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ABSTRACT

This report presents the results of a study of transit systems in
the U. S. and Texas. Historical data are analyzed to identify the factors
contributing to the decline of transit. The role of transit today is
contrasted to its role of fifty years ago. Present and future needs for
transit in Texas are identified. Characteristics of rail—rapid-transit
and bus-rapid-transit systems are compared and their applicability to
Texas cities evaluated.

Key Words: Transit, public transportation, mass transportation,

urban transportation, rail-rapid-transit, bus-rapid-

transit.



SUMMARY

Transit ridership in the nation reachedva peak of about 23
hillion passengers in 1947 and it has declined to less than 7
billion in 1971. However, the decline in transit usage did not begin
in 1947. When increases in urban population and increases in trips
made by urban residents are considered it becomes obvious that
transit usage in America has been declining for more than fifty
years. In 1915, about 3 out of every 4 urban trips were made via
transit. Today, fewer than one in 20 ufban trips are served by
transit. Obviously, the role of transit has changed from being the
primary form of urban transportation fifty years ago to serving
specialized travel needs today.

The decline of transit has been attributed to various factors
including the following: increasing fares, deteriorating service,
increasing fncomes, inbreasing automobile ownership, and deéreasing
population densities. However, an evaiuation of the data indicates
that the decline of trahsit may héve been due to the fo]]owing:

(1) a desire for lower density housing,

(2) availability of the/automobi1e,‘and

(3) rising personal income.
These factors combined to create an urban form and associated
lifestyle in which transit cannot be the primary mode of transporta-
tion. Nevertheless, transit systems can serve some very important

roles in the total urban transportation system of today.
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The current and future role of transit systems in Texas cities
might be divided into the following relatively distinct areas:

(1) Public Transportation - providing general mobility

for those persons who do not have access to private
transportation;

(2) Mass Transportation - providing for the rapid move-

ment of masses of people in brief periods of time along
major travel corridors; and

(3) Internal Circulation - providing effective circula-

~ tion of persons within areas of highly concentrated
activities.
Most transit systems in Texas are currently serving as public trans-
portation - providing a modest level of mbbi]ity to those persons who
do not have an automobi]é available. Several Texas cities currently
have a need for mass transportation and internal circulation systems,
and these needs will increase in the future.

Increasing levels of downtown development in some Texas
cities are creating an increasing need for mass transportation,
but the low density residential development characteristic of these
cities makes it extremely difficult to design a mass transportation
system which can function effectively and efficiently. Hence, an
understanding of the characteristics and capabilities of various
modes of mass transportation is essential for proper planning.

New rail-rapid-transit systems are being constructed or
considered in several cities around the nation, and similar systems
have been proposed for Texas cities as the appropriate solution
for their mass transportation problems. However, considering the

relative costs of systems, urban forms of Texas cities, and the type
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of mass transportation service needed, it appears that bus4rapid-‘
transit systems would be more applicable for Texas cities.

Texas contains some thirty major urbanized areas in which_abOUt
three-fourths of the’state's population Tives. Each of these
urbanized areas has some transit needs. The purpose of this report
is to present data and information which will help to place transit
in its proper perspective. A recognition of the role that transit
plays in the urban transpgrtation system is essential to the fdrmu]a-

tion of effective programs for transit in Texas.
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IMPLEMENTATION STATEMENT

Public and mass transportation operations have, in the past, been
considered to be entirely thevrespdnsibility of the various eities. Con-
sequently, the federal and state governments peid Tittle heed to the
mounting problems facing transit obehators,unti] many of them were forced‘
to cease operations. Cities were faced with the'choiee of doing without
any form of transit service or assuming the entire burden themselves.

.More recently, the federal government and many state governments
have recognized,the‘magnitude'of the problem, and have begun to work
with the cities in éeekingvsolutions. ‘Thé State of Texas has taken
several actions'during the past three years intended to promote the
deve]onment of sound public and mass thansportation syétems throughout
the State. A]] 1nd1cat1ons po1nt to a need for the State ‘of Texas to
assume an 1ncreas1ngly act1ve role 1n the transit area.

Unfortunately, many of the state and federa] efforts a1med at re-
juvinating the transit industry have been Tless than successful. Some

~of these‘effonts were pooriy cohceived‘becadse of an apparent 1eck of
recognition‘of‘the'rOTe’that tranéit plays in the.uhban trénsportatibn'
systems of today and the'relationship between urban form and transporta-
tion systems The role of transit has changed dréstical]y during the
past fifty years, and 1t cannot return ‘to its former ro1e in c1t1es w1th
the urban form typical today .

The purpose of this report is to identify the role of transit in
Texas and.to discuss some of the transit technology available today.

. Hepefully,'the‘information presented herein will befuser1‘in he1ping
the cities and the State to formn1ate effective prdghams of:phb1fc,and’

‘mass transportation.






OVERVIEW OF THE U. S. TRANSIT INDUSTRY

A brief overview of trends and conditions in the transit industry
nationwide can prove helpful in evaluating the transit industry in Texas.
The following paragraphs present a brief summary of historical trends and
current conditions, as well as a discussion of the reasons for the decline

of transit usage in America.

Historical Trends

Despite the fact that the urban population of the U. S. has more than
tripled in the past fifty years, transit ridership has dropped to less
than half of what it was fifty years ago. Many reasons have been offered
to explain this downward trend in transit ridership including the follow-
ing: decreasing population densities, deteriorating transit service, in-
creasing incomes, and increasing automobile ownership. Whatever the rea-
son or reasons for its decline, it is obvious that transit's role in the
total urban transportation function has changed drastically during the
.past fifty years. Perhaps a brief look at the history of transit in the
U. S. can help explain this change.

For centuries, urban dwellers had to walk or use animal-drawn trans-
portation to get around in their city. This did not pose too great a pro-
blem because there were no reasons for cities to get so 1érge that these
modes of transportation could not serve them adequately. Then, during
the 1800's, the industrial fevolution resulted in strong economic forces
attracting people to rapidly growing cities. Since there was still no
mechanized form of urban transportation, new urban residents had to
crowd into the same 1énd area that could be served by non-mechanized

transportation — resulting in some extremely high population densities.



Then in the late 1880's, the e1ectric streetcar appeared on the
urban scene (1)*. It greatly increased the mobility of the urban re-
sident and permitted the cities to expand outward along the new street— |
car lines (2). The streetcar rapidly becamevthe primary form;of:unban
transportation. Indeed, the early streetcar lines were so successful
that a tidal wave of streetcar line construction occurred in the early
1900's. Inevitably, some imprudent investments weretmade.

