NECTP-209

NORTHEAST
CORRIDOR
TRANSPORTATION
PROJECT

REPORT

 INortheas idor Transportation Project

OFE{!éE OF HIGH SPEED GROUND TRANSFORTATION
U.S5. DEPARTMENT OF TRANSFPORTATION

P
“ABRIL 1970






NECTP-209

NORTHEAST CORRIDOR
TRANSPORTATION
PROJECT REPORT

APRIL 1970

OFFICE OF HIGH SPEED GROUND TRANSPORTATION
U.S. DEPARTMENT OF TRANSPORTATION






THE SECRETARY OF TRANSPORTATION
WASHINGTON, D.C. 20590

May 4, 1970

Honorable Spiro T. Agnew
President of the Senate
Washington, D.C. 20510

Dear Mr. President:

I am transmitting to you a report on the status of the North-
east Corridor Transportation Project. I believe this report
breaks significant new ground in the field of comprehensive
quantitative analysis of some of the complex long range trans-
portation problems the country now faces.

As is common with innovative and increasingly sophisticated
approaches to very broad questions, this initial attempt is
by no means conclusive. For this reason, the present study
resylts must be considered tentative. Much further work
remains to be done if we are to make the fullest use of the
new information and techniques developed in the course of
the Corridor Study.

In recognition of the present utility of the Corridor work

and of its greatly enhanced future usefuiness, I have recently
transferred the Corridor group to the Office of the Assistant
Secretary for Policy and International Affairs. At the same
time, I have requested him to direct close personal attention
to the planning and supervision of further Northeast Corridor
and related studies.

Sincerely,

Gl







THE SECRETARY OF TRANSPORTATION
WASHINGTON, D.C. 20590

May 4, 1970

Honorable John W. McCormack
Speaker of the House of Representatives
Washington, D.C. 20515

Dear Mr. Speaker:

I am transmitting to you a report on the status of the North-
east Corrjdor Transportation Project. I beljeve this report
breaks significant new ground in the field of comprehensive
quantitative analysis of some of the complex long range trans-
portation problems the country now faces.

As is common with innovative and increasingly sophisticated
approaches to very broad questions, this initial attempt is
by no means conclusive. For this reason, the present study
results must be considered tentative. Much further work
remains to be done if we are to make the fullest use of the
new information and techniques developed in the course of
the Corridor Study.

In recognition of the present utility of the Corridor work

and of its greatly enhanced future usefulness, I have recently
transferred the Corridor group to the Office of the Assistant
Secretary for Policy and International Affairs. At the same
time, I have requested him to direct close personal attention
to the planning and supervision of further Northeast Corridor
and related studies.

Sincerely,

e







UNITED STATES GOVERNMENT

J FEDERAL RAILROAD ADMINISTRATION
1\4;2711()71111 um
DATE: APR 20 1970
In reply
0 The Secretary refer fo:

FROM

SUBJECT:

The Administrator

INFORMATION: Northeast Corridor Transportation

Project Report

I am transmitting this report on the status of the Northeast Corridor
Transportation Project along with its supporting contractors' studies.
The report contains certain revisions from the draft submitted to you
in December 1969. The changes resulted from additional review and
analyses of the draft report.

This report, containing the results of the first full exercise of the
overall model system, and the analysis and methodology behind it
represent a pioneering effort in the field of transportation analysis.
The framers of the report have attempted to develop a system with
extremely broad application, dealing with all modes of intercity passenger
transportation, with the interactions between these modes, and with
the impact that alternative transportation systems could have on the
general welfare of the Corridor. The application of the Corridor
model system and the techniques it represents should materially assist
the Department in carrying out Tong-range transportation policy and
program planning.

Expectations are that the present model system enhanced by near term
future efforts will significantly improve the Department's ability to
deal with the complicated transportation decisions it now faces such
as:

..What effect would introduction of V/STOL air modes
have on the economic viability of other modes in the
Corridor?

..Can the declining rail patronage trend in the Northeast
Corridor be reversed through application of new technology
and/or service improvements?

..What would be the societal effects of alternative
investment policies for the various transportation modes?

The great public interest in this report indicates that it should be
released now. Only an early publication date with wide dissemination

DEPARTMENT OF TRANSPORTATION
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i11 permit the interested individuals to comment on the new transpor-
ation concepts and techniques contained in the report. The Department
will benefit greatly from the informed discussion resulting from release
of the report.

In this connection, however, care must be exercised by the reader in
interpreting the contents of the report. It should be clearly under-
stood that the conclusions contained in the present report are still
somewhat tentative and incomplete in some instances. The conclusions
are also strongly dependent upon the initial assumptions employed in
developing the model systems and the data they use. Some of the
results could change in the course of the further work now planned.

For example, the report is rather negative regarding the purely commercial
prospects for various new high speed ground transportation systems.

On the other hand the total economic, environmental, and social impacts
of these modes may justify their implementation even though they might
not yield a commercial rate of return. In addition, for these high
speed ground modes, the report results are based specifically on
analyses of the characteristics of intercity transportation in the
Northeast Corridor, and this may not properly represent situations in
otherdcorridor areas or for other types of applications within the
Corridor.

The analysis is continuing with the specific purposes of identifying
quantitatively the ranges of uncertainty in the analytical results,
examining investment alternatives not considered in this report, and
framing the results in terms which are most meaningful for public
investment decision-making purposes. The results of these additional
studies will enable the Department to make more definitive conclusions
and recommendations which can be made available f time to time.

7 L~ A~ —
R. N. Whitman

Enclosures
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CONCLUSION

The N

EXECUTIVE SUMMARY

S

ortheast Corridor Transportation Project, through a compre-

hensive systems analysis approach, is engaged in analyzing and evaluat-
ing the transportation needs of the Northeast Corridor through 1980.
This report presents some conclusions about the prospects of intercity

passenger
transporta
Corridor's

transportation in the Corridor and suggests ways in which
tion developments can be made more responsive to the
needs.

The following general conclusions about the future of intercity

passenger
and evalua

transportation in the Corridor have resulted from analyses
tions conducted to date:

Auto transportation will continue as the strongly
dominant mode of intercity Corridor transportation,
at least through 1980, regardless of the improve-
ments which can feasibly be made to other modes.

The effectiveness of intercity line-haul common
carriers in improving door-to-door passenger
service will be seriously Timited in the Corridor's
larger metropolitan areas by delays and relative
slowness of Tocal access to and egress from
transportation terminals.

Without substantial action by the government
agencies responsible for intercity passenger
transportation in the Corridor area, the
following results are probable in the Northeast
Corridor:

(1) Major capabilities for the provision
of rail passenger service will not be
used;

(2) The potential for short and intermediate
haul air transportation may not be
exploited;

(3) Downtown-to-downtown intercity passenger
transportation will, in Targe metropolitan
areas, contribute to congestion on urban
transportation facilities.
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(4) Transportation facilities which present to
travelers high personal accident hazard,
which contribute heavily to air pollution,
and which have heavy requirements for land
will continue to expand;

(5) Less populated areas of the Corridor--rural
and suburban--will lose common carrier inter-
city transportation service;

(6) The several modes of passenger transportation
in the Corridor--auto, bus, air, and rail--will
not be coordinated in ways which will improve
service and raise efficiency.

The Northeast Corridor Transportation Project has depicted and
evaluated several ways by which the Corridor transportation system
could be made more responsive to the economic, political and social

development of

the region. Nine possible and widely different trans-

portation systems which might be made operational in the Northeast
Corridor in the 1975-80 period were analyzed and simulated, with the
following salient conclusions:*

Boston to Washington rail passenger service
approximating the level of performance of

the Metroliners would achieve more efficient
utilization of present rail capacity for
mainTine passenger service and would realize
additional revenue in excess of additional
costs. For several reasons, including the high
cost of capital to the railroads in the Corridor,
it is unlikely that the privately owned rail-
roads in the Corridor will choose to provide
such service without public support;

Improvements to the existing Boston-Washington
mainline of the Penn Central Railroad costing
up to $1.3 billion would result in sub-
stantially better transportation service to the
centers of major metropolitan areas of the
Corridor and would yield additional revenues
sufficient to cover additional costs, including
capital costs of 10 percent per year. These
improvements can be made on an incremental
basis thus permitting at each step a testing of
the attractiveness of better service. Since it
appears that the difference between incremental
revenue and costs would be greatest at a level
of improvement far short of $1.3 billion it
seems even less likely that railroads would
provide such a level of service without public
support;

*Such conclusi
research resu

ons could, of course, change as further data and
1ts become available.
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----- Short take-off and landing (STOL) and vertical
take-off and landing (VTOL) aircraft modes would
provide intercity transportation services throughout
the Northeast Corridor yielding before-tax revenues
sufficient to cover all non-government costs
including capital charges at 10 percent per year.

STOL and VTOL operation would require some improvement
in air navigational technology and in environmental
impact planning but only small technological
improvements for aircraft;

----- Two new high-speed ground modes--one, a completely
new rail system, and the second, a tracked air
cushion vehicle system--would greatly improve
intercity transportation along the spine of the
Corridor. At the present stage in the analysis,
it appears that neither of these two ground modes
would be commercially viable within the next
decade if a capital cost rate of 10 percent is
required;

----- A combination of vertical take-off and Tanding (VTOL)
air transportation and a high-speed ground mode
would provide the widest choice of improved inter-
city passenger transportation in the Corridor,
would generate the largest patronage, and would require
the largest operating costs and capital outlays.

The analysis in the Northeast Corridor Transportation Project,
to date, has been most useful when applied to the evaluation of
the potential commercial viability of the nine alternative systems.
An effort was made, however, as will be shown in the body of the
report, to appraise each mode in terms of its environmental impact,
dependence on improved terminal access-egress, dependability under
all-weather conditions, improved safety, and flexibility to service
occasional demand peaks. Depending upon the weighting of these
considerations by public agencies, relative evaluations of the
different systems may change.

The use of comprehensive systems analysis, such as carried
on by the Northeast Corridor Transportation Project, can significantly
reduce the probability of making capital outlays for transportation
which are not responsive to public need or which may constitute
inefficient ways of responding to public need.
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BACKGROUND OF THE CORRIDOR TRANSPORTATION PROBLEM

The Northeast Corridor* is faced with growing demands for trans-
portation which have been created by an expanding, ever more inter-
dependent economy and an increasingly mobile society. Those who live,
work and travel in the Corridor would probably regard such a conclu-
sion as obvious. What is not so clear is how best to deal with the
challenge that this pattern of growth presents. The problem is not in
knowing that transportation facilities in the region need to be expanded
and improved, but in deciding what improvements should consist of;
where they should be located; when they should be introduced; and how
they should be managed, financed, and operated.

Past Approaches

Traditionally, decisions of this nature have largely been made
either by the private sector or, where private enterprise has not been
practical or has not functioned in the public interest, by independent-
1y exercised local and state initiative, with some modicum of Federal
involvement. This approach has worked fairly well in the past. After
World War II the explosion in automobile production and ownership,
accompanied by a shift of population to the suburbs, quite clearly
pointed to the need for an expanded highway construction program. The
opportunity to exploit, for civil purposes, the great advances in
aviation technology gained during the war stimulated public support
of airport and air navigation development.

As a result of emphasis and encouragement through public policy,
both air and highway transportation have in the past two decades enjoyed
consistent and substantial rates of growth and have unquestionably
satisfied great public needs. Strong trends in the growth and distri-
bution of population and economic activity in the Corridor have, however,
tended to change the region's needs for transportation. These two
trends are (1) the increasing concentration of population and employ-
ment in Standard Metropolitan Statistical Areas (SMSA's) defined as
communities having populations of 50,000 persons or more, and (2) dis-
persal of population and employment away from urban cores into the suburbs.

Population and Employment Trends

By 1980, over 46 million people will live in SMSA's in the Corridor
and about 8.3 million in rural areas. The distribution of population
and employment between suburban and core areas through 1980°is more
difficult to predict. While there have been pronounced population shifts
into the suburbs in the last decade, there have also been large migra-
tions into the Corridor's urban cores from regions outside the
Corridor. Nevertheless, between 1950 and 1960 the major urban cores

*Figure S-1 shows the Northeast Corridor region as it has been defined
for purposes of the Northeast Corridor Transportation Project.
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in the Corridor lost about five percent in both population and employ-
ment while the suburbs gained over 40 percent. The effects of these
changes, even if their pace were slowed, will have important impacts
on the Corridor's life patterns for years to come.

Changing Needs for Transportation

The trends of population and employment toward metropolitan areas
and from the metropolitan cores to their suburbs are undoubtedly re-
sponsible for many of the complaints of congestion and delay persistent-
1y leveled against the transportation system of the Corridor. Neither
highway nor air transportation in their present forms are well suited
to the increasingly tight constraints of space in the Corridor; both
modes require for efficient operation relatively large amounts of space
per unit of traffic. Air transportation's primary advantage, namely
speed, is being seriously diminished for short and intermediate trips
within the region by congestion in the air and on the ground. In the
Corridor, gate-to-gate times between major airports have remained
essentially unchanged over the past dozen years--and have risen in
some instances--despite a 30 to 40 percent increase in aircraft cruis-
ing speeds.

A comparable situation is emerging in highway transportation. The
tol1 roads built in the early 1950's and the facilities constructed
under the Interstate highway program have expanded the flow of inter-
city highway traffic in the Corridor considerably, especially in subur-
ban and rural areas. But congestion in and around metropolitan centers,
particularly during peak periods, has tended to reduce the advantages
of freeway travel. New roads and highways, constructed to relieve
congestion, have often encouraged new traffic to the point that delays
in related parts of the highway network have been increased rather
than reduced. Public frustration, a sense of crowding, and concern
over wasted resources are all natural responses to this cycle of tem-
porary relief and chronic congestion. Thus, the approaches to trans-
portation problems which seemed to be so obvious 20 years ago do not
seem so clearly to meet the Corridor's needs today.

The Impact of Urban Congestion

A major reason for the present inadequacy of short and intermediate
intercity passenger transportation is that we have not yet managed to
_ cope effectively with the problems of transportation within large urban
areas. Since the Northeast Corridor is preeminently a region of large
cities, a very high proportion of all intercity travel in the Corridor
involves one or more large metropolitan areas. Hence, the quality of
intercity transportation in this region depends in large measure on the
relative ease of circulation within metropolitan areas.
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The nature and extent of improvements in urban transportation are
highly uncertain, and this uncertainty must inevitably impinge upon
decisions which might be made about the intercity system. For example,
a policy of enhancing, through continued development of urban beltways,
the accessibility of suburban (as contrasted to inner-city) portions
of metropolitan areas would tend to predispose intercity transport
development toward modes such as V/STOL which would be oriented to
the metropolitan periphery. If, on the other hand, greater emphasis
were placed on enhancing accessibility to the city core through improv-
ing and developing radial urban rapid transit, then building intercity
high speed ground modes which would pentrate to city centers would be
more appropriate.

Problems of Coordination

Uncertainties about the directions which should be followed to
make intercity transportation more effective in meeting the Corridor's
needs are heightened by the region's loose and largely uncoordinated
decision-making structure for transportation. Ten States plus the
District of Columbia and well over a dozen major regional agencies
have responsibility and authority for transportation planning and
ivestment in the Corridor. To the authority and responsibilities
which these agencies have, must be added the interests of the Federal
Government and a myriad of private firms. Few statutory procedures exist
which could bring coordination to the planning of transportation improve-
ments in the Corridor. The result is that decisions are often made in
one jurisdiction without adequate consideration of their effects on
other jurisdictions. It is reasonable to assume that the bottlenecks
and discontinuities in the Corridor transportation system today will
not be dealt with satisfactorily without increased attention devoted to
coordination between agencies in the Corridor involved in transportation.

A1l things considered there are no obvious solutions to the pro-
blems of intercity transportation in the Northeast Corridor. Additions
to highway and air facilities have come to contribute less and less to
the effectiveness of transportation systems in heavily urbanized regions.
Railroads, once the mainstay of the Corridor's intercity passenger
traisportation, have had declining passenger patronage since World War
IL The decision-making structure is fractionated and does not focus
on transportation as a system, and even if it were to, neither tools
nor data have been available for comprehensive approaches to transporta-
tion planning.




ADOPTION OF A SYSTEMS APPROACH

Recognition of the growing ailments of the transportation
system of the Northeast Corridor and of the shortcomings of
existing policies as remedies led in 1964 to establishment of the
Northeast Corridor Transportation Project. In a deliberately
experimental way, the Corridor project was to be a systematic
attempt at determining the intercity transportation facility require-
ments of a major region of the Nation. In making this attempt,
the project was charged (1) to analyze the complex interactions
between transportation and structure of economic and demographic
development of the Corridor, (2) to forecast the demand for
intercity transportation services by mode in the Corridor, (3)
to describe the characteristics of transportation services that
might be supplied, and (4) in doing all this to give full
consideration to the potential of dynamic, innovative transport
technology.*

Development of a Model System

In five years, starting at a very inchoate level of knowledge
and methodology, the Northeast Corridor project has fulfilled
many, although clearly not all, of these assignments. Using
systems analysis techniques and newly developed computer capabilities,
progress has been made in developing and applying a comprehensive,
general approach to regional transportation analysis. The
most important achievement of the Corridor project up to now has
been to develop, link together, and operate several models in an
interactive process which simulates the forces of transportation
supply and demand in the Corridor. The resulting system of models
permits examination of the effects of changes upon the competitive
interrelationships among modes, and also of interactions between
transportation and other sectors of the Corridor economy. A
dynamic model process of this nature has not been applied before
to regional transportation in the U. S. The basic elements of the
model system are as follows:

————— An econometric model which forecasts population,
income, employment, and land use for each of 131
analysis districts (mostly counties) of the
Northeast Corridor.

----- A demand model which predicts intercity passenger
travel in the Corridor by city pairs and by modes
of travel.

----- Supply models for air and high speed ground modes
which are sensitive to changes in output levels.

————— Cost models which, based on parametric relationships,
predict elements of mode and system cost.

*This approach was recommended in an executive agency task force report
in Tate 1962.
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————— Impact models which predict the effect of transportation
changes on population, employment, income and land use
in county-size analysis areas.

----- Supply-demand balancing techniques which make possible
simulation of supply-demand equilibrium.

Usefulness of the Model System

The individual models suffer from many shortcomings and hence
the results of the model/simulation process should be treated with
caution. Nevertheless the performance of the models in evaluating
the transportation system alternatives discussed in this report is
satisfying both to intuition and to experience. With few exceptions
the models produce results which are credible when related to real
world sjtuations and their use almost certainly can enhance our
ability to make better decisions. Moreover, the process of modeling
the Corridor transportation system has substantially raised the level
of insights into the workings of the transportation system
particularly in application to subareas of the Corridor such as
states and counties. It would on the other hand, be a mistake to
accept too literally the results of the model simulation process.

The models for forecasting transportation demand have proved their
capability to predict the "split" of demand among several competing
modes. This allocation of demand among the modes is based not on
each mode per se but on three basic characteristics of transportation
service; namely, trip time, user cost and frequency of service. By
approaching the modal split in this way it becomes possible to predict
the response of the travel market to totally new modes such as
tracked air cushion vehicles (TACV). Reliance by the model on three
characteristics of transportation to determine modal split undoubtedly
omits some of the factors which influence travel behavior. In the
analysis of transportation alternatives in this report other con-
siderations such as comfort, safety, and fashion have been assumed
to be equal among the modes. When these attributes differ to a degree
which significantly affects modal split, the Corridor demand model
becomes less useful.

The development of techniques to forecast impacts of transpor-
tation on population, employment, and other economic variables by
area has been the major thrust in the attempt to measure the inter-
action between transportation and its social, political and economic
environment. The Corridor impact models show only small effects
resulting from the intercity passenger travel changes evaluated in
this report. This was to be expected. Indications are that the
impact of changes in freight transportation would be much greater.

At this time, however, data on freight movements do not exist in

the Corridor or elsewhere upon which to test the predictive capability
of the impact models. Reliance for model formulation and calibration
on patched and stitched-together data must raise an element of un-
certainty about results and suggests strongly the need for continued
emphasis on a transportation data program.
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The development of the Corridor models and procedures is
continuing with the goal of producing a set of tools generally use-
ful for the comparison and evaluation of transportation system
improvements. The Corridor models can be applied to Corridor
transportation in a longer time frame than has been done in this
report; they can, with further development, also be applied to
the evaluation of freight transportation systems. It should be
pointed out, however, that while the models can, with relatively
small but necessary recalibration, be applied to intercity passenger
movement in other Corridor-type regions of the U. S., they cannot
be used in their present form to predict intra-urban passenger
traffic. Intra-urban travel and the behavior patterns of commuters
are subject to many other influences than those used in determining
intercity transportation.

Application of the Models to Alternative Transportation Systems

It was understood at the outset of the Corridor project that
transportation system changes tend to have wide implications for
regional development and for many other aspects of public policy
beyond the sphere of transportation. It was clearly not appropriate
for the Northeast Corridor project staff to decide which of these
public policies should be pursued. Therefore, a basic premise
of the Corridor project has been that the project would evaluate
and report on a number of alternative transportation systems which
would be responsive to a wide range of policy options. This
strategy was intended to permit responsible officials at the
Federal level and in in the Corridor to relate transportation
to fundamental policy objectives. For purposes of the evaluations
reported on here the following public policy options were emphasized:

(1) Degree of technological innovation--ranging from continued
evolutionary development of the present set of modes and
services to a quite radical departure involving the
introduction of a combination of advanced ground and
air modes;

(2) Emphasis on suburban or central city service--ranging
from ground modes penetrating the city core via tunnels
to air systems largely serving the periphery of metro-
politan areas;

(3) Magnitude of capital cost--ranging from minimal investment
in new equipment to multi-billion dollar new investment
in fixed facilities and equipment;

(4) Service characteristics--ranging from high capacity modes
operating on fixed rights-of-way to m ~e flexible systems
capable of providing service over a wiJe area;
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(5) Degree of private vs. public investment--ranging from
systems which could be sustained by private investment
and ownership to systems which would require Government
support for their construction and operation;

(6) Requirements for institutional change-- ranging from
alternatives which would require only nominal inter-
governmental coordination under existing statutory
authorization to those which would require new legislation
and extensive coordination at Federal, State, and local
levels.*

*See Table S-2 for the relationship between these six policy options
and the nine alternative transportation systems analyzed by the project.
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ALTERNATIVE PASSENGER TRANSPORTATION SYSTEMS FOR THE NORTHEAST CORRIDOR,
1975-80 ,

The nine alternative systems start with the existing transportation
system of the Northeast Corridor projected to 1975-80, and add five new
modes in varying combinations with the existing system and with each
other--as shown in Table S-1. The designed service pattern of each
alternative is generally north-south between Washington and Boston. Each
of the high speed ground modes--demonstration rail, high speed rail A,
high speed rail C and tracked air cushion vehicles--was designed to
serve terminals at Washington and Boston and seven intermediate points
in Providence, western Connecticut, New York City, northern New Jersey,
Trenton, Philadelphia and Baltimore. The air and highway modes serve
more dispersed patterns based on existing networks.

Alternatives I and II

Alternatives I and II would require capital expenditures by 1975 of
about $70 million for equipment and grade crossing elimination.

Both alternatives would expand the present fleet of Metroliners and
Turbo trains in accordance with increases in demand. Relatively small
improvements in roadbed would focus primarily on eliminating highway-
rail grade crossings. The annualized equipment cost and roadbed improve-
ment costs would be Tess than half the additional revenues realized from
the DEMO level of operation. (See Summary Table S-4) Although patronage
of rail passenger service to Boston-Washington and intermediate points
would increase between 1968 and 1975, rail passenger patronage as a whole
in the Corridor would decline. The breakdown of the Corridor intercity
travel market by modal shares in 1968 and 1975 is shown in the following:

Shares of Corridor Intercity Travel Market by Mode
Percent Passenger-Miles
Alternative I

Year Auto Bus Rail Air
1968 68 8 13 11
1975 73 9 9 9

Although alternatives I and II do no more for the ground modes than
add demonstration rail, even this minimal action would probably require
Federal legislative action of some kind. It is not certain that without
such legislation the present Metroliner and Turbo train services inaugu-
rated for two years in response to Federally supported high speed ground
transportation demonstrations would continue and, in response to demand,
expand through 1975.



