those who are subject to the highway use tax. For those
activities which are not subject to such a tax (boating, farm equipment,
heavy construction equipment, etc.), a local separate system or a system
of rebates may be established. It must be remembered that when any
new taxes are established, either for the primary purpose of revenue
production or, as some would suggest in urban areas today, for the
purpose of controlling the transportation decisions of the individual, the
efficiency of the collection system is important. Even where control is the
primary purpose, it would seem unjustified to introduce a tax which
would cost more to collect and enforce than the revenue produced.

The other major concern of financing today is governmental support.
These are discussions of subsidy and it should be realized that, in a
broader sense, governmental support is always a shift of responsibility
or financial burdens from one group to another. Although the term
“subsidy” has some unpleasant connotations, it is a term familiar to many
and, therefore, will be used here but not necessarily in a negative sense.

Whether a subsidy exists usually depends on the scope of the system
under discussion. There are few, if any, transportation systems in which
each part at all times pays for itself. In the highway system of this
country, the lack of subsidy generally means that the highway user pays
for the improvement of the major traffic arteries. However, this considers
the entire national system. It can be shown that many states pay more to
the Federal government in highway users charges than they receive in
Federal Aid. Arizona has received more than it has paid, and, thus, it is
receiving revenues generated by others. Within the State, the urban
areas (this is typical of most states) pay more in user taxes than they
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receive in highway improvements. Thus, the urbanites generally subsi-
dize rural transportation. This is not necessarily bad since they directly
or indirectly depend on rural transportation in many ways. The justifica-
tion of such subsidies must be based on an analysis of the needs of the
recipients. Historically, the need for national and regional transport (the
majority of which is rural transport) has taken precedence. This may no
longer be the case (for reasons not within the scope of this report). Even
within the urban areas, it is probably true that the off-peak users, be they
users of private or publicly-owned transit or the highway system, prob-
ably subsidized the peak-hour users.

Similarly with transit, the consideration of subsidy has to be well
defined. In most cases, subsidy now means that operations can no longer
produce revenues equal to expenditures. Some relief of this, as previously
indicated, can be accomplished by relief from existing tax responsibilities.
This might be considered a relatively soft subsidy. In fact, it might be
considered a justifiable redistribution of responsibility in that, historically,
the operations may have, in fact, subsidized some other form of trans-
portation or other programs.

However, more recently the discussion of subsidy revolves around
the more difficult questions of a hard money transfer. Currently, this
usually concerns capital funds for the construction or improvement of
the fixed facilities. There is a growing concern that this is necessary in
order to accomplish any improvement in transit service since the current
revenue would cover operating costs only. This might be called the
second level of subsidy where tax release is considered the first. The
third level of subsidy is the provision of funds on a continuing basis to
cover direct operating costs. At this point, it probably would be advis-
able to think not in terms of a transportation service, but in terms of a
welfare function.

It is necessary to look at any transfer of financial responsibility or
subsidy in its proper context and with respect to its proper function. If a
particular mode of transportation is to provide a social welfare function
over and above what it can economically support, then it probably should
be given aid from those sources which normally provide for that type of
function. If it is to be used to help produce a particular type of urban
area, then it might rightfully expect support from those who benefit from
that particular type of urban area rather than from a form freely chosen
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by the individual urbanite. If it is to be encouraged in order to support
an existing extensively-developed central business district, or to retard
the relative decline of such an area, then its financial needs should be
met by those who benefit from such action. If a particular mode of
transport requires any financial support and it improves the operation or
decreases the cost of an alternate form of transport, then the latter could
justifiably provide financing for the former. However, it must be empha-
sized that this assumes that the shift occurs because of the choice of the
individual. The mere fact that one form of transportation needs financial
support is no justification for obtaining that support from another mode
of transportation on the sole basis that they perform the same function.

Justification for subsidy for existing transit has often been based on
the argument that the poor would suffer if fares were raised. This may
not be the case. Transit subsidies are often financed from regressive local
taxes (such as a retail sales tax) which have a greater proportional effect
on the very people which it claims to help. More importantly, this may
lead to a subsidy of the rich by the poor. This results from the fact that
the subsidy is required for the lightly used segments of the system and
not the heavily traveled central city portion of the system. Those heavily
used segments usually extend from low income areas to the central area
and pay their own way. The lightly traveled segments serve the suburban
and outlying higher income communities.

