








tive vehicular technologies, and while the risks
are great for the first entrant in this potentially
large business, the danger of being left behind
when the plunge beginsis at least as bad.

Cdlifornia will be the first large market, but the
rewards for success, producing a vehicle that
gives vigorous performance at a reasonable price,
will extend to export markets as well. Europe is
enacting environmental standards more exacting
than those of the United States in some other auto
fields-Germany’s recycling laws, for example--
and consumer awareness is high. The demand for
personal vehicles is likely to grow steeply in
developing countries, both those traditionally
thought of as the Third World, and in Centra
Europe. Japan is pursuing markets in South East
Asia vigorously—it exported 473,749 vehicles to
the region in 1988, with particularly heavy sales
to such industrializing nations as Thailand and
Indonesia.” These countries have an opportunity
to leapfrog the gasoline ICEV and a consequent
heavy dependence on imported oil. China, where
the density of vehicles per capitaisvery low, but
which has doubled its number of vehicles every 6
or 7 years, isrich in coal and comparatively poor
in oil, and might be a large market for nongasoline
vehicles.

Perhaps the United States' greatest asset will
prove to be its strength in fuel cells, if these are
developed in the next few years to the point where
they can economically power a mass production
vehicle. Supplying the advanced material compo-
nents, let alone complete fuel cells, or cars
incorporating them, could be a great export
opportunity for the U.S. companies that hold
crucial technology leads and patents in these
aress.
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INTELLIGENT VEHICLE AND
HIGHWAY SYSTEMS

Interest has grown recently in applying ad-
vanced engineering to road transport through a
range of technologies encompassed by the terms
“‘smart cars and ‘‘smart highways'--or, more
formaly, intelligent vehicle and highway systems
(IVHS). The idea behind this is that part of the
answer to increasing congestion on roads is not to
build more of them (more difficult as environ-
mental and urban demands on land grow), but to
use the existing ones more efficiently, by care-
fully directing the flow of traffic, and more
intensively, by increasing the number of cars that
can safely occupy a given stretch. Proponents
clam that IVHS can increase safety, reduce
pollution and oil consumption, make driving
more pleasant, and, by reducing congestion, save
time that some estimate to be worth billions of
dollars annually in lost productivity .71

The range of technologiesis considerable, and
markets for IVHS-related industries could poten-
tially be large. IVHS America, a nonprofit associ-
ation of private, government, and academic par-
ties that promotes and coordinates the devel op-
ment and deployment of IVHS and that serves as
a Federal Advisory Committee, sketches scenar-
ios in which by 2001, $9.95 hillion is being spent
on traffic management, traveler information, ve-
hicle control, and other systems.72 Japan and
Europe, like the United States, are devoting
increasing resourcesto IVHS.

Several obstacles stand in the way of the
development of IVHS. Some of the greatest
benefits from IVHS could result from the combi-
nation of many technologies and systems. The
incremental benefits of some of these may not be
sufficient to attract commercial investment and

70 Motor Vehicle Manufacturers Association of the United States, Inc., World Motor Vehicle Data, 1990 Edition (Detroit, MI: The

Association, 1990).

71 Moshe Ben-Akiva, David Bernstein, Anthony Hotz, Haris Koutsopoulos, and Joseph Sussman,‘ ‘The Case for Smart Highways,”’

Technology Review, July 1992, pp. 38-47.

72 Intelligent Vehicle Highway Society of America, Strategic Plan  Intelligent Vehicle-Highway Systems in the United Stales, IVHS

America Report No: IVHS-AMER-92-3, May 20, 1992, appendix D.
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there is concern about lack of confidence that
other supporting systems will be built. It is not
clear whose interest lies in leading some IVHS
efforts where the costs are high and the benefits
widely distributed; the question is especialy
pointed in the United States, where government
and industry cooperation islessthe normitisin
Japan and Europe. On the other hand, since 1990
there has been a marshaling of effort in the United
States to overcome just this “chicken and egg”
problem.

The complexity of IVHS also raises the possi-
bility that institutional barriers will hinder at-
tempts to install systems across the country.
Planning a traffic system for greater New Y ork,
for instance, involves Federal, State, and local
governments, each with overlapping and some-
times conflicting interests and regulations.” A
further obstacle to some IVHS technology, and a
major one, is the potential for lawsuits over the
liability for accidents. Advanced vehicle control
systems, in which some of the driver’s control of
the vehicle is ceded to automated systems, would
be likely to make the manufacturer vulnerable to
a damaging lawsuit in the case of a crash, harming
its reputation and the acceptability of IVHS even
if crashes actually occurred less often than
previously. This consideration has reportedly
kept Detroit from pursuing research begun as long
as 30 years ago.