TABLE S-1 NINE PASSENGER TRANSPORTATION SYSTEM ALTERNATIVES
FOR THE NORTHEAST CORRIDOR

ALTERNATIVE MODAL COMPOSITION

I Auto, Bus, Conventional Air (CTOL)
‘ Demonstration Rail (DEMO)* --~125 wmph

II Auto, Bus, CTIOL, DEMO
Short Take-Off and Landing Air (STOL)--370 mph

11T Auto, Bus, CTOL, STOL
High Speed Rail "A"™ (HSRA)--150 wph

Iv Auto, Bus, CTOL, STOL
High Speed Rail "G" (HSRC)--200 uph

\'4 Auto, Bus, CTOL, STOL
Tracked Air Cushion Vehicle (TACV)--300 mph

VI Auto, Bus, CTOL, STOL, DEMO
Vertical Take-Off and Landing Air (VIOL)--265 mph

VII Auto, Bus, CTOL, STOL
VIOL & HSRA

VIIT Auto, Bus, CTOL, STOL
VIOL & HSRC

IX Auto, Bus, CTOL, STOL
VIOL & TACV

*Demonstration rail assumes that the present Metroliner and Turbo train
services will be expanded and extended through 1975.
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TABLE S-2 RELATIONSHIP BETWEEN TRANSPORTATION SYSTEM ALTERNATIVES AND PUBLIC POLICY OPTIONS

Policy Options

Degree Orientation
Alternatives New of to Service Public Institutional
Modes* Technological | Metropolitan Capital | Character-| Support Change
Innovation Area Cost istics Required Required
I DEMO None Center City Low Fixed
Linear No Little
Demo
11 & None Center City Low Mixed No Little
STOL & Suburbs
IT1 HSRA Some Center City Medium Fixed Yes Large
Linear
Iv HSRC Some Center City High Fixed Yes Large
Linear
v TACV Much Center City High Fixed Yes Large
Linear
VI VTOL Some Suburbs Low Flexible No Little
Disperse&
VTOL
VII & Some Center City Medium Mixed Yes Large
HSRA & Suburbs
VTOL
VIII & Some Center City High Mixed Yes Large
HSRC & Suburbs
VTOL
IX & Much Center City High Mixed Yes Large
TACV &Suburbs

*Auto, bus and conventional air are included in all alternatives; STOL is included in alternatives II

through IX.-



Under alternative I total new public capital expenditures between
1968 and 1975  for intercity passenger transportation in the Northeast
Corridor would be $3'billion. Most of this outlay would be for expansion
of the existing highway and air modes *

. Across the board, alternative I would make only small improvements
in the quality of transportation service in the Corridor. Alternative II,
as well, would offer only limited improvement in the quality of intercity
passenger service in the Northeast Corridor although it would emphasize
the provision of STOL service to the periphery of metropolitan areas.
Traffic attracted to STOL would tend to reduce the share of CTOL below
its share in alternative I. The share of Corridor traffic going to
air, auto, rail and bus would change between alternative I and alterna-
tive II as follows:

Shares of Corridor Intercity Travel Market by Mode in 1975
Percent Passenger-Miles

Alternatives CToL STOL Auto Rail Bus
I 9 - 73 9 9
II 3 12 68 8 9

Since STOL service in alternative II (as well as in alternatives III
through IX) would be commercially viable, new Federal Government expendi-
tures would be required only to provide supplemental air navigation
facilities.

*A11 the alternatives assume that current plans for highways and CTOL will
be implemented.




Alternatives III, IV and V

Alternatives III, IV, and V would introduce major improvements
in city-center-to-city-center high-speed ground transportation. The
high-speed ground mode in alternative II would rely on existing rail-
road rights-of-way; the high-speed ground modes in alternative IV and

V would require completely new rights-of-way.

Alternative III would

require capital expenditure for all new modes of $1.8 billion;
alternative IV, $2.8 billion; and alternative V, $3.5 billion.

HSRA would require only moderate technological advance; HSRC
would require substantial R & D expenditure to bring rail operating
speeds up to 200 mph; TACV would require an extensive program of
R & D to achieve 300 mph operating capability.

Alternatives III, IV, and V would utilize centrally generated electric
Therefore, their

power and would operate underground in urban areas.
effect on land use, noise, and air pollution would be minimal.

The share of total intercity passenger traffic in 1975 which would

be captured by the high-speed ground modes is shown in the following:

Percent Passenger-Miles

Shares of Corridor Intercity Travel Market by HSGT Mode

Alternative 11
(DEMO)

Alternative III
(HSRA)

Alternative IV
(HSRC)

Alternative V
(TACV)

8

12

15

18

Forecasts for the three new ground modes indicate that they would
not be commercially viable in the year 1975, assuming a capital cost of
10 percent, and would probably not be commercially viable for the 10 to
15 years beyond 1975. In the year 1975, largely as a result of interest
charges on the initial investment in right-of-way and track, HSRA in
alternative III would incur a deficit of $27 million; HSRC in
alternative IV, a deficit of $67 million; and TACV in alternative V, a
deficit of $103 million. Thus, at least at the outset, the high-speed
ground modes would presumably require substantial public support. This
could be achieved through subsidy to a private corporation, establishment
of an authority, charter of a public corporation, or through outright
Federal ownership.

It should be emphasized that the high speed modes, because of their
high capital costs, are highly sensitive to the interest rate chosen and
passenger demand actually realized. For example, if the cost of capital
were lowered to six percent, the ground modes could be commercially viable
in 1975; on the other hand, a rise in the cost of capital above ten
percent would intensify the magnitude of the potential deficit. Similarly,
if the actual demand were in error by 12 to 25 percent, the deficit would
disappear or intensify.



Alternative VI

Alternative VI would add VTOL to alternative II. The performance
characterisitcs of VTOL would be responsive to the migration of Corridor
population and employment from center city to suburbs. The resulting
combination of the existing modes and VTOL would emphasize service
to suburban areas. Heliports and flight paths could be located so
as to minimize the adverse impact of noise. Where practical, VTOL
would be designed to provide service to downtown as well as to the
suburbs; however, emphasis in alternative VI would be on frequent
service to heliports located on the periphery of metropolitan areas.

Revenues from VTOL service would be sufficient to cover research
and development and terminal costs. This analysis did not include
some additional expenditure, presumably public, which would have to
be made on VTOL for the development and implementation of air
navigation facilities and air traffic control techniques. Also,
although it was not included as a cost of VTOL operation in
alternative VI, research and development to reduce aircraft noise
appears necessary. In comparison with the total cost of the VTOL
mode, these additional costs do not appear to be large.

Since VTOL in alternative VI could be self-sufficient, presumably
service would be provided by one or more privately financed, certifi-
cated carriers.

The shares of traffic which would result from alternative VI as
compared to alternative II are shown in the following:

Share of Corridor Intercity Travel Market by Mode
Percent Passenger-Miles

Alternative CTOL STOL | VTOL Auto Rail Bus
II 3 12 -- 68 8 9
VI 2 10 14 60 7 7

Alternatives VII, VIII, IX

These three alternatives would combine VTOL with HSRA, HSRC, and
TACV respectively. The resulting systems would greatly improve trans-
portation service to the downtown areas of the cities "on line" between
Boston and Washington and, Tike alternative VI, would provide better
service to the suburbs of metropolitan regions in the Corridor.




VTOL would continue to be self-sufficient in all three alternatives.
Capital cost for the ground modes would be slightly less than in
alternatives III, IV, and V. Annual deficits, however, would increase
as shown in Summary Table S-4 Thus, public support would have to be
provided for construction and operation of the ground modes.

Total transportation service in the Corridor would be increased
substantially in its quality ana probably in its use. ¥rojected
shares of intercity Corridor passenger traffic under alternatives VII,
VIII and IX are shown in the following:

Shares of Corridor Intercity Travel Market by Mode
Percent Passenger-Miles

Alternative | C/STOL | Auto| Bus| VTOL HSRA | HSRC TACVY

VII 11 58 7 14 10 -- --
VIII 11 56 7 13 -~ 13 --
IX 10 55 7 13 ~- -- 15




Second Order Rail Alternatives

The ground modes in alternatives II and III represent the
minimum and probably the maximum improved conditions applicable
to the existing Penn Central Railroad route between Wahington and
Boston. Almost a continuum of possible improvement options exists,
however, between these extremes. In order to obtain an indication
of the economic feasibility of these improvements, the Corridor
model system was applied to nine intermediate levels of improve-
ment between alternatives II and III.

The analysis was conducted by delineating a number of separate
projects such as laying welded rail, easing curves, rebuilding
bridges, and building new tunnels and bypasses, and determining the
costs and running time savings attributable to each project. By
using the passenger loadings for each Tink of the DEMO mode in
alternative II, the passenger-minutes saved per dollar of expen-
diture for each project were calculated and the projects were
ranked according to this ratio.

For the analysis, nine levels covering the range of improve-
ments were selected. For each of these levels calculations were
made using the NECTP model system to determine additional patronage,
gross additional revenues, additional operating costs, annual charges
for new investment, and additional net revenues.

The conclusions to be drawn from this analysis are as follows:

1. The maximum benefits to the operator would occur at a
level of improvement representing a capital expenditure
of $186.5 million (including $78.2 million for vehicles).
Annual gross revenues at this level of improvement for
1975 would be $25.9 million more than rail (DEMO) in
alternative II, while annual systems costs would be
$18.3 million higher than the DEMO costs. The total
surplus of additional revenues in 1975 over additional
costs annualized for 1975 would be $83 million. This
level of improvement results in a 25 percent patronage
increase over rail in alternative II.

2. Up to a capital expenditure of $1.3 billion, 1975 annual
gross revenues (additional) would exceed annual systems
costs (additional). At this investment level, representing
a 50 percent increase in patronage over DEMO, annualized
additional costs and gross 1975 revenues would be equal.

S-19




3. From the Tlevel of improvement representing maximum net
revenues to the operator to the level of improvements
represented by HSRA in alternative III, net revenues
would drop. At the upper levels of improvement, costs
of capital would become a very significant element of
total cost.

Intermodal and Intergovernmental Coordination

Each of the nine transportation system alternatives would require
some degree of intergovernmental cooperation for effective planning and
implementation. In a broad sense, the efforts represented in this
report reflect the need for a coordinated "system" approach to transpor-
tation planning. Thus, each alternative should be regarded in a
real sense as a system, requiring coordination among the modes
if maximum benefits are to be achieved. The degree of coordination
needed would vary with the mode in question. Both STOL and VTOL
would require coordinated action on the part of the Federal
agencies involved (presumably the Department of Transportation and
the Civil Aeronautics Board) and the private carrier or carriers,
and with the local jurisdictions in which STOL ports or heliports
would be located. DEMO and HSRA would require extended cooperation
between the Penn Central Railroad and the Federal Government for
funding and, perhaps, operation of services. HSRC and TACV
both require extensive intergovernmental coordination for acquisition
of new rights-of-way and for construction and operation.

A1l systems would benefit from continuous central coordination
by the Federal Government or by a regional agency to assure
effective and efficient matching of facilities and services of the
modes with each other and with demand as a whole.

Following in Tables S-3 and S-4 are summaries of performance and
operating characteristics of the nine alternative systems.
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TABLE S-3 SUMMARY OF MAJOR CHARACTERISTICS
OF NECTP TRANSPORTATION SYSTEM ALTERNATIVES

x
Average Speed Total
New Sustainable Terminal Door Corridor
Alternatives Modes Top to to Intercity
Speed, Terminal, { Door, Travel ,**
billion
mph mph mph pass. miles
I DEMO 125 72 46 19.4
11 ___DEMQ;;;__J% _____________ 2. __|___ 46___ 20.3
STOL 370 141 63
111 HSRA 150 109 58 21.1
IV HSRC 200 152 71 21.7
) TACY 300 198 79 22.3
VI VTOL 265 147 74 20.3
VI1 _o_YTOL 4 265 . 191 . 0 __ 20.8
HSRA 150 109 57
VIII _o_VToL 4o 265_______|.__ 152 | __ 0___ 21 .5
HSRC 200 157 70
IX L S 265 ... 144170 __ 22 1
TACY 300 205 78

* Statistical averages computed for each mode by dividing total passenger hours
into total passenger miles. Note the controlling influence of access-egress
time on door-to-door speeds.

** Includes auto

*%% STOL is included in alternatives II through IX.
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TABLE S-4 SUMMARY OF FINANCIAL CHARACTERISTICS
OF NECTP TRANSPORTATION SYSTEM ALTERNATIVES

New Modes
Annualized
New Total Incremental Surplus or
Alternatives | Modes |Capital Annualized Annual (Deficit)
Cost, Costs Revenues in 1975*
$ x 100 $ x 106 $ x 106 $ x 100
I DEMO 70 $ 61 $144 83
11 J|DEMO__|_ 69 _____|_____ 60 ______ N 1.1 S IS 8l
STOL** | 195 244 244 0
ITI HSRA 1590 240 213 (27)
IV HSRC 2600 355 288 (67)
v TACYV {3340 452 349 (103)
VI VTOL 1060 318 318 0
VII JVTOL 1 966 ____ | ____ 310 _____|___ 310 | ____ 0
HSRA | 1580 230 175 (55)
N T Y, I 292 .| 202 | .. R
HSRC 2590 340 240 (100)
o JvToL | 96 | 201 | 201 | R
TACVY 3330 440 292 (148)

* STOL and VTOL service and fare levels were set to achieve break-even
operation at a ten percent return on investment; HSRA, HSRC and TACV service
levels were set to maximize profits (revenues Tess costs); DEMO figure repre-
sents the difference between incremental revenues and incremental costs to
provide DEMO service. It does not reflect any allocation to DEMO service
of costs currently borne by the railroad.

**  STOL is included in alternatives II through IX.

S-22



CURRENT APPLICATIONS AND FUTURE DIRECTIONS

The creation and successful application of the Northeast Corridor
Transportation Project model system constitute a significant step
forward in multi-modal transportation investment evaluation. A model
structure capable of depicting the interactions of the major elements
of a transportation system has now been applied to a set of real-
world problems in a highly industrialized region.

In addition to the applications and results presented in this
report, the model system already is being used to provide inputs to
Department of Transportation policy planning and decision-making
in a number of related areas. For example, NEC models have supported
work on (1) future utilization of STOL and VTOL aircraft; (2) initial
planning for TACV demonstration; (3) identification of HSGT research
and development priorities; and (4) the rail passenger network problem.
In these applications, the model/simulation system has demonstrated
a capability for projecting patronage, as well as demographic effects
of major transportation system changes, at levels of detail and
precision useful for planners.

A complete description of potential applications of the models

and methodology would encompass support to almost all regional freight
and passenger transportation policy responsibilities of the Department
of Transportation itself. Figures S-2, S-3, and S<4 present specific
examples of applications of Project capabilities. These are tabulated
by time period to portray (1) current applications; (2) new uses after
interim improvements in the model are completed by 1971; and (3) longer
term developments and applications for 1972 and beyond.

The "Current" columns of the figures show a wide range of current
uses of Corridor work, and emphasize the contribution to planning
studies now underway*. The following questions taken from the broader
more detailed Tist in the Figures illustrate current project capabilities:

-What effect would introduction of high speed rail
service have on the economic viability of STOL in the
Corridor?

-What city-pairs would benefit most from STOL service?
~-Can the declining rail patronage trend in the NEC be

reversed through application of new technology and/or
service improvements?

*Black dots and underlining in the Figures highlight decision points;
Tack of underlining points out general study work; and boxes delineate

present and planned project outputs and methodological developments of
the Corridor group.
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In future developments, Corridor work will be focused on near
term efforts to extend the work at hand and strengthen utilization
of Corridor models and data base within the Department. Evaluation
methodology will be improved to integrate more fully the external costs
and benefits over the life-cycle of the systems. The "1971" columns
of the Figures show the progression of Corridor work through time,
and show how the applications listed quickly lead to increased use of
the model system outputs for decision-making. For example, extended
work will contribute significantly to resolution of the following
questions:

-Which modal research and development efforts will
have largest potential payoffs for short-haul
passenger service?

-What are the benefits and costs of improving urban
access to intercity transport services?

-What mix of CTOL-VTOL~STOL services should Government
investment policy encourage?

-Under what conditions would TACV be commercially
successful in the Northeast Corridor?

In the more distant future, as the work is expanded to include
examination of other corridors and other modes using improved
techniques, many important decisions facing the Department will be
affected by the improved ability to predict the impact of alter-
native courses of action available. Policy issues which would be
addressed with expanded methodology are illustrated by the following
questions: :

-How should investments be phased to balance line-haul
jmprovements with better urban access?

-Can application of new rail technology and/or service
improvements reverse rail patronage trends in less
congested corridors?

-Should new freight modes be developed and implemented?
-What impact would changes in passenger and freight trans-
portation facilities have cn employment, income, land
use and population at local and regional levels?

Examples of additional decisions which could be supported by

long-term expansion of capabilities are shown as underlined items in
the "1972 and Beyond" columns of the Figures.
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CURRENT

1971

1972 & BEYOND

INTERCITY

DI

NN

MULTI-MODAL ANALYSIS

NN

N

PASSENGER

NEW TECHNOLOGIES
WHICH NEW TECHNOLOGIES ARE
ECONOMICALLY VIABLE?

HIGHWAY PLANNING

TO WHAT EXTENT CAN INTERCITY
HIGHWAY TRAFFIC BE DIVERTED TO
COMMON CARRIERS?

AIRPORT PLANNING

IDENTIFY CTOL AIRPORTS IN NEC
WHOSE AIR TRAFFIC MIGHT BE RE-
DUCED BY THE INTRODUCTION OF
ALTERNATE MODES.

STOL ECONOMIC TASK FORCE

WHAT EFFECT WOULD THE INERODUCTION

OF HIGH SPEED RAIL HAVE
ECONOMIC VIABILITY OF STOL IN
THE NEC?

CIVIL AVIATION R & D
WHAT WOULD BE THE BENEFITS FROM
ALTERNATIVE R & D
EXPENDITURES?

CAB STOL HEARINGS
WHAT CITY PAIRS WOULD

BENEFIT MOST FROM STOL
SERVICE?

RAILROAD R & D

WHAT SPECIFIC AREAS OF R & D
HAVE MOST PAYOFFS FOR RAILROAD

PASSENGER INVESTMENTS (SPEED,
FREQUENCY, COMFORT, TERMINALS

TO EASE ACCESS)?

HSGT R & D
WHAT SPECIFIC AREAS OF R & D
HAVE MOST PAYOFFS FOR
PASSENGER INVESTMENTS?

TACV DEMONSTRATION
WHAT KINDS OF INFORMATION

SHOULD THE TACV DEMONSTRATION
BE DESIGNED TO PRODUCE?

RAIL PASSENGER PLANNING

CAN THE DECLINING RAIL PATRONAGE
TREND IN THE NEC BE REVERS

THROUGH APPLICATION oF NEN
TECHNOLOGY

HSG SYSTEM DEFINITION

WHAT CONFIGURATIONS AND
OPERATIONAL CHARACTERISTICS
SHOULD HSG SYSTEMS HAVE?

RAIL DEMO DATA

WHAT KIND OF INFORMATION SHOULD
BE PRODUCED AND WHAT EXPERIMENTS
SHOULD BE PERFORMED?

FREIGHT

@ HSG_ - V/STOL

AREWOS Y R BRoPREATECRDRT 1O
DIFFERENT REQUIREMENTS?

@ HIGHWAY FUNDING

WHAT WOULD THE EFFECT QF
DIVERSION BE ON HIGHWAY

REQUIREMENTS?

@ CTOL-VTOL-STOL MIX

WHICH MIX OF THESE SERVICES
SHOULD GOVERNMENT INVESTMENT
POLICY ENCOURAGE? SPECIFICALLY-
LOCATION & UTILIZATION OF SUCH
SERVICE.

@ SHORT HAUL R & D IMPLEMENTATION

WHAT R & D EXPENDITURES HAVE THE
LARGEST POTENTIAL PAYOFFS FOR

PASSENGER SERVICE?

@ TACY_PROJECTS

WHAT CONDITIONS ARE REQUIRED
FOR AN ECONOMICALLY SUCCESSFUL

TACV MODE IN THE NEC?

RR FREIGHT/PASSENGER INTERACTION

IS HIGH SPEED, HIGH FREQUENCY
PASSENGER SERVICE COMPATIBLE
WITH PENN-CENTRAL FREIGHT
OPERATION?

@ R & D REQUIREMENTS

WHICH R & D TASKS HAVE BIGGEST
NET PAYOFFS?

HOW IS INTERMODAL INTEGRATION
BEST ACHIEVED?

HOW IS THE UTILIZATION OF
SURFACE RIGHTS-OF-WAY BEST
DESIGNED TO SERVE MULTIPLE
MODES?

RAIL PASSENGER PLANNING

CAN THE APPLICATION OF NEW
TECHNOLOGY AND/OR SERVICE
IMPROVEMENTS REVERSE THE
RAIL PATRONAGE IN LESS
CONGESTED CORRIDORS?

R_& D PLANNING & PRIORITIES

WHAT PRIORITIES SHOULD BE
ASSIGNED TO RESEARCH AND
DEVELOPMENT IN FREIGHT
TRANSPORT?

INVESTMENT PLANNING

SHOULD NEW MODES OF FREIGHT
TRANSPORT BE DEVELOPED AND
IMPLEMENTED?

COMMODITY RATE AND ALLOCATION
DECISIONS

IS RATE REGULATION NECESSARY?
IF REGULATION, SHOULD THERE
BE MARGINAL COST PRICING OF
FREIGHT RATES?
REGIONAL_IMPACT

WHAT IMPACT WOULD IMPROVED
FREIGHT TRANSPORT HAVE ON
EMPLOYMENT, INCOME, LAND-USE
AND POPULATION TRENDS AT
LOCAL AND REGIONAL LEVELS?

FIGURE S-3 MULTI-

MODAL ANALYSIS APPLICATIONS
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CURRENT

1971

1972 & BEYOND

URBAN

N

MULTI-MODAL ANALYSIS

DN

URBAN PLANNING

WHAT INTERCITY TRANSPORTATION
SERVICE IS MOST COMPATIBLE WITH
THE MOVEMENT OF POPULATIONS TO
THE SUBURBS?

HIGHWAY AND MASS TRANSPORTATION
PLANNING

WHAT LOADS DOES INTERCITY TRAVEL
IMPOSE ON URBAN SYSTEMS?

TO WHAT EXTENT WOULD CAPITAL
INVESTMENTS IN URBAN TRANSPORTATION
SYSTEMS BENEFIT INTERCITY
TRAVELERS?

TO WHAT EXTENT WOULD CONSIDERATION
OF DOCR-TO-DOOR TRAVEL

REQUIREMENTS MODIFY URBAN
TRANSPORTATION PLANS?

AIRPORT PLANNING

CAN HIGH SPEED GROUND MODES
REDUCE AIRPORT BUILDING
REQUIREMENTS?

@ URBAN PLANNING

WHAT IS THE IMPACT ON METROPOLITAN
DEVELOPMENT ATTRIBUTABLE TO
INTERCITY TRANSPORTATION?

1) CENTER CITY TO SUBURBS

2} NEW CITIES

3) RETAIN GREEN BELTS AND RURAL
AREAS

4) OUTSIDE CITIES AND TOWNS

@ HIGHWAY AND MASS TRANSPORTATION

FUNDING

WHAT ARE COSTS AND BENEFITS OF
IMPROVING URBAN ACCESS TO
INTERCITY SERVICES?

ARE SPECIAL-USE TERMINAL ACCESS
FACILITIES WORTHWHILE?

@ STOL, VTOL, CTOL MIX

WHAT MIX OF STOL OR VTOL WITH
CONVENTIONAL AIR WILL MINIMIZE
LOADING OF URBAN FACILITIES?

@ COORDINATED PHASING OF ACCESS AND
LINE HAUL INVESTMENT

HOW SHOULD INVESTMENTS BE PHASED

TO BALANCE LINE HAUL IMPROVEMENTS
WITH BETTER URBAN ACCESS?

@ URBAN/INTERURBAN RESOURCE ALLOCATION

WHAT DIVISION OF INVESTMENT
BETWEEN URBAN AND INTERURBAN
TRANSPORTATION PROVIDES MAXIMUM
OVERALL BENEFITS?

@ NATIONAL AIRPORT PLAN

WHAT SET OF AIRPORTS BEST
COORDINATES INTERCITY NEEDS

WITH URBAN FACILITIES AND GROUND
MODE CAPABILITIES?

OTHER
NATIONAL
INTERESTS

N

MULTI-MODAL ANALYSIS

N

REGIONAL PLANNERS

WHAT TRANSPORTATION NETWORKS ARE
COMPATIBLE WITH SPECIFIC REGIONAL
PLANS? (NEW ENGLAND REGIONAL
PLANNING COMMISSION) (DELAWARE
VALLEY REGIONAL PLANNING
COMMISSION)?

TRANSPORTATION ECONOMIC IMPACTS

HOW DOES TRANSPORTATION AFFECT
THE ECONOMIC AND DEMOGRAPHIC
DEVELOPMENT OF NORTHEAST
CORRIDOR SUBREGIONS?

ENVIRONMENTAL IMPACT

WHAT ARE THE SHORT AND LONG RANGE
EFFECTS OF TRANSPORTATION ON THE
ENVIRONMENT? (NOISE, POLLUTION,
WATERSHED ALTERATION, ETC.)

INTERNATIONAL COOPERATION

WHAT NEW AND USEFUL INFORMATION
CAN BE EXCHANGED WITH FOREIGH
PLANNERS?

EDUCATION

WHAT NEW TECHNIQUES MIGHT FORM A
DOT TEXTBOOK ON TRANSPORT
MULTIMODAL PLANNING?

BICENTENNIAL PLANS

WHAT ARE THE FEASIBLE MODES FOR
USE IN THE U.S. BICENTENNIAL
CELEBRATION?

@ SAFETY

WHAT ARE THE TRADE-OFFS BETWEEN
"COSTLY-SAFE" MODES AND “LESS
COSTLY-UNSAFE" ONES?

@ BICENTENNIAL PROGRAM

WHAT MIX OF MODES WILL COMPRISE
A SYSTEM TO BEST REPRESENT U.S.
PROGRESS, PROVIDE SERVICE TO
VISITORS AND RETAIN LATER
UTILITY?

@ OTHER CORRIDOR IMPLEMENTATION

WHAT INVESTMENT DECISIONS ARE
APPLICABLE TO OTHER CORRIDOR
REGIONS?

@ FREIGHT RATE REGULATION

CAN REVISION OF FREIGHT RATES
PROVIDE BETTER OVERALL UTILIZATION
OF FACILITIES AND ENHANCE REGIONAL
GROWTH?

@ POPULATION AND INDUSTRY

(DE) CENTRALIZATION

WHAT TRANSPORTATION NETWORK
CONFIGURATIONS ENHANCE DESIRABLE
REGIONAL GROWTH PATTERNS FOR
POPULATION AND INDUSTRY?

FIGURE S-4 MULTI- MODAL ANALYSIS APPLICATIONS

-URBAN AND OTHER NATIONAL
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In summary, through the Northeast Corridor work, the Department
has taken a step forward in its attempts to resolve a number of the
complex problems involved in allocating transportation resources. The
new analytical tools and experience gained from the Corridor work
will be one of the major building blocks around which a significantly
strengthened Departmental multi-modal analysis and planning capability
can be constructed.