By 1917, some 30,000 miles of streetcar lines were in operation —
approximately one mile of Tine for every 1500 urban residents (3). Al-
‘most 10 percent of this mi]eage had been abandoned by the time that
streetcar ridership had reached its neak in 1923.5 Neverthe]esé, the
streetcar was the dominant mode of urban transportation fifty years ago.
It provided a level of senvice never‘known‘before by achieving average
overall speeds of 10-15 miles ner hour (inc]uding stops). Such speeds
were 2 to 3 times faster than those attainable with a horse—drawn‘tram.
Due to the increaéed speed provided by the streetcar, peop]e could live
5 0r 6 miles away from their jobs and still get to work in the same time
that they had once spent wa]k1ng

A few cities, however, were a]ready S0 densely populated that their
downtown streets did not have sufficient capacity to adequately serve
pedestrians, wagons, and streetcars. Therefore, systems were designed
and constructed which enabled e]ectric-deered rail cars to operate in
subways and on elevated structures. Since these vehicles did not have
to contend with other types of traffic, they were able to aehieve over-

all operating speeds of 20 to 25 miles per hour — appreciably faster '

*Number in parenthesis denotes‘reference listed at end of the report.



than any other form of urban transportation then available. This new
form of urban transportation was appropriately labeled "rail-rapid-
transit”.

~New York City had several elevated transit Tines in operation in
the 1890's, and they opened their first subway system in 1904 (4). A
§econd subway system was opened prior to 1920 and another was built in
the late 1920's. These three systems were acquired by the city in 1940
and are now operated as one system. New York City's combined rail-
rapid—transft (RRT) system including some 237 miles of lines with 476
stations is one of the largest RRT systems in the world (5).

Boston opened fhe first subway line in America in 1897. Chicago's
| rail-rapid-transit.system consisted of all elevated lines from 1897
until 1943 when the first subway portion was opened (6). Philadelphia
opened its first line in 1908 with subsequent additions in 1922, 1928,
and 1936 (5)(7).

These four cities (New York, Philadelphia, Boston, and Chicago)
have had rai]—rapid—tfansit operations since the early 1900's. Some
additions were made to these systems during the 1920's, but there were
no significant changes in RRT systems nationwide from then until after
World War II. Cleveland entered the ranks of cities served by RRT
when they opened a short line in 1955 and extended it to the aikport
in 1968. Boston and Philadelphia made some éxtensions to their sys-
tems during the late 1960's and now new systems are being built in
other cities. San Francisco-Oakland opened the first portion of their
new system ih 1972; Washington, D. C. is constructing an RRT system;

and Atlanta and Baltimore are finalizing designs (5)(8).



The changing nature of the transit industry during the last fifty
years is indicated by the data presented in Figures 1, 2, 3, and 4.
Total transit ridership (see Figure 1) peaked in 1926 and then began
to decline. It reached a temporary low in 1933 and began incréasing~}
sTowly until the advent of World War II. Ridership dropped precipitously
after 1947, almost leveled out‘in'the mid-1960's, and nhas been dropping

The changing complexion of the transit 1ndu$fry over the years is
indicated by the number of vehicles used by each mode‘as.shown_in Figure
prior to World War II, and motor buses have been the dominant mode since
then. Streetcar ridership reached an all time high of 13.5 billion an-
nual pasSengers 1n'1923 and-has been dec1in§hg ever’since except for a
brief recovery during World War II. The streetcar had become almost
extinct by 1955. Motor buses were just appearing on the scene in 1920,
but because of their greater fiexibi]ity, which enabled them to serve a
more disperéed clientele, they rapid1y sUpp]anfed streetcars.

Trolley buses (electrically-powered, rubber-tired vehicleé)‘weke
also used to replace sfreetcars‘on some lines from 1935 t111”]950.3 How-
ever, trb1ley buses never did become very popular, and théy, too, are
now virtually extinct.

Rail-rapid-transit riderShip has remained re1ative1y constant over
the last fifty years. By virtue of the decline in ridership on other
modes, RRT's share of the total transit market has increased from 12.5
percent in 1922 to 26 percent in 1971. However, RRT ridershfp has also
declined about 5 percent per year in the past two yearé despité recent

additions to the systems (12).



: FIGURE 1 ;
TRANSIT RIDERSHIP TRENDS IN THE U.S.A.
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FIGURE 2
TRENDS IN THE TRANSIT VEHICLE FLEET
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Total transit ridership values over the past fifty years, as shown
in Figure 1, do not reflect the extent of change in transit usage. During
this fifty year period, the urban population was increasing from about
50 million to 150 million (13). Thus, even though the total ridership
reached a peak during World War II, the average number of transit trips
made by urban residents each year was about the same during World War II
as it was during the 1920's (see Figure 3).

Numerous urban transportation studies conducted in various cities
since World War II have shown that the total number of daily trips made
by an average resident has been increasing rapidly. Hence, the degree
of reliance upon transit by urban residents has changed drastica]]y over
the past fifty years. The trend, shown in Figure 4, has been downward
since 1915 — except for the slight recurrance during WOr1d War II. 1In
1915, approximately three out of every four urban trips were made on
transit. Today, fewer than five percent of all urban tripgfare served
by transit. Obviously the role of transit has changed from being the
primary form of urban transportation to one of servfng 1imifed specialized
needs.

The long-term trend toward decreased dependence upon transit by
urban residents has precipitated related problems for the transit in-
dustry. Despite frequent fare increases, revenue has not increased as
rapidly as operating expenses (see Figure 5) (3)(9)(10)(11)(12). Con-
sequently, the transit industry, as a whole, has sustained rapidly in-
creasing deficits in recent years. The total dificit for 1971 is esti-
mated to exceed $400 million (about $2 per person in the U. S.). The
$75 million deficit incurred by the MBTA in 1971 amounts to $30 per re-

sident of the Boston Metropolitan area served by MBTA (14).
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FIGURE 4
TRANSIT TRIPS AS A PERCENTAGE
OF ESTIMATED TOTAL URBAN TRIPS

Other Urban Tr

ips

100

80}

3UB0434

1970

1960

1950

1940

1930

1920

1910

1900

Year

See Appendix A for supporting calculations

Note



oL

Billions of Dollars

FIGURE 5
OPERATING CONDITIONS OF U. S. TRANSIT INDUSTRY
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Fifty years ago,.virfua11y évery transit system in the natioﬁ.was
owned and operated by private enterprize. Many of these privately owned
systems have either ceased operations entirely or have been taken over
by public agencies. The composition of the transit industry in 1971 is
indicated in Figure 6. Although only 14% of the systems are publicly
owned, these public systems operate 68% of the vehicles, carry 84% of
the passengers, generate 83% of the revenue, and employ 85% of the man-
power (12). Obviously; only the smaller bus systems are operated by
private enterprize and most of these are in severe financial trouble.
In fact, the bus company in Houston (which operates some 378 buses) is
one of the largest privately owned transit systems remaining in the

nation.