1 Technologies

IVHS technologies are usualy classified by
application into three broad groups. advanced
traffic management systems (ATMS), advanced
traveler information systems (ATIS), and ad-
vanced vehicle control systems (AVCS).”The
groups overlap and there are synergies between
them, but the categories are widely used, even if

the designation of particular technologies some-
times varies.

ATMS

The first of these, advanced traffic manage-
ment, uses surveillance and communications
technology to improve the management of traffic.
Surveillance is achieved by widespread traffic
sensors along roads (using computer vision,
radar, or induction loops in the road). A traffic
management center processes the information
from the sensors and other sources, such as
vehicles on the move acting as ‘‘probes,” and
uses it to regulate traffic flow through signa
timing, freeway ramp controls, and signs with
changeable displays. Systems like this aready
operate in a few cities, and new technology is
being added to them continually.

ATIS

Advanced traveler information adds a further
loop to this network. It provides travelersin their
cars with a range of information on traffic
conditions and alternative routes. Systems in the
car might include electronic maps, route guidance
based on “dead-reckoning’ sensors or the global
positioning system (GPS), and information on
local amenities.

AVCS

The most complex of these categories, auto-
mated vehicle control, helps drivers by simplify-
ing or assisting in various driving tasks. The range
of possible technology extends from head-up
displays that appear to project dashboard infor-
mation out ahead of the vehicle into the driver’s
field of vision to the fully automatic road, in
which the driver would cede. complete control of
the car to automatic systems guided by sensors in
the car and the road. This vision of the distant

73 This problem has hampered even non-intelligent highway infrastructure development in the past. See OTA, Delivering the Goods: Public
Works Technologies, Management, and Finance, OTA-SET-477 (Washington, DC: U.S. Government Printing Office, April 1991).
74 U.S. General Accounting Office, Smart Highways: An Assessment of Their Potential To Improve Iravel, GAO/PEMD-91-18

(Washington DC: U.S. Government Printing Office, May 1991).
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Table 7-8—Federal IVHS Funding, FY 1989-93
(millions of dollars)

1989 1990 1991 1992 1993

General operating expenses
appropriations ... ... .. ... $2,3 $4 $20 $137,9 $30.0
ISTEA . . . . — - - 19.2 187.7
Total .o $2.3 $4 $20 $157.1 $217.8

SOURCE: U.S. Department of Transportation, Federal Highway Administration, Office of Traffic Operations and Intelligent Vehicle Highway

Systems,

future would allow **platooning’ of vehiclesinto
tight clots of three or four vehicles whizzing along
bumper to bumper, greatly increasing the volume
of traffic aroad could carry. In between these lie
shorter term prospects for obstacle detection
using microwave or laser radar; adaptive cruise
control, which uses radar or computer vision to
control distance from the car in front as well as
speed; lane guidance; and infrared night and fog
vision enhancement.

APPLICATIONS OF IVHS

Some of the technologies described above, and
others such as vehicle tracking and smart card,”
are used to address particular kinds of transport
problem. For example, electronic and communi-
cations technology allows precise tracking of a
company’s vehicles to enhance their quick, effi-
cient dispatch, and can also speed up the monitor-
ing that is required when goods are moved across
the country. Roadside beacons and sensors can
record information about passing vehicles, such
as their loading and weight, that at present
requires a stop. They could also be used for toll
collection on the move, with vehicles equipped
with meters that registered a charge as certain tall
points were passed. This has application to all
traffic, not just commercial. Electronic toll sys-
tems are aready in use on the North Dallas

Tollway, the Oklahoma Turnpike, the New Jersey
Turnpike, and in Louisiana.”

IVHS applied to public transport can provide
operators and users with information enabling
more efficient use of high occupancy vehicles like
buses and pool vans. Smart card technology could
make payment and transfer within a system
easier.

Much of the early IVHS work focused on urban
and large highway applications such as conges-
tion and routing. However, in-car safety systems
and location technologies, for example, can have
particular value in arural setting.

B Federal Funding”

Federal IVHS funding grew dramatically from
1989 to 1993 (see table 7-8) and partialy changed
form with the passage of ISTEA. It now has two
components. IVHS appropriations bill (General
Operating Expenses) funding and ISTEA fund-
ing. ISTEA funding for IVHS programs comes
from the Highway Trust Fund and does not need
a separate appropriation. However, the congres-
sional appropriations committees do determine
the overall annual obligations from this trust fund,
so that there can be a proportionate increase or
decrease across all programs funded from it. The
appropriations bill money is separate and supple-

75 Smart cards are small cards, somewhat like credit cards, with the capacity to store information and perhaps process it, using magnetic
stripes and perhaps some embedded electronics. Versions have been used for storing personal medical information in some State programs.