Further development and application of the model system and
methodology will offer major opportunities to improve transportation
investment decision-making and the planning and management of the
implementation of those decisions. Considering the magnitude of
the resources involved, improvements in decisions growing out of
the generation of improved information could well lead to significant
savings.
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CHAPTER 1

ANALYSIS OF ALTERNATIVES
FIRST GENERATION MODEL SYSTEM

INTRODUCTION

This chapter discusses the results of the simulated inter-
actions of five new modes combined with conventional air and
highway modes in various ways to comprise nine transportation
alternatives. The results reflect the meshing of many individual
models into a working simulation that will accept as input data:
(1) population and income forecasts by subdivisions of the Corridor
region; (2) technological and performance characteristics of trans-
portation modes such as speed and vehicle size; (3) cost relation-
ships; and (4) transportation network descriptions. The simulation
produces output data such as schedules, fleet sizes, operating costs,
revenues, demand characteristics, and impacts of the proposed al-
ternative transportation changes on regional development.

The analyses which follow present selected results from the
massive data outputs generated by runs of the model system, and
attempt to organize and interpret these results so as to provide
answers to questions likely to be of interest to decision-makers.
The chapter consists of four major sections:

1. Mode service descriptions. Results of the simula-
tion runs are discussed in terms of modal fares,
frequencies, terminal-to-terminal travel times,
and terminal access and egress times.

2. Patronage and travel patterns. Simulation results
are presented for each of the alternatives in terms
of total patronage, average trip distances, and
average trunk line and door-to-door speeds. Aggre-
gative results for each alternative and results for
individual modes are discussed.

3. Capital expenditures, costs and revenues. Capital
expenditure requirements and operator costs and
revenues generated by simulation runs are summarized
for each alternative.

4. Cost and benefit evaluation. Selected factors not
incorporated directly in the model run results and
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the potential impact of these factors on eval-
uation of alternatives are presented. Included
are discussions of user costs and benefits,
social costs and benefits, and regional socio-
economic impacts of each alternative.

The results of exploratory studies which extend and support
the analyses are contained in Technical Appendix 5. Included in
the appendix are: (1) a report on the study of second-order
improvements in rail passenger service; and (2) discussions of
the sensitivity of simulation run results to assumptions concerning
fare policies, interest rates, access-egress times and other model
inputs.

MODE SERVICE DESCRIPTIONS

Because the simulation of supply and demand in the Corridor
model system adjusts the modal services to adapt to a competitive
environment, the schedules and costs of the new common carrier
modes--STOL, HSRA, HSRC, TACV and VTOL--are outputs of the
simulation. Fares also are outputs of the air-mode supply-demand
simulation. Thus the service characteristics of each mode are
unique to each alternative. For purposes of exposition, the
principal description of services will be given for each mode
as it is first introduced into an alternative.

The Ground Modes

The four high-speed ground (HSGT) modes--DEMO, HSRA, HSRC, and
TACV--constitute a progression of successively higher performance
capabilities. Table 1-1 shows in detail the block times between
stations for the four HSGT modes.

Table 1-2 shows the scheduled frequencies which resulted from
the supply-demand simulation. These frequencies reflect the response
of the mode to demand and the trade-off between train size and number
of trains. The trade-off was determined by the relationship among
the cost items; i.e., vehicle amortization costs and vehicle operating
costs on the one hand and the patronage response to frequency on the
other. Fares were set at $1.50 plus $.075 per mile for all HSGT modes.
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TABLE 1-1 HSGT BLOCK TIMES, MINUTES

DEMO HSRA HSRC TACY

Washington-Baltimore* 32 23 19 16
Baltimore~Philadelphia 65 42 31 21
Philadelphia-Trenton 29 18 12 9
Trenton-Metropark 27 16 - -
Trenton-Meadows e o 20 14
Metropark-New York 21 17 - -
Meadows-New York e S 3 3
New York-New Haven 71 45 - —
New York-Milford - — 27 19
New Haven-Providence 96 53 — -
Milford-Providence - a 37 26
Providence-Boston 43 27 19 17
Total 384 241 168 125

*Lanham station was included in the Washington Market ard the Route
128 station was included in the Boston Market. No ticketing was allowed
between the suburban and dewntown stations or between New York and the
northern New Jersey station (Metropark or Meadows).
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TABLE 1-2 HSGT FREQUENCY

ALTERNATIVE I, II III IV
MODE DEMO HSRA HSRC

Trains per day
Wash. - Boston 16 20 32

Cars per train
(day, night) 6, 8 5, 6

Additional trains/day
Phila. - New Haven 15 18
Phila. - Milford 30

Cars per train*
(day only) 5 4

* The Phila. - New Haven/Milford trains did not run at night.

route at night gave sufficient capacity.

) VI
TACV DEMO
33 16

3, 7
15
29
2

VII
HSRA

18

17

VIII
HSRC

32

30

IX
TACV

33

29

Added cars on the Washington - Boston



The Air Modes

The three air modes--CTOL, STOL, and VTOL--constitute a
descending progression in terms of take-off and landing space
requirements. CTOL was restricted to the existing set of air-
ports and, because of the prospect of continued terminal
congestion, to present routes and schedules.

Conventional Take-off and Landing (CTOL)

In alternative I, CTOL is equivalent to present day air
service. Flights from Washington to Boston can be made non-stop,
independent of the New York, Providence or Hartford schedules.
Block times are not additive and non-stop schedules were not
established to be connective.

Table 1-3 shows CTOL block time and frequency in a split
matrix. For compactness of presentation, the upper right half
contains frequencies and the lower left, block times in minutes;
the diagonal is blank. The schedules, in terms of block time and
frequency, are everywhere symmetrical in that each non-stop flight
between a pair of terminals is matched by one in the opposite
direction. This matrix form will be used throughout this chapter
without further explanation.

For reasons which will be discussed later, CTOL fares were
adjusted for the short-haul nature of NEC travel and coincide,
within a few pennies, with the fares for STOL.

Short Take-off and Landing (STOL)

In alternative II, STOL was introduced as a complementary service
to CTOL and, for demand estimation purposes, both were treated as a
single composite mode, C/STOL. The CTOL route structure was trimmed
to eliminate short links which might better be served by STOL aircraft.
Table 1-4 shows the CTOL block times and frequencies over the route
structure used in alternative II. The same pattern applies for
C/STOL in all other alternatives.

In alternatives II through IX, CTOL service was held constant
while STOL block times, frequencies, and fares were allowed to vary
with patronage. Table 1-5 shows block times and frequencies for
STOL-s route structure at equilibrium in alternative II. The number
of terminals served emphasizes the geographic dispersion of the STOL
service but also points up one of its problems; i.e., the large
proportion of city pairs with only two flights (one each way) daily.
The Tow service frequencies resulted from the attempt to serve low
demand Tinks with relatively large aircraft. The effect on STOL
is either (1) the loss of patronage because of infrequent service
or (2) poor utilization of aircraft because of severe peaking
throughout the Northeast Corridor

1-5




9-1

TABLE 1-3

*In alternative 1, the time and frequency of departure for CTOL was based upon actual 1965 data.

Washington
Baltimore
Wilmington
Philadelphia

. Newark

. New York

. New Haven
. Providence
. Hartford

. Worcester
. Boston

TIME

CTOL TIME AND FREQUENCY (ALTERNATIVE I)

Frequency, Trips/Day

1 3 4 7 12 14 20 22 26 28 29
- 36 62 -- - - - 34
21 22 18 6 - -- 4 - 4
- - 2 - 6 - - - - -
-- 2 15 2 36 -- 2 6 -- 30
71 46  -- 3 - O -
77 56 45 36 -
- - - 83 60
-- 85 -- 72 49 45
- . —~ 62
116 60 -- 70 68 62

Time, Minutes

no jet aircraft were permitted at Washington National Airport at that time, Table 1-3 contains
relatively large trip times out of Washington.

TABLE 1-4

1. MWashington
3. . Baltimore

7. Philadelphia
12. Newark

14. New York

22. Providence
26. Hartford
29 Boston

TIME

CTOL TIME AND FREQUENCY (ALTERNATIVE II-IX)

Frequency, Flights/Day

1 3- 7 12 14 22 26 29
-- - 34 72 8 10 64
- - 32 18 -- 2 16
- - - - 2 14 30
61 50 -- -- 4 - 42
61 50 -- -~ 30 - 126
69 -- 58 47 47 - -
70 64 48 -- -- -- --
75 68 59 52 52 -- -

Block time, minutes

FREQUENCY

FREQUENCY

Since
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Washington
Baltimore, Md.
Wilmington, Del.
Upper Darby, Pa.

Philadelphia, Pa.

Camden, N.J.
Abington, Pa.
Trenton, N.J.
Newark, N.d.
Brooklyn, N.Y.
Levittown, N.Y.

Jersey City, N.J.

Manhattan, N.Y.
Yonkers, N.Y.
Norwalk, Conn.
New Haven, Conn.
Providence, R.I.
Hartford, Conn.

Springfield, Mass.

Worcester, Mass.
Boston, Mass.

TABLE 1-5

STOL TRIP TIME & FREQUENCY
(ALTERNATIVE II)

Frequency (Trips Each Way/Day)
9 10 12 14 15
10

N B NN oo
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—
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SNONPBBEAENDNYN O

—
~
—
w

32

—
o
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66

59 63
60 75
66 82
72 76

19 20
0 0
0 0
4 2
0o 4
4 6
40
0 2
2 0
4 4
8 6
a4
2 2

49 47
52 51
67 65
63 61

nN
n
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n
[=3]
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27 28 29
0 0 0
0 0 0
0 0 0
0 0 0
4 0 0
2 0 0
2 0 0
0 0 0
4 2 6
4 0 8
6 0 4
0 0 4
4 2 12
0 0 14
2 0 4
4 0 4
2 0 6
4 2 10

6 12
8 4
4



Vertical Take-off and Landing (VTOL)

For these first generation investigations, VTOL was characterized
as an independent mode, not coordinated with C/STOL. No en route
modal interchange was permitted and, in most cases, VTOL and C/STOL
terminals were not located together.

Because VTOL intuitively seemed unlikely to create much new
total patronage, induced demand was constrained in the supply-demand
simulation to 10 percent of the total VTOL patronage.* Thus, VTOL
patronage is assumed to result more from diversion of patronage from
other modes than from new demand creation.

VTOL was set up as a single Corridor-wide service with all
schedules connective. The VTOL mode combines many of the desirable
features of air and bus; providing the capability for rapid point-
to-point service with great flexibility in route structure. VTOL
also allows a wide variety of terminal locations, with terminals
not much larger than the vehicle itself. In the treatment of the
VTOL mode, the above features were emphasized; i.e., the supply model
used the same route selection technique for VTOL as for STOL, terminal
design and sites were tailored to the VTOL vehicle size, and the
VTOL network was structured like a bus line, with convenient dispersed
terminals.

VTOL in alternative VI was even more dispersed than was STOL in
alternative II. VTOL served 24 of the 29 NEC superdistricts. Table
1-6 gives a split matrix of block times and frequencies for VTOL
which shows the size of the VTOL network. The 86-passenger VTOL
vehicle was somewhat better suited to service small-demand terminals
than the 122-passenger STOL, but was forced into very high frequencies
to serve markets with large demand.

Total patronage in superdistricts with smaller populations appeared
unlikely to support both STOL and VTOL service. After several explora-
tory runs, a less dispersed STOL network was devised reducing the number
of superdistricts served by STOL to the 13 as indicated by the asterisks
in Table 1-6. The abbreviated STOL network was used in alternatives
VI through IX.

The VTOL cost model envisioned a rather spartan type of service.
As a result, the indirect operating cost (I0OC) was low for VTOL, a
counterbalance to its higher vehicle direct operating cost. With
lower IOC, the fixed portion of the VTOL fares was made smaller
than STOL. Figure 1-1 shows the typical variation of fares with
stage length for C/STOL, VTOL, and the ground modes.

*The precise value of 10 percent for induced demand was arbitrary.
No applicable data were available for estimating the demand which
would be induced by a new common carrier service.
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TABLE 1-6

VTOL TRIP TIME & FREQUENCY
(ALTERNATIVE VI)

Frequency (Trips Each Way/Day)

] 3 4 6 7 8 g 10 11 12 14 15 16 17 18 19 20 21 22 23 26 27 28 29
Washington 20 16 14 40 12 - -c ae eeme e e e el
Baltimore, Md. 10 6 6 20 6 == == em ee e e e e
Wilmington, Del. 53 45 4 2 2 10 2 2 4 /2
Upper Darby, Pa. 58 49 8 4 4 16 4 14 8 - - = 2 2 - -
Philadelphia, Pa. 60 52 12 8 28 6 4 8 - - .- 4 2 -- -
Camden, N.J. 64 55 6 6 20 4 4 2 -- -- 2 2 == - -
Abington, *Pa. 61 53 4 4 18 4 2 2 = em em 12 em e- -
Trenton, N.J. 67 59 6 4 14 2 2 e e= 2 ee 2 e e= -
Woodbridge, N.d. 75 66 I 6 4 - 2 - 4 -- -~ 28
Newark, N.J. 77 68 - 2 -- - 6 4 -- 2 2 6 8 2 8
Brooklyn, N.Y. W 83 . 74 59 54 52 48 51 45 57 6] —~ - 2 2 16 10 4 4 2 14 4 4 18
Levittown, N.Y. = 8 76 62 56 55 51 54 47 60 63 6 4 8 2 10 2 2 16
Jersey City, N.J. = 81 73 58 53 51 48 49 43 44 34 4 4 2 2 6 4 4 8
Manhattan, N.Y. 81 73 57 53 50 47 49 43 35 42 6 6 8 4 22 8 4 30
Yonkers, N.Y. 87 79 64 58 56 54 55 49 48 40 6 2 2 2 10 4 2 12
Norwalk, Conn. 101 92 71 65 64 60 63 56 49 47 4 2 4 2 6 4 2 10
New Haven, Conn. 04 95 75 69 67 64 66 65 53 51 45 43 46 46 40 33 4 2 4 4 -- 2 14
Novwich, Conn. 114 105 8 8 77 74 8 75 69 67 55 52 57 656 52 44 - 2 == - -- 4
Providence, R.I. 125 117 102 97 95 9% 94 87 81 73 66 64 68 68 62 55 51 65 - 4 2 - 6
Fall River, Mass. 129 121 105 101 98 88 98 91 85 77 70 67 72 72 66 58 55 45 84 -— e -
Hartford, Conn. 12 103 88 77 75 72 74 67 60 57 53 51 54 54 47 41 37 61 45 2
Springfield, Mass. 115 106 92 8 78 8 8 77 70 61 57 55 57 57 51 45 49 66 45 81
Worcester, Mass. 125 116 102 96 95 91 93 87 8 71 66 64 67 67 61 55 51 65 53 83
Boston, Mass. 133 125 99 105 102 99 101 95 8 79 74 71 75 75 69 62 58 50 38 73 41 49 38

One way block time, min.

FREQUENCY
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Access/Egress

Access/egress times and costs are important characteristics
of the service offered by any mode. Present CTOL airports and
urban rail terminals are strongly affected by existing urban
highway traffic congestion. The ground modes can have new
terminals only along their rights-of-way; STOL and VTOL,
particularly, enjoy more freedom in terminal location.*

Terminal locations for new modes were set with an eye to
access. Table 1-7 Tists the average access time from each
superdistrict to the nearest terminal of each mode. In nearly
every case, VTOL has the shortest access time of any of the
high-speed modes in the alternatives. In addition to locational
freedom provided by the small terminal size of VTOL, short in-
terminal distances and built-in parking tend to reduce pas-
senger terminal delays. Table 1-7 includes an average terminal
delay, weighted by patronage, at each terminal for each mode.

PATRONAGE AND TRAVEL PATTERNS

Figures 1-2 through 1-5 show key travel pattern results
for the simulation of the 1965 case and the nine 1975 al-
ternatives. These results are discussed in the following
paragraphs.

Alternative I

Alternative I illustrates the growth in passenger demand
due to population increase over the ten-year period,1965 to 1975.
This base case for 1975 serves as a benchmark for comparisons among
the alternatives.

Total intercity patronage is forecasted to jump from the
1965 figure of 142.7 million person trips per year to 217.0 million
in alternative I, a growth of just over 50 percent. Estimated
common carrier demand rose 30 percent while auto demand jumped by
about 58 percent. Carrier services remained virtually unchanged
between 1965 and 1975 and, therefore, induced demand would be
negligible. The forecasted rise in patronage in alternative I
would result primarily from population growth.

*In terms of public acceptance, no mode enjoys complete freedom of

terminal location. For example, transportation terminals are generally
regarded by the public as bad neighbors, particularly in residential

neighborhoods.
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OEONOOUITR_WN =

Average (weighted by throughput)

*Note:

TABLE

Superdistrict

Washington
Cambridge, Md.
Baltimore, Md.
Wilmington, Del.

Atlantic City, N.J.

Upper Darby, Pa.
Philadelphia, Pa.
Camden, N.J.
Abington, Pa.
Trenton, N.d.
Woodbridge, N.J.
Newark, N.d.

Staten Island, N.Y.

Brooklyn, N.Y.

Levittown, N.Y.

Jersey City, N.J.
Manhattan, N.Y.
Yonkers, N.Y.
Norwalk, Conn.
New Haven, Conn.
Norwich, Conn.
Providence, R.I.
Fall River, Mass.
Hyannis, Mass.
Torrington, Conn.
Hartford, Conn.
Springfield, Mass.
Worcester, Mass.
Boston, Mass.

Time is applied at each end of trip:

1-7  MODAL ACCESS/EGRESS TIME*TO NEAREST TERMINAL

58.9

TIME, MINUTES

MODE DEMO
C/STOL VTOL HSRA
37 26 30
138 140 140
33 25 26
34 34 62
73 73 82
34 34 55
37 30 27
46 46 55
39 39 61
28 28 20
52 38 38
40 36 48
32 27 30
37 30 40
42 36 75
31 31 53
32 32 29
47 47 59
45 43 56
43 43 40
83 60 87
35 26 23
66 46 56
124 113 120
65 67 77
28 28 80
52 41 120
42 40 75
40 31 29

39.3 34.5 42.6

e.g., CTOL, Washington to Boston, 51 + 45 = 96 min.
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ANNUAL PASSENGER MILES, BILLIONS
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Within the patronage totals, the market shares changed
significantly over the decade 1965-1975. Al1 modes participated
in the patronage growth caused by the expanding population, but
the highway modes--auto and bus--increased their relative shares
of the market. With completion of the planned Interstate system,
the 1975 highway network would improve markedly over its 1965
counterpart. Assuming that local congestion would not nullify
the improvements to the highway network, auto and bus service
would improve. Between 1965 and 1975, auto would jump from
76.6 percent to 80.1 percent of the market, while bus would
improve its share from 7.5 percent to 7.9 percent.

In contrast to the growth of highway travel, patronage of
CTOL in alternative I declined as a result of airport congestion.
The CTOL market share fell from 6.2 percent to 5.3 percent as
its total patronage increased from 8.8 to 11.5 million passengers
per year.

Rail presented an apparent paradox. In spite of the service
improvement provided by DEMO, the rail market share fell from
9.6 percent to 6.7 percent as rail patronage totals increased
only 1.2 million passengers over the 13.8 million of 1965. The
explanation lay in what was happening to the total rail network.
Following the trends of the last 20 years, alternative I assumed
the complete disappearance of intercity rail service everywhere
in the Corridor except for the 1links served by DEMO.* On all
city pairs served by DEMO, rail held its own or improved its
market share over 1965. As a result, the character of rail
patronage was altered. The average rail trip distance of
118 miles in 1965 increased to 141 miles in 1975 as rail took
on premium-service attributes. Rail trunk-line speed increased
from 52.7 mph average in 1965 to 72.4 mph in 1975 and the average
fare was increased from 4.9 to 8.5 cents per passenger-mile.
Alternative I thus trimmed the rail network to a single spinal
line, improved the speed, and increased the price significantly.

A notable feature of the travel forecast for 1975 was the
large proportion of time on common carrier trips spent in access/
egress. The worst situation occurred for CTOL in which 177 mph
block speed (in itself poor performance for 600 mph jets) became
an average 68 mph door-to-door. Only 31 percent of the average
CTOL trip time was actually spent in the air. The DEMO passenger
spent about 53 percent of his trip time on the train, while the
bus passenger spent 62 percent on the bus.

*The NECTP does not advocate the discontinuance of these rail

lines. The assumption of the disappearance of short intercity rail
1inks merely extends present trends and emphasizes the point that
these unprofitable services will die unless something is done to
alter the trends. It should be clear, however, that a simple
subsidy for existing services will not alter the declining patronage
trend.
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Alternative II

Alternative Il added dispersed STOL service to the CTOL
of alternative I. The result-was spectacular.patronage
for STOL. The combined C/STOL service nearly doubled air
patronage, the C/STOL share rising from 5.3 percent to more
than 9 percent of the total market. The growth was principally
at the expense of auto. STOL served many of the short 1links
and the suburban zones not previously enjoying direct high-
speed service, and in this it competed with auto. DEMO lost
only a few hundred passengers and retained most of the
profitable operation of DEMO in alternative I.

Terminal Load Shifts

A major effect of STOL on CTOL in alternative II is the
diversion of patronage away from the CTOL terminals. Table 1-8
compares the volumes of NEC passengers for CTOL terminals in
alternative I with the split between CTOL and STOL in alternative II.
In every market area, the addition of STOL results in an increase in
patronage for the combined C/STOL mode but results in a decrease
in the terminal loadings for CTOL. Presumably this result could
be beneficial by permitting a decrease in CTOL terminal congestion
and/or allowing a shift of CTOL flights to more profitable, long-
range service outside the Corridor.

The average trip for all modes in alternative Il was 96.9
miles at a door-to-door speed of 46.3 mph. It is noteworthy
that STOL door-to-door speed was 82 mph. The improved access/
egress of STOL raised the C/STOL airborne time to 40 percent
of the trip time.

In some respects, alternative II exhibited travel patterns
similar to those of 1965. The average trip distance was nearly
the same for both years and the split between auto and common
carrier was identical for both years. The average 1975 passenger
under alternative II traveled faster on all modes, however, and
at considerably greater expense on common carriers than in 1965.

Alternatives III, IV, and V

By providing for higher speeds, alternatives III through V
offer a significant improvement in transportation service over
alternatives I and II. Fares were kept constant for the three
ground modes--HSRA, HSRC, and TACV--and, as service improved,
the simulation results showed corresponding increases in
patronage. The growth of patronage of the ground modes with
increases in speed is illustrated by the increasing fraction
of total trips on HSGT shown in Figures 1-2 and 1-3.
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TABLE 1-8 TERMINAL THROUGHPUT (AVERAGE ARRIVALS PER DAY)

1
3
4
6
7
8
9
10
12
14
15
16.
17.
18
19
20
22
26
27
28
29

Washington
Baltimore, Md.
Wilmington, Del.
Upper Darby, Pa.

Philadelphia, Pa.

Camden, N.J.
Abington, Pa.
Trenton, N.J.
Newark, N.J.
Brooklyn, N.Y.
Levittown, N.Y.

Jersey City, N.J.

Manhattan, N.Y.
Yonkers, N.Y.
Norwalk, Conn.
New Haven, Conn.
Providence, R.I.
Hartford, Conn.

Springfield, Mass.

Worcester, Mass.
Boston, Mass.

*Over two STOL ports.

Note:

ALTERNATIVE I

CToL

4980
2151

6142

2855
7031

1738
3174

3334

ALTERNATIVE II

cToL

2127
921

699

1590
2621

801
477

2160

STOL

5336*
2782
1493
1723
2345
1896
1701
1484
1981
2685
1697
1367
5300
2091
2156
1836
1478
2738
945
448
3205 *

Departures are assumed equal to arrivals for all terminals.




Figure 1-6 shows that as the sustained top speed of the high
speed ground modes increases from DEMO to TACV, door-to-door
speed increases at a much Tower rate than block speed. The
descending curve in the figure represents the fraction of the
total trip time spent on the high speed ground mode, with the
remainder being spent in access and egress. Obviously, long
access/egress times prevent the full utilization of the high
speed capabilities of these modes.

Despite access problems, high speed ground modes provided
services which were well accepted. In alternative IV, HSRC
had the highest proportion of total trips of all the common
carrier modes--more than 11 percent of the total traffic.

TACV in alternative V did even better, capturing 13 percent.
In an overall sense, the ground modes were successful in
extending the average trip distance, and in increasing average
trip speed.

Alternative VI

The addition of VTOL to alternative II had a competitive
impact on every mode. Most notably, auto dropped from 76.7 to
70.1 percent of total trips. The common carrier split increased
from 23.3 percent of total patronage in alternative IT to 29.9%
in alternative VI. The strong competition of VTOL with auto was
largely a result of the dispersed VTOL route structure which placed
direct VTOL service in most of the superdistricts. VTOL also had
a fare policy which favored short trips.

In alternative VI, VTOL was the most popular common carrier mode,
with 10.4 percent of total patronage, and more than a third of common
carrier patronage. C/STOL, DEMO, and bus all suffered decreased
patronage from VTOL competition. As noted earlier, STOL was con-
strained to a less dispersed route structure in alternative VI than
in alternative II. Thus,the C/STOL run results between alternatives
II and VI are not strictly comparable. The average trip length for
C/STOL decreased slightly, indicating a loss to VIOL of some of the
Tonger suburb-to-suburb trips carried by the more dispersed CTOL
in alternative II. Trip lengths on DEMO, bus, and auto were
Tikewise shortened, as VIOL took its place in the Northeast Cor-
ridor travel market.

Figure 1-7 compares the distribution of trips with distances
for all the modes of alternative VI. The strong peaking of auto
in the 40-80 mile range is evident. (The 0-40 interval was suppressed
because 0-40 mile trips were not considered intercity.) STOL peaked
in the 80-120 range as did DEMO and VTOL. The CTOL peak at 200-240
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corresponded with the New York-Washington and New York-Boston
distance.* The dominance of auto for short trips was apparent,
but auto fell to less than half the traffic at 175 miles, and
only about 5 percent of the auto trips were in excess of 200
miles.