Reasons for the Decline of Transit

Many people have tried to explain the reasons for the rapid'dec1ine
ofAtfansit'in America. The.fo11owing factors are most frequently cited
as the major contributors:

(1) Increasing fares,
(2) Deteriorating service,
(3) Increasing incomes,

(4) Increasing automobile ownership, and

(5) Decreasing population densities.

Data pertaining to these factors are presented in Figure 7, 8, 9, and 10.

Transft fares have increased steadily since 1945 — the period of most
rapid decline in ridership (see Figure 7). However, the disposable per-
sonal income per capita has increased evén faster than transit fares. Even

with the higher fares of today, the cost to the individual to make an

urban trip via transit is usually less than the cost of driving

11
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FIGURE 7
TRENDS IN PERSONAL INCOME AND TRANSIT FARES
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an automobile. So it seems dubious that increased fares have been a strong
contributing factor in the decline of transit (9)(10)(11)(12)(15).

Trends fdr two bf the primary measures of the "level-of-service"
provided by the transit industry, the age of transit vehicles being used
and the number of vehicle-miles of service provided, are presented in
Figure 8. These curves show that shqrt]y after World War II, while
ridership was declining most rapidly, transit vehicles in the f1eet were
newer than at any time since the turn of the century. Also, the rate of
decrease in vehicle-miles of service has been much slower than the decline
in ridership (1)(9)(10)(11)(12). Thus, it appears that any deterioration
in transit service has been more of a result of declining ridership rather

‘than a causative factor. R ‘_

Average personal income in the U. S. has increased steadily since the
mid-1930's; howeVér, tHiskfactor‘alone would not_héve caused a decline
in tranéit usage unless transit is what economists refer to as an "in-

ferior gOod." Any item — such as beans or botatoés — which people tend
to buy less of as their income increases is an "1hferior good."

Results of most economic studies of transit patronage do indeed
indicate that transit is an "inferior good." ,

As their ihcomes increased, Americans began satisfying their mobil-
ity needs with private transportation (the automobile) rather than using

more transit. Automobile ownership has increased in parallel with the

growth of population (see Figure,Q) (13)(16). However, availability of
automobiles has increased drastically over this time period --

from one auto for every 13 persons in 1920 to one auto for every 2.3

persons in 1970. Certainly, this increased availability of automobiles

has contributed to the decline in transit usage; but there must be some

14
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FIGURE 88
ANNUAL VEHICLE-MILES OF SERVICE
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FIGURE 9
TRENDS IN POPULATION AND AUTOMOBILE OWNERSHIP
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reasons why Americans so overwhelmingly prefer this moré expensive mode
of urban transportation. The key to this question may be more related
to desired 11fe-sty1és than to transportation services per se.

The electric streetcar was a resounding success because it offered
a more desirable option in living conditions (lower population densities)
as well as improved transportation services. The motor bus supplanted
the streetcar because it could serve a more’dispersed population — it
did not offer a higher level of transportation service. The automobile,
like the streetcar, has been accepted so eagerly because it offers a
higher level of transportation service ahd it permits the achievement
of even lower population densities. |

Ameficans have fraditiona]ly exhibited a strong desire for Tow
density housing — primarily single family dWel]ing units. They have
yielded this preference only when strong economic forces and current
transportation technology dictated higher densitieé. As soon as the
technoTogy was available and fhey could afford to do so, they exercised
this preference by moving to 1éss crowded conditions. During the last
fifty years, except for temporary pauses during the depression and -
World War II, urban population densities have been trending downward
toward the densify corresponding to single-family housing (see Figure
10 for examples of population densities) (13).

In 1907, for example, the residential population dehsity of Manhattan
Island was 115,000 persons per square mile (17). By 1970, it had dropped
to 67,000 persons per square mile (13). The average population density
for all U. S. central cities was only 7800 persons per square mile in °
1950, and it had dropped to 5800 by 1960 (38). Meanwhile, suburbs were

developing at densities of 2000 to 4000 persons per square mile.
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FIGURE 10 - EXAMPLES OF RESIDENTIAL POPULATION DENSITIES
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19




The flexible transportation capabilities of the private automobile
made these lower population densities possible; however, without a rising
personal income, Americans could not have exercised their preference for
low density housing so readily. European cities have just begun to ex-
perience the same trends during the Tast 10-15 years. In Hong Kong, the
residents are still living at population densities far in excess of any-
thing ever known in America.

Thus, it appears that the real factors behind the decline of transit
usage in America were:

(1) a desire for lower density housing,

| (2) availability of the automobile, and

(3) rising persona]rincome.

These factors have combined to create a Tifestyle in which transit can
never return to its role bf being the primary mode of urbah transporta-
tion. This is not to say, however, that there is no longer a need for

transit to serve specialized transportation needs of urban America today.
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THE ROLE OF TRANSIT

Fifty five years ago, approximately three-fourths of all urban
trips* were made via transit. Today, less than.five percent of urban
trave] is sekved by transit. Obviously, fhe role of transit has chahged
during this time span. The current and future role of transit systems
in American cities might be divided into the following relatively dis-
tinct areas:

1. Public Transportation

2. Mass Transportation, and

3. Circulation Within Concentrated Developments.
The following sections discuss the needs and objectives of each of these
areas as well as Various forms of transportation which might be used to

serve these needs.**

Public Transportation

Americans have developed an entire way of 1ife based upon the mobil-
ity provided by the automobile. Commercial establishments, such as super-
markets, depend Upon this mobility to provide sufficiently large market
areas for high—vo]uhe, low mark-up operation. Recreational and enter-
tainment facilities provided on a regional basis offer a broader variety
of services than can be offered on a neighborhood basis. Residential
location no longer needs to be closely tied to place of employment -
resulting in a much broader choice of housing services and other amenities

than previously available to the urban dweller.

*Qther than walking trips.
**This section is extracted from Peference 18.
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The quality of life in America has been vastly improved because
of increased mobility, but in the process of change, individual mobil-
ity has become a necessity rather than a luxury. Those persons who,
for any reason, do not have access to private transportation are severely
disadvantaged unless some degree of mobility can be provided by public

transportation.

A surprisingly large segment of the nation's population is unable
to provide fof their own transportation. In fact, léss than half of
the population are licensed drivers. This means that the other,haif
must depend either upon other individuals or a public transportation
system for their mobility. Trends in transitAridership indicate that
most non-drivers currently depend upon other individuals for trans-
~ portation. The question that must be answered is whether or not it is

}socia]]y desirable that all non-drivers should be forced to be dependent
| upon somé other individualbfor transportation. If not, then some fdrm
of public transportatibn must be provided.

The objectiﬁe of public transportétion is to provide a']evel‘of
mobility within an urban‘area which is conéistent with the goals and'
standards established by the community. Public transportation systems
can never provide a Tevel of service (flexibility, availability, Con-
venience, speed, etc.) comparable to private transportation, but they
should provide the following:

(1) service to all parts of the community,

(2) reasonably frequent service to most‘areas, and

(3) fares consistent wfth the service provided and the segment

of population served. |

A public transportation service is aimed at the non-driver segment
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of the population. Potential users come primarily from persons who are:

(1) too young of too old to drive,

(2) physically or mentally handicapped,

(3) economically disadvantaged,

(4) suspended drivers, or

(5) tourists and travelers.