It would seem that the advisability of subsidy would rest on numer-
ous evaluations. Some of these have already been indicated. Although
there may be sufficient justification for subsidy for capital investment or
tax release to support existing systems where those systems have proved
to be no longer technologically advanced or acceptable to the user, these
types of decisions must be investigated thoroughly. The decision to take
over or support a system which had a recent history of decline must
realize that it may continue to decline to the point where operating costs
may no longer be recoverable from revenues. The urban areas must be
sensitive to the fact that existing physical transit facilities may not be the
best solution and that continued support of such systems may become
harder and harder to justify. On the other hand, most urban areas are
faced with the fact that they cannot, by themselves or with the current
level of Federal Aid, do much in the way of extensive innovation. It is
fully recognized that local officials do not want to be saddled with a
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failure in their own community. They are, therefore, reluctant to pursue
investments such as transit innovation which may have a significant
probability of economic failure. This, when combined with the total
shortage of funds to meet urban problems, reenforces the elected offi-
cials’ reluctance for such programs. When this is further reenforced by
the failure of such modifications as described for the Flint bus program,
the situation becomes serious.

The preceding sections have indicated that minor modifications prob-
ably will not cause a major shift in the current attitudes and decisions of
users regarding modes. This means that substantial changes in the
alternates available are necessary. To meet today’s needs, this means that
substantial systems or subsystems would have to be built to provide
these alternatives. They will be very expensive to construct. There is no
assurance that any particular concept will prove to be more efficient or
attractive to the user than some of the existing alternatives. Thus, there
is no assurance that they will be financially successful. Because of this,
it is understandable that the individual communities are not in a position
to do very much to provide these large programs. At the most, they
could attempt one, and its failure could have long-range financial reper-
cussions for the community.

Therefore, it would seem that the higher levels of governments must
be looked toward for the financing of new transport concepts in urban
areas. The individual urban areas should analyze the range of concepts
available and try to obtain State and Federal financing for a concept
which it considers might best meet its particular needs. The concept
which satisfies New York or San Francisco will not necessarily satisfy
Oklahoma City or Phoenix. Any urban area that unduly burdens one
group of users or one mode of transportation to completely subsidize an
alternate mode, will effectively increase its total cost of transportation
and, therefore, become that much less attractive than other urban areas.
This would, normally, restrain the rate of growth, which has both posi-
tive and negative aspects, but it is generally considered to be an un-
wanted situation by most community leaders.

In conclusion, it seems important that the community identify its
problems, realize the magnitude of financing transport alternatives, and
realize that this problem, like that of air pollution, is one that cannot be
solved by a small geographic areca. The communities may be called upon
to give some tax relief or subsidy to existing systems, and this is often
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justified. However, they should remember that the subsidy will have to
be provided by some other sector. If this sector cannot be found, or
cannot stand the financial responsibility, then it will probably be up to
the taxing powers of the general urban base to provide the funds — the
funds which are most critically needed, however, and those which are
almost non-existent: the funds which can be used to try new systems,
new techniques, and new management concepts.
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CHAPTER VI

Urban Form and
Transportation Considerations

Previous chapters have been concerned with both the technical and
non-technical aspects of transportation. This chapter will attempt to
relate urban form to both the transport technology available at any point
in time and relate this to the probable growth characteristics of the
Phoenix urban area during the next 20 to 25 years. Urban form refers to
land use characteristics. The concern here is related, specifically, to the
distribution and the intensity of land use. It will be illustrated that both
must be considered in order to understand the requirements placed on a
transportation system.

Initially, it is necessary to establish the relationship between urban
form and transportation technology. To develop and illustrate this rela-
tionship, it is useful to look at the historical development of urban areas
as related to the transportation technology available at the time when
such development occurred.

Pre-Industrial Towns

The ancient cities in Mesopotamia, Greece, and the Roman Empire
provide a number of very important architectural and archeological
remnants; these civilizations supplied much of the birthright of western
Europe, and, therefore, attract a great deal of interest. Most of the
towns were quite small by today’s standards. It is doubtful whether any
ever achieved the population of Phoenix today. Many were no larger
than 50 to 100 thousand people. They covered limited areas and were

61
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compact, tending toward a circular shape. In many cases, this was modi-
fied by local topographic characteristics. The transportation technology
available was very limited and consisted only of the use of human feet
or beasts of burden and what they could carry or pull. Most personal
travel was slow, and most freight movement was not only slow but con-
ducted in very small units.

Many of the towns were laid out on a rectangular grid pattern. This
was true even in Greece where the topography would normally have led
to other systems.*’

These systems consisted of passways and not of roads or streets as
conceived today. Most were very narrow and provided little or no access
to wheeled vehicles of any size.

A number of the cities did develop broad, magnificent avenues or
boulevards within their center. These were normally provided for tri-
umphful parades and the exhibition of surrounding palaces, temples, or
public buildings. Traces of some of these remain today. It is important
to remember that these boulevards were the exception and that the vast
majority of the transport system has long since disappeared.