Alternative VII, VIII and IX

Unlike the other alternatives, VII, VIII, and IX introduced
no new modes, but took account of VTOL competition with the ground
modes. Against VTOL competition, only the highest performing
high-speed ground transportation mode--TACV--assumed the role of
the dominant common carrier. TACV took about 11 percent of the
total traffic compared with 10 percent for VTOL, principally as
a result of the lower block time offered by TACV. The other
modes fell behind VTOL in the modal split.

Both VTOL and the ground modes suffered from the Northeast
Corridor problems of urbanization and local traffic congestion.
The spinal configuration, necessary because of the costly right-
of-way needed for high-speed ground transportation, required
extensive Tocal access networks about each terminal and added a
large increment of access/egress time to the decreasing trunk
line time of the higher performance modes. By locating terminals
in the suburbs, dispersed VTOL (or STOL) reduced access times but,
in so doing, lost frequency.

The last three alternatives provide high quality intercity
transportation service throughout the Corridor. Average trip speed
and distance rose from 49 mph and 97 miles in alternative VI to
nearly 52 mph and 102 miles in alternative IX. Between alternatives
VII and IX average trip times decreased from 2.14 hours to 1.97
hours. The high-speed ground transportation modes reduced the
average common carrier fares per passenger-mile from 9.3 cents to
9.2 cents between alternatives VI and IX. To the user, then,
increasing high-speed ground transportation performance brought
increasing benefits in terms of accessibility, time saving, and
fare decreases.

*A11 modes shows the influence of the strong Washington-New York and
Boston-New York markets. Since distances shown in Figure 1-7 include
access-egress, the DEMO peak for these trips is in the 240-280 mile
category.
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CAPITAL EXPENDITURES, COSTS AND REVENUES

This section summarizes the capital expenditure requirements;
the operating costs, including capital charges; and the revenues,
for each mode and alternative. The principal results are shown
in Tables 1-9 and 1-10. In calculating modal costs, the following
assumptions were made:

1. The economic life of assets was established at 35 years for
all fixed facilities, 14 years for ground mode vehicles, 12 years for
air vehicles and an infinite period for land.

2. The return on capital was set at 10 percent as recommended
by the Bureau of the Budget. The return on land acquisition cost
was set at 8 percent.

3. Property and excise taxes were included in operating costs.
No provision was made for corporate income taxes in order to put all
modes on the same basis for comparative purposes.

The financial summary tables indicate that transportation improve-
ments are associated, as would be expected, with high capital costs.

Total revenues of common carriers plus automobile user costs, in-
creased from $962 million for alternative I to $1,550 million for
alternative IX. With the exception of alternative VI, total
revenues plus auto costs increased monotonically from alternative I
through alternative IX, as innovative modes were added.

As shown in the tables, all of the high speed ground modes
except DEMO incurred losses at the demand levels generated.* Losses
increased as the required investment increased; i.e., HSRA incurred
smaller losses than HSRC which, in turn, had smaller losses than
TACV. It should be noted, however, that the same fare levels were
maintained for HSRA, HSRC, and TACV even though service improved.
Each high speed ground mode shows the effects of the addition of
VTOL to the mix of competing modes. In the case of HSRA, the
annual loss doubled when VTOL competition was introduced; annual
losses for HSRC and TACV increased by approximately 50 percent.

In contrast to the high speed ground modes, the STOL and VTOL
modes were able to achieve breakeven positions in the supply-demand
simulation for each of the alternatives in which they were included.
Revenues covered costs, including capital charges.

*DEMO costs include direct and indirect operating expenses plus capital
charges for the incremental investment required. No estimates are
presently available of the proper charges to be allocated to the DEMO
mode for use of existing facilities.
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TABLE 1-9 SUMMARY: CAPITAL EXPENDITURES COSTS AND REVENUES
FOR EACH NON-VTOL ALTERNATIVE
(millions of dollars)

Surplus
Alternatives Capital Revenues Operating or
Expenditures* Costs (Deficit)
1969-75 1975 1975 1975
Alternative T
DEMO $ 70.1 $14% .1 $ 61.4 $ 82.7
CTOL 405.6 183.6 169.8 13.8
BUS 90.4% 8.7 63.7 15.0
AUTO — 555.7 555.7 —
Total 566 .1 962.1 850.6 111.5
Alternative II
DEMO $ 68.7 $140.9 $ 60.1 $ 80.8
STOL L50.7 243.8 243.8 —
CTOL 150.0 79.3 69.2 10.1
BUS 88.4 77.0 2.3 1.7
AUTO — 580.6 580.6 —_
Total 757.8 1121.6 1016.0 105.6
Alternative III
HSRA $1,591.1 $212.7 $240.0 $(27.3)
STOL W 9 241.9 241.9
CTOL 148.5 75.3 68.5 6 8
BUS 87.3 76 .1 61.6 14 5
AUTO — 575.7 575.7
Total 2,274.0 1,181.7 1,187.7 (6.0)
Alternative IV
HSRC $2,599.8 $288.1 $355.5 $(67.14)
STOL 437.2 238.5 238.5 _
CTOL 144, 3 75 .4 66.6 8.8
BUS 86 .1 75 .1 60.8 1.3
AUTO — 571 .2 571.2 —
Total 3,267 .4 1,248.3 1,292.6 (4L, 3)
Alternative v
TACV $3,339.5 $349.0 $452.0 $(103.o)
STOL hi7.h4 235.1 235.1
CTOL 140.3 68.3 64.3 4.0
BUS 85.4 74 L 60.2 14,2
AUTO = 568 .3 568.3 —
Total $3,982.6 $1,295.1  $1,379.9 $ (8a.8)

*Public expenditures on air orts, air traffi iTiti
highways are excluded. p ] 1¢ control facilities, and
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TABLE 1-10 SUMMARY:

CAPITAL EXPENDITURES, COSTS AND REVENUES
FOR ALTERNATIVES CONTAINING VTOL
(millions of dollars)

Surplus
Alternatives Capital Revenues Operating iy )
Expenditures* Costs (Deficit)
1969-75 1975 1975 1975
Alternative VI
DEMO 9.5 $ 117.3 $ 52.1 $65.2
VTOL ,064.0 318.0 317.1 .9
STOL ’281.0 199.8 199.8 —
CTOL 113.0 59.6 53.6 6.0
BUS 72.8 63.6 51 .4 12.2
AUTO — 522.5 522.5 —
Total 1,590.3 1,280.8 1,196.5 84.3
Alternative VII
HSRA $1,576.0 $ 175.%  $ 230.0 $(5%.6)
VTOL 1, 7020.0 301.8 309.8 (8.0)
STOL 308 8 195.8 195.8 —_
CTOL 107.9 62.5 49,9 12.6
BUS 73,1 63.8 51.5 12.3
AUTO = 519.1 519.1 —_
Total 3,085.8 1,318.4 1,356.1 (37.7)
Alternative VIII
HSRC $2,585.4 $ 240.3 $ 340.1 $(99.8)
VTOL 971.0 292.3 291.5 5
STOL 289.1 193.9 193.9 —
CTOL 108.8 50.9 50.3 6
BUS 72.6 63.4 51.3 12.1
Auto — 509 .4 509 .4 —
Total 4,026.9 1,350.2 1,436.5 (86.3)
Alternative IX
TACV $3,333.8 $ 292.4+ $ L440.0 $(147.6)
VTOL 966.0 291.8 200.4 1.4
STOL 418.0 192.9 192.9 —
CTOL 109.7 54.6 50.6 4.0
BUS 72.5 63.2 51 .1 12.1
AUTO —_ 508.5 508.5 —
Total $4,900.0 $1,403.4  $1,533.5 $(130.1)

*Public expenditures on airports, air traffic control facilities, and

highways are excluded.
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Markedly different cost characteristics for the air and high
speed ground transport modes underlie these results. The high speed
ground modes have high "threshold" costs involving land acquisition,
right-of-way preparation, guideway construction and other fixed
plant installation which must be incurred before service can be
offered. These threshold costs account for 65 percent of total
annual costs for HSRA; 73 percent for HSRC; and 71 percent for
TACV. Thus the high speed ground modes are very dependent for
economic viability upon demand and are strongly affected by
variations in patronage.* When demand for ground service declines
in the simulation due to increased competition, the relative
decrease in costs is much smaller than the decline in revenue,
and net losses increase appreciably. In contrast to the ground
modes, the STOL and VTOL modes have very small proportions of
fixed costs, (e.g., approximately 20 percent of annual costs
of VTOL are fixed). Thus the STOL and VTOL systems, which are
not burdened by large threshold costs, are much more flexible,
and could be "tailored" or "sized" to changing demand.

The following paragraphs summarize significant financial
simulation results for each alternative:

Alternative I

1. DEMO showed an $82.7 million surplus over
costs. (DEMO costs included only incremental
expenditures for capital assets and operations.)

Alternative II

1. DEMO again showed a surplus, in this case
$80.8 million, reflecting a small diversion
of patronage to the new STOL mode.

2. The introduction of STOL had the greatest
impact upon CTOL; revenues for CTOL decreased
by 56 percent from alternative I.

3. Capital expenditures for STOL amounted to
$450 million, but capital expenditures for all
other modes decreased, so that total common
carrier capital expenditures increased by
only $192 million over alternative I.

*In DEMO the percentage changes in revenues and costs were the
same. In this instance, both are functions of patronage.

1-27




Alternative III

1. HSRA operated at a $27.3 million loss; the introduction of
HSRA reduced revenues of other modes by very small amounts.

2. HSRA capital expenditures of $1,591 million tripled
total common carrier capital expenditures, compared with
alternative II.

Alternative IV

1. HSRC operated with a $67.4 million loss. Despite the
increases in performance characteristics over HSRA, the
introduction of HSRC resulted in very small relative
decreases in revenues Of other modes.

2. HSRC required capital expenditures of $2,600 million;
total common carrier capital expenditures increased
approximately $1 billion over alternative IIL.

\Tternative V

1. The TACV deficit was $103.0 million. As in the cases of
HSRA and HSRC, there was a relatively small impact on the
revenues of other modes.

2. Capital expenditures for TACV were $740 million larger
than for HSRC, and total common carrier capital expendi-
tures increased by $715 million over the comparable
figure for alternative IV.

Alternative VI

1. VTOL was introduced as a break-even mode. It diverted
significant amounts of patronage from other modes. The

largest impact was _upon CTOL;: revenues for the CTOL
modée decreased by 25 percent.

2. Capital expenditures for VIOL were $1 billion. Total
common carrier capital expenditures were roughly double
those of alternative II.

Alternative VII

1. Introduction of VTOL resulted in a boubling of the
loss incurred by HSRA in Alternative III, in which
there was no VTOL competition.
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VTOL revenues were decreased by only 5 percent from
alternative VI, as a result of competition from
HSRA.

Total alternative VII capital expenditures were
$3,085 million, approximately double those of
alternative VI and 35 percent higher than capital
expenditures for alternative III.

Alternative VIII

1.

HSRC in competition with VTOL showed a loss of
$99.8 million, which was about a 50 percent
increase over the HSRC loss in alternative Iv,
without VTOL competition.

VTOL revenues were decreased by eight percent
from alternative VI to alternative VIII, as a
result of the introduction of HSRC.

Capital expenditures reflected the change from
HSRA to HSRC, increasing by approximately $1 billion.

Alternative IX

1.

TACV with VTOL competition Tost $147.6 million.
This represented a 50 percent increase in the
annual loss incurred by TACV in alternative v,
without VTOL competition.

VTOL revenues remained almost constant compared
with alternative VIII.

Total common carrier capital expenditures were
$4,900 million, reflecting the increased expend-
iture associated with TACV.
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COST AND BENEFIT EVALUATION

The use of the NECTP model system to analyze the performance of
nine transportation alternatives for the Corridor in the year 1975
has permitted a detailed comparison of these systems in the market
and environmental setting of the Corridor at that time. The analyses
have attempted to show how each of the systems would respond to
different growth patterns in the region and to a range of policy
options. The results produced, however, offer only limited infor-
mation about what has gone before in time and what can be expected
to follow. The analyses say little about what cost and revenue
relationships would be for post 1975-80.

The analyses also do not profess to judge the overall economic
viability of individual modes. The air, bus, and rail carriers
involved in the alternatives have extensive operations in addition
to Corridor intercity passenger service. The evaluation, moreover,
does not attempt to measure the costs of congestion which might
result from a failure to adjust the existing system to increased
demand. In the following sections the effects of these limitations
are considered:

1. 1In the evaluation of transportation alternatives,
benefits (revenues) and costs have been annualized
for the year 1975 to permit comparison of the nine
systems on the basis of economic viability for that
year. The evaluation does not, however, permit
comparison of the systems from a current vantage
point in time. This could only be done by dis-
counting back to the present the life cycle streams
of benefits and costs of the component modes in
each of the systems.

The Corridor project has assumed that the present
social rate of discount of 10% suggested by the Bureau
of the Budget could be used as the cost of capital for
purposes of calculating the operating costs of each mode.
If this rate of discount were applied to the stream of
life-cycle benefits and costs of the new modes in the
nine alternatives, the results would clearly favor the
air modes because: (1) the present value of benefits
accruing from the ground modes 30 to 40 years hence
would be very small, (2) the flexibility of the air
modes permits adjustments over time of capital ex-
penditures to changes in demand, and (3) the capital
costs of the ground modes would be incurred immediately
and, therefore, would be subject to very 1ittle discount.
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The cost structures of the new air modes are
characterized by high ratios of operating costs
(direct and indirect) to annual capital costs.

In VTOL, for example, operating costs are more
than twice as large as annual capital costs.

Cost structures of this kind offer flexibility
in situations of uncertainty as to patronage and costs
of capital. Hence, a decision to invest in an air
mode would buy time during a period of uncertainty.
I't would also avoid the heavy drain on resources
involved with a mode requiring large capital
investment.

The Tong-run cost structures of the ground modes
reflect the availability of important economies of scale
and Tow costs of handling additional traffic once the
fixed facilities have been built. The ratios of
operating costs to total annual costs are low; for
example, the operating costs for HSRA {even with present
work rules) are only 33 percent of total annual costs for
this mode. This means that if traffic turned out to
be higher than predicted, the additional patronage
could be handled by one of the ground modes at rela-
tively low cost and, as a result, the ground mode
deficits would be reduced.

Small changes in the allocation of common costs between
freight and passenger service, and between intercity

and commuter services, could sharply affect the viability
of all modes. A shift of allocated costs toward freight
on the Penn Central, for example, could make HSRA service
profitable.

Congestion is a difficult phenomenon to measure. In
highway transportation, for example, it reflects as much
motorists' tolerances of traffic delays as it does physical
Timits of capacity. Capacity itself, is not easy to measure
or to predict. It will vary with weather conditions and
traffic patterns. It can be changed by public action in
setting speed 1imits or by excluding certain classes of
vehicles from facility use. In the Northeast Corridor,

as stated earlier, the prospect of increased congestion

in the NEC hangs over both air and highway transportation,
but it does not threaten the high speed ground modes. If
intolerable levels of congestion materialize in the Cor-
ridor in the next several years, the ground modes would
become more attractive. In this respect, however, the
impact of both STOL and VTOL on air traffic congestion
could be minimal if improved air traffic control procedures
and techniques were adopted.
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User Costs and Benefits not Accounted for in the Analysis

The relationship between modal costs and revenues is
a major consideration in the evaluation of the nine al-
ternative systems for the Corridor. In the simulation,
supply-demand equilibrium is reached through a demand
model which is sensitive to only three characteristics
of transportation service: trip times; fares; and
departure frequencies. While there is strong empirical
evidence that these variables can be used to forecast
most of the response of travelers to different levels of
transportation service, there is still a residue of response
which is attributable to other service characteristics. Two
of these characteristics, safety and variability of arrival
times, appear to be of some significance to travel decisions
and are, therefore, discussed in the following*:

1. While the present demand model does not distinguish
between modes on the basis of accident hazard,
potential travelers may do so to some extent.

It is, therefore, important that the relative

safety of the several modes be considered in the
evaluation of each alternative system. The expected
rates of deaths and injuries for each of the new

and conventional modes in 1975 are shown below

in Table 1-11. The projections indicate that the
high speed ground modes would have markedly Tower
accident-related fatalities and injuries, in
comparison with both the conventional modes and the
new air modes.

2. The demand model assumes that travel decisions are
made without consideration of the relative reliability
of the several modes in meeting scheduled arrival times.
This assumption is probably incorrect, but little data
exists with which to determine either the distributions
around scheduled arrival times for each of the modes or
the impact which these distributions have on travelers'
decisions.

The small quantity of data available suggests
that ground transportation, which in the Northeast Cor-
ridor is relatively unaffected by weather or congestion,
would provide greater schedule reliability than air trans-
portation. In a recent three month period, for example,
the Penn Central Metroliners completed almost 90 percent
of their runs within five minutes of schedule and were

*Transportation planners often calculate user time savings of trans-
portation improvements and regard these time savings as benefits.
With several modes competing in the supply-demand simulation, trip
time has a strong influence (time elasticity of demand =-2.0) on
modal choice in the market and hence on carrier revenues. There-
fore, to include time savings as additional user benefits in this
analysis would be redundant.
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TABLE 1-11 EXPECTED RATES OF PASSENGER DEATHS
AND INJURIES FOR 1975, BY MODE

1975 rate* per 100 million
passenger miles

Mode Fatalities Injuries
Auto 2.40 85.4
Bus 0.24 6.6
CToL 0.30 2.4
STOL 0.60 4.9
VTOL 1.60 15.0
DEMO 0.10 0.9
HSRA 0.10 1.0
HSRC 0.10 0.9
TACV 0.08 0.4

*Automobile rates are based on adjusted national data for 1967; bus
rates are based on national intercity bus experience, 1964-1969;
CTOL rates are based on experience of U. S. Certified Route Air
Carriers, 1967; STOL rates are scaled upward from current CTOL ex-
perience; VTOL rates are set at one-third the 1967 rate for domestic
carrier helicopters, to allow for improvement over time; rates for
DEMO, HSRA, HSRC and TACV are based on adjustments to national
passenger rail experience in 1967. See NECTP-224.
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more than 15 minutes late less than seven percent

of the time. In contrast, air traffic delays at
major Corridor airports have increased substantially
in the past few years. See Table 1-12.

Spcia] Costs and Benefits

It is important in comparing transportation alternatives
to consider relative costs and benefits which are imposed
on the community, but which are not reflected in prices for
transportation services. Such costs are not borne or
received by users. Costs of this kind include accidents,
noise and air pollution. Social benefits are less easily
identified, but are genera]1¥ subsumed under such categories
as regional economic growth,* improved resource utilization,
personal mobility, community life patterns, and national
defense.

This discussion does not attempt to enumerate all the
social costs and benefits which may result from the nine
alternatives. Many of these impacts deserve more attention
than has been afforded them so far by the Corridor project.
Several have been considered tangentially in other sections
of this report. In this section focus is placed on two
classes of impact: (1) accidents, noise and air pollution,
which seem to be of greatest concern, at present, to the
community; and (2) regional economic impacts, which have
often been used to justify transport investment.

Accidents

The social costs of accidents are comprised of human and
material resources lost in property damage, injury and death.
The sums of these costs are shown in Table 1-13 by mode for
each of the nine alternative transportation systems. The much
higher total cost of accidents in alternativesVI through IX
reflect the presence of VTOL in these four alternatives. The
high ($241,000) value placed on the capitalized life earnings
of air passengers, as contrasted with ground passengers
($92,000), and the relatively high fatality rate predicted
for VTOL combine to raise the accidents costs of this mode.

*In the 1975 evaluations, regional economic impact was treated
as an externality. In successive cycles of the NECTP model
system which takes account of changes over time, this growth
would become internal to the analysis. To the extent that
economic impact and other consequences begin to influence
decision-makers on resource allocation, the impacts begin to
fall out of the category of "externality".
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TABLE 1-12 ATR TRAFFIC DELAYS AT FOUR MAJOR AIRPORTS
IN THE NORTHEAST CORRIIOR

Air traffic delay*

Adrcraft delay, Passenger delay, Typical peak-hour

Alrport aircraft-hour passenger-hours aircraft delay,
er year X 10 per year X 10 minutes

1966 | 1970%% 1966 | 1970%% 1966 1970%%
JFK 2L 95 1170 | 6290 35 110
La Guardia N 16 110 550 10 28
Newark 6 22 170 830 16 L3
National®**| 8 10 212 357 16 19

2 .
“Delays are recorded only for aircraft more than 15 minutes over schedule.

**Estimated by FAA, based on existing facilities.

S5

“""Projected 1970 delays at Washington National Airport reflect the re-
strictions on the number of operations per hour impcosed by FAA.

™

Source: Federal Aviation Administration, Alternative Approaches for Re-
ducing Delays in Terminal Areas, Clearinghouse for Federal Scientific
and Technical Information, Number AD 663 089, November 1967-
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TABLE 1-13 PREDICTED ACCIDENT COSTS IN 1975, BY MODE, FOR
NORTHEAST CORRIDOR TRANSPORTATION SYSTEM ALTERNATIVES

M. Accident Costs in Millions of Dollars per year™®
High Speed

C/STOL  VIOL  ground Bus Auto Total
I 1.8 -- 4.4 1.3 32.0 39.5
II 5.0 -- 4.1 1.3 31.5 41.9
ITI 5.1 - 1.8 1.3 31.3 39.5
Iv 4.9 -- 2.5 1.2 31.0 39.6
v 4.6 -- 2.1 1.2 31.0 38.9
VI 4.9 20.5 4.4 1.3 27.7 58.8
VII 3.7 17.5 1.5 1.1 27.4 51.2
VIII 3.8 17.5 2.0 1.1 27.4 51.8
IX 3.8 17.5 1.8 1.1 27.4 51.6

*The capitalized value of the 1ife earnings of air passengers,
because of the heavy concentration of business travel, was taken
to be $241,000, while the ground mode deaths were capitalized at
$92,000, based on the national average of earnings. Accident
costs per million passenger miles were:

Auto  $2,267 DEMO  $2,590
Bus 702 HSRA 758
CTOL 976 HSRC 784
STOL 1,840 TACV 523
VTOL 6,033
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Noise

Noise is a problem with all modes of transportation, par-
ticularly those operating in settled areas. The problem of noise
can be ameliorated by:

1. Reducing the noise level at the source;

2. Isolating the modes from the environment by
placing ground modes underground and by utilizing
water or open field approaches for air modes; and

3. By insulating buildings in the vicinity of transport
modes against noise.

A11 three procedures involve some costs. So far as new modes
in the nine alternatives are concerned, STOL and VTOL pose particu-
lar problems, but there are also noise considerations for the high
speed ground modes. The noise levels which would be produced by
each of the new modes is shown in Table 1-14. The HSGT modes
consistently exhibit the lowest noise levels; they also make
extensive use of tunnels in central business district areas, thus
further reducing noise problems. It was not possible to determine
with satisfactory accuracy the costs of reducing the effect of
noise levels generated by the air modes either by insulating
nearby buildings or by reducing noise at the source.

TABLE 1-14 NOISE LEVELS PRODUCED BY NEW MODES

Perceived Noise Level (PNdE)

Mode 100 feet from noise source*
DEMO 95
HSRA 95
HSRC 95
TACV 107
STOL** 130
VTOL** 115

*A range of 75-85 PNdB is considered a typical continuous background
noise level in downtown commercial areas.
**Applicable only during landing and take-off.

Source: NECTP-224
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Air Pollution

A1l of the modes of transportation considered in the nine alternatives
cause some degree of air pollution. Estimated quantities emitted by
each of the modes are shown in Table 71-15 Since the impact of a given
quantity of pollution depends upon the size of area over which it is
spread, on the nature of the pollutants and on various climatic conditions,
the raw estimates in Table 1-15 should not be regarded as measures
of toxicity.

The three electrically-powered high speed ground modes generally create
somewhat less pollution per million passenger-miles than do the air modes,
and considerably less than the highway modes. A1l of the common carriers
fall far short of the auto in terms of the total quantity of pollutants
emitted in a year. The effect of a given quantity of pollutants is in
part determined by the proximity of the source to settled areasy thus,
the possibility of locating electric power generating plants in remote
areas improves the favorable pollution characteristics of the high speed
ground modes.™

TABLE 1-15 ESTIMATED QUANTITY OF POLLUTANTS EMITTED BY
INTERCITY TRANSPORTATION IN THE NEC IN 1975

Estimated quantity of pollutants emitted by intercity transpor-
tation in NEC

Mode Pounds per million Pounds for the year 1975
‘passenger-miles
HSRA™ 1100 2,260,000
HSRC™ 1200 3,360,000
TACV™ 3400 11,600,000
C/STOL 3000 6,870,000
YyTOL 3400 . 9,730,000
Bus 24000 33,600,000
Auto 30000 363,900,000

*
Pollutants emitted at the electric power generating plant

Source: NECTP Report Number 224

*
The potential advantage of remote power generation is somewhat lessened by
power transmission losses requiring additional fuel to be consumed

per unit of useful power.
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Regional Economic Impact

A regional impact model has been developed for use in pre-
dicting the socio-economic consequences of alternative trans-
portation systems.* The impact model allocates regional
population and employment levels among the areas of the Cor-
ridor, and estimates land use and income distributions within
each for alternative transportation systems, subject to pre-
determined control totals. The redistributive actions of the
model are presented at successively lower levels of aggregation
of areal units for the Corridor. Model results indicate that
improvement in passenger service will have a greater effect on
population distribution that on employment distribution. No
generalizable changes in land use or income distribution, as
a result of improved passenger service, were indicated. While
the magnitudes of the predicted geographic redistributions
must be interpreted with caution, the predicted patterns of
change appear realistic.