As such, public transportation systems serve a social need within the
community.

When a community decides to'provide a public transportation system,
the citizens shou]d recognize that revenue from user charges will probably
not be sufficient to cover the cost of operation. Depending upon the
level of service provided, the operating deficit can be quite substantial.
‘Since public transportation serves a social need, some financial support
from the general tax fund may be justified.

Public transportation service may take one of several forms depend-
ing upon the needs of the community. It may be a regularly scheduled
bus service or it could be a "Dial-a-Bus" type operation. In some cases,
where there are only a few people who use the service, some form of

subsidized taxi service may be a better alternative.

Mass Transportation

There are definite economic advantages to concentrating certain
business activities within a relatively small area of land, typically
the Central Business District (CBD) or "downtown" area, and there
are advantages to using common business hours. However, the resulting

travel demands of masses of people converging on one area within short
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periods of time overtaxes the transportation system resulting in severe

congestion.

The objective of mass transportation is to provide for the}rapid

movement of masses of people in order to serve peak travel requirements
within major travel corridors. Mass transportation serves an econqmic»
need rather than the social need served by public transportation. A
mass transportation system is justified only if it can provide a level
of service consistent with user needs while requiring a smaller total
expenditure of resources and time than that required for alternative
forms of transportation.

Mass transportation systems are most effectively used to serve high-
volume movements between fixed points of‘concentrated‘activity and along
high—déhsity corridors. Thus, it has been uséd effectively in north-
eastern cities with high-density residential areas. Southwestern cities,
however, have developed at relatively low residential densities (2000-
4000 persons/sq. mile) even though many of them experience extremely
high daytime densities>iﬁ the CBD (in excess of 100,000 personS/sq;
mile). These high~dayt1me densities in the CBD create a need for mass
transportation, but the low residential densities pose severe problems
for serving the commuter demands with mass transportation. Hence,
careful planning is needed in selecting an appropriate mass transporta-
tion system for these cities. |

Existing rail-rapid-transit and bus traﬁsit repkesent the two
extremes of available types of mass transportation (fixed way vs flex-
ible). Rail-rapid-transit systems operate on their own fixed way so that

they do not have to contend with congestion caused by other traffic.
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However, their service area is permanently limited to the range of
their fixed way. Buses, on the other hand, can operate on city streets
and freeways with a great deal of flexibility in service areas and

routes, but they must contend with automobile traffic.

Circulation Within Concentrated Developments

Areas of highly concentrated activities such as CBD's, airports,
and large universities need an effective internal circulation system
in order for them to function as a single development. Walking is the
traditional mode of circulation within such akeas; however, when these
developments grow too large, the pedestrian mode can no longer adequately
serve their circulation needs.

A]though‘residentia1 population dénsities in urban America have been
decfeasing for many years, the daytime population densities in many
downtdwn areas have been increasing rapidly in recent years. For in-
stance, the resident population density'of Manhattan Island decreased
from about 90,000 persons/sq. mile in 1950 to about 67,000 persons/
sq. mile in 1970 (lg), but the daily influx of office workers has in-
creased fast enough to keep the total daytime population density above
300,000 persons/sq. mile during this period (19). Indeed, the extensive
subway system on Manhattan Island now serves more as an internal circula-
tion system for one huge CBD than it does as a mass transportation
system (bringing commuters in).

| Daytime concentrations of people in many downtown areas have in-
creased to the point that their pedestrian circulation Systems are
inadequate. Thus, there is an increasing need for some type of people-

mover transit system to supplement the pedestrian mode in the total
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circulation system serving these areas.

Many forms of people-movers have been proposed recently including
horizontal elevators, moving sidewalks, monorail trains, personai-rapid-
transit (PRT) systems, and rubber-tired trams. A1l of these cohcepts
are aimed at filling the gap between conventional transit systems and
walking. They operate at speeds of 5 to 15'm11es per hour, and mqst
of them use remote power sources so that service can be provided
directly into buildings through a network of passageways without en-

countering engine exhaust problems.
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TRANSIT IN TEXAS

Historical Perspective

At first giance, it might appear that transit service in Texas
cities followed the trends observed nationwide. However, there was one
very significant difference between cities in Texas and the major cities
of the nation which set the'national trends. Texas cities did not
grow large enough to necessitate high-density residential development
before transit systems evolved. Therefore, transit service hejped city
residents in Texas retain, rather than obtain, low-density housing.

A horse-drawn (or mule-drawn) tram system was installed in Dallas
in 1871 when the city's population was less than 4,000‘persons. Electric
streetcars came to Dallas in 1891 when the population wés less than
40,000 (gg)} San Antonio, the largest city in Texas at the time, began
mule-drawn tram sekvice in 1874 with a population of 15,000 and begén
streetcar service in 1890 with a pbpu]ation of less than 40,000
people (21).

- Despite the relatively low population dénSities, streetcar service
was very popular in Texas cities in the early 1900's. At one time,
virtually every city in Texas with a population of 5,000 persons or
more - and some which were even smaller - had streetcar service. How-
ever, because of the marginally low population densities, the motor bus
rapidly replaced the streetcar in most Texas cities during the 1920's
and early 1930's. San Antonio ceased streetcar operation in 1933, buf
Dallas continued to operate some streetcars until 1956.

Population growth of major cities in Texas during the last 100 years
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(1870-1970) is shown in Figure 11 (22). The dominant mode of urban
transportation during each time period is also noted 6n the figure.
Throughout this period of urban growth, the average population density

of Texas cities remained in the 2,000-5,000 persons per square mile '

- range - a density cqmmensurate with single-family houses. New trans-
portation technology (streetcar,motorbus, and automobile) came along
in time to‘permit Texas cities to continue to grow in population
Without sacrificing single-family houses. Also, the nature

of urban development in Texas facilitated the transition to

automobiles as the primary mode of urban transportation.

Recent Trends

The demise of privately owned transit companies in Téxas is almost
- complete. In 1954, all 37 cities shown on Figure 12 were served by |
privateTy owned transit companies. Today, private companfes are provid-
ing transit service in only eight cities, eleven cities have taken over
the transit system and continued to operate it, and transit service has
ceased altogether in other Texas cities (23). Several of the remaining
privately owned transit companies have already announced that they will
be forced to stop opehations in the very near future unleés the city
agrees to take over the system or subsidize its operation.'