As one considers the medieval towns of Europe, many of the same
characteristics are found. Again, the towns were quite small compared to
present-day standards and even more compact. This resulted from the
need to build walls or ramparts for protection. Many of these towns
sought sites on hilltops for similar reasons. The entire urban form of the
medieval city was oriented toward military protection. The rectangular
pattern of pathways and streets disappeared to be replaced by narrow
and curving streets and paths. In many towns, the adjacent buildings
were extended over the streets to virtually create a tunnel. It is not clear
whether this was purposeful, but such pathways and overhangs could
provide added defense if the walls were breached. There was very little
open space. It was not necessary because of the proximity of the coun-
tryside. Also, it must be remembered that there was no great ebb and
flow of transportation demand such as is evident in modern cities because
a substantial number of people worked in shops within their homes.

If there was a major influence of transportation on the ancient and
medieval cities, it probably was related to their overall size. These towns
depended upon the surrounding hinterlands for their food and supplies.
Thus, regional transportation capabilities as well as political and agri-
cultural considerations governed the total non-rural community which
could be supported.
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First Cable Car - San Francisco, 1873

Courtesy American Transit Association



America’s First Electric Line — Baltimore, 1885
Courtesy American Transit Association

Horsedrawn Streetcar, Boston
Courtesy American Transit Association
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Portland, Oregon, Electric Power Company, 1905
Courtesy American Transit Association

One-Man Streetcars, Norfolk, Virginia, 1927
Courtesy American Transit Association
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Urban Form and Transportation Considerations 63
The Industrial City

The development of modern urbanized communities is marked by
the initiation of the Industrial Revolution. Most of the modern metro-
politan areas of today reflect the impact of the 19th and first part of the
20th Century. It was industrialization that first led to the existence of
large and populous urbanized areas. The Industrial Revolution caused
very rapid urban expansion. It was a time of rail expansion. The parallel
growth of industrialization and rail transport was no accident. The his-
torical fact that one of the first applications of steam power was to
transportation, illustrates the lack of capability to transport large quan-
tities over great distances overland prior to that time.

Industrialization of urban areas during the initial part of the era was
built upon the development of basic industry. Those industries were
often extractive in nature and required large inputs of ore or other raw
materials. In many cases, the assembly of two or three different materials
that did not occur naturally together was required. This could not be
accomplished without some efficient form of overland bulk transport.

Three forces were acting which together would create an urban form
which is still reflected in many American cities. The first of these forces
was the very rapid increase in population. The second, was the develop-
ment of the factory concept. The Industrial Revolution and its factory
was based on the idea that it was more efficient 1) for the people to
specialize in one part of a manufacturing process rather than in the
complete process, and 2) for the people to assemble into a common
area to work. This was the first time there was such complete separation
of the home location and the work location, and it developed the need
for people to travel between these two urban land uses. In other words,
the work trip was born and, as has been discussed in a previous chapter,
this requirement that people not only assemble in a particular place, but
also at a particular time, has caused the major urban transportation
problem of today. The third factor was the existence of at least one rail
line in the community. This resulted in the existence of a form of trans-
portation that was far superior to the previous or existing alternate
technology, both in its speed, capacity, and reliability.

As these three forces worked together, it became obvious that the
new technology (rail) should be used to transport people to and from
their work as well as to transport industrial materials. This led to the
development of street railways, rapid rail transit, and commuter railways.
All of these were rail facilities which could serve a large number of
people.
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There was one characteristic which was to prove to have a very
important impact on the urban area. This was the fact that to initiate
this form of transportation, it was necessary to invest considerable funds
in the fixed facilities. In other words, it was necessary to place ties, rails,
junctions, and all the other appurtenances of rail transport. All of this
investment was necessary prior to the existence of any transport product.
Simply, you had to build the railroad before you could move the train or
streetcar. Because of this expense, it was not economically possible to
construct rail facilities down every existing street or pathway. It was
only possible to build a relatively few facilities. Since most of the com-
munities grew from an existing town, from a joining of water and rail
transport or the crossing of rail transport facilities, there was an obvious
initial growth point. Since limited facilities could be built, it was obvious
that these would be built from this point. Thus, as growth occurred, it
was typical that the rail facilities radiated from what was to become
known as the Central Business District (which was often adjacent to a
central industrial district) .