Measuring Socio-Economic Impact

Socio-economic effects of changing passenger transportation
facilities were measured by comparing the impacts of two al-
ternative transportation systems. The first, or reference case,
is a modified version of alternative I (designated alternative
I-A), in which 1965 rail was used instead of 1975 DEMO. The
second transportation system for which impact measures were
obtained is alternative V, which was chosen as representing the
case of maximal impact short of the addition of VTOL aircraft.
Because of the assumption that the implementation of new pas-
senger systems would occur about 1975, the socio-economic impact
of these systems would not be observable until the 1980-1990
period.

Growth in the Core Area

A gross measure of impact is the change in the proportion
of total employment and population in the core portion of the
Northeast Corridor brought about by the new passenger systems.
Projections of this impact are shown in Table 1-16 for the years
in which the transportation system designs would begin to take
effect.

*See NECTP-218.
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TABLE 1-16 RATIO OF EMPLOYMENT AND POPULATION IN THE CORE PORTION
TO THE TOTAL NORTHEAST CORRIDOR REGION

Employment Population
Year {x l,%OUS (x T,000)

Alt I-A Alt v Alt I-A Alt v
1980 15,692 15,692 44,624 44,606
86.6% 86.6% 85.0% 85.0%
1985 16,384 16,379 47,580 47 ,516
86.1% 86.1% 86.3% 86.2%
1990 17,114 17,107 48,163 47,994
85.7% 85.7% 83.2% 82.9%

This aggregative measure of impact indicates that the introduction
of new passenger systems would have negligible effect in changing the
proportions of economic activity between the core and fringe areas
within the Northeast Corridor. As the economy of the entire Corridor
grows, the fringe area will increase its share of the total, but this in-
crease would be relatively unaffected by proposed transportation systems.

Decentralization Within the Core Area

A second, and less aggregative, measure of impact than that
described above is the shift in location of economic activity and popu-
lation within the core area itself brought about by improved passenger
transportation. Measures of these shifts at the superdistrict level of

*See NECTP-218 for definitions of the Northeast Corridor core and fringe
areas.
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areal detail were obtained for alternatives I-A and V.™ The impact of
alternative V versus that of alternative I-A indicated a clear tendency
toward decentralization along the north-south axis of the Corridor.
Superdistricts in the central portion of the axis (from Trenton, New
Jersey to Norwalk, Connecticut) exhibited relative declines in employment
and population as a result of the implementation of alternative V, while
superdistricts at the northern and southern ends of the Corridor had
increases in employment and population 1inks over those projected for
alternative I-A.

The amount of decentralization projected is small because the
location of firms, particularly manufacturing establishments, is much
more dependent on transportation costs of freight than of passengers.
Systematic improvements in the freight transportation systems were not
analyzed at this time. However, the results of two sets of simple sensi-
tivity tests of the impact model to changes in freight versus passenger
transport system impedances did show greater tendency for employment
levels to be affected by freight system changes. These results are given
in the support document, NECTP-218.

Suburbanization Within Superdistricts

A third measure of impact relates to the relative shift of economic
activity from central cities to suburban areas within the various super-
districts comprising the Corridor. Central city projections for 1990
are summarized in Table 1-17 below.

TABLE 1-17

ECONOMIC ACTIVITY LEVELS WITHIN CENTRAL CITIES
IN THE CORRIDOR FOR 1990

Alt., I-A Alt. V % Difference
Employment 6,651 6,635 -0.2
(x 1,000)
Poputlation 13,011 12,746 -2.0
(x 1,000)

*A superdistrict is a collection of economically and demographically
homogeneous counties. The Northeast Corridor is divided into 29 "core"
superdistricts and 11 "fringe" superdistricts. Projected 1980 and 1990
population and employment levels for each of the 29 core superdistricts
are presented in Technical Appendix 5.

1-41




In summary a tendency for improved passenger transportation to
decentralize economic activity within the core portion of the Northeast
Corridor is observed in using the impact model. The amount of decentral-
ization projected is relatively small, as would be expected at these
gross geographic levels. As further areal detail is brought to bear,
there is further disaggregation of the various impacts.
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CHAPTER 2

ACTIONS REQUIRED TO IMPLEMENT ALTERNATIVES

Recognizing that life-cycle benefit-cost analyses ought to be
conducted prior to decisions on any major system change, this chapter
examines the actions necessary to implement each of the nine alterna-
tive transportation systems for the Northeast Corridor considered in
this report. Particular stress is placed on actions which would be
required by the Federal Government.

Implementation of each alternative would require the following:

Alternative I

Continuation of present policies and programs supporting expanded
service by conventional air and highway modes.

Expansion of present Metroliner and Turbo train service by either

private or public means to meet the increases in demand for rail
passenger service forecast for 1975.

Alternative II

Private development of short-take-off-and-landing (STOL) air
service would require some Federal actions to insure that suitable
STOL aircraft are manufactured and certificated for NEC operations,
and that supplemental air navigation facilities are provided. Certi-
fication of one or more air carriers by the Civil Aeronautics Board
might be needed for particular route segments.

Table 2-1 shows a timetable for development of STOL air service
in the Northeast Corridor on the basis of the Tead time required to
achieve full STOL service. The table shows a complete cycle from
start of work to completion of a new system--about seven years.
However, a number of options are open in addition to providing a
wholly new system. The 122-passenger STOL is well into prototype
testing, and is three years from delivery. The 48-passenger STOL is
in final design, and is two years from delivery. Several military
designs for STOL aircraft are now in production and could be modified
for civilian use and ready for certification within one year.

Similar options exist for the choice of navigation and approach
systems, and even for choice of terminals. STOL could start partial
service very rapidly with existing equipment and sites, assuming no
delays in certification or organization of the prospective service.
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TABLE 2-1. TIMETABLE FOR DEVELOPMENT AND IMPLE-
MENTATION OF STOL AIR SERVICE IN THE
NORTHEAST CORRIDOR.

Years to Full Service
3 4 5 6

Task 0 1 2 7
Research and .-ﬁr---
development ~_New low noise, low pollution

gust-insensitive aircraft
Vehicles

Prototype design,
manufacture and

testing 122 passenger (210-G)
Final design
48 passenger ?i‘
(DHC7)

Manufacture
DHC5 (Buffalo) ":

Navigational aids and
airport approach

systems

Prototype design,

manufacture and $ New 1low altitude, all weather
testing precision navigation

Final design

Decca/ILS *
Manufacture and
installation ,F

Existingaids and systems

Terminals

Site selection and New major site
acquisition
Existing small airport
Planning, design
and construction &.
Existing CTOL

Service

Start partial service
N

Start full service

Key: Arrows designate present(1969) state of development for each task item.
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Alternative III

In addition to steps for CTOL and STOL described above, the present
Penn Central line between Washington and Boston would need to be up-
graded over substantial portions of the existing right-of-way to permit
150-mile-per-hour HSRA operation. Required upgrading would include
substantial work on the present track, catenary, and signal systems;
new bridges across the Bush, Susquehanna, and Hackensack Rivers; curve
and grade-crossing eliminations; an improved route into Boston; and
construction of a new tunnel and station at Baltimore.

A decision would be needed regarding the respective roles of the
Federal, state, and local governments and the Penn Central Railroad
in accomplishing this alternative.

The tasks and estimated time required to provide an operational
HSRA are shown in Table 2-2.

Alternative IV

In addition to those items required for air and highway in alterna-
tives I and II, alternative IV would require a completely new right-of-
way for a 200-mile-per-hour HSRC passenger railroad serving the centers
of seven of the largest Corridor cities and four suburban park-and-ride
terminals.

An intensive R&D program would be needed to insure development of
a safe, comfortable 200-mile-per-hour rail system.

Extensive right-of-way acquisition would have to be initiated at
an early stage to enable HSRC to be operational during the 1975-80
time period.

A decision would be needed on how a new high speed rail mode on
new right-of-way would be organized, financed, and operated.

The tasks and estimated time required to provide an operational
HSRC are shown in Table 2-3.
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TABLE 2-2., TIMETABLE FOR DEVELOPMENT AND IMPLE-
MENTATION OF HSRA IN THE NORTHEAST
CORRIDOR.

Years from Go-Ahead T0 Full Service
Task 0 1 2 3 4

Research and development e

Vehicle
Equipment testing O —ee
Final design e

Manufacture and accept- e
ance

Guideway

Test track design, con-
struction and testing

Right-of-way acquisition eesssssessewamms

Guideway and power SYStem qemumsmms
final design

Guideway and power system e —— e ——
construction

Terminals

Terminal design and con- e
struction

Service
Start partial service

Start full service ‘
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TABLE 2-3. TIMETABLES FOR DEVELOPMENT AND IMPLE-
MENTATION OF HSRC AND TACV IN THE
NORTHEAST CORRIDOR.

Years from Go-Ahead tT0 Full Service
Task 0 1 2 3 4 5 6 7

Research and
development

Vehicle

Prototype design e N
manufacture and

testing

Manufacture and
acceptance testing

Guideway

Test track design
construction and
testing

Right-of-way cosn
acquisition

Guideway and power -
system final design
and specification

Guideway and power
system construction

Terminals

Terminal design and -
construction

Service
Start partial service ‘

Start full service A
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Alternative V

As with alternative IV, alternative V includes a high speed
ground transportation mode (TACV) operating on a new right-of-way.
TACV was assumed to serve the same terminals as were served by HSRC.

Since no 300-mile-per~hour TACV exists today, operations of this
mode in 1975-80 would require an immediate and intensive program of
R& to insure its availability. The implementation schedule presented
for this alternative assumes that a tracked air cushion research
vehicle program has been in progress for 3 years prior to the go-ahead
decision for the operational vehicle.

Extensive right-of-way acquisition would need to be initiated at
an early stage to enable TACV to be operational during the 1980 time
period.

A decision would be needed on how a new innovative mode such as
TACV would be organized, financed, and operated.

The tasks and estimated time required to provide an operational
TACV are shown in Table 2-3.

Alternative VI

Alternative VI is similar to alternative II, except for the addi-
tion of vertical-takeoff-and-landing air service.

Intensive R&D is required to insure that VTOL would have low noise
and pollution effects and would operate efficiently and reliably.

Modified air navigational facilities would have to be developed
and provided along with special heliports and other VTOL ground
facilities.

A decision would be required by the CAB on VTOL certification.

The tasks and estimated time required to provide an operational
VTOL are shown in Table 2-4.

Alternative VII, VIII, and IX

Alternative VII requires for implementation the combination of
tasks Tisted in AlternativesIII and VI; Alternative VIII, those listed
in Alternative IV and VI; and Alternative IX, those listed in Alter-
natives V and VI.
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TABLE 2-4. TIMETABLE FOR THE DEVELOPMENT AND IMPLE-
MENTATION OF VTOL IN THE NORTHEAST

CORRIDOR.
Years from Go-Ahead to Full Service
Task 0 1 2 3 4 5. 6 7 8
Research and develop- e ——
ment
Vehicles

Prototype design manu-
facture and testing

Final design sy

Manufacture

Navigational aids and airport
approach systems

Prototype design manu-
facture and testing

Final design

Manufacture and
installation

Terminals

Site selection and ~
acquisition

Planning, design and
construction

Service
Start partial service A

Start full service
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CHAPTER 3

MANAGING AND FINANCING NORTHEAST CORRIDOR
TRANSPORTATION IMPROVEMENTS

INTRODUCTION

The adoption of one or more of the new intercity modes evaluatea
in the Northeast Corridor project model and simulation system would
require both public and private decisions on management and finance.
As discussed earlier, the project has not completed life-cycle
benefit-cost analyses of each new mode; therefore, observations
about the requirements for financing cannot be conclusive. Neverthe-
less, simulation-modeling results for the year 1975 and supporting
analyses discussed inAppendix 3 offer some indications of whether
or not new modes would be economically viable. In this respect it
should be noted that the model simulations maximized service for
the air modes rather than profit and, thus, profit potentials for
air might be Targer than shown in this report.

Generally the 1975 evaluation shows the new air modes to be
viable and the new ground modes not to be viable. The STOL and VTOL
modes' promise of financial self-sufficiency, even assuming that
their operators would have to provide air terminal financing, could
attract private capital. Conversely, the ground modes, on the basis
of analyses carried out so far, show little likelihood of meeting
total costs for some years beyond 1975.** Hence, public support in
some form would probably have to be forthcoming if an alternative
containing a new ground mode were to be adopted.***

* Wherever possible in the Corridor analyses and evaluations, costs
were attributed to the services which occasioned them. The only
exceptions were the portions of air costs currently paid for from
Federal funds and some current costs for rights-of-way used for
the Demo rail service. No shifts in passenger demand or carrier
costs due to new legislation have been assumed.

** In order to achieve uniformity over all modes, the supply-demand
equilibrium was run with 10 percent return on investment before

*kk

corporate income taxes as a cost of capital. It is uncertain whether
this prospective return would attract equity capital to the airlines.
It might, however, permit borrowing.

It appears that all new modes considered in this report would be
able to cover direct costs, including capital payments, by the 1990's.
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After comparing the financial results of the new modes, this
chapter reviews the capabilities of the existing carriers to manage
and finance new regional passenger transportation service. Where it
appears that private management and finance could not carry responsi-
bility for a new system, alternative forms are explored. A final
section examines the status and trends in government finance which
are pertinent to public funding of a deficit-prone regional transpor-
tation service.

FINANCIAL RESULTS OF SYSTEM ALTERNATIVES

Table 3-1 below summarizes the before-tax results of simulated
operations of the nine alternative transportation systems, based on
1975 levels of activity.

TABLE 3-1

PROSPECTIVE 1975 FINANCIAL RESULTS
NEW MODES IN ALTERNATIVE NO?;HEAST CO?RIDOR TRANSPORTATION SYSTEMS
MILLION

Alternative Surplus or (Deficit)*
Number New Modes for New Mode(s)
I DEMO 82,7**
II DEMQ*** 80.8%**
III HSRA (27.3)
IV HSRC (67.4)
v TACV (103.0)
VI DEMO, VTOL 65.2
VII HSRA, VTOL (54.6)
VIII HSRC, VTOL (99.8)
IX TACVY, VTOL (147.6)

* The evaluations included rates-of-return figures as required
by U. S. Bureau of the Budget Circular A-94. A 10 percent
rate of return was initially applied to new system investments,
with a 35- year amortization period assumed for plant; 14 years
for vehicles; and a perpetual return of 8 percent per annum on
land. VTOL and STOL were run to break-even points, so residual
surplus/deficit figures are zero.

** Surplus figures on DEMO result from subtracting additional costs
from additional revenues of DEMO service.

**%* STOL, which appears in alternatives II through IX, is considered
to be a new mode, but its revenues have been combined with CTOL.

3-2



USE OF EXISTING CARRIERS AS ORGANIZATIONAL BASE FOR NEW MODES

At present, six airlines, one railroad, and two major bus lines--
all privately owned and operated--provide the bulk of commercial inter-
city passenger services in the Northeast Corridor. The airlines are
Allegheny, American, Eastern, Mohawk, National, and Northeast; the
railroad company is the Penn Central®*; the bus companies are Greyhound
and Continental Trailways.**

Whether any of the private carriers would be both interested in,
and capable of, providing the necessary financial resources to under-
take the new or expanded Corridor transportation services considered
in the NECTP analysis is uncertain. Existing carrier resources
matched against the scale of investment necessary for a new service
do not at present seem adequate.

Airlines

Recent airline financing has largely been through the use of
chattel-type debt instruments on airline equipment. Arrangements
for financing have been relatively easy because of comparatively
short repayment cycles and the favorable prospect of resale of the
equipment in the event of repossession; although special-purpose
equipment, such as V/STOL aircraft for which there might be a more
limited market for resale, would pose higher risks with correspondingly
higher capital costs. In general, equipment obligations constitute a
relatively easy and readily available means of finance.

On the other hand, the airlines expect to go into the capital
markets for more than $18 billion within the next five years.***
This much new financing constitutes a substantial problem for exist-
ing carriers and probably limits their capability to consider the
simultaneous establishment of new services.

Nevertheless, if V/STOL appears profitable, despite prospects
that ajrline financial capabilities will be strained in the next few
years, the existing Corridor carriers will almost certainly make an

* Other rail carriers in the Corridor are primarily commuter.

** Financial analyses of Corridor carriers are also found in
Chapter VI of NECTP-221.

*** Estimate submitted to the Subcommittee on Aviation of the Senate
Commerce Committee, June 1969, by the Air Transport Association.
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effort to obtain necessary new capital. I[f the carriers do not make
such an effort the Civil Aeronautics Board might well certificate new
firms for Corridor services, assuming that new private firms would
find it worthwhile to provide the service.

Railroads

The improvements in high speed ground service represented in
HSRA.and HSRC, and TACV as well, would involve sizable new invest-
ments in rights-of-way and fixed structures. The railroads are
already burdened by relatively large current charges on road and
structure mortage debt. Moreover, some of the mortgages on real
property contain "after-acquired" clauses which would impose prior
chims to revenue and prior liens on new property. Thus, revenues
on Corridor passenger services might be drawn off to support opera-
tions elsewhere on the railroad with no recourse available to
contributors of new capital. It is, therefore, probably accurate
to say that existing rail carriers are totally incapable of finan-
cing either major road and structure improvements on existing rights-
of-way or new rights-of-way and guideways.

Rail passenger equipment has been financed by the same sort of
chattel instruments as those characteristic of airline equipment
debt, and hence, capital for high speed ground equipment would be
more availabje --  provided the equipment has realizable value for
resale.

Alternatives III, IV, V, VII, VIII, and IX; i.e., all those with
greatly improved high speed ground modes, would show deficit opera-
tions in the year 1975. By contrast, the DEMO service simulated in
alternatives I, II, and VI were not charged for the use of existing
facilities, and showed healthy operating surpiuses for passenger
service between Washington and Boston. For reasons discussed just
above, however, it is virtually certain that capital for even the
modest fixed improvements in these alternatives would not be available
to the Penn Central Railroad from private capital markets. If by
some such means as a rail passenger service corporation, the costs
and revenues of Corridor passenger service could be segregated from
the rest of the railroad's operations, private capital might be
forthcoming. With this approach, it might even be possible for
facilities such as stations to be put beyond the reach of the after-
acquired clause.

34



ORGANIZATION FOR THE ESTABLISHMENT OF NEW MODES

The nine alternative transportation systems covered by the NECTP
analysis fall into three general categories: those based (1) on new
ground modes, (2) on new air modes, and (3) on combinations of the
two. (Multi-mode transportation companies are not likely to appear
by 1975 and so entities will be considered as operating one mode
only.*) There are five basic organizational structures which could
be used for management and finance of the new modes. They are (1) a
private corporation (e.g., Penn Central Company), (2) a public-private
corporation (e.g., Comsat), (3) an interstate compact (e.g., Port of
New York Authority), (4) a Federal corporation (e.g., Tennessee Valley
Authority), or (5) a Government department or agency (e.g., Alaska
Railroad of the Federal Railroad Administration).**

Innumerable adjustments or variations can be made within, between,
or among these general organizational categories. The relative pro-
fitability of a new mode has a definite bearing on the kind of
organizational structure which would be suitable for its operation
and management. Hence, a decision to use one or another of these
forms for a new mode appears to be primarily a function of the
financial requirements of the mode. Other factors such as the degree
of public control over the establishment and operation of a given
system, may also be of importance in the selection of an organizational
structure. Another factor of organizational importance would be the
time required to establish any given management system. For example,
the interstate compact, as compared with other organizational forms
takes a relatively Tong time to establish. Given the decision to seek a
compact, however, the possibility of using an interim organization
such as a Federal-agency structure, might be considered pending
Federal and state agreement to the compact. Similarly, it might be
desirable, for the purpose of raising money and for implementing
operational procedures, to use a Federal corporate structure as an
interim step to a public-private corporation.

Developing New Air Modes

With the prospect of profitability for new air modes, there may
be no need for any significant additional public financial aid other

* Neither the Interstate Commerce Commission (ICC) nor the Civil Aeronautics
Board (CAB) encourages multi-modal companies.

** A matrix of these organizational forms, with a description of their
important differences, is included as an appendix to this chapter.
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than that provided under existing Federal programs (i.e., the
maintenance of airways, air traffic control and guidance for airport
approaches). Because this service has relatively good prospects for
profit, it could be established by private capital. It may need
public support in several aspects, however, such as in the provision
of terminals. Terminal facilities for VTOL should be in areas of
easy access, which may already be developed. It may, therefore, be
difficult to acquire necessary land at reasonable prices even though
terminal expenses are not a large portion of the total investment
required for this service. Private corporations, or other organiza-
tional structures reflecting a closer association with government
(such as interstate compacts and puglic corporations), could be
vested with eminent domain powers.

Developing New Ground Modes

Unlike the new air modes, present analysis does not predict that
new ground modes will be free of deficits. Two new ground modes (HSRC
and TACV), require large capital investments in land as well as in
construction, terminal facilities, and hardware. Under existing
statutes, there is no way to provide public support for new intercity
ground systems; thus, consideration should be given to organizational
alternatives that can accept government financial assistance with a
minimum of difficulty such as public-private corporations, interstate
compacts, Federal corporations, and Federal agencies. They are, as
was mentioned earlier, distinguishable with respect to the extent
of direct Government participation and the immediacy with which they
could be implemented.

Labor considerations are of particular concern to ground modes,
especially where wages are a large percentage of total operating
expenses. Use of one of the organizational structures which provide
for direct governmental participation might allow innovations to be
made in existing employer-employee relationships. There is, however,
a general reluctance to change existing labor patterns where the
employees affected are not actual employees of a governmental agency.
For example, an interstate compact bill for the Northeast Corridor
proposed by Senator Claiborne Pell would guarantee the maintenance
of existing labor patterns. Also, in the operations of the Alaska
Railroad, Tabor rules and regulations are modeled after the current
labor rules and regulations of the State of Washington, despite the
facts that Alaska Railroad employees are Federal workers and the
organization of the railroad is governed by Federal statute.
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Alternatives with Two or More New Modes

The managerial and financial factors involved in the simultaneous
implementation of two or more of the modal improvements described here
are straightforward for most of the parties directly concerned. One
of the objectives in the Department of Transportation Act of 1966 was
to coordinate transportation in the United States.* There are never-
theless, large areas in which transportation is not well coordinated.
For example, a new air service would be allowed to operate if the Civil
Aeronautics Board determined that it was necessary to public convenience
and necessity and would not harm existing air services. The Board could
make this determination without consultation with the other transporta-
tion agencies, regardless of what the effect of its decision would be
on other modes. Cross-effects between ground and air carriers are
not taken into account by the existing regulatory bodies. A1l of this
is to say that new legislation is necessary if the problems of
coordination raised by alternatives VII, VIII, and IX are to be dealt with.

One simplifying assumption has been made in considering labor
arrangements and the cost of improved ground service. The designs of
high-speed rail and TACV modes are assumed to incorporate savings
resulting from the use of improved technology with the minimum
staffing requisite to the design specifications. Thus, present manning
for rail services was not used as the guide for new services.** This
departure from current rail labor practices implies that negotiations
would need to be undertaken with the labor groups involved to reach
agreement on new operating practices prior to initiation of a new
ground service.

Some measure of coordination could be achieved by the Congress
in approving one of the governmental organizational forms. The
Congress could, for example, free a corporation or other entity
from selected aspects of existing transport regulation or could reassign
responsibility for such regulation. Legislative action of this sort
might encourage experimentation in fares and services.

* Public Law 89-670 (80 Stat. 931)
** See Report No. NECTP-222.

3-7




Each of the new ground modes, as was noted earlier, has large
land requirements, and the power of eminent domain will, no doubt, be
necessary. Still, special Timitations may be placed on its use by the
Congress. For example, enabling legislation might allow land acquired
by eminent domain to be used to build a terminal but not allow a hotel
or shopping center to be attached to the terminal facility.

Government participation may relieve the affected enterprise of
the various tax Tiabilities. For a new enterprise with large start-up
costs as well as Tow profit expectations, tax savings could be a factor

of considerable importance.
ORGANIZATIONAL STRUCTURES TO ACCOMODATE PUBLIC FINANCIAL SUPPORT

Certain aspects unique to public organizational alternatives are
discussed in the following pages.

General Complicating Factors

Consideration of the proper organizational form is complicated
by the number of different interest groups (private, local, state,
and Federal) whose concerns must be represented and resolved in nego-
tiations prior to the establishment of an operating entity, even if
the primary financial backer is the Federal Government. Congressional
action may require a considerable period of time, and broadening of
participation to bring in the state and Tocal Tevels compounds any
already existing delays. For example, the time frame for implementa-
tion of an interstate compact which requires the concurrence of several
states tends to be at least two years. Furthermore, there is some
reason to believe that Congressional approval of other organizational
forms might require even more time, depending on the political climate.

Interstate Compact

In situations where sizable state resources will be used in
a given enterprise and where its operation will measurably affect
the pubTic interest of the state, there is a solid argument for
state or local government participation. Probably the interstate
compact form is best known among the available organizational
structures as an entity which can ideally balance local, state
and Federal interests within the framework of an express agreement.
This organizationalform also affords the best opportunity for effective
state-local control in the management and operation of an enterprise
which is regional (interstate) in nature.

The very fact that a compact formally attempts to balance interests
is also the cause of its principal shortcoming--the relatively long time
required for its adoption. Negotiations between the prospective parties
in interest tend to be long and time consuming.



Public Corporation

The public corporate form of organization, whether public-private
or Federal, implies a larger degree of Federal than state participation
ar control. Both the public-private corporation and the Federal cor-
poration can be implemented more quickly than an interstate compact.
While there may be as many different types of interest as in the compact
situation, fewer actual parties must give assent to bring about final
approval. The Congress, of course, will obviously have the most sig-
nificant voice in the formation of a public corporation.