76 Ben-Akivact.a),, ‘‘The Case for Smart Highways,’ op. cit., footnote 73.

77 Federal funding information is drawn from (.5 Department of Transportation, Federal Highway Administration, Office of Traffic

Operations and Intelligent Vehicle Highway Systems, “An Overview of IVHS Program Implementation Plansin FHWA," March 1992; and
Susan Lauffer, U.S. Department of Transportation, Federal Highway Administration, personal communication Sept. 15, 1992
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Box 7-C-TravTek'

The curious can gain a feel for
what it's like to drive a smart car by
visiting Orlando, Florida, where a
group of public and private organi-
zations are trying out several ad-
vanced traveller information sys-
tems (ATIS) and advanced traffic
management systems (ATMS) in a
program dubbed TravTek (short for
Travel Technology). One-hundred
General Motors Oldsmobile Toro-
nados equipped with computers
programmed with maps and infor-

e

ashboardofTravék vehicle ‘ mation about the Orlando area are
available through Avis Rent A Car.

The American Automobile Association, GM, the Federal Highway Administration, the City of Orlando, and the
Florida Department of Transportation are the major partners in the $12-million, 3-year project (the driving test part
of which will last 12 months) and will study the way the system performs and how drivers respond to it.

The experience of being told where to go by one’s car is impressive and sometimes entertaining. The system
works well enough to enable strangers to find their way around Orlando with only a few hitches. The car's special
equipment is not difficult to grasp. The dashboard and wheel have more buttons than most cars but the effect is
not overwhelming (see photos). TravTek has added to the display screen that comes as standard in the Toronado
two computers with hard disk drives that handle the routing and the navigation functions, a global positioning
satellite (GPS) data receiver, a dead-reckoning system to track the car’'s movements, and a two-way
communication system to link each car to t he Orlando Traffic Management Center (TMC). The screen serves as
the main interface between the car's occupants and the computers, with a synthesized voice as an additional
means for TravTek to convey its thoughts to the world.

When the car starts, the computer turns on automatically (there is a password as a security measure).
Instructions and choices are typically provided in a menu of options on the screen. Various destinations are
offered-hotels, restaurants, and
local attractions, with information
about what they offer, how near .
they are, and price. One can also N d‘}
enter a street address or the inter- ‘ et
section of two streets, using letter
keys that appear on the screen
when this option is selected. This
selection process must be done N ‘
while the car is in “park,” to reduce v LN ; e
the risk of the driver's attention g
being drawn from the road. With the ' R
destination selected and the route S
planned (the system takes a few -
seconds to do this), the car issues  Detail of TravTek screen with map displayed.

LIMATE

IONTRGL . NAVIG
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vocal commands (which can be switched off) that supplement the visual display. The voice is startling at first, with
a metallic timbre and an oddly Scandinavian inflection. Two choices are available for the visual display: a
conventional route map, on which an arrow locates the car, or a schematic map that just indicates directions for
the next short stretch.

The basic system thus allows travelers to pick a destination in a city of which they know little or nothing, and
be guided there. The car keeps track of its own position by continually comparing the information it receives every
minute from GPS and the results of the dead reckoning process with its database of geographic information. The
system is generally accurate, although the arrow marking the car’s location is sometimes slightly askew, especially
if the distances covered are short.

A further feature of TravTek is the connection of the system’s cars to Orlando’s central Traffic Management
Center. The communication is two-way, so that the TMC receives information about how fast TravTek vehicles
are moving, which supplements the traffic reports of observers, video monitors on certain busy roads, and
construction reports. This allows the TMC to build up a more detailed picture of traffic conditions in the Orlando
area, and to broadcast to TravTek cars warnings of delays or diversions. Route planning by the TravTek in-car
system takes account of this information, and if a relevant update is received while a journey is underway, the voice
will notify the driver that there may be delays ahead and ask whether the computer should plan a new route that
avoids it.

According to the TMC staff, the existing communication system would not easily cope with many more than
the present 100 TravTek vehicles, if they were all to transmit information back to the TMC. Given the potential
intrusion on a driver's privacy of having movements tracked, t his feature might be limited to a specialized, limited
group of “probe vehicles.” Taxis would be natural candidates, as they are likely to be in use for a much greater
proportion of time than private vehicles and would therefore provide more traffic information.