Transit ridership in Texas has declined at about the same rate as
the national average. Recent ridership trends for those cities which
still have transit service are shown in Figure 13 (24). Of course,

when ridership figures for those cities which have ceased operation are
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FIGURE 12
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included, total ridership for the State has declined even faster than
indicated by Figure 13. The five largest cities managed to reverse the
ridership trend temporarily during the mid-1960's, but their ridership

is dropping rapidly once again.

Nature of Transit Today

The relatively minor role that transit plays in total urban travel
in Texas is reflected in the data presented in Table 1 (g§). In most
cities, trips made via transit constitute no more than five percent of
the total urban trips. When only those trips going to or through the
CBD afe considered, the percentage.made via transit is higher. waever,
these‘figures are somewhat mis]eadihg since most transit routes pass
thfough ihe CBD so that bus passengers usually Have to go through the
CBD even though their ultimate destination is Somewhere else.

Some interesting data concerning characteristics of bus riders in

Texas‘afe presented in Table 2 (gl) (26) (27) (28). The following
generé]izatibnsxare.indicated by these data:
1. Most bus riders are daily useré coming from families with
relatively low incomes who do not own a car.
2. Very few pebp]e ride the bus if the& have a car'avai1ablé
for that particular trip.
3. Very few bus passengers are from the categories of the
"very young and very old" — most of them are betWeen 17 and
65 years old.
4. The primary purpose for bus trips is to travel to or from

work.
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TABLE 1

PERCENTAGE OF URBAN TRIPS MADE BY TRANSIT

YEAR OF PERCENT OF TOTAL PERCENT OF TRIPS*
CITY SURVEY URBAN TRIPS* TO CBD
Abilene 1965 1 1
Amarillo 1964 1 2
Austin 1962 4 5
Beaumont 1963 §xx% 9
Brownsville 1970 5 8
Corpus Christi 19C3 8 5
Dallas 1964 K il 15
E1 Paso 1958 9 21
1970 7 18
Fort Worth 1964 Jxxx 6
Galveston 1964 4 27
Harlingen 1965 2
Houston 1960 4 20
Laredo 1964 9 11
Lubbock 1964 1 5
Port Arthur** 1963 4 ¥k 3
San Angelo 1964 2 2
San Antonio 1969 5 19
Texarkana 1965 3 3
Wichita Falls 1964 1 2

s Excludes walking trips and school bus passengers.

**  No longer operates transit service.

*** Denotes percentage characteristic of entire study’area.
Sources of Data: Texas Highway Department, Urban Transportation

Studies for Cities Listed
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CHARACTERISTICS OF BUS RIDERS IN TEXAS

TABLE 2

SAN ‘ WICHITA
CHARACTERISTICS HOUSTON  ANTONIO WACO FALLS

Riders per day, thousands 67 75 1.6 1.6
% Daily Users 75 76 69 69
Family Income Levels:

% Less than $ 3000 32 32 .- --

% Less than $ 4000 - -- 50 53

% Less than $ 6000 67 71 90 82
% Riders from families who

do not own a car 45 44 54 56
% Riders with no car available

' for that trip. 80 84 89 --

Sex of Rider: ‘ :

Male, % 28 29 30 27

Female, % 72 71 70 73
Age of Riders: :

% Under 16 Years 01d 3 6 - 12

% 17 - 65 Years 01d 92 88 - 73

% Over 65 Years 01d 5 6 -- 15
Purpose for Trip: _

Work, % 61 49 63 46

Shopping, % 4 9 11 12

School, % 10 23 10 15

Other, % 25 19 16

Sources of Data: Transit Studies for Cities Listed

34



Data contained in Tables 1 and 2 indicate that transit systems in

Texas are serving as public transportation systems. A modest level of

mobility is being provided for a relatively small segment of the popu-
lation who do not have access to private transportation. Thus, a very
important social need is being served. In the larger cities, the

bus systems are also providing a limited amount of mass transportation

service.

Future Needs for Transit Service

Texans depend heavily upon the automobile for mobility, but a
portion of the population still does not have access to an automobile.

Thus. it appears that the need for public transportation service will

continue to exist for many years in most cities. However, if
personal incomes continue to increase féster than fhe cost of living,
the portion of population needing public transportation will probably
decline in the future.
A deciine in the need for public transportation is not lamentable -
it is desirable. If every person could have sufficient access to
private transportation tovsatisfy his mobility needs, there would be
no demand for public transportation. Then each person could enjoy
the benefits of our mobile life-style. Unfortunately, there will
always remain a small segment of the population who cannot provide for
their own mobility because of physical disabilities or legal restrictions
if not for economic reasons. However, as the demand for public
transportation decreases, the nature of the service provided might change.
Conventional scheduled local bus operations, the type of service

presently used for public transportation in Texas, are a relatively
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expensive way to provide mobility fof a small number of persons. A
demand-responsive type of public transportation service can provide a
higher level of service to a few persons at a lower tota] cost. No
one method of providing public transportation will be best for every
community, but virtually every sizeable community will have a need for
some form of public transportation.

The need for some form of mass transportation is rapidly increasing
in a few of the larger cities in Texas. Because the Central Business
District (CBD) or "downtown" area has historically been the area with
the greatest level of development within the city, it is the‘iargest
traffic generator. The nature of activities within the CBD’have
changéd during the last 20 years from primarily shopping to primarily
office activities. Even though many CBD's experienced a 1ull in develop-
ment during this transition period, some have continued to develop at a
rapid rate (particularly Houston and Dallas). Traffic problems associated
with so many people converging on such a small area in short periods of
time are enormous. | |

Recent studies of trahsportation problems associated with the CBD
have identified some theorética] relationships between city size, in-
tensity of CBD development, and transportation systems needed to support
certain levels of development (29). ‘These theoretical relationships,
which assume an ideal system of streets and freeways, are depicted
graphically in Figure 14. Based upon these analyses, the level of
development in the Houston and Dallas CBD's has already exceeded that
which can be supported by automobiles alone under current operating

conditions. Thus, some supplemental mass transportation is needed now,

36



and additional development in these CBD's will necessitate a'higher level

of dependence on mass transportation. Also, some form of people-mover

system will be needed to supplement the pedestrian circulation system

if these CBD's continue to develop.
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MODES OF MASS TRANSPORTATION

Increasing levels of downtown development in some Texas cities are
creating an increasing need for mass transportation, but the dispersed
nature of residential development in those cities makes it extremely
difficult to design a mass transportation system which can function ef-
fectively. None of the traditional modes of mass transportation appear
to be applicable to this type of urban development. Hence, an under-
standing of the characteristics and capabilities of various modes of

mass transportation is essential for proper planning.

Rail-Rapid-Transit

Rail-Rapid-Transit (RRT) systems operate within urban areas on
rail lines constructed on exclusive rights-of-way (whether below ground,
above ground, or at grade) so that they do not have to contend with
other fbrms of traffic. MoSt RRT systems use vehicles that are powered
by direct current with electrical pickup from a third rail. Older RRT
systems have stations located about every half-mile along the route
which is all within the highly developed portion of the city. Some of
the newer lines use station spacings of one to two miles, and they extend
out into the suburbs surrounding the high-density development. Hence,
some of the distinction between RRT systems and commuter rail systems
is becoming blurred.