Although state and local government may have less to do with
day-to-day operations of public corporations, provisions can be made
for these governmental bodies to participate in policy-making through
membership on the board of directors.

Federal Agency

As a practical matter, the development of a ground mode through
the use of an established Federal agency or through the creation of
a new one is probably not feasible. National policy appears to be
opposed to the idea of a Federal Government agency entering into an
area which has been served by the private sector. In addition,
development and operation of a new transportation system by the Federal
Government might well provoke the charge that the Government, with
its enormous resources and powers, was unfairly competing with private
capital. However, direct Government operation could be shown as
being in the public interest if it were argued that the Government
operation would be replaced at some time in the future by an organi-
zational structure on a more equal footing with private firms.
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GOVERNMENT FINANCES AND THE SUPPORT OF NEW MODES

If financial support from public funds becomes necessary to
establish a new regional transportation service, the relative availa-
bility of resources at various levels of government is an important
consideration in obtaining such support. The following material on
the status and trend of government finances as they affect the
Corridor provides a basis for judging which sources are most appro-
priate for developing a new regional service.

Local government does not appear to be a likely source for major
support of any service which would be regional in its impact, even if
local finances were less burdened than they appear to be. Regional
financing and management are possible, particularly with cooperative
funding provided by more than one level of government; but organiza-
tional machinery does not yet exist in an acceptable form for a region
to raise funds to implement a new Corridor service. It is apparent,
therefore, that public support must come largely from Federal and
state sources.

General Trends in Government Finances

Government receipts as a whole are an increasing proportion of
the Gross National Product (see Table 3-2). Annual tax collections
by all governments nationwide have increased twenty-five fold over the
past forty years. Federal individual and corporate income taxes, as
a percentage of total Federal receipts, are at an all-time high--83
percent. Like the national debt, this relationship appears to be a
legacy of World War II financing. State income taxes are now double
their prewar percentage and equal nearly a quarter of state tax receipts.
Most of this relative increase has come in the last twenty years and is
a reflection of the expanding revenue requirements of state and local
governments.*

Consumption-type taxes at the state level and property taxes at
the Tocal level still make up by far the major part of tax revenue for
the non-Federal governmental sector. Rate schedules for these taxes
typically flatten out rapidly and, therefore, have only lTimited pro-
gressivity; i.e.,both are much less sensitive to income Tevels than
Federal taxes.

The percentage of Federal funds expended by states and localities
has also grown dramatically (see Table 3-3). Concurrently, Federal
grants for such major budget categories as education, welfare and
highways have provided needed funds, but the matching requirements
have at the same time put additional pressures on state and local fiscal
ability (see also Tables 3-6 and 3-7).

*See also materials such as the Joint Economic Committee study, State
and Local Public Facility Needs and Financing (December 1966).
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TABLE 3-2

GOVERNMENT RECEIPTS, TOTAL AND AS
PERCENTAGES OF GROSS NATIONAL PRODUCT, SELECTED DATES

Total
Year GNP Government Federal State and Local
($ billion) (percent)
1946 208 51 19
1948 258 59 17
1958 447 115 18
1968 866 264 20 10
Source: National income accounts.
TABLE 3-3

GOVERNMENT RECEIPTS AND FEDERAL TRANSFERS

TO STATES AND LOCALITIES, SELECTED YEARS.

Total State and local Federal transfers

government receipts as a as a percent

receipts percent of total of total state and
Year ($billion) | government receipts* local receipts
1946 51 25 8.5
1948 59 30 11.4
1958 115 36 13.5
1968 264 40 17.2
Source: Office of Business Economics, and Bureau of the Census survey data.

*Including receipts from federal transfers.




Calendar year 1947 began a relatively level period for Federal
debt but a rapid growth period for state and local debt. At that
time, gross Federal debt was nearly fifteen times that of the states
and their municipalities. Twenty years later, Federal debt was only
three times the level of state and local debt. During the interim,
Federal debt grew 40 percent--but state and Tocal debt increased
nearly 700 percent. Tables 3-4 and 3-10 give summary views of Gross
National Product and government debt levels and the directions in
which they are tending.

State and Local Expenditures

Federal civil spending, although it has risen since the beginning
of the century, is still less than one-third of state and local expen-
ditures (including intergovernmental transfers). Federally-collected
revenues currently fund one-tenth of state educational expenditures,
nearly one-third of state highway expenditures, and more than one-half
of state and local welfare expenditures.

Despite the sizable Federal role in state and local funding, the
U. S. Advisory Commission on Intergovernmental Relations has found
that metropolitan areas in the industrial regions of the nation, parti-
cularly their center-city cores, are falling increasingly behind in the
Tevel of expnditures needed to provide adequate levels of public
service.* Many of these lagging areas are within the Northeast Corridor.

Unfortunately, these industrialized metropolitan regions are also
among the most heavily taxed in terms of the Federal income tax, but
they receive relatively less back from the Federal Government in terms
of intergovernmental transfers. The most recent definitive figures
from the Department of the Treasury indicate that the Northeast Corridor
states, including the District of Columbia, currently account for over
40 percent of total Federal revenue collections. In contrast, the area
receives 25 percent of Federal grants-in-aid, and 17 percent of Federal
grants to individuals.

The net difference between Federal tax collections and Federal
direct transfer payments to state and local governments, to private
institutions and to individuals in the Northeast Corridor during
fiscal 1968 was nearly $54 billion. The comparison is made most clear-
1y in Table 3-5 by comparing the last two figures of the middle column,
"Percentage Returned," for the Corridor and the U. S. as a whole.

* See, for example, Report A-31, Fiscal Balance in the American Federal
System; Metropolitan Fiscal Disparities (October 1967).
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TABLE 3-4

GROSS NATIONAL PRODUCT AND FEDERAL DEBT, SELECTED YEARS
($ billion)

Average GNP Gross Federal Public Debt/GHNP
Year for the year Debt, July 1 (percent)
1946 $ 208.5 $269.9 * 129 .4 **
1949 256.5 252.8 98.6
1959 483,7 284.8 58.9
1969 9SS 353.8 37.9
1979 1760 *** 440  wx% 25

Source: Office of Business Economics, and Treasury Department.
*  Pre-Korean period maximum.

*  Absolute maximum,
**x Estimated, November 1969.
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TABLE 3-5

FEDERAL REVENUE COLLECTIONS AND DIRECT GRANTS BY STATE
IN THE NORTHEAST CORRIDOR (FISCAL 1968)

Percentage Returned As
Grants to State and Local
Collection Net Governments, Individuals Net
State of Refunds or Private Institutions Difference

Connecticut $ 2.9 billion 10.1% $ 2.6 billion
Delaware 1.1 5.7 1.0
Maryland * 3.8 17.4 3.1
Massachusetts 4.4 15.4 3.7
New Hampshire 0.4 21.4 0.3
New Jersey 5.4 9.3 4.9
New York 29.0 7.4 26.9
Pennsylvania 9.8 11.0 8.8
Rhode Island 0.7 17.1 0.6
Virginia 2.3 17.0 1.9
TOTAL CORRIDOR | $ 59.9 billion 10.1% $ 53.9 billion
Total U. S. ** | $142.3 17.2 117.8

Source: Treasury Department.

*Including the District of Columbia, since taxes withheld by employers
in the Washington area are less distorted if totals for these two
jurisdictions are combined.

**Adjusted to omit international postings, but including $2.1 billion in

customs;  $4.4 billion in highway user receipts; and $27.9 billion
insurance, retirement, and disability trust funds.
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In fiscal 1968, the Corridor states produced 42 percent of
Federal revenue collections and received 33 percent of Federal outlays
(see Table 3-6).

TABLE 3-6 NORTHEAST CORRIDOR STATES NET FEDERAL REVENUE COLLECTIONS
AND PROGRAM OUTLAYS, FISCAL 1968

Index of Receipts

Federal Revenue Federal from the Federal
State Collections Net of Refunds* | Outlays** Level Compared to
Net Federal Revenue
($ billion) Collections
50 States 153.0% 186 . 5%* 100
Connecticut 2.9 3.9 102
Delaware 1.1 0.3 21
Maryland*** 3.8 12.1 243
Massachusetts 4.4 5.0 87
New Hampshire 0.4 0.6 114
New Jersey 5.4 6.0 85
New York 29.0 19.4 51
Pennsylvania 9.8 8.0 63
Rhode Island 0.7 0.7 76
Virginia ' 2.3 4.8 160

Source: - Treasury Department and Executive Office of the President

*Omits international postings but includes $2.1 billion in customs;
$4.4 billion in highway user receipts; and $27.9 billion in insurance,
retirement, and disability trust funds.

**Includes more than 980 program, activity, or appropriation items;
and includes loans and the book value of nonmonetary donations.

***The District .of Columbia totals have been combined with Maryland
totals in the Treasury figures because of heavy commutation and
government-facility-location interactions between the two juris-

dictions.




The state and local expenditures for education, highways and
public welfare are, collectively, approximately two-thirds of total
state and local budgets. They have increased their share of a vastly
larger budget total since the Second World War (see Table 3-7).
Although these outlays would be twice their 1960 level in another
decade, current trends indicate that highway spending would drop
from 20 percent to less than 10 percent of state and local expendi-
tures, while education would rise from one-third to over one-half
of the total fiscal burden (Table 3-8 gives recent highway figures
for the Corridor states).

In the Nation as a whole, only two components of state and
local revenues and expenditures have remained reasonably stable since
the mid-50's--property tax revenues and highway expenditures. All
other major fiscal components of state and local finances are expand-
ing at an increasing rate. If the trends among these components
follow their behavior over the past decade, Federal transfers by
1980 will amount to nearly 30 percent of all state and Tocal general
revenues--double the amount collected from property taxes.

TABLE 3-7 LEADING GENERAL EXPENDITURES OF STATE AND LOCAL GOVERNMENTS,
: SELECTED YEARS (including receipts from the Federal

Government)
Education, Highways,
Year Amount and Public Welfare
($ billion) (Percent)
1946 12.4 52
1949* 19.1 64
1959 45.3 68
1967-68** 101.3 65

*Interpolated from Bureau of the Census survey figures.

**For twelve-month period ending June 30, 1968. Earlier data are
for state and local fiscal years ending during the calendar year
indicated.



TABLE 3-8

CORRIDOR STATE RECEIPTS

FROM FEDERAL SOURCES AND HIGHWAY EXPENDITURES

IN RELATION TO GENERAL EXPENDITURES

Receipts From Federal Highway Expenditures As
Sources as a Percent of | A Percent of Total State
Total State Direct General Expenditure
State General Revenues
1962 1967 1968 1962 1967 1968
(Percent) (Percent)
Connecticut 17 21 25 34 26 24
Delaware 12 16 19 31 23 22
Maryland & D. C. 20 25 26 23 18 17
Massachusetts 21 22 23 31 22 23
New Hampshire 33 29 32 45 33 33
New Jersey 20 21 23 34 32 35
New York 14 18 19 27 22 20
Pennsylvania 18 21 23 32 30 32
Rhode Island 21 27 29 24 27 30
Virginia 22 25 23 41 42 38
A11 States of
u. S. 19 26 26 22 28 26

Source:

Calculated from U. S. Bureau of Census data




A rapid rate of growth in state and Tocal spending is foreseen
in the Corridor states over the coming decade (see Table 3-9). Oper-
ating expenditures and debt service on borrowing for capital expendi-
tures will require an expanding flow of current revenue. Staffing,
debt service, and new maintenance programs will all be major financing
problems facing state and local governments. While projections of
growth in program expenditures have been made for the NECTP which show
compound growth rates varying between 8 and 12 1/2 percent, a figure of
nine or ten appears most reasonable for current purposes, and is in
keeping with experience over the past decade.

TABLE 3-9 ALTERNATIVE NORTHEAST CORRIDOR ECONOMIC CONDITIONS, 198T

Compound Growth Rate | Estimated State and Local
Assumptions 1970-80 Governmental Expenditures
(percent) ($ billion)

Real growth rate
declines to 4%

prices grow at 5% 9.0 87.7
Growth rates ap-
proximate period
1961-1968 9.8 95.8

Source: Lionel D. Edie & Co.

NECTP-221
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Rapid growth in state and local debt can be attributed to a com-
bination of factors; replacement of obsolete facilities and those for
which maintenance was too long deferred; expansion of facilities to
meet population increases; additional facilities for new or improved
services to meet rising expectations; and matching funds to take
advantage of Federal grant programs. A survey of transportation-related
construction plans conducted in the Corridor for the Project (NECTP-
211) suggests that a continuing rise in debt at a progressive rate will
be necessary if existing plans and recognized needs are to be fulfilled.
High current interest rates will probably be only a temporary deterrent

to expanded state and Tocal borrowing over the coming decade.

TABLE 3-10 NET GOVERNMENT DEBT, SELECTED YEARS

($ billion)

Year Federal* State and Local
1929 16.5 13.6

1932 21.3 16.6%*
1939 42.6 16.4

1945 252 . 5F** 13.4

1949 217.6 19.1

1956 224.3 44 .4

1959 241.4 58.0

1968 291.9 128.6
1980%*** 380 373

Source: Council of Economic Advisers, and Office of Business Economics

*Corresponds to “Federal Government and agency" as reported in
Budget of the U. S. .

**Maximum until 1948
***Maximum until 1962

**%*| inear extrapolation, 1956 base.




SUMMARY

The results of the Northeast Corridor analyses performed to date
indicate that expanded Metroliner service and VTOL would be the most
viable transportation services that might be introduced during the
next decade. Aside from these two possibilities and the STOL service
which has been assumed to be introduced in any event, public-sector
support for intercity passenger transportation will most Tlikely be
necessary.

The alternative forms of organization available for the manage-
ment of new transportation services are related to the likelihood of
profit-making or deficit operations. New air modes were examples of
prospectively profitable investments and, therefore, could rely on
traditional organizational forms. Possible new ground services, almost
certain to require some public support on a continuing basis, would
need new organizational bases.

One of the major state expenditures, highway programs currently
loom large, but they are a declining proportion of an expanding budget
that is increasingly directed toward social programs. Whether or not
highway or other capital construction programs will continue at approx-
imately their current level, the debt Tevel of the Northeast Corridor
states is certain to experience severe upward pressure over the coming
decade--barring dramatic shifts in revenues or the level of government
at which programs are handled.

The inhabitants of the Northeast Corridor states pay relatively
more in taxes than they receive back, either in terms of intergovern-
mental transfers or in Federal outlays. Thus, they are obliged to
raise relatively more of their own funds for state and local expenditures
than other sections of the nation.

The funding of new transportation activities will, therefore,
face stiff compeitition at the state and local level from expected demands
for existing programs. Without aid from Federal sources, state and
Tocal financial capability appears to be inadequate for undertaking
major new transportation ventures.*

*Empirical evidence coming out of the Corridor Project suggests that
intercity travel is sensitive to family incomes over $10,000 per
year. This evidence, combined with recognition that Federal taxes
are much more progressive with respect to incomes than state and
local taxes, suggests that Federal expenditures for Corridor intercity
transportation improvements would relate costs to benefits more closely
than Tess progressive tax programs at the state level.
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TECHNICAL APPENDIX I

ADVANTAGES AND DISADVANTAGES OF VARIOUS
ORGANIZATIONAL ALTERNATIVES

The following material compares some important aspects
of the various organizational alternatives that are available

as the basis for a regional transportation activity.
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ADVANTAGES AND DISADVANTAGES OF VARIOUS ORGANIZATIONAL ALTERNATIVES

Organizational Characteristics

Ease of implementation, and
formation, (political and
legal difficulties).

Time required for form-
ation and/or implementa-
tion.

Financing and capital raising
considerations, (also avail-
ability of subsidies and
incentives).

Degree of Federal Govern-
ment participation in deci-
sion and policy-making
activities,

Private Corporation

Formation--Generally fast and
easy.

Less than one year.

Sale of stocks and bonds.
Ability to borrow limited
only by market response.

Limited.

Federal-Private Corporation

Possibly time consuming. Many
complex interests {(financial and
otherwise) must be considered;
and the various parties may
require a rather complicated and
sophisticated level of negotiation
to reach agreement. Federal
Government may have significant
interests and concerns if large
Federal participation (financial
or otherwise) is required.

One year minimum.,

Sale of stocks and bonds. Federal
guarantees for loans may be avail
able, making bonds more attractive.

‘State guarantees for loans are

probably illegal or unconstitutional
in most states. Direct Federal
monies may be available for certain
purposes.,

Probably in proportion to amount
of financial assistance provided
by the Federal Government.
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Organizational Characteristics

Private Corporation

Degree of State government
participation in decision and
policy-making activities.

Subjection of activities
to existing Federal regula-
tions.

Subjection of activities
to existing state regula-
tion,

General taxiliability.

Extent to which entity
could be expected to
engage in research and
planning activities.

Limited.

Complex; covering a wide
range of areas from
safety to fares and rates
to labor regulationmns.

State regulation would
be fully applicable (eg.
zoning and land use;
service requirements).

Fully liable except in
those areas where
forgiveness or other
relief is available from
the relevant taxing
authority(s).

May tend to be limited

in that private trans-
portation companies by
their very nature tend to
make short range decisions
based on dictates of sound
business judgment without
reference to broad areas
of public concerns and
needs.

Federal-Private Corporation

(Same as private corporation.)

Congress may, through enabling
legislation, hold the corporation
free from some or all existing
applicable regulations and the
jurisdiction of any or all reg-
ulatory agencies.

Congress could by special leg-
islation hold the corporation
free from certain types of local
regulation. The norm has been
to make the corporation subject
to state regulation.

Generally same as private, however,
special tax immunity provisions for

Government operations may be applica-

ble.

Generally same as private. Degree
of participation by government
(financial or otherwise)especially

Federal, may increase scope of plan-

ning and research considerably.
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Organizational Characteristics

10. Labor considerations.

11, Tort and contractual
liabilities,

12, Ability to accept Federal
or state financial aid.

13. Eminent domain.

Private Corporation

Subject to existing labor
regulations, policies and
practices which affect pri-
vate corporations in the
transportation industry.

No sovereign immunity. Full

corporate liability.

Could accept government aid.
Note, however, general reluc-
tance on part of government

to use public monies for pri-
vate ventures., Further, some
states by their constitutions
may be specifically prohibited
from granting such aid. Some
states have provisions, alter-
native measures, or institu-
tional prohibitions in certain
specified situations.

No power to exercise without
specific statutory exception.

Federal-Private Corporation

Generally same as private.
Legislative enabling laws could
alter existing labor management
relations to make them more
responsive to current commercial
conditions in the industry.

Sovereign immunity is very un-
popular with the legislatures and
the courts. 1In the absence of a
specific provision to the contrary,
sovereign immunity is generally said
to be waived.

(Same as private corporation.)

Generally a legislature, either
Federal or state may grant this
power subject to certain limitations
depending on the public nature of
the services to be provided.
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Organizational Characteristics

Ease of implementation, and
formation, (political and
legal difficulties).

Time required for form-
ation and/or implementa-
tion,

Financing and capital raising
considerations, (also avail-
ability of subsidies and
incentives).

Degree of Federal Govern-
ment participation in deci-
sion and policy-making
activities.

Interstate Compact

Time consuming. Requires
positive state action plus
Congressional approval.
Cities and counties direct-
ly affected may have a
considerable impact on
certain specific terms.

Two years minimum.

Issuing of bonds. (Such
issuings are not affected
by state debt limitation
provisions). Bonds may
have Federal guarantees
and/or may be free from
income taxes., Note: Fed-
eral guarantees usually are
not available where tax
dispensation is given.

Can be significant depend-
ing on provisions of the
charter,

Federal Corporation

Requires Congressional approval.
This process can be time con-
suning.

One year minimum.

Operating revenues; direct
Federal appropriations;
Treasury borrowing; Trust fund.

Near total to total. Note: This
entity would probably be somewhat
less responsive to the President
and the Congress than the Federal
agency option.
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Organizational Characteristics

Degree of State government
participation in decision and
policy-making activities.

Subjection of activities
to existing Federal regula-
tions.

Subjection of activities
to existing state regula-
tion,

General tax liability.

Extent to which entity
could be expected to
engage in research and
planning activities.

Interstate Compact

(Same as above.)

(Same as Federal Private
Corporation.)

(Same as above.)

Generally none. Note:
Some payments may be made
to governmental entities
in lieu of taxes.

Potential for coordinating
research and development
effort with broad, far
reaching regional planning
objectives is high.

Federal Corporation

Congress conceivably could grant
states some significant area

of responsibility or authority
but such is not generally the
case.

Probably only advisory at
most.

(Same as Federal-private

corporation.)

Congress could make the cor-
portation free of all tax
liability. A payment in lieu
of taxes may be made to the
government entities affected.

Funds and authority for research,
development and planning are
generally available. This fact
makes possible extensive efforts
in planning and research.
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Organizational Characteristics

10.

11.

12.

13.

Labor considerations

Tort and contractual
liabilities.

Ability to accept Federal
or state financial aid.

Eminent domain.

Interstate Compact

Compact agreement can establish
labor relations and in doing

so can either require application
of those policies and standards
already existing in the private
sector or it can institute new
and novel policies to reflect

the current conditions in the
industry.

(Same as Federal-private
Corporation.)

No difficulty, if such funds
are in fact available.

Compact terms can dictate
the degree to which this
power is available.

Federal Corporation

Employees of such corpora-
tions are considered to be
similar to Federal departmental
employees and labor relations
proceed on that basis.

(Same as Federal-private
Corporation.

(Same as interstate compact.)
Available if deemed in the

public interest; just compensation
is required.
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Organizational Characteristics

Ease of implementation, and
formation, (political and
legal difficulties).

Time required for form-
ation and/or implementa-
tion.

Financing and capital raising
considerations, (also avail-
ability of subsidies and
incentives).

Degree of Federal Govern-
ment participation in deci-
sion and policy-making
activities.

Federal Agency

Probably difficult if
significant additional
legislation is required.

One year minimum.

Federal appropriations;
Trust funds; operating
revenues. Note that no
matter what the source,
Congress determines the
budget of this entity.

Total.
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Organizational Characteristics

Federal Agency

Degree of State government
participation in decision and
policy-making activities.

Subjection of activities
to existing Federal regula-
tions.

Subjection of activities
to existing state regula-
tion.

General tax liability.

Extent to which entity
could be expected to
engage in research and
planning activities.

Probably only advisory
at most.

Probably only advisory
at most.

Subject to local regulation
in areas where no conflict
exists with Federal power
and purposes. If conflict
state regulations would

be preempted.

None. Note: Payments by
Federal agencies to local
entities in lieu of taxes
is not unknown.

Broad authority limited only
by specific legislation and
availability of appropriations.
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Organizational Characteristics

10. Labor considerations.

11l. Tort and contractual
liabilities.

12. Ability to accept Federal
or state financial aid.

13. Eminent domain.

Federal Agency

Federal employment regulations
are applicable.

Sovereign immunity available.
However, some relief may be
provided by special legislation
affecting tort and contractual
claims against the U. S. Govern-
ment.

While outside aid is rarely forth-
coming, there are no impediments
to acceptance.

(Same as Federal Corporation.)



TECHNICAL APPERDIX 2

POPULATION GROWTH PATTERNS AND
THE CORRIDOR TRANSPORTATION SYSTEM

POPULATION AND EMPLOYMENT TRENDS IN THE NORTHEAST CORRIDOR

Over 45 million people now Tive within the Northeast Corridor--
more than one-fifth of the Nation's population on Tess than two per-
cent of the Nation's land. By 1980, nine million persons will have
been added to this total.* Table T2-1 summarizes changes in population
anticipated for the period 1960 through 1980 for the Corridor by
northern, central and southern subregions.

The most significant feature--for transportation development--
of Corridor population growth as shown inTable T2-1 is the large
difference between increases in urban and rural areas. Overall
it is estimated that the Standard Metropolitan Statistical Areas
(SMSA's) in the Corridor will attract almost four times as many
people within their borders during the decade from 1960 to 1970 as
will non-SMSA portions of the Corridor. Current projections beyond
1970 are based on the assumption that this trend will continue; over
the next decade more than seven million new residents will be added
to the metropolitan areas of the Corridor in contrast to fewer
than two million in rural areas.

Also important for transportation requirements is that within
metropolitan areas in the Corridor there have been sharp differences
between growth of population in the suburbs as contrasted to growth
in the center cities. In the five SMSA's listed inTable T2-2, subur-
ban population increased by 44.6 percent between 1950 and 1960 while
in core counties it decreased 5.9 percent. Employment showed much the
same pattern of change; suburban counties had 41.6 percent more jobs
in 1960 than in 1950, while the core counties dropped 5.3 percent over
the same period.

*These figures are extrapolations, based on U.S. Bureau of the Census
estimates of growth rates 1960-1966 for the 165 counties and independent
cities included in the Northeast Corridor Project region (see TableT2-2).
The geographic 1imit of the NECTP region was determined on the basis of
population density, economic interdependence and topography.




PORTLAND

ALBA
BOSTON

HARRI SBUR

Figure T2-1. The Northeast Corridor Transportation Project Region



TABLE T2-1. CHANGES TO SMSA AND NON-SMSA POPULATIONS FOR THREE SUB-
REGIONS IN THE NORTHEAST CORRIDOR (1960 COUNTS: 1970 & 1980 ESTIMATES)

Ponulation,Thousand
Increase Increase
Region** 1960 1970 1960-70 1980* 1970-80
Northern
21 SMSA's *** | 7 324 8,319 995 9,363 1,044
Non-SMSA 1,667 1,958 291 2,391 433
Central
14 SMSA's 22,424 | 24,290 | 2,866 28,053 3,763
Non-SMSA 1,956 2,689 733 3,583 894
Southern |
6 SMSA's 5,554 7,139 | 1,585 9,750 2,611
Non-SMSA 879 1,054 175 1,565 511
Total ’
41 SMSA's 34,302 | 39,748 | 5,446 47,166 7,418
Non—SMSAA 4,502 5,701 1,199 7,539 1,838
GRAND TOTALS 38,804 | 45,449 | 5,745 54,705 9,256

*Estimate based on extrapolations of observed growth rates 1960-1966,
U.S. Bureau of the Census "Population Estimates and Projections,"
Current Population Reports, Series P-25 No. 432, October 3, 1969.