As these lines were constructed, a second phenomenon occurred.
New development occurred adjacent to these rail facilities. In addition,
development often occurred at very high densities. The reason for this
can also be related to transport technology. Travel along the rail facilities
was quite efficient as compared to the alternate forms of land transporta-
tion available. Basically, people had to rely on walking to a rail facility.
Thus, very high densities were developed in residential areas in order to
accommodate the population and minimize the walking distance. In the
mid-19th Century, it was not uncommon that 24 to 25 dwelling units
would be constructed on a piece of ground about 100 feet in depth with
about 25 or 50 feet of street frontage.

The radial shape of the transport system also created another phe-
nomenon, and that was the development of the dominant central busi-
ness district. As already described, the transport focused on this point
and this became the most accessible area within the entire urbanized
community. Because of its great accessibility, it became very valuable
from a real estate standpoint and became a point that was common to
the vast majority of residents. Everybody went downtown, if not to work,
then to shop or to conduct other business. The value of the land, because
of its accessibility, was later reflected in a tremendous investment in
buildings and other improvements.

As industrial growth continued, the above-described characteristics
intensified. Ultimately, the city that developed could be described as
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having a star-shaped development with the arms of the star radiating
out from the center as illustrated in Figure 14. Farther out there was
development around the immediate area of a station. In general, the
cities were characterized by very high densities, both residential and in
the central area. Further, they reflected a centralization of activity both
industrial and commercial because of the pattern of the transportation
system and the difficulty of movement on alternate systems. Thirdly,
although the land in the immediate area of the rail facilities was in-
tensely developed and although it might be a considerable distance from
one edge of urban development on one side of town to the other, there
were extensive undeveloped areas between the arms of urbanization.
And, thus, the countryside was never too far away. This fact has numer-
ous implications, one of which was the lack of necessity, at that time, to
be concerned with open spaces in residential areas, a problem that now
faces these same old high density developments.

Enter The Automobile

The city described in the previous section existed at least until the
first-third of the 20th Century. By then, the technology existed which has
caused another major change in urban transportation and has been re-
flected in urban form. This was the existence of the private automobile.
Its impact was delayed throughout the 1930’s because of the Depression
and through much of the 1940’s because of World War Il and the re-
covery therefrom. However, when its impact came, it was probably all
the more intensive because of these restrictions. The automobile pro-
vided a new transport technology which was relatively cheap, was
attractive in many of its non-economic characteristics, and provided as
fast an origin-to-destination service as the rail modes.

The automobile and truck had one technological characteristic which
was to have major impact on the urban area. That was the ability to
traverse virtually any kind of surface from a dirt path to a paved road.
In truth, probably the unsung invention which has had more than its
proportionate impact of the development of modern urbanization is the
pneumatic tire. The fact that the automobile could traverse these dif-
ferent surfaces meant that it did not need investment in fixed facilities
(normally provided by governmental agencies) to operate. Investment
by the private individual in an automobile provided him with mobility
within the urban area whether or not improved roads were provided.
Although paved streets and, later the development of freeways, de-
creased the costs of travel, they were not necessary preconditions for
mobility. It is probably true that if the automobile had required pave-
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ment or freeways for its operation, the automobile would never have
become as popular as it is today. Even in this latter half of the 20th
Century, it is not uncommon for one urban trip to use multi-lane free-
ways and during the same trip traverse a dirt or gravel driveway or
street.

The other characteristic of the automobile was that it resulted in
congestion when demand brought large numbers together in one area
at one time. Admittedly, modern freeways do provide high capacity
facilities, but before the freeway era, it has to be admitted that the
accumulation of large amounts of vehicular traffic or parking demands
probably presented a negative factor with regard to the use of the
automobile.

With the rapid increase of car ownership after World War II, and
with the characteristic of the automobile being able to traverse any type
of surface, this then freed the urbanite from living in close proximity to
a rail line; in fact, it opened large areas between the arms of urbaniza-
tion. The automobile ad no directional preference and could travel
almost anywhere there was a dry surface. Therefore, in a very short
period of time, vast areas of land were now accessible for development.

At the same time, very substantial increases in real income were
realized in the United States. Many of the urban dwellers moved into
these newly-accessible areas and built single family dwelling units at
relatively low densities. There was, then, an equalization of the accessi-
bility of all points within the urbanized area, and this, combined with
their congestion problems, reduced the relative attractiveness of the
central business districts and central industrial districts. Further, parallel
improvements in communication, management science, and freight move-
ment led to the decentralization of those industrial activities that, them-
selves, were in a period of rapid growth. This meant that many of the
new industrial developments could and did occur outside of the central
areas.