Systems which use conventional streetcars as rolling stock are
generally not considered as RRT systems even when they operate on grade-
separated facilities. Some experts refer to such systems as light-rapid-

transit (LRT). Most of the streetcar lines still in operation in the
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United States — in Newark, Shaker Heights (Cleveland), Philadelphia,
and Boston — could be classified as LRT systems since they do not
operate in streets with automobiles, trucks, ahd buses. In comparison
with other modes of urban transportation, the differences between LRT
and RRT systems seem relatively minor; nevertheless, data concerning

| light-rapid-transit operations are normally included with other street-
car operations rather than with rail-rapid-transit operations. Hence,
the data presented here are for RRT systems only.

The first RRT systems in the United States were opened at about the
turn of the century. They achieved average operating speeds in excess
of 20 mph — appreciably fastér than any other forms of urban transporta-
tion at that time — so they were appropriately named "rail-rapid-transit".
Numerous technical improvements have been achieved in RRT vehicles over
the years to improve their efficiency, safety, and the quality of ride.
However, none of these advancements have resulted in a significant in-
crease in operating speeds for those RRT systems with stations located
about every half-mile along the route.

Some pertinent data concerning all existing RRT systems in North
America are presented in Table 3 (5). The average speeds shown are from
the most recent available reports on operations for each system. These
data show the strong'corre1ation between station-spacing and average
speed. Even the newer systems have not been able to achieve higher
speeds when they have closely spaced stations (Toronoto, Montreal, and
Mexico City). However, systems with stations spaced at about one-mile
intervals (Cleveland and PATCO) achieve speeds over 30 mph. The Bay
Area Rapid Transit (BART) system hopes to be able to achieve speeds of

45 mph with stations spaced about 2 miles apart.
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TABLE 3
RAIL-RAPID-TRANSIT SYSTEMS IN NORTH AMERICA

Number Year Major

Route Miles Average Speed 1970 Population Density
Length Under- of Including Portion of of Central City
(Miles) Ground Stations Stops System (Persons Per Square Mile)
City/System (MPH) Completed
New York City: : ,
NYCTA - 237 137 476 20 - 22 1904,'22, '29 26,343
PATH (Newark-NYC) 14 N/A 13 o= 1908, '62 16,273 - 26,343
Chicago: CTA 89 10 ~125 23 1897,1943,'69 15,126
Philadelphia:
SEPTA 30 19 52 17 - 20 1908 15,164
PATCO (Lindenwold) 14 2 12 38 1969 -
Boston: MBTA 23 12 44 16 - 22 1906 13,936
Cleveland: CTS 19 0 18 30 1955, 1968 9,893
S heancisco/Oakland gy 23 38 45 1973 15,764/6,771
Montreal 16 16 26 20 - 23 1966 23,525%*
Toronto 21 21 | 45 18 - 20 1954,'68,'70 -
26 1970 -

Mexico City

22 49 20

* Predicted Operating speed for BART
** 1956 Population Density for Montreal

Sources:

Jane's A1l the World's Railway and U. S. Census - 1970



Of course, speed is not the only consideration for selecting a
station-spacing plan for a new’RRT system. The population density of
the service area and the way that riders are expected to get to and
from the station are primary considerations. The older RRT systems
were bui]t to serve areas which had already developed at very high pop-
ulation densities (greater than 25,000 persons/square mile) compared
to modern urban development (less than 5000 persons/square mile). Thus,
when the stations were located at half-mile intervals, enough people
lived within a quarter-mile distance from a station to support the sys-
tem with walk-in traffic.

Today, however, the public's level of reliance on transit and the
population densities of cities have declined so much that no RRT system
can rely entire]y upon walk-in traffic. Even on the Toronto system,
with its half-mile station spacing and relatively high population den-
sity, more than 80 percent of the RRT passengers get to the station by
bus or streetcar rather than4by walking (30). Hence, some of the newer
RRT systems (Cleveland, PATCO, and BART) have spread out their stations,
built Targe parking lots near the station, and established a network
of feeder buses to bring passengers to the stations.

During the decade of the 1960's, additions and improvements to
RRT systems in the U. S. resulted in a 5 percent increase in route-miles,
a 6 percent increase in number of vehicles, and a 15 percent increase
in vehicle-miles of service (5)(31). VYet, total ridership on RRT sys-
tems decreased by more than 7 percent between 1960 and 1970 (12).
Operating costs increased more rapidly than revenues so that the total
net annual deficit for all RRT systems in the U. S. increased dramatically
(see Figure 15) (31). 1In 1970, for the first time, every RRT system in

the nation incurred a significant operating deficit (see Table 4).
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FIGURE 15
GROWING OPERATING DEFICITS FOR RRT SYSTEMS IN U.S. :

100 Note: Deficits shown here do not
include any allowance for
depreciation of equipment
or facilities.

Total Operating Deficit, Millions of Dollars

Source: Institute for Defense Analysis
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TABLE 4

GROSS OPERATING PROFIT’(DEFICIT) OF RAIL RAPID TRANSIT PROPERTIES,

(Thousands of Dollars)

1960 THROUGH 1970

Property 1960 1961 1962 1963 1964 1965 1966 = 1967 1968 . 1969 1970
New York City ' '
NYCTA (1,232)((6,653)(9,608)|(22,936)|(28,984)|(24,487)|(36, 578) (29,509) | (64,966)|(80,213){(56,569)
PATH 156 186 (821)| (2,021)| (3,149)| (5,019)| (5,137)  (5,657)| (6,308)! (6,195)! (6,840)
Chicago: CTA (108){ (571) 365 10 (77) (989) (1,160); 104 569 1,104 | (5,257)
Boston: MBTA (892) (324)] 1,774 1,217 1,057 472 212 | 1,352 ! (235) (2,049) (10,200)
Cleveland: (TS 326 344 154 (135) (323) (277) (435) (310) (384) (545) (1 128)
Philadelphia | :
SEPTA 1,173 } 1,960 | 1,241 1,032 1,766 2,049 2,089 1,800 1,655 1,705 | (323)
PATCO (L1ndenwo]d) (832)' (147)
é
Total for U. S. , !
Systems (577)1 (5,158)] (5,895)| (22,842)} (29,633)| (28,251)| (41,009) (32,220){(69,669) (87 025)%(80 464)
Note: These figures do not include any a]]owance for depreciation of facilites or equipment.
Source: Institute for Defense Analyses, Economic :Characteristics for the Urban Public Transportation Industry.