**Northern region consists of Massachusetts, Rhode Island, Connecticut
and portions of New Hampshire. Central region consists of New Jersey
and portions of New York and Pennsylvania. Southern region consists
of Delaware, the District of Columbia and portions of Maryland and
Virginia.

***Areal extent of 1960, 1970 and 1980 SMSAs throughout the Corridor
are assumed to be those existing in January 1968 as established by
the Bureau of the Budget.

Sources: 1960 population figures, U.S. Bureau of the Census, City and
County Data Book, 1968; U.S. Bureau of the Budget, Standard
Metropolitan Statistical Areas, Executive Office of the
President, 1967. Updated by errata sheet January 15, 1968.
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Table T2-2 PERCENT CHANGES IN POPULATION AND EMPLOYMENT WITHIN FIVE
NORTHEAST CORRIDOR SMSA'S, 1950-66

|- Percent Change
Percent Change in Population in Employment
SMSA 1950-1960 1960-1966 1950-1960
Core” Suburban Core™ | Suburban | Core™ | Suburban
Boston -11.8 Le3 -9.8 5.7 -6.6 17.6
New York
Richmond | -===- 15.6 ———— 22.5 ——— 11.0
BI‘OOkl'yn -'Ll’ol —— 2.5 - wn m. —3.7 - e
Manhattan | -13.4 —— -9.3 — -8.9 ——
Bronx -1.8 N 8.3 ———— 0.5 ———
Queens | ===-= Lo,2 - 8.4 o 21.4
Other  |[--=-- 75.0 _— 18.0 = 66.7
Philadelphia| =3.3 46,3 1.9 14.0 ~5.0 L0o,.1
Baltimore -1.2 123.5 1.6 20.2 7.0 105.1
Washington -'Ll’o? 96.5 5.1‘,’ 39.0 -7.6 8105
Total -5.9 Wi, 6 0.2 16.3 =53 hi.6

*Core area of each SMSA was taken to be as follows:
Boston, Suffolk County; New York, as listed in table; Philadelphia,
Philadelphia County; Baltimore, Independent city of Baltimore;
Washington, District of Columbia.

Sources: 1950 and 1960 populations and employment--County and City
Data Book, 1953 and 1968; Standard Metropolitan Statistical
Rreas, Executive Office of the President/Bureau of the
Budget, 1967; and 1966 population estimates-- "Population
Estimates and Projections," Current Population Reports,
Series P-25 No. 432, October 3, 1969.




The disparity between core and suburban growth rates for these
five SMSA's has continued into the 1960's; between 1960 and 1966
suburban population increased 16.3 percent while the core counties
had a 0.2 percent rise. In the Washington, D. C., SMSA between 1960
and 1966 over 450 thousand persons were added to the suburban counties
in contrast to fewer than 42 thousand persons added to the central
city. As a consequence, in the Washington SMSA, where population in
1960 was evenly divided between core and suburbs, by 1966 the suburban
population had become 50 percent larger than the core.

The trends noted above in the growth of population and employment
are of great significance for future transportation requirements
in the Corridor in that:

1. They will result in sharply increasing levels of demand
for transportation between metropolitan areas. Inasmuch
as the major cities of the region, located as they are in
linear fashion, imparts a strong axis to the Corridor
transportation system - the concentration of traffic flows
will tend to be accentuated.

2. The dispersion of population and employment to the suburbs
will push actual points of origin and destination of inter-
city trips away from centrally located common carrier
terminals.

3. The relative and, in some instances, absolute decline of
population in rural areas will continue to undercut the
economic viability of common carrier transportation
services in these areas, with the result that sections
such as western New England and the Delmarva Peninsula
will tend to become increasingly isolated from the rest
of the region.

TRENDS OF TRAVEL DEMAND IN.THE NORTHEAST CORRIDOR

Demand for transportation in the Northeast Corridor increased
at an average rate of about four percent per year from 1960 to 1968,*
more than twice the rate of estimated population growth for the same
period. The rise in patronage, however, has not been uniform among
the several transportation modes, as shown in Table T2-3 Air travel
increased the fastest, averaging 13 percent annually and ranging as
high as 20 percent per year between some city pairs. In sharp con-
trast, rail travel decreased over the 1960-68 period, with the
largest losses occurring for trips of 150 miles and longer. Auto
travel (which accounts for most of the travel in the region and,
therefore, dominates most statistical summaries of such travel) grew
at a rate very close to the average for all trips. The total number
of intercity bus trips increased slightly between 1960 and 1968, but
the share of trips by bus in the total Corridor intercity travel
market decreased over the period.

*1968 Northeast Corridor Travel Survey
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TABLE T2-3. CHANGES IN INTERCITY TRAVEL BY MODE, 1960-68 FOR 19
MAJOR CITY PAIRS IN THE NORTHEAST CORRIDOR

Passenger-miles by mode, Percent by mode
millions

Year :

Auto | Rail| Air | Bus Auto |Rail | Air | Bus
1960 2,994 | 999 492 | 411 61.2 [ 20.4| 10.0| 8.4
1968 4,226 | 767 1,391 | 432 62.0 {11.3| 20.4| 6.3
Change,
1960-68 | 1,232 | -232| 899 21 0.8 [-9.1] 10.4]-2.1

Source: Compiled from preliminary tabulations of the 1968 Northeast
Corridor Travel Survey and other sources.
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The growth of transportation demand in the Northeast Corridor
over the past 10 years, and the distribution of the growth by modes
and geographic areas are the results of the interplay of many social
and economic factors. In addition to population growth, the most
important of these factors have been (1) rising per capita income,
and (2) improvements to the transportation system which have been
made since the early 1950's.

Increasing Income

The demand for transportation, as is the case for most goods
and services, tends to rise with increasing income. Between 1960 and
1967 (in 1967 dollars) median family income in northeastern United
States increased from $6,859 to $8,492. Perhaps even more signifi-
cant, the proportion of families with annual income under $5,000--
those families Teast likely to make frequent intercity trips--dropped
from 38.6 percent in 1960 to 20.3 percent in 1967; families in the
$10,000 and over bracket--those families most likely to make frequent
trips--increased from 23.4 percent in 1960 to 38.0 percent in 1967.*

Along with a rising demand for travel have come changes in the
characteristics of the services sought. Not only is more transporta-
tion being demanded but better transportation as well. "Better trans-
portation" most often can be translated into "faster transportation,"
but comfort and the convenience offered by frequent schedules are
also increasingly in demand. Although a higher quality of service
generally carries with it a higher price, a more affluent public in
general, and business travelers in particular, tend to be willing to
pay more for better service.**

Impact of Transportation Improvements

Also, we must recognize the effect which improvements in trans-
portation themselves have upon trip-making. Transportation improve-
ments tend to induce more travel. Although it is not always possible
to distinguish clearly between traffic which is wholly new to the
system and that which has been diverted from other modes, the persis-
tent increases in both auto and air travel in the Corridor over the
past ten years suggest very strongly the power of improved transporta-
tion facilities over a period of time to encourage new demand.

*Analyses of travel, population and income data for the Northeast
Corridor suggest that the number of families in the $10,000-and-over
income bracket in a given travel market provides a better basis for
forecasting demand than the population as a whole.

**Such data as are available on intercity travel in the Corridor

reveal that for all travelers the elasticity of demand with respect

to time is about twice that with respect to price; for business
travelers time elasticity is several times higher than price elasticity.
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TRANSPORTATION FACILITIES AND USAGE IN THE NORTHEAST CORRIDOR

Patterns of Usage

The Northeast Corridor is an old region in the United States
and so, too, in many respects is its transportation system. The
streets of its largest cities were laid out in Colonial times and,
with the exception of the Interstate network, many of its major
highways follow post roads and stage coach routes. Most of the
Corridor's mainline railroads were laid out before 1875. The railroads
still focus on the cities' early commercial centers, and between cities
often follow the twisting routes which were dictated by terrain and
the construction methods of the 19th Century. Even the region's
airports, the product of a more modern age and technology, are now
in many instances restricted by suburban development which has grown
up around them.

The status of common carrier modes in the Corridor is particularly
significant in view of the intensive use of these facilities relative
to common carrier usage in the United States as a whole. As can be
seen from the data in Table T2-4, the common carrier modes--air, rail,
and bus--serve twice as large a percentage of intercity travel in
the Corridor as is the case for the Nation. The non-highway modes--
air and rail--carry nearly 24 percent of intercity trips in the
Corridor in contrast to the nationwide average of ten percent.

Within the Northeast Corridor, the distribution of trips among
the four modes is principally a function of trip length and the rela-
tive quality of service (time, fare, and departure frequency) offered.
Total trips and the distribution of trips by mode between the four
largest travel markets in the Corridor is shown in Table T2-5.
Automobile transportation clearly dominates, particularly between
the two large cities closest to each other--New York and Philadelphia--
where this mode accounts for roughly three-quarters of the trips.

Air transportation now carries the major share of common carrier
trips between the cities in Table T2-5 and vies effectively with auto
for a share of all intercity travel in these markets, with the notable
exception of the New York-Philadelphia pair. Bus transportation has
accounted for a relatively small but fairly constant share of the
travel between the cities shown. Rail, which in 1960 carried roughly
20 percent of all passenger trips between the four cities Tisted in
Table T2-5, has lost patronage in both a relative and an absolute sense.
The one exception is for trips between New York and Philadelphia, where
rail still accounts for almost 75 percent of common carrier trips.

The flow of traffic on the principal intercity links between
Boston and Washington is shown for each mode in Figure T2-2. The heavy
volume of traffic in the center 1links reflects the overlap of origin-
to-destination trips between major cities along the Corridor spine,
and also the heavy dominance of New York City as a trip generating and
terminating point.
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TABLE T2-4. COMPARISON OF INTERCITY TRAVEL BY MODE, FOR NORTHEAST

CORRIDOR AND UNITED STATES, 1968

Percent of total intercity passenger miles

Mode Northeast Corridor United States

Auto 67.6 87.7

Air 11.3 8.8

Bus 8.4 2.3

Rail 12.6 1.2
Source: Data compiled from preliminary tabulations, 1968 Northeast

Corridor Travel Survey, and other sources.
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TABLE T2-5. TRAVEL TRENDS BETWEEN FOUR MAJOR CITY PAIRS IN THE
NORTHEAST CORRIDOR, 1960-68

Travel between city pairs
City pair Total trips, Modal split, percent
and year thousands Fato | Air | Bus | Rail
Boston - New York
1960 3,425 L8 25 8 19
1965 4,400 Ly 4o 7 9
1968 54700 L1 L7 7 5
Boston -~ Washington
1960 530° 57 31 2 10
1965 785 48 L6 1 5
1968 990 43 53 1 3
New York - Phila.
1960 11,000 71 1 8 20
1965 12,500 75 1 7 17
1968 14,360 7 1 6 19
New York - Washington
1960 3,780 43 18 12 22
1965 4,735 L6 29 11 14
1968 5,200 L5 36 10 9

Source: Compiled from Federal, State, Regional and Toll Transpor-
tation Agencies and 1968 Northeast Corridor Travel Survey
by Peat, Marwick, Mitchell and Company.
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Mode Characteristics

Air

The persistent increase in travel by air between the region's
major cities has not been matched by a comparable increase in the
capacity of airway and air terminal facilities. As a consequence,
airspace in the vicinity of the Corridor's major airports is becoming
increasingly congested. The Federal Aviation Administration esti-
mates that total hours of air traffic delay at Kennedy, La Guardia and
Newark airports will increase 100,000 hours in 1970 over the 33,000
hours reported for 1966, and will become much greater by 1975 unless
the number of daily operations at these three airports is strictly
controlled.

Currently, prospects for solving the problem of air traffic
congestion include the introduction of jumbo jets capable of moving
more people in fewer flights, the construction of new jet-ports, and
the separation of general aviation from commercial aviation. The
introduction of jumbo jets, while relieving air congestion for a-
while would aggravate the serious problems of terminal congestion,
inadequate parking and poor access which now characterize the major
airports in the Corridor. New Jet-ports require about 10,000 acres
of land, which frequently must be taken from other productive uses.
This use often creates in the vicinity of the airport severe problems
of access, noise and air pollution.

The amount of congestion evidenced throughout air facilities in
the Corridor is to a significant extent a function of the proportion
of trips and flights flowing through the terminal grounds which have
one or both ends outside of the region. The impact of extra-regional
travel is more pronounced for air than for any other mode of passenger
transportation in the Northeast Corridor. Extra-Corridor traffic
accounts for over two-thirds of all air passenger trips at the region's
major air hubs, ranging from 81 percent at Philadelphia to 47 percent
at Boston. The data presented in TableT2-6 suggest that provision of
additional air terminal capacity in the Corridor should take into account
the projected needs of extra-regional traffic originating or terminating
at Corridor airports. These data also suggest that if some portion of
the intra-Corridor air traffic were to be diverted to other modes,
congestion in Corridor air terminals might be substantially reduced.

Highway

Since 1950, intercity highway travel in the Northeast Corridor
has been greatly facilitated by the construction of key river crossings
and freeway links. The impact which these improvements have had on
driving times between Washington and New York City and Between New
York City and Boston is shown in TableT2-7. Driving time between
Washington and New York decreased by over three hours between 1950 and
1963. The major single reduction in driving time--about two hours--re-
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TABLE F2-6. TOTAL DOMESTIC AND INTRA-CORRIDOR AIR PASSENGERS FOR

SIX CITIES IN THE NORTHEAST CORRIDOR

Total
passengers Intra - corridor Intra - corridor

exchanged with Passengers percent

all U.S. cities
Boston 6,291,530 3,313,390 53
Washington, 7,326,390 2,765,370 38
Hartford 1,196,410 403,180 34
New York 20,820,910 54117,640 25
Baltimore 1,753,370 409,120 23
Philadelphia L,210,470 796,500 19
Totals 41,599,080 12,805,200 31
Source: Civil Aeronautics Board, "Domestic Origin-Destination

Survey of Airline Passenger Traffic, "Calendar Year 1967.
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TABLE T2-7. AUTO TRAVEL TIME TRENDS, WASHINGTON - NEW YORK - BOSTON

Year Improvement Trip time*
Downtown Washington - Mid-town New York
1950 (then current status) 7h 33m
1951 Delaware Memorial Bridge 7 03
1952 New Jersey Turnpike 5 14
1953 Baltimore-Washington Parkway 4 58
1957 Baltimore Harbor Tunnel 4 36
1963 Kennedy Expressway 4 16
Mid-town New York - Downtown Boston
1950 (then current status) 6h 02m
1957 Massachusetts Turnpike 5 18
1958 Connecticut Turnpike 4 56
1965 Massachusetts Turnpike Extension 4 50
1966 I-95, Through Providence 4 40
1966 I-91, New Haven to Hartford 4 28

*Average off-peak, includes stops: 30 minutes in earlier years
for meal and fuel; 10 minutes in Tater years for fuel.

Source: Estimates prepared for NECTP by Peat, Marwick, Mitchell & Co.
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sulted from the opening of the New Jersey Turnpike in 1952. Sub-
sequent improvements have had a Tess dramatic impact. The average
driving time between Washington and New York has remained essentially
unchanged since 1963.

A similar situation applies to the effect of improvements made
north of New York City. The opening of the Massachusetts Turnpike
in 1957 reduced driving time between Boston and New York by almost
a full hour. Improvements since then have resulted in additional
savings totalling approximately 45 minutes.

As has been the case with air transportation, intercity highway
travel in the Corridor has been adversely affected by deficiencies
at critical points. Congestion at the interface between urban and
intercity highways and within urban areas contrasts sharply with the
smooth, high speed flow of auto and bus travel over most of the inter-
state and other limited access rural highways.

Eventual completion of the urban portions of the interstate
system will alleviate many of the bottle-necks which now exist.*
However, since Tocal metropolitan area traffic constitutes well over
90 percent of all highway trips in the Corridor, congestion from this
source will continue to impede intercity highway travel, particularly
during peak periods. The degree to which intraurban traffic over-
laps intercity flows is clearly evident in Figure T2-3.

New highway facilities would have to be accommodated into what is
already the most intensively developed region in the country--14 per-
cent of the nation's total road mileage is concentrated within the
Corridor. The freeway network in the Corridor now occupies roughly
300 square miles--an area equivalent to one-quarter of the State of
Rhode Island; the entire road and street network covers about 6,300
square miles--an area equal to all of Connecticut, Rhode Island, and
the District of Columbia. The significance of such demands for space
should be considered within the context of land values in the North-
east Corridor, which average approximately $4,000 per acre in rural
areas of one person per acre to $1/2 million per acre for urban land
at a density of 100 persons per acre.

*The extent of improvements to the principal highway system in the
Corridor which are planned between now and 1980 is shown in Figure T2-4.
The bulk of these improvements are planned for the less intensively
developed portion of the region and will, therefore, have a relatively
minimal impact on travel within the Targe urban areas along the Corridor
Spine.
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Figure T2-4-B. Principal highway improvements planned through 1980 in the
Northeast Corridor -- Central sub-region
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Figure T2-4-C. Principal highway improvements planned through 1980 in the
: Northeast Corridor -- Northern Sub-region
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Rail

In contrast to the steady increase in travel on the air and
highway modes, rail passenger travel in the Corridor has declined
sharply since the early 1950's. Between 1955 and 1968 the number
of non-commuter passengers carried by railroads serving the North-
east Corridor dropped by 47 percent. Longer trips fell off more
rapidly than shorter trips, with the result that the number of
passenger-miles carried dropped by almost 70 percent and gross
revenues (in constant dollars) were reduced by approximately 60
percent.*

The decline in rail patronage has been matched by a steady
decline in the number of communities served by rail and in the
lTevel of service provided. Since 1955, rajl passenger service has
been discontinued on 2,380 miles, or 40 percent of the roadbed
miles then in use in the Corridor. Discontinuances have been most
widespread in New England, although other parts of the region have
lTost service as well. See Figure T2-5.

As a consequence of the steady shrinkage of service and patronage
which has been taking place over the last 20 years, there now exists
considerable excess capacity in almost every section of the Corridor
rail system. Significantly greater numbers of passengers could be
transported by rail without expansion of the fixed plant. The
problem, however, lies not with the capacity of the Corridor rail
system to carry passengers, but in the ability of this mode to
attract patronage in the face of strong competition from air and
highways.

There is some evidence that rail patronage can be increased
through improved service. The number of passengers carried by the
Penn Central Railroad between Washington and New York during the
first two quarters of 1969 was eight percent higher than during the
same period in 1968, with much of the addition carried by the Metro-
Tiners. Thus, as the popularity of this new equipment suggests, it
may be possible through even modest expenditures and a modicum of
technological advance to make more efficient use of selected portions
of the existing Corridor rail system.

*These figures include some data for trips outside of the Corridor
on the Penn Central and Baltimore and Ohio railroads.
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The Problem of Access

Underlying many of the difficulties faced by travelers in the
Northeast Corridor is the problem of access to intercity tyrans-
portation facilities. This problem is most apparent in the case
of intercity trips by bus, air and rail, but even the auto traveler
must pass through the urban traffic gauntlet on his way to the open
road.

Many passenger terminals are now poorly Tocated with respect
to the markets they serve. Shifting patterns of residential and
business development have not been accompanied by corresponding
shifts in terminal locations and design. Although downtown rail
and bus terminals are often convenient to public transit routes
and to central business districts, they have little or no parking
nearby and are often not accessible to expressways .

Airports, by way of contrast, are removed from central urban
areas and are almost totally dependent on public highways for access.
Air travel is predominantly by businessmen, many of whom are destined
for downtown. Inadequate rapid transit imposes heavy reliance on
automobiles, buses and taxis, whose ability to move depends on hour-
by-hour ehanges‘in‘the'density of traffic flows.

As we shall see in subsequent parts of this report, slow acess/
egress has for many passénger trips nullified substantial reductions
in Tine-haul time.
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TECHNICAL APPENDIX 3

METHODOLOGY

INTRODUCTION

The basic tool used by the Northeast Corridor Project to
analyze transportation system alternatives is an interlocking set
of analytical and simulation models which represents the trans-
portation sector of the Northeast Corridor and its interaction
with the economy of the region. The structure of the model system
is designed to meet the commitment of the project to "general"
rather than "partial" analyses. In the context of the NECTP, the
term "general analysis" is intended to include:

1.

Analyses of systems involving general transportation
modes in which changes in the supply characteristics
of one mode are reflected in the demand for and, 1in
turn, the supply characteristics of competing modes.

Consideration of direct transportation system benefits
and costs and also of the potential interaction of
changes in transportation systems with regional economic
development.

Provision for comparison of a broad range of alter-
native transportation systems incorporating new as
well as existing technology.

In order to carry out such analyses, the NECTP has had to develop
models and procedures which would permit the accomplishment of the
following tasks:

1.

Forecast socio-economic variables--forecasts of population

and economic activity for each sub-area in the Corridor, including
the impacts which transportation system changes would have on these
characteristics.

Forecast transportation demands--forecasts of the

numbers of travelers by mode, between each area of
origin and destination as a function of (a) population
distribution and the economic status of potential
travelers, and (b) the service characteristics of

the several modes which together constitute an alter-
native transportation system.

Generate alternative transportation systems--specifi-

cation of the transportation service characteristics



of new modes and representation of the service
characteristics of existing modes; selection of a
set of alternative modal mixes responding to these
specifications; representation of the network
corresponding to each modal mix in a form suitable
for analysis by means of computer simulation; and
development of cost estimating relationships for
each mode on its relevant network.

4. Balance transportation supply and demand--calcula-
tion of the level of transportation services and
fares, by mode, which would balance supply and
demand for a given modal mix.

A very simplified representation of the way in which these four
activities interact is shown in FigureT3-1. The model system postu-
lated in FigureT3-1 can be operated in 5-year steps to trace over
time the consequences of a given transportation change or series of
changes. The model system can also be used to analyze a transpor-
tation alternative or set of alternatives over a single year or
other given perjod of time. The information produced by the first
of these two types of analyses may be likened to a series of dis-
crete images in a strip of motion picture film; the second type of
analysis provides an image from a single frame of that film.

The exercise of the model system described in the remainder of
this chapter was limited for the most part to one "frame," the year
1975, in the 1ife cycles of the nine prospective transportation
system alternatives. Thus, each alternative system was described
in terms of its costs and benefits as they might occur in that year.
The evaluation did not attempt to trace over time the stream of
transportation system costs and benefits that might accrue from adoption
of one or another alternative.

The way in which the model system was used in evaluating the
nine alternatives is more fully described in FigureT3-2. Along the
top row of the figure are shown the various inputs which feed the
supply-demand simulation. These inputs include population and in-
come projections for the sub-areas of the region (counties and aggre-
gations of counties) and the cost and service characteristics of the
particular mix of new and existing modes which comprise a given trans-
portation alternative. The costs and times required to move between
local origins and destinations and terminals on the intercity network
are also considered in the analysis.

The supply-demand interaction simulation balances the supply of
transportation services provided by a mix of modes and the demands
for these services. The level of transportation demand between two
areas is assumed to be a function of both the socio-economic
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Figure T3-1. Simplified Representation of NECTP Analysis Framework

*The model system does not provide for continuous feedback.
The economic impact of changes in transportation services
are given effect in the model system every five years.
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characteristics of the two areas and the price and service character-
istics of the transportation connecting them. In the model system
the proportion of this demand which moves over a given mode depends
upon the quality and price of the service provided by that mode
relative to the quality and price of the services provided by compet-
ing modes. The cost to provide a given level of service (i.e.,
schedules, fares, and trip time) is a function of both the level of
demand to be met and the cost-service properties of the providing
mode.

Based on functional relationships among costs, services and
demand, an expenditure and output level for a single mode can be de-
termined at which supply and demand are in equilibrium. A straight-
forward solution can also be found for a single mode in competition
with one or more other modes, if the prices and levels of service
provided by the other modes are not allowed to change with varying
levels of demand. This was the procedure used in reaching equilibrium
with the single new modes introduced in alternatives II through VI.

In these alternatives, characteristics of the service to be provided
by the conventional modes were pre-specified¥ and the output level of
each new air or ground mode was established at the point where supply
and demand for that mode would be in balance. Where equilibrium
between new air and high-speed ground modes was sought (as in alterna-
tive VII, VIII and IX) a successive approximation technique was used,
holding fares, schedules, etc., of first one and then the other com-
peting mode fixed.

Referring again to Figure T3-2, the output of the supply-demand
interaction simulation is a matrix of travel volumes between city
pairs, by mode, for a “typical day." The simulation also produces
both detailed and summary data on patronage,costs and other system
output measures. These measures are used to compare the costs and
benefits of alternative systems. Based on transportation service
characteristics generated by the network simulation, the regional im-
pact models forecast the effects which transportation investment
would have upon regional growth patterns. Socio-economic forecasts
are produced for each county in the Corridor. These forecasts pro-
vide a basis for comparing the differential impacts resulting from
alternative transportation investments,

The modeling system described above in summary and in more detail
in the sections which follow, is a Timited, but useful tool for analyz-
ing and evaluating transportation system alternatives. It has many
shortcomings, but it also has one great advantage--it works now.

*This prespecification of characteristics assumed infinite elasticity
of supply by conventional modes.



The remainder of this chapter is devoted to a discussion of
the individual parts of the model system shown in Figure 13-2.
Emphasis is on providing an overview of each of the major activities;
supporting documentation can be found in the cited references.

SUPPLY-DEMAND INTERACTION SIMULATION

This description of the model system begins at the central
element of the model system--the supply-demand interaction simulation--
and works outward from there. The principal segments of this simu-
lation, with the demand model at the heart, are shown in Figure 13-3.