There is a very important point to be learned from the preceding
discussion: that is, the relationship between urban form and transporta-
tion technology which constrained the early industrial city resulting in
its star-shaped growth. It was the introduction of a more flexible trans-
port technology which released these constraints. This made available
great areas of land for urban development, but it did not require that
this land was to be developed or that it would necessarily develop in a
low-density fashion. Obviously, there were other forces at work including
increasing affluence and our cultural heritage which determined the
desirability of single-family, low-density developments. Thus, there is no
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reason to believe that the automobile caused such development; more
correctly, it allowed it to happen. This philosophy not only describes the
present, but also has considerable pertinence to the planning of future
urban development.

The Phoenix Form

The Phoenix metropolitan area and others in the Southwest and West
are unique in a number of ways. Phoenix must be one of the very few
urbanized areas of its size which is not located on the seacoast, a navi-
gable waterway, or even a main transcontinental rail line. Virtually the
entire growth of the Phoenix metropolitan area has occurred since World
War 1II and, thus, in the era of automotive transportation. The Phoenix
metropolitan area does not have a central business district in the same
sense as the traditional eastern city. If Phoenix ever had a dominant
central area, it was one that served only a few thousand people.

The previous description of the development of an industrial city
may apply to the majority of metropolitan areas in the United States but
not to the Phoenix metropolitan area. A logical extension of that descrip-
tion would indicate that these older cities are currently caught in a
period of major transition with regard to urban form and transportation
demand. Their central business districts are becoming less dominant and,
in many cases, only holding their own with regard to absolute size. Their
retail activities are becoming dispersed, and yet, there are good political
and economic reasons for trying to protect the previous investments in
central areas. If the previous history is at all rational, it would indicate
that this is probably, at best, a holding action, and that future metro-
politan complexes will not have one single dominant center. No one area
will have urban commonality for the entire urban population. In other
words, there will be no one area which will bear common accessibility
and experience for all urban dwellers or to which all urban dwellers will
travel on a regular basis. The larger and older metropolitan areas of the
United States are suffering substantial transportation problems and shifts
in urban population and real estate values. The fact that it is transitional
may be fortunate. As discussed in a previous chapter, the type of trip
which has concentrated demand at one end and dispersion at the other
is not efficiently handled by any existing form of transportation. Of all
the future concepts available, it might adequately be served by only one
group, that about which the least is known, the individualized, bi-modal
form of transportation.

Thus, Phoenix’s transportation problem and demand are uniquely

different from most metropolitan areas. While their transportation prob-
lems became acute at a unique point (very early congestion problems in
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the central business district) and spread from that point, Phoenix’s have
not been of this nature and probably will not be. Phoenix’s specific trans-
port problems probably will occur in many places throughout the Valley.
The problem of transportation system inadequacy, when it does develop,
may develop not at one point in the system but in an area of much larger
geographic extent. Thus, the occurrence and nature of Phoenix’s serious
transportation problem may be less likely compared to the growth of a
piece of rock candy which starts at one point and progresses from there
outward and more like a gelatin which remains fluid and then in a very
short period of time the entire bowl gels.

There is a difference in the Phoenix metropolitan area, and it does not
need to be documented here. The dispersion of retail activity, the low
density of residential developments, and the dispersion of industrial
employment is well known to any who have lived here for any period of
time. It is indicated in Figures 2, 3, and 4. This is further substantiated
by comparing Phoenix’s travel pattern to those of other cities. Figures 15,
16, and 17 are an attempt to illustrate this point. These figures are con-
structed so that a particular area (zone) is selected and its travel char-
acteristics are mapped. The numbers indicate the density of trip ends (in
terms of number of trips per square mile in the destination zone with
origin in the specific zone). Needless to say, there would be a very large
number of illustrations if this were done for each and every zone in the
urban area. These zones were selected more or less at random for illus-
trative purposes. A comparison of the illustrations will indicate that the
density of trip ends decreases relatively uniformly from a zone in the
Phoenix metropolitan area as one proceeds away from that zone. Al-
though there is some indication of increased density near the central
corridor of Phoenix, it is not acute. The other urban area sclected for
this analysis was Detroit, Michigan. This represents an area in the older
industrial region of this country, and yet, one that may be more auto-
mobile-oriented (because of its own industrial history) than cities like
Chicago, St. Louis, Cleveland, and others. Nonetheless, a very brief in-
spection of Figures 18 and 19 will lead one to the identification of the
location of the central business district and illustrate its high attraction
rate for peripheral areas.

There is every indication that at least for the next 20 to 25 years, the
Phoenix metropolitan area will continue to grow in a dispersed pattern.
Figures 20, 21, and 22 indicate the expected residential, employment,
and retail sales pattern as forecasted for 1980. Barring a national disas-
ter, there are probably no basic factors on the foreseeable horizon which
would lead one to predict a major shift in lifestyle in this area. The
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Distribution of Trips To and From Zone 42 — Phoenix

problem of the disappearance of land for urban development which may
occur in the northeastern part of the United States when metropolitan
areas impinge, would not affect this area within the next 25 to 30 years,
and, probably, for a considerable period thereafter.