Despite the obvious problems facing existing RRT systems in the
U.S., several new systems are now being built and numerous others are 
being proposed as the ulimate solution of the urban transporation pro-
blem. Part of the popular support for rail-rapid-transit is based up-
on misleading infofmation that frequently appears in the literature.
First, rail-rapid-transit is often presented as something new, but it
is really more than 70 years old. Second, the term "rapid" in the
title is misleading when the speeds are compared to urban transporta-
tion of today. (Both of these points have been covered in the pre-
ceeding discussion.) Finally, the capacity values quoted for RRT are
mis]eéding.

Capacities of 60,000 persons/hour are quoted for a single line of
RRT and compared tovobserved utilization for a freéway lane of 2250 per-
sons/hour in automobiles or 5000 pérsons/hour in bUSes. Data presented
in Table 5 show that hourly capacities of 60,000 or more have actually
been measured on some RRT 1ines\—-but only with at least two-thirds
of the'paésengers standing (32). None of those systems listed provide
as many as 20,000 seats/hour. Designers of the BART system expect it
to be able to provide a tapacity of 28,800 seats/hour across the bay —
a significant increase in seating capacity over existing RRT systems.
The relative capacities of various types of urban transportation sys-

tems are compared in Table 6 on the basis of seats per hour (29).

~ TABLE 5 |
RAIL RAPID TRANSIT - OBSERVED PEAK HOUR VOLUMES

Seating Capacity

Trains PAcmoI
Per Headway assenger .

Locotion Hour {Seconds) Load Per Car Per Train Total Seated.
NEW YORK 32 12 61,400 60 - 600 :?,?:8 ) g;
NEW YORK N 116 44,510 40 360 , s.ooo 2
NEW YORK 30 120 62,030 60 600 13'888 44
TORONTO 28 128 35,166 62 496 ) ,350 3
CHICAGO . 25 144 10,376 49 294 ;, h 4
NEW YORK 24 150 36,770 40 360 6‘360 oo
CLEVELAND 20 180 - 6,21 53 318 )

SOURCE: Capacity and Limitations of Urban Traonsportation Modes, Institute of Traffic Engineers (1965).
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- ' TABLE 6 :
CAPACITIES OF URBAN TRANSPORTATION MODES

Flow Rate, Seats Per | Capacity

Mode Units/Hour/Lane Vehicle Seats/hour
Automobile on Freeway 2000 autos 5 per auto| 10,000
Bus-Freeway 200 buses, 1600 autos{(50 per bus) 18,000

500 buses, 1000 autos|] 5 per autdy 30,000
Exclusive Busway 1250 buses 50 per bus | 62,500
Skybus o ‘I - 40 ten-car trains 35 per car | 14,000
Rail Rapid Transit 40 ten-car trains 75 per car | 30,000

Source: TTI, Coastal Zone Transportation Study

Some pertinent design characteristics and costs of newer RRT sys-
tems are presented in Table 7. As might be expected, systems with a
higher percentage of underground routes and with closer station spacing
cost more per mile. Another important cost factor is the availability
of an existing right-of-way. The Cleveland and PATCO (Lindenwold Line)
systems were constructed on existing railroad rights-of-way primarily
at grade, and they generally utilize the most "Spartan" design approaches
possible. Hence, the cost-per-mile for these two systems is considerably
lower than for other systems.

Another factor worth noting is the trend for rapidly escalating costs.
For example, when BART was first approved in 1962, the estimated cost per
mile was less than $10 million. The final cost for BART was slightly more
than $19 million per mile. Threevyears ago the official estimated cost-
per-mile for the Washington, D.C. system was $25 million instead of the

present $30 million, and most observers expect it to go even higher before
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TABLE 7

CHARACTERISTICS AND COSTS

OF NEWER RRT SYSTEMS

Miles of Route |No. of System Cost Year Com-
Total]Under-[ETe- | Sta- [Total Cost|Cost/MiTe|pleted (or

System | System| ground} vated| tions | Millions |Millions |Expected

Montreal 15.5 | N/A N/A 26 214 14 1966
(Original System)

Toronto 20 16 0 28 380 19 1966-1974
(Recent Extensions)

Cleveland*: CTS 4 0 0 3 18 4.6 1968
(Airport Extension)

Philadelphia: PATCO*| 14.5 2 1 13 95 6.5 1969
(Lindenwold Line)

San Francisco/ 75 23 25 38 1,400 19 1973
Oakland: BART i '

Washington, D.C.: ¢ |47 | NA| 86 | 3,000 30 1979
METRO :

Atlanta: 50 9 16 37 1,200 24 1980
MARTA :

* Systems Constructed on Existing Rail Right-of-way.

Sources: Jane's A1l the Worlds Railways ATA, Passenger Transport
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the system is completed. Atlanta is still in the design phase for their

system, so their estimated costs are also 1ikely to increase in the future.

Bus-Rapid-Transit

Bus-Rapid-Transit (BRT) systems offer advantages of both RRT and
local bus transit modes. BRT has the flexibility of operating on existing
streets for collection and distribution of passengers. However, the essen-
tial element of a BRT system is a provision for unhindered 1ine-haul opera-
tion on that portion of the route leading to or from the area of concen-
trated development. This freedom of movement on the 1ine-haul portion
might be assured by one of the following means:

1. exclusive busways;

2. reserved lanes; or

3. mixed flow on freeways equipped with traffic surveillance and

control. |

BRT systems can also utilize terminals and parking lots in much the same
manner as RRT systems. However, the same bus can be used for collection
and distribution as well as line-haul operations so that passengers do

not have to transfer at the terminal.

Although the concept of "express" bus routes is not new, the ex-
clusive use of prime highway facilities by buses is a recent innovation.
Current demonstration projects on the Shirley Highway leading to Washington,
D.C. and the Lincoln Tunnel leading to New York City have shown encouraging
results. Several other cities around the nation are now experimenting with
reserved lanes for buses (see Table 8)(33).

The primary disadvantage of the exclusive busway approach is the cost

of providing a fixed-way for buses only. This drastically increases the
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TABLE 8 - SELECTED BUS-PRIORITY PROJECTS

Name of project Location Naw.w of Length | . Date Results Cost
. project implemented

Miles Millions of dollars
Shirley Highway Northern Va. to. Exclusive 9 - Sept, 1969 Reductions in bus travet times of 7.4 (construction 2.8;
Washington, bus lane up to 30 minutes, bus garaqes, mainte-

D.C. (1-95) during peak Ridership during 4 a.m, and p.m. nance and related

: peak hours 20,000 passengers, or services 4.6}
more than twice level before project.

Blue Streak Seattle (1-6) Reversible Sept. 1970 Ridership increased 35 percent during 1129 (70 buses,
bus-priority first month of operation, steadily park and ride lot,
ramps since then, 70 percent of new pas- operating costs)

sengers formerly commuted by auto.