The Demand Model

Underlying much of the Corridor analysis is the assumption that
reasonably accurate forecasts can be made of the demands for trans-
portation which future transportation investments might generate.

In the NECTP model system, demand forecasts are made by means of a
demand model--a set of mathematical formulas which relate the numbers
of trips by mode between a zone of origin and a zone of destination,
to the population and income characteristics of the two, and to the
service characteristics and fares of each of the modes connecting the
two zones. In formulating the Corridor demand model, several criteria
were established; namely, that the model must be able to:

--forecast the demand both for new transportation services
and for those which are currently being provided.

--forecast the total transportation demand between areas
of origin and destination for at least ten years into
the future.

--allocate forecasted demand to modes on the basis of
modal characteristics.

Given these requirements, it was clear that demand forecasts could
not be based on simple extrapolations of observed trends. Rather,
a forecasting procedure was needed which would relate changes in demand
to variations in such factors as population, income, and level of trans-
portation services i.e., a predictive model was required. To be use-
ful as a forecasting tool, the model would have to be based on socio-
economic data which were both readily available and easily projectable, and
on attributes of transportation systems which could be derived from
. engineering and operational design estimates.

In developing this model, the Corridor Project has been forced
to rely heavily on transportation data collected over the past ten years
in a wide variety of independent surveys and projects. These data
have been carefully screened and adjusted to provide a representation
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of the volume of travel by each mode between major Corridor cities

for the same year. The data base has gaps which ex post cannmot be
filled--most notably because of the lack of fine grain origin-
destination data. Most intercity auto data are limited to screen-

line volumes, and the few available passenger counts on common

carriers provide terminal-to-terminal rather than door-to-door figures.*

As with all models, the NECTP demand model is an approximation
of reality. The real-life demand process involves a very large
number of complex and changing patterns of subjective relationships.
In contrast, the model employs very simple relationships shown
empirically to be most significant.

The present demand mode]f*in forecasting travel between zone
pairs, uses only zonal population and income as travel-generating and
attracting measures, and trip time, trip cost and trip convenience
(as measured by frequency of service) as attributes of the transpor-
tation service. The current form of the estimating equation for total

*Most of these data have been pieced together from many sources
including metropolitan area transportation studies, highway and
toll facility traffic counts, CAB quarterly survey records, the
Census of Transportation, and the rail demonstration projects of
the Office of High Speed Ground Transportation. Some of the
problems created by the lack of good data will be ameliorated when
the survey covering all intercity passenger modes in the Corridor,
recently initiated by OHSGT, is completed.

**The development of demand models by the Corridor project is con-
tinuing and is covered at length in supporting volumes to this
report. Rather than attempt here a full mathematical description
and justification of the particular formulation used, this
document presents only the principal characteristics of the model
and its development is given in Tab 3-1. For a more complete
discussion of the demand model used for analyses in this report
see Section IV, NECTP-213. For a further discussion of demand
models see also NECTP-230.



demand being used by the Corridor project is given by:

3 _
Tij =]3‘(P1°Pj)2‘(§l‘4jk)J

here
" Tij = Average number of daily intercity passenger trips
between area i and area J via all modes.
P; ,Pj = Total number of families with income greater than
$10,000 in areas i and Js respectively,
l”ijk = The Tevel of transportation service provided by

mode k between area i and area J.
]%)EE)Bg = CLoefficients estimated by statistical calibration.

The allocation of total demand to individual modes is given by:
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where Tijk = Average number of daily intercity passenger trips
between area i and area Jj via mode k.
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ijk = Perceived trip time, including local access and egress,
between area i and area J by mode k.

Cijk = Perceived trip cost, including local access and egress,
between area i and area J by mode k.

Fijk = Convenience measure based on daily departure frequency
for mode k.

C*?)‘*;)C>},Cf+= Coefficients estimated by statistical calibration.



A number of properties of the NECTP demand model are deserving
of special note:

Induced and Diverted Demand

Normally, the total volume of traffic between two points will
increase following the improvement of service between them. Assume,
for the sake of illustration, that this improvement of service 1is
offered by one of several modes connecting the two points. The in-
creased traffic on this mode will be composed in part by traffic
diverted from competing modes, in part by traffic diverted from other
origins and destinations, and in part by wholly new traffic. The
present Corridor demand model is capable of forecasting diversions
from one mode to another, but it is not designed to forecast changes
in origins and destinations which may result from transportation im-
provements.* Hence the model treats all traffic not diverted from
other modes as induced traffic. Based on the 1965 calibration data,
such induced demand makes up approximately 85 percent of the increase
in volume resulting from improvements in service.

Price Elasticity

Based on the data used to calibrate the demand model, the
elasticity of demand with respect to price is approximately -0.95.
Hence, a one percent increase in price would result in a 0.95 percent
decrease in the number of trips demanded. It should be understood,
however, that this price elasticity was derived from data covering
a narrow range of prices. Great caution should, therefore, be exer-
cised in assuming that this value for elasticity would necessarily
apply very much beyond the range of fares in effect today.

*This can be seen from the foregoing set of equations in which the
number of trips between area i and area J (Tij) is a function only of
the characteristics of areas i and j and of the transportation conduct-
ances between the two areas. Since Tjj is a function of the sum of

the transportation services provided by all modes (Zi“%Jk)’ the total

demand between area i and area j is increased by either improving one
or more of the existing modes or by adding a new mode to the original
mix. Also, since Ty /Tij is a function of 1ﬁ§u%jk’ tﬁe Erogortion
of total demand enjoyed by any one mode is reduced by improving the
other modes or by adding a new mode.
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Time Elasticity

The model as calibrated indicates that the elasticity of
demand with respect to trip time is approximately -2.0; i.e., a
one percent decrease in trip time would yield a two percent in-
crease in number of trips taken. (Note that the same caveats
about extending the figure for elasticity beyond a narrow range
apply here, too.) Since time elasticity is twice the fare elasti-
city, changes in travel time presumably have a much greater effect
on the volume of demand than do changes in fares.*

Schedule Frequency

The demand model is so calibrated that an increase in the
frequency of service results in an increase in the volume of demand.
However, the effect of added frequency diminishes as the number of
trips per day becomes large, falling from an elasticity of about
+0.3 for the first few scheduled trips per day to near zero at a
frequency of 30 departures per day. Thus, additional daily departures
above 30 will increase capacity, but will have only a negligible
effect on traffic.

Area Structure and Network Analysis

Area Structure

The basic geographic unit of analysis used in the NECTP model
system is the "district," equivalent to a county in most cases.
The 131 districts into which the Corridor was divided are shown in
Figure B-4. While counties are well suited as data-base units, it
was convenient to deal with a small number of units for many of the

*Analyses of data now being collected in the rail passenger
demonstrations tend to support the demand model calibrations
based on historical data in terms of the relative importance
which NEC travelers place on price and time. Tabs 3-2 and 3-3
present. a synopsis of this continuing utilization of the new
information generated in the NECTP.
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model runs. Thus the 131 districts were grouped as shown in

Figure T34 into 29 Targer units, termed "superdistricts."* These

29 superdistricts were used for the bulk of the transportation

network analyses. A third areal unit, the "market area," was

used in the analysis of the ground modes and for reporting of results.
The market area represents approximately the combination of
superdistricts from which traffic through a particular terminal

is expected to be drawn. For the presentation of results, market
areas were aggregated about the rail terminals as shown in Figure 13-5.

Network Analysis

The set of routes associated with each of the nine transpor-
tation alternatives are represented in the NECTP model system by
geometric abstractions termed "networks." Each Tink in a network
is characterized by the time required to traverse that link, by the
fare or cost and, in the case of common carrier links, by schedule
frequency. Additional travel time is assigned, where appropriate,
to represent the delays occasioned by transfers between intercity
and urban portions of a network or between different common carrier
schedules. —

The parts of trips from local origin to intercity terminal and
from terminal to Tocal destination account for significant propor-
tions of the cost and. particularly, the time spent in intercity
travel within the Corridor. Access-egress times and costs must,
therefore, be added to the Tline-haul portions of each trip in order
to obtain an accurate representation of door-to-door travel. The
access and egress portions of intercity trips are determined for
the relevant terminals in each superdistrict on the basis of the dis-
tribution of local origins and destinations of trips within the
superdistrict. By weighting according to population access and egress
times and costs for small sub-areas within the zone tributary to an
intercity terminal, single values of access-egress times qnd costs
are computed for each superdistrict, by mode, in the Corridor.

i

*The choice of zone size represents a compromise between the
locational precision of a large number of small zones and computa-
tional ease of dealing with a small number of large zones. Practical
Timiting factors on zone size are the lack of fine grain NECTP origin/
destination demand data and the comparative rarity of intercity trips
reflected in the data gathered in home interview surveys. The small
zone size usually associated with urban transportation studies yields
a significant number of daily urban trips but very few daily inter-
urban trips. To avoid computational difficulties in dealing statistic-
ally with these small trip numbers, the NECTP models operate with
larger zones and use a weighted average time and cost for the access

- or egress trip segments from origins in the zone to the terminal used
for that zone.
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Access-egress times and costs include getting to and from
the terminal, and, terminal time and parking cost appropriate to
the mode. The 1atter cost is based on private auto at one end
and rental car or taxi (whichever is cheaper) at the other. The
central business district population is given extra weight to
allow for its greater trip-making propensity. Access-egress time
and cost values are calculated separately for each mode and
terminal location.

Terminal sites have, in all cases, been selected with regard
for both access-egress characteristics and compatibility with
neighboring land uses. For example, VTOL and STOL terminal sites
were screened for good (preferably over water) approaches and
for distance from noise-sensitive residential areas.

The Air Modes Supply Model™®

The air modes supply model operates within the supply-demand
equilibrium simulation to balance supply and demand for each of
the new modes. The equipment type and operating characteristics
of STOL and VTOL are pre-specified for each of the transportation
system alternatives in which they are used. Routes, schedules,
fleet size and fares, however, are permitted to vary with volume
and distribution of traffic.

The air modes supply model incorporates a cost-estimating sub-
model which, when linked to the NECTP supply-demand simulation
model, simulates all three supply adjustments by means of a route-
setting program, a scheduling and fleet size estimation program,
and a fare-setting program. The new air modes are assumed to
accept all business so long as total costs, 1nc1ud1ng return on
capital investment, are covered by total revenues. *** The route-
setting procedure beg1ns with all possible trip pairs served by
direct, non-stop links, and in the simulation process re-routes
trips on links showing insufficient patronage. The criterion for
the indirect re-routing path is minimization of additional trip
time for passengers. The scheduling program sets up connections
to provide easy passage through the network rather than to minimize
fleet requirements.

*Reference NECTP-215.
**This is not strictly in accord with the economic theory of the

firm. It does, however, to some extent represent the situation
in regulated industries.
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The sequence ur steps by which equilibrium is reached in the
air mode supply model is shown in FigureT3-6. A set of schedules
and fares is first established based on the maximum estimate of
demand for air service between the 29 Corridor superdistricts. A
more realistic estimate of demands for air service is next computed
between all 0-D pairs, based on this initial set of schedules and
fares, and taking into account the effect on air demand of services
provided by competing modes. The frequency of service on each link
in the air network is then determined by reference to this new
estimate of 0-D demands, and to vehicle capacity and desired load
factors. Demands which are too small to justify direct service
are re-routed over more heavily traveled links. Schedules are then
constructed and the required fleet size is estimated on the basis
of peak loadings during the day.

System costs are calculated on the basis of required fixed
investments, fleet size and operating schedules. Fares are set
for each 0-D service consistent with cost and a pre-specified
return on investment; the product of these fares and the initial
estimate of demand produces the "Expected Revenue" shown in Figure
13-6. The demand model is then re-entered with the adjusted times,
fares and service frequencies. Since these service parameters
will tend to differ from the service levels on which the previous
estimates of demand were based, the revised demand forecast will
also tend to differ from the previous estimates. The resulting
demands, when multiplied by the adjusted fares, yield the "realized
revenues." Since the previous estimate of demand will tend to be
high, the realized revenues will tend to be lower than the expected
revenues, and one or more additional cycles will be necessary to
balance the system. The economic system represented by the trans-
portation supply and demand models is stable and deterministic, and
the iterations converge rapidly to an equilibrium point. FigureT3-7
illustrates the results of a series of converging iterations for
a STOL mode case.

The air modes supply model is not inherently limited to air
modes but is also applicable to other modes with dispersed-route
networks. With an appropriate cost model, the bus mode could be
treated in the same way as STOL and VIOL. As presently implemented,
the air mode supply model will handle two modes, STOL and VTOL,
simultaneously. More modes could be handled by expanding the
iterative process.
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The High-Speed Ground Modes Supply Model*®

The principal difference between the "air" and the "ground"
models results from the geometry of the networks assumed for each.
The ground model is designed for a spinal network with pre-specified
station stops and, therefore, requires no route-setting section.
Scheduling for ground modes does, however, involve a trade-off
between number of trains (frequency) and number of cars on each train.
The basic ground mode supply model includes both cost and fare-setting
sections, and can have as its objective either the maximization of
patronage or net revenues, or the minimization of costs. The ground
model is implemented for a smaller network than the air model--nine
terminals for high-speed rail and TACV in contrast to 29 possible
terminal areas for VTOL--and uses more rigorous optimization tech-
niques. The end result, with either the ground or air mode supply
model, however, is the same--a supply-demand equilibrium between the
transportation mode and the users of the mode.

The high-speed ground modes analyzed in the various alternatives
require a very large fixed investment and, consequently, a high
yearly return on investment for break-even operation. If demand is
insufficient, the model net revenue maximization logic tends to
drive the service in the direction of very high fares in an attempt
to take advantage of the price inelasticity of demand. The model
might in this way eventually reach equilibrium, but at a fare com-
pletely beyond the range for which the demand model was calibrated.
To avoid this situation fares were set externally for the ground
modes supply model, thus allowing a deficit between costs and revenues
to occur, The fare-setting option was not used, leaving only train
size and frequency as variables for optimization.

The Existing Modes™*

The supply and cost characteristics and the services offered by
the existing modes--auto, bus and conventional air--were held
constant within each alternative. Bus schedules, routes, speeds,
and fares were projected on the basis of trends over the past ten
years and on expected highway improvements. Conventional airline
(CTOL) speed and costs were projected assuming introduction of new
aircraft equipment now on order. Routes for CTOL were arbitrarily
set to be complementary to the STOL service postulated in each alter-
native.

*Reference NECTP-216

**Reference NECTP-211
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Bus and CTOL could, in principle, be represented by an
equilibrium-seeking supply-demand model, as was done in the case
of the STOL, VTIOL and high-speed ground modes. Because both bus
and CTOL have extensive operations and services outside the Corridor,
their costs do not reflect only Corridor operations. Hence, a supply
model for these modes did not seem useful for this exercise.

Supply-Demand Equilibrium

The operation of the supply-demand simulation alternates be-
tween the ground and air supply models until a sufficiently small
change in demand over a cycle indicates that a practical equilibrium
has been reached.® The output from the supply-demand simulation is
thus a complete set of services and travel volumes for all the modes
at equilibrium,

*Any iterative process requires an external decision rule to recognize
when the imbalance has become sufficiently small to be insignificant.
A11 the NECTP alternatives tested have converged smoothly and have
not required sophisticated equilibrium tests. A residual low Tevel
of imbalance always exists, since the schedules must deal with integer
numbers of whole trains or aircraft.
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RELATED INPUTS AND QUTPUTS

Population and Income Projections

In the first generation model system, population and income pro-
jections were made exogenously, based on extrapolations of observed
trends. 1960 population, 1966 population estimates, and compounded
annual growth rates for the intervening period were available from
the Census Bureau for each county in the Northeast Corridor.* The
1960 and 1966 estimates of county populations were aggregated into
superdistrict populations, and a compound annual superdistrict growth
rate was computed. This rate was applied to the 1966 superdistrict
value to obtain a 1975 estimate. County and SMSA income data were
taken from the 1960 censuses,** and from the Office of Business
Economics (OBE) estimates for 1959 and 1966.*** The 1966 census income
estimates were obtained by using the ratios of 1959 to 1966 OBE
estimates of income, and applying them to the 1960 census values.

The 1966 estimates were extended to 1975 by using the annual growth
rate from the OBE sources for the period 1929 to 1966. ‘

These population and income projections, along with measures of
transportation service, form the basis for forecasting travel demand
within the Corridor. The demand model, as presently formulated, uses
a single socio-economic measure--the number of families in each super-
district with incomes over $10,000--to capture the effect of population-
and income changes. Although forecasts based on available data are
made for travel by the total Corridor population, the $10,000 and over
measure appears to provide a more stable relationship to total travel
for the 1975 to 1980 time period than either total population or median
income, alone or together.

Regional Impact Model

The socio-economic effects of changes in the passenger transporta-
tion system serving the Northeast Corridor are measured through the use
of an impact model, called INTRA-1.**** The specific objective of this
model is to predict, by five-year increments, changes in the geographic
distribution of employment and population among the various districts
within the Corridor. The predicted changes are attributable, in part,
to changing transportation impedances associated with changes in
the transportation system itself. The mathematical structure of

*U.S. Bureau of the Census, Current Population Reports, "Population
Estimates," Series P-25, Nos. 401-404, 409.

**U.S. Bureau of the Census, County and City Data Book, 1967.
* %%k

Survey of Current Business, "Metropolitan Area Incomes 1929-1966,"
August 1968, Vol. 48, No. 8, pp. 25-48. These data are collected
on a "where earned" basis, while the census income estimates are
collected on a "where reside" basis.

Reference NECTP-218.
T3-21




the model system will not be described here; however, its major
operational features are depicted in Figure T3-8

Base Year Input > Forecast Employment

Data* —_— of Basic Industries

by Small Area

Base Year Trans- \L

port Network(s)
Data*

Forecast Population

and Employment of

Forecast Control Service Industries
Totals* by Small Area

*Exogenous 1y determined fixed inputs to the model.

Figure T3-8 The Structure of the INTRA-1 Model

The impact model was supplied with exogenously determined
projections of the total levels of employment and population for
the entire Corridor. These control totals were then allocated
by the model among the various districts of the Corridor. Thus,
changes in the Corridor's passenger transportation system were
reflected only as changes or redistribution within the Corridor
itself, but they did not affect the position of the Corridor as
a unit with respect to the rest of the Nation. Totals of popu-
lation and employment for the Corridor as a whole were assumed
not to be affected by changes in the Northeast Corridor trans-
portation system,
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The control totals of employment and population for the
Corridor are shown in Table -1 below for the years 1965 through
1990.

These control totals are the input numbers which were then
allocated by the impact model to each of the Corridor sub-areas
in each of the five-year increment periods.

TABLE T3-1
CONTROL TOTALS FOR THE NEC IMPACT MODEL

Year Ezgl?%ggnt Eggulgg1?n
1965 14,536 42,099
1970 15,681 45,370
1975 17,004 49,309
1980 18,117 42,509
1985 19,021 55,134
1990 19,971 57,891

Source: U. S. Department of Transportation, OHSGT, September 1969.
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Technological Cost and Service Relationships

Systems Engineering

A decision was made early in the Northeast Corridor project
to make extensive use of systems engineering techniques in determin-
ing possible alternative transportation modes for the Corridor.
(A major part of OHSGT's efforts in high-speed ground transportation
has been directed toward this end). The objective of the systems
engineering was to screen from the large number ot possible alter-
natives the most promising modes for more precise descriptions and
definitions. The elements of each of these modes was then subjected
to an optimizing process which assured that the mode as a whole,
within parametric bounds, approached an optimum. The results of this
process became inputs to the rest of the Corridor model system.

Given the long history of extensive Federally-supported R&D
programs in air and highway transportation, the prospects of devel-
opment of technologically new elements in these modes could be fore-
cast with some confidence. For example, complete descriptions,
performance predictions, and cost estimates for VIOL were available
from testimony provided by air frame manufacturers in the CAB, North-
east Corridor VTOL Investigation (Docket #19078).

In contrast, at the beginning of the Corridor project littie
R&D was under way in rail transportation and none on new high-speed
ground modes. Hence, the systems engineering included an extended
screening and engineering evaluation phase along the lines shown in
Table T3-2. In this phase, high-speed ground mode classes which could
be implemented by 1975-80 were identified--steel rail based modes
and tracked air cushion vehicles.

After the initial selection of modal classes, studies were under-
taken to determine the parameters which would govern the specification
of engineering components. Thus each mode was defined in terms of
performance (e.g., speed, block time, and capacity) and the costs of
development, acquisition, operation, and maintenance.

Each candidate mode was hypothesized with alternative sets of
components, each set having its own performance and cost relation- -
ships. The modes were also tested over a wide spectrum of opera-
tional policies. Given the large number of hardware and policy
alternatives which had to be considered simultaneously with the inter-
actions of all components in a given mode, an efficient mathematical
optimizing procedure was required. Therefore, a computerized pro-
cedure was developed for determining the combination of characteris- .
tics which would result in an efficient hardware mix for each policy options.
A number of systems questions could be conveniently answered through
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TABLET3-2 -~ POSSIBLE HIGH-SPEED GROUND TRANSPORTATION ALTERNATIVES

CLASS

CHARACTERISTICS

SPEED RANGE

. GUIDEWAY

. SUSPENSION

. PROPULSION

POTENTIAL ADVANTAGES

DISADVANTAGES

Power to support -weighl of vehicle is
high. Air-cushion equipment may be
noisy. Switching is difficult

Wheels stort to slip at high speeds.
Guideway maintenance cost moy be high
M il poses switching problems

STATION.TO.STATION

Tunneling costs are high at present.
Existing power-pickup devices are un-
suitable for high speeds. At present,
tube-vehicle technology is not as od-
vanced as that of some other closses.
Evacuated system poses speciol sofety
ond maintenance problems.

ing g ? fields may affect pas-

sengers and subsystems. Vehicles moy
A

require heavy shielding ool
Vehicle unit costs/passenger are higher
than for conventional auto or mass tran-
sit; maintenance of privately owned ve-
hicles may require verification before
use on public guideway

DOOR-TO-DOOR

Fle;(ibi|ity of loading for different des-
tinations is poor for lengthwise loading

" | Vehicle maintenance may be beyond con-

trol of system operotor and therefore in-
adequate; mergmg fov eniry, exit ond
{one chong q plex central
control system

{mph) -
Vehicle guided along 150-300 Flat concrete horizon- | Air cushions pressurized by | Linear electric motor Guidewoy moy be cheaper to build-and main-
TRACKED AIR track and supported tal surface for support { centrifugal or axial com- - with reaction rail in tain; smoother ride at high speeds thon roil
- X by gir cushions and verticol surface pressors guideway; propeller system; no wheel hop or traction limitations
CUSHION SYSTEMS for guidonce. Invert- driven by gas-turbine
’ cd T, box and U or rotary electric motor
Vehicle guided ond sup- 150300 . Conventional or im- I Steel wheels on welded Rotary electric motor; Since wheels support vehicle, no energy is
-ROLLING- ported by either conven- proved rail roadbeds steel rail; rubber tires gos-turbine engine required for support. Power is required only
SUPPORT ‘tional surface rails or or elevated structures (both with drivethrough | for prop Extends i tech-
SYSTEMS monotail modified to be straight- wheels); linear elec- nology to a higher speed range
er and more level tric_motor
Vehicle guided and sup- 150 -300 Concrete or steel tubes. | Wheels, rails or air cushions Electricity preferoble( Can minimize dls'urbum:e fo envuonmem or
Ambient - ported by enclosed guide- Can be located above- to combustion engines | corridor community. All her op
Atmospheric | woy or subterranean tube ground, on surface or The one system offering complete oerody-
Pressure underground nemic I. More ch of straigh
paths
TUBE=- Evacuated guideway re- 200-400 Seme as above, ond Primary wheels on rails Lingar electric motor, | High speeds b of reduced aero drag,
VEHICLE duces oero drag. More : pumping systems and © Pneumatics and gravity- | in eddition to obove advantages §
SYSTEMS Evocuated expensive fo construcs, airlocks also required assisted ucceleration
but potentially more eco- g and braking
nomical to éperate
Electro- Vehicle guided and sup- 200500 Passive al El gnetic forces gen- | Some os above Presently the only susp didat
magnetic ported electromogneti- + .| loops or structure -erated by superconducting for systems running in evacuated tubes at
.Suspension caily in tube buried in guideway magnets on vehicle ds unsafe for metalli¢ wheels .
Vehicle uses both con- 80-150 Suspended and over- Steel wheels or rubber tires; | Linear wfeciric motor; . | May offer shorter door-to-door travel time.
ventional surface routes running magnetic; air cushions rotary electric motor;® Retains advantages both of pri vate auto
-ond new automated guide internai-combustion and high-speed moss transit. Possibly
MULTIRODAL ways for intercity por- engine compatible with urban systems
SYSTEMS tion of trip. Optimum
configuration depends on '
urban system interface: .
bimodal or ferry pallet . -
Conventional autos,along 100150 Stondard gage for Steel wheels on welded Rotary electric motor; | Offers door-!o»doov service. No parlung
with drivers ond possen- lengthwise loading steel rail gas-turbine engine; problem o' terminal
AUTO-TRAIN gers, ore loaded on @ care and 22 17 ft for cross- diesel- elecmc locomo-
SYSTEMS 1 2r vehicle and trans- wise loading of autos tive
ported over the high-
speed link
Conventional-autos and | Higher than pres- | Conventional concrete  |Auto wheels with ! ai- or I Offers increased safety ond density over
AUTOMATED- highways are modified ent auto speeds | highway, spéciol-pur- tional suspension combustion engine or existing highways. Driver I:e.comcs buackup
-HIGHWAY to provide automatic pose or modified to electric motor c?ntvollu. Door-lo-!ioor service. No ter-
SYSTEMS control of troffic flow accommodate appro- minal interface required
on the high-speed link priate control system
of intercity trips ; .
Transportation is avail-