The growth reflected in Figures 20, 21, and 22 will produce an in-
crease of several fold in the transportation demand within the Valley.
Although the facilities in the central portion of the metropolitan area
will still have the highest demand and will continue to carry increased
transportation, no matter what the mode, the major increases, both
numerically and proportionally, will occur in the more outlying areas.
This is illustrated in Figures 23, 24, and 25 which indicate the growth in
forecasted transportation demand between 1964, 1980, and 1995.

In looking at any particular portion or in analyzing any particular
corridor of the system, one must be careful not to be misled concerning
the type of transportation demand that has been illustrated. Although
specific corridors and specific facilities have substantial flows of traffic,
these flows are uniquely different than those that one is historically used
to seeing in the industrial star-shaped city or the transitional city of the
East. The trips represented at any given point within the corridor are
not trips with a common origin or destination, or are not trips which even
have a common set of origins along a corridor, They are trips which
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come from a wide hinterland on one side of the point and are destined to
a wide area on the other side. They cannot be considered a homogeneous
transportation flow. This is illustrated in Figure 26. This identifies the
traffic which shares a specific link within the system. This might be a
stretch of freeway between two interchanges. It considers all the traffic
that passes through that road section. As seen in Figure 26, traffic can be
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FIGURE 19
Distribution of Trips To and From Zone 69 — Detroit
made up of individual trips from a very large number of origins to a very
large number of destinations. This is the type of trip described in Chap-
ter I as having an extensive collection and distribution function.
If all the present forecasts are even close to being true, then it is

evident that the Phoenix metropolitan area will have transportation de-
mands which are dispersed. This would indicate that research and in-
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FIGURE 20

1980
Living Unit Distribution

Source: Valley Area Traffic and Transportation Study (unpublished data).

FIGURE 21

1980
Employment Distribution

Source: Valley Area Traffic and Transportation Study (unpublished data).
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FIGURE 22

1980
Retail Sales Distribution

Source: Valley Area Traffic and Transportation Study (unpublished data).

vestigation and pilot projects should probably be aimed at forms of
individualized transport and bi-modal systems. That such systems have
their problems is without argument. But, if it can be established such
systems would best meet the needs of the Phoenix metropolitan area,
then the proper emphasis and investment can be placed on solving the
specific problems. A good illustration of this is the recently-completed
analysis of transportation in the Phoenix Inner City area. Certainly, the
economically disadvantaged are restricted by lack of mobility with the
existing system of individually owned vehicles. Studies similar to those
in the Phoenix Inner City are being conducted in other cities, and at
least one would indicate that the overall advantages of an individually
owned vehicle are such that such a vehicle will be purchased almost as
soon as the individual reaches even the fringe of economic viability.

After extensive analysis of a number of alternatives, some quite
sophisticated in their operations, the Phoenix Inner City Study recom-
mended: 1) the provision of transportation service to assist individuals
in searching for employment, 2) the improvement, where possible, of
existing bus service, and 3) the continuation of a successful pilot pro-
gram which helps individuals purchase their own vehicle once they’ve
found employment.

There is one over-riding problem with urban dispersion: it is very

Word Searchable Version not a True Copy



76  Transit and the Phoenix Metropolitan Area

FIGURE 23

1964
District -To-District
Desire Line

Source: Valley Area Traffic and Transportation Study, /969 Annual Report, Page 11
— September 1970.

FIGURE 24

1980
District -To-District
Desire Line

Source: Valley Area Traffic and Transportation Study, 1969 Annual Report, Page 11
— September 1970.
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FIGURE 25

1995
District-To-District
Desire Line

Source: Valley Area Traffic and Transportation Study, 1969 Annual Report, Page 11
— September 1970.

casy to allow it to happen, but, possibly, quite difficult to arrange for it
to develop in an acceptable fashion. The following section will indicate
the problems which can be identified now.

The Future: The Basic Community

If dispersion is to occur, it is important to identify what dispersion is
and what it is not and to try to identify some of the future pitfalls which
will have an impact on transportation but may be avoidable by action of
local government. First, dispersion is not necessarily related to density.
The opposite of dispersion is concentration, but in the context used here,
it means concentration and commonality. Concentration means concen-
tration of all activities of one kind in one area. It means placing all of
retail in one area, or all libraries in one area, or all governmental activi-
ties in one area. Certainly, a large regional shopping center is a concen-
tration of retail activity, but not retail activity which is common to the
entire metropolitan area. Therefore, dispersion is an area-wide phenom-
enon, and the entire urbanized area has to be considered in making
evaluation as to whether substantial dispersion of concentration is taking
place or not.