1 Research for this box was done on an OTA staff visit to Orando, Florida on July 27-28, 1992, which included
interviews with Elford D. Jackson, traffic signal system manager, Bureau of Transportation Engineering, City of Orlando,
and Don L. Gordon, project manager, Research and Development, American Automobile Association.

ments trust fund money for a number of IVHS 6 deployment studies, 16 FHWA research pro-

programs. grams; and 5 Federal Transit Authority evaluation
The Federal Highway Administration (FHWA)  and research projects. (See box 7-C for a view of

continues to encourage joint funding by nonfed-  one of these projects.)

eral participants such as State and local govern-

ment and private sources, aiming to achieve a "

50-50 split wherever possible. ISTEA imposes a 1 Competitiveness and Employment Effects

limit of at most 80 percent Federal 1VHS funds on IVHS is not yet a big employer, but it has

any project. grown fast since 1987 and may continue to do so
As of May 1992, FHWA listed 63 IVHS  with the upswing in national interest. A dozen

projects underway in the United States.”"These  people attended the first meeting of Mobility

comprised 23 operational tests, 14 in advanced 2000, the predecessor of IVHS America, in July

traffic management, 7 in advanced traveller  1987; 1,180 people attended IVHS America's

information, and 2 in commercia vehicle opera- second annual meeting in May 1992, a hun-
tions; 13 advanced public transportation projects;

78 Office of Traffic Management and IVHS (HTV-1), Federal Highway Administration and orfice of Technical Assistance and Safety
(TTS-1), Federal Transit Administrating Intelligent Vehicle-Highway System (IVHS) Projects in the United States, May 1992.
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dredfold increase in 5 years.” A May 1990 survey
of 82 North American organizations suggested
that at that point at least 760 people were working
full-time on IVHS.”

The recent growth in the level of involvement
and the potential value of the market suggest that
IVHS has the potentia to spawn numerous jobs
across a wide range of engineering, manufactur-
ing, and construction disciplines. IVHS Amer-
ica's strategic plan, which was used in the
preparation of the federally mandated FHWA
plan in late 1992, envisages expenditure of over
$200 hillion over the next 20 years, about 20
percent of it public funds.

The value added to an individual car will
probably be of the order of $1,000 or $2,000
(IVHS America take a figure of $1,500 average
for their cost calculations), in ATIS and AVCS.
Motorola' s GPS unit sold for $400 in 1992, and
navigation units are typically based around one of
these, a PC, and perhaps an optical disk memory.
Motorola's market research suggests that custom-
ers of cars costing $25,000 and more might be
prepared to pay between $500 and $2,500 for a
system giving route and navigation information.
At the moment even the higher of these figures
would be hard to achieve, but the price is likely to
fall fast as sales volume grows. Cellular phones,
which embody some of the same technology, frost
went on sale in October 1983 for $3,500; by 1992
they could be had for less than $100. Indeed,
cellular phones are sometimes literally given
away, as the companies make their profits from

selling the service, which may well also prove to
be the case with ATIS. The distinction between
information services specifically for travelers and
other forms of personal communication and
information service is unlikely to remain sharp, as
each grows and diversifies, The American Auto-
mobile Association (AAA) is experimenting with
different ways of making this “yellow pages’
information available to AAA members, through
computer terminals at hotels and airports, at
home, or in the car.”

1 Foreign IVHS

Both Europe and Japan have had large IVHS
R&D programs for longer than the United States.
Europe has two principal programs, Prometheus
(Program for European Traffic with Highest
Efficiency and Unprecedented Safety) an $8-
million, 8-year project focusing on vehicle tech-
nologies such as collision avoidance and on-
board navigation systems, and Drive (Dedicated
Road Infrastructure for Vehicle Safety in Eu-
rope), which completed its 3-year, $170-million
first phase in 1991.% Drive encompasses over 70
projects on the development of basic IVHS
infrastructure, such as cellular broadcasting bea-
cons and communications centers. The second
phase, running from 1992 to 1994 and planned to
cost $280 million, focuses on demonstrating the
technologies investigated in the frost part.” Sev-
eral smaller European programs, including tests
of ATIS equipment, are also underway.

79 William M. Spreitzer, manager, Vehicle/Systems Coordination, General Motors Research Laboratory, personal communication Sept. 22,

1992.

80 The survey js reported in William M. Spreitzer, “M-IS Activities in the United States, " presentation made at National Leadership
Conference: implementing Intelligent Vehicle-Highway Systems, May 3-5, 1990, Orlando, Florida. The survey asked respondents to
characterize their IVHS efforts as small-1 to 5 full-time people working; medium-6 to 25; or large-26 and over. The figure 760 was arrived
at by assigning the lowest number to each category and multiplying it by the number of organimations reporting this level of activity. Thus small
programs counted as 1 person, medium as 6, and large as 26. Seventy-two of the 82 oranizations approached responded to the survey, in a

similar distribution to the original 82.