1495 approach New Jersey Exclusive 25 Dec. 1970 Average bus flow 485, average pas- 0.65 total project cost

to Lincoln Tunnel bus lane senger flow 21,000, 8-9 a.m.; {including 0.134 for
during peak 8:second bus headways during peak bus access roadway)
bus travel-time savings of 15 minutes; plus 0.200 annual
faster speeds for automaobiles. operating cost
Southeast Expressway ( Boston Exclusive 9 May 1971 Reductions in bus travel times of 14 0.038 capital
: bus lane minutes in a.m. peak, 4 minutes
in p.m, During first 2 months,
a.m. peak bus ridership increased
25 percent,
Bay Bridge toll lanes | San Francisco- Excl 05 Apr. 1970 Buses save 5-15 minutes during No additional costs,
Oakiand Bay lane for buses {buses) a.m. peak. but sume fost in
Bridge and carpools Dec. 1971 : tolt ravenue,
' {carpools)
Reserved transit lanes } Washington, Transit lanes 1962 Increased traffi: volumes in some
D.C. established in 1966 routes; reduced bus travel time
direction of 1971 up to 23 percent on onie route, -
peak flow

Reserved transit lanes | Newark, N.J. Bus priority 09 197 ANl traffic moving more smoothly
and pesk bus bus travel times reduced 20-26
fanes percent.

Spurce: U.S. DOT, 1972 National Transportation Report
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average cost per passenger mile in corridors that do not have a large
passenger demand. In order to minimize this cost, some people have
proposed reserving lanes on existing freeways for buses; however, there
are severe operational problems associated with reserved freeway lanes.

The Bus-Freeway system is a variation of the Bus-Rapid-Transit con-
cept in which buses operate on a freeway in mixed flow with automobiles,
but the traffic entering the freeway is metered to prevent congestion on
the freeway. By giving priority to the entry of buses, the number of
persons traveling on the freeway can be increased even though the number
of vehicles is reduced. The cost of freeway surveillance and control
is much less than the cost of an exclusive busway, and automobiles can
utilize all remaining freeway capacity. Thus, the Bus-Freeway concept
is highly suited for serving corridors with 1ight to moderate transit
passenger demands (34).

Studies of potential transit demands in Texas cities have revealed
no existing corridors leading to the CBD with potential peak-hour transit
demands of more than 15,000 passengers per hour, and most corridors have
maximum peak-hour demands of only 5,000-10,000 passengers per hour (34)(35).
Obviously, some major redevelopment would have to occur within Texas
cities before any corridor would have sufficient demand to need the
capacity of either an RRT 1ine or an exclusive busway. Indeed, if
enough people could be attracted to them, buses operating on exist-
ing radial freeways leading to downtown Dallas and downtown Houston
can deliver more people to the CBD than would be required if the total
land areas within the inner freeway loops were developed with 100-

story buildings¥*.

*See Appendix B

49



The cost of installing surveillance and control equipment (needed
to implement bus-freeway concept) on existing freeways is éstimated to
véry from $50,000 to $100,000 per»mile. Annual COgts of operating these
control systems are about $15,000 to $20,000 per mile. Thus, even if
the total cost of the freeway surveillance and control system were
charged to the transit operation (even though autqmobile traffic on
'the freeway would also benefit), the cost of a bus-freeway‘systém is
very low in comparison to fixed-way modes (34).

If, for example, a bus-freeway system were built to be as near]y
comparable to a BART-type rail-rapid-transit system as poss1b1e the
total cost would be approx1mate1y as shown below.

Route: 75 miles of Freeway S & C at $100, 000/m11e $ 7.5 million

Stétions: 38 stat1ons at $2 million/station = 76.0 million
Vehicles: 375 buses at $50,000 each = ~18.8 million
Total Initial Cost = | ' $102.3 million

of cburse; these costs assume that all Of the cost of surveillance and con- .
trol equipment is assigned'to the transit syétem and that none of the cost
of the\existing freeway is bornejby thé transit. The 375 buses ;hown pro-
vide the same number of seats (at 50 seats/bus) as do the 250 vehfc]es
(with 75 seats/vehicle) bought initially for BART. Thus, for comparable
systems, the cost comparison is: | | |

Bus-Freeway System | | $ 102 million

Rail-Rapid-Transit System 1,400 million.
(BART—type)‘ v

Summation

The need for some form of mass'transportation to supplement
the automobi]e-based urban transportation system is increasing in several

Texas cities. Yet, none of the modes of mass transportation are directly |
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applicable to low-density ufban development characteristic'of Texas cities.
Careful planning and sound judgement will be required in developing mass

transportation systems to effectively and efficiently serve these cities.

New rail-rapid-transit systems are currently being construct-
ed or considered in several cities around the nation, and similar
systems have been proposed for Texas cities. Considering the relative
costs of systems, urban forms of Texas cities, and the type of mass
transportation service needed, it appears that bus-rapid-transit
“systems would be more applicable for Texas cities. Certainly, they

should be given serious consideration during the planning phase.
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APPENDIX A
CALCULATION OF TRENDS IN THE PERCENTAGE OF
URBAN TRIPS MADE VIA TRANSIT
Origin-destination surveys performed as a part of urban transporta-

tion studies conducted in numerous cities since World War II have re-
vealed a trend toward increased travel on the part of urban residents
(25). An increased propensity to make trips was also noted by urban
transportation experts during the first half of this century (9)(10)
(11). Based upon these data, scarce though it is prior to 1950, the
number of annual urban trips per resident was estimated as shown in
Table 11. The Valueé were then divided into the number of annual
transit trips per resident (total transit ridership/urban population)

to obtain the percentage of urban trips made via transit.
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TABLE 11
TRANSIT TRIPS AS A PERCENTAGE OF TOTAL URBAN TRIPS

Estimated Number of Number of Annual Percentage

Annual Urban Trips/ Transit Made by
Year Person ' Trips/Person Transit
1900 310 190 | 61%
1905 320 215 67%
1910 340 250 74%
1915 370 280 76%
1920 400 280 70%
1925 450 265 59%
1930 500 220 44%
1935 450 | B T R 383
1940 500 170 Y
1945 550 275 50%
1950 600 190 | 32%
{1955 700 105 , 15%
11960 800 | 75 9.4%
1965 900 | 60 6.7%
1970 1100 | | 50 4.5%
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APPENDIX B

CBD DEVELOPMENT WHICH COULD BE
SUPPORTED BY BUS-RAPID-TRANSIT

Land area inside inner freeway loop ~ 1.5 sq. mi.
(either Houston or Dallas)

Assume entire area developed with 100-story buildings

Calculations
Maximum CBD accumulation ~ 1,000,000 persons
Peak-hour arrivals v 400,000 persons
Number of buses required 8,000 buses
Number of freeway lanes v 8 lanes
Number of CBD street lanes = 20 lanes

Conclusion

Existing street and freeway capacity is sufficient
to support this level of CBD development - - -
if enough people could be persuaded to ride buses.
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