Dispersion is usually directly connected in people’s minds with low
density since in most arecas of this country the two have occurred to-
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gether. They do not necessarily have to occur together. It is possible to
have a very high-density activity, residential or other, in a dispersed
pattern. These might be surrounded with park area or low-density de-
velopment. The previously mentioned large regional shopping centers
are an example of a highly intensive activity, and yet, the centers are
dispersed throughout the urban area. Conversely, relatively low density
concentrations might be possible if one could conceive of an urban area
with modern, one-story industrial plants with their surrounding parking
and open space all collected into one section of the metropolitan area.
Here, the density might be no higher than in dispersed patterns, but,
certainly, there would be concentration and the formation of one area
which would be common on a regular basis to the majority of the urban
workers.

To take an extreme case to illustrate the point of dispersion and
density, a community could be designed so that all business and industry
is located on one side of the town and all residences on the other. This
would have a major impact on the transport system demand and the
selection of the best mode whether or not the development was low
density or high density.

This difference between dispersion and density results in different
types of transportation problems. A tendency toward concentration and
development of a point of commonality has a system-wide effect. Theo-
retically, trip lengths will have to increase since a large proportion of
trips are to common point. The demand function around that area will
warp the entire system so that extensive facilities will be required in the
immediate area and for some distance from the concentration. This will
be true whether the concentration is high density or low density, al-
though it may be somewhat more acute for high-density concentration.
On the other hand, the introduction of a high-density use within a dis-
persed pattern will generally have very little effect on the overall trans-
port system, or demand picture. Needless to say, it could cause very
acute problems on transportation facilities in the immediate area, but
effects would probably be felt for no more than a mile or so. Thus, the
exact location of one high-rise office building or one high-density resi-
dential complex or a regional shopping center will not significantly
change the overall requirements of the transportation system, although
their local effect could be considerable.

Based on all preceding chapters and the immediately-preceding dis-

cussion, it would seem that if the urban area is to be dispersed, then
individual occurrences of high-density development do not have a sig-
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nificant transport system impact. However, concentration would lead a
city into a form similar to that described for the eastern cities which are
now in transition and could distort the transportation demand into a
form that would have severe system implications.

It is often argued that there are still functions which need to be con-
centrated. In the sense that the term has been used here, this is to be
questioned. Certainly, industry and retail activity have illustrated the
advantages of dispersion. Currently, it is in vogue to have office functions
concentrated in a specific area. It is probably true that such functions,
unlike industry, benefit from being concentrated in a high-rise, high-
density, high-intensity structure. Commonly, at this time, these structures
are being grouped together to form concentrations. It is not clear, how-
ever, that this should be the case, and it may be true that when the
impact of modern communication and techniques have their ultimate
impact on the business community, the current desire for concentration
may disappear.

Currently, there are also attempts to concentrate cultural and gov-
ernmental activities. Concentration should not be confused by the case
where only one facility is required. The argument has often been made,
regarding retail activities, that there are certain stores which require the
population base of the entire community in order to exist; therefore,
these would be located in the central part of the community in order to
be equally accessible to all. This can be a fallacy. Although a very large
population base may be very necessary to support a unique retail estab-
lishment because of residential patterns, the people that support this
store may not be dispersed throughout the community. Thus, the exclu-
sive shop is much better located in the part of the city which houses the
type of people who patronize it. A local illustration is the location of
Scottsdale’s Fifth Avenue specialty shops. There may be just one of a
kind for the metropolitan area, but it is much better located in the center
of its particular customer area than in the center of the Phoenix area.
This then weakens the argument that an art gallery or theater or other
unique activity needs to be centrally located. In addition, there should
be questions raised about the uniqueness of some of these activities.
Although a large, central library may be desirable, if the desire or func-
tion is to encourage use by all of the residents of the urban area, it might
be much more desirable to provide a number of smaller libraries. Instead
of providing an elegant concert hall, it might be better to develop
techniques by which the city’s symphony orchestra could perform in
smaller auditoriums using facilities throughout an urban area.

This brings one to the final bastion of centralization, the govern-
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mental complex. Since the end of the 19th Century and Daniel Burnham,
the concept of the centralized elegant government complex has been
with us. Serious consideration should be given to their appropriateness
for the future. They are often aloof, cold, and have difficult access. They
may lead people to think of local goevrnment in the same terms. It would
seem that recent problems in cities would be enough to indicate that
local government might develop more decentralization of function and
greater accessibility to not only the elected officials, but also, the
bureaucratic functions.

The advice for the Phoenix area (in the context of transportation
demand) would be to avoid concentration and, thus, avoid backing into
the situation faced by many large metropolitan areas today. Plans for
tomorrow often reflect today’s problems and are based on yesterday’s
traditions. It seems that every generation or era looks back on that
preceding and identifies it as good and secure when, in reality, memory
has dulled or history forgotten the troubles and tribulations which caused
the people of that preceding era to move in different directions. Decision-
makers must ask themselves whether concentration and dominant dis-
tricts are really, functionally, what will be needed in the future or if
they are carry-overs of the historic desire for monuments. More critically,
are they an admission of the ability to provide only a small, limited area
which can be a pride for the community and the inability to develop the
community as a whole?

Currently, for most urban areas, including Phoenix, the one type of
concentration which is increasing in importance and which at this time
seems to be defying dispersion, is the airport. It may well be that the
airport in Phoenix, more than any other single location within the Valley,
represents a point of common experience for the population. Thus, it is
not inconceivable that in the future, the airport may develop some of the
transport problems which are normally expected of a central business
district. These problems should have considerable attention. The possible
solution to this particular problem is beyond the scope of this report, but
it should be noted that the Los Angeles metropolitan area is considering
what, in essence, might be called “decentralization of airport activity.”

What develops from dispersion might be called “accumulation of
communities.” These communities would contain such urban activities
that they could be substantially self-supporting. This idea of a commun-
ity might be related to the new town development in Great Britain and
in Europe. This same concept is reflected, locally, in the development of
Litchfield Park. These new towns, although normally near the major
metropolitan area, were planned to be essentially self-contained and

Word Searchable Version not a True Copy



82  Transit and the Phoenix Metropolitan Area

surrounded by open area. They, therefore, contain not only govern-
mental, cultural, recreational, and retail activity, but also, very impor-
tantly, employment opportunities for the residents. In the new towns
surrounding London, one virtually has to be employed in the town in
order to obtain a residence there.

The size of these communities varies considerably, and there has
been much academic argument over the ideal size for an urban develop-
ment. However, British experience would indicate that the originally-
planned towns were too small, in the neighborhood of 40,000 or 50,000,
and current towns being planned and developed are often 150,000 to
250,000 people. The importance is that they are planned as a unit.

In the United States, many references identify the neighborhood as
the basic unit. It seems that this may be too small a unit from which to
build a viable urban area. One weakness throughout the country has
been the lack of emphasis given to industrial base. The basic “reason to
be” for an urban complex is to collect people in such a way that they
can enjoy a better life and earn a better livelihood. In addition, because
of the specific and often quantitative requirements of industry, its future
location is often much easier to forecast than the location of other urban
developments. The following quotation should illustrate that this prob-
lem is current and not confined to any one area:

“It should not diminish admiration for the work of the Douglas
Commission; for example, to note that its report, ‘Building the
American City,’ is building a city without industry.”"

It is one thing to design and build isolated new towns such as those
in Britain; it is quite another to consider the community as a basic
building block of a large, continuous urban area. It is conceivable that
communities could be built adjacent to one another with no intervening
area. Furthermore, such communities might not necessarily have to have
such rigid boundaries — the boundaries could become somewhat hazy.
At this point, each resident would envision his own community as
that in which he operates. The actual boundary might be somewhat
ill-defined. It might change with time and might be different for different
functions. One’s social community might be defined by one boundary,
his retail community another, and so on. In addition, his community
boundaries would be somewhat different than his neighbor’s, but there
would probably not be a great deal of difference.

Specifically, this type of community concept can apply to the dis-
persed urban area and, probably, applies to the Phoenix area today. The
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concepts reflect no point of commonality for everyone. It reflects a dis-
persion of activities. It uses a dispersion in space rather than a staggering
of hours to gain some respite from the peak-hour transportation problem.

A basic question for Phoenix might be the application of such a con-
cept and its implementation in the day-to-day decisions regarding urban
development. It means greater attention paid to the quality of each
community throughout the urban area. It means serving these com-
munities with the proper transport technology.

In conclusion, the basic issues of tomorrow’s transportation problems
in urban areas resolve themselves into questions of dispersion versus
centralization and of density — in other words, questions of land use.
This chapter has tried to identify some of the questions regarding the
Phoenix metropolitan area. Once these questions are answered, many of
the decisions regarding specific mode will also be answered. One thing
seems certain, and that is for the planning period under consideration, 25
to 35 years, ground transportation will retain its dominance as far as
urban transport is concerned and that all ground transportation requires
right-of-way. Therefore, the reservation of corridors of land for trans-
portation facilities must rank high on the list of transportation priorities.
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