81 Don L. Gordon, project manager, Research and Development, american Automobile Association, personal communication, July 28,

1992.

82 Ben-Akiva etal.,, “The Case for Smart Highways,” Technology Review, op. cit., footnote 73,
83 “Special Report/Transportation: Testing the Concepts Worldwide,” 1EEE Spectrum, May 1991, PP. 30-35.



Table 7-9—Summary of Potential Impacts of EVs and IVHS on Technology Advance and Employment,
and Prospects for Use of Defense Technology and Resources

Electric vehicles

Intelligent vehicle highway systems

Technology advance

Employment effects

Defense conversion

Battery and fuel cell work drives R&D in materials, catalysis,
membranes.

Fuel cells can stimulate R&D in a range of hydrogen related
technologies--production, transport, storage--contributing to wider
availability and use of this clean fuel.

Development of efficient subsystems could have benefits beyond
EVs--e.g. in other autos and, for HVAC, in housing construction.

Small near-term employment effects; numbers currently involved in
EV R&D low-in the 100s.

If 50 percent of the cars in the United States came under regulations
like those passed in California (as would be the case if every State
that expressed an interest in doing so were to pass such
regulations, an unlikely outcome at this point), sales of EVs might
be 500,000a year by 2003, providing on the order of 10,000 jobs
in assembly, with perhaps three times as many in parts supply.
This is highly speculative, however; environmental regulations
have been scaled back in the past when industry made a forceful
case that it could not satisfy them economically, and there is
considerable opposition in the northeast to imposing the California
standards.

In the longer term, direct substitution of EVs for ICEVs would be likely
to lead to a decrease in overall auto employment, owing to simpler
construction, as well as a redistribution of skills. Export
opportunities to developing countries in central Europe and the
South are a possibility.

National labs are developing batteries for USABC and fuel cells for
DOE, and Argonne has an EV testing facility. Defense contractors
are performing some of the cooperative research.

Ultracapacitors, developed through SDI, might complement fuel cells
in an EV.

Advanced materials developed for aerospace can be used in
designing lightweight vehicle bodies, though they are often very
expensive. c

Defense firms are working in collaboration with Big Three on power
trains, inductive charging.

IVHS work rovers many technologies and might stimulate cross-
fertilization between fields.

More than driving individual new technologies, IVHS is likely to bring
together and apply diverse technologies developed elsewhere,
providing a potentially large market for them.

Greatest potential employment effects in the long term could be large
numbers of construction jobs installing smart highway
infrastructure.

Supply of communication equipment and other components of IVHS
is another potentially large employment opportunity, with the
greatest near-term effects in the supply of in-car systems.

Independent vehicle-installed equipment such as navigation
computers and automated steering and braking systems would
generate little ongoing employment after installation.
Infrastructure based services such as traffic management would
generate sustained employment in operation and maintenance.
Increasingly technologically sophisticated vehicles are likely to
demand correspondingly more complex servicing.

Opportunities for systems integration by defense primes.

Sensing and communications technology developed for military
important for navigation and lane sensing.

Traffic management can draw on air traffic control technology and
experience.

SOURCE: Office of Technology Assessment, 1993.
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OTA interviews suggest that the U.S. IVHS
community is less concerned about falling behind
Europe, where no clear lead has emerged, than
about Japan, which is well positioned to compete
in producing ATIS units to go in vehicles. Japan
already dominates in technologies, such as com-
pact disk drives and flat panel displays, that are
important components. The keiretsu system facil-
itates the kind of cooperation between companies
that IVHS demands, and the historical tendency
for close cooperation between government and
industry also favors integrated development of
systems.

Some IVHS technology has already been
commercialized in Japan; about 200,000 vehicles
have been equipped with GPS navigation sys-
tems. Most of these have been built by Nippon-
denso and installed in Toyota cars, or built by
Sumitomo for Nissan Cars.” Some of the success
of these systemsis probably due to the difficulty
of navigating in Tokyo, where streets are haphaz-
ard and houses numbered according to when they
were built rather than their position on a street or
within a block. In addition, 74 Japanese cities
operate traffic surveillance and control systems,
such asthe onein Tokyo, where the messages on
roadside signs can be varied in response to
information from sensors along the roads collect-
ing data on traffic volume and speed. This traveler
information system is being further developed,
and by 1995 is expected to provide continuous
data radio broadcast of travel information in all
major cities, receivable by an on-board unit
costing a few hundred dollars. A recent Univer-
sity of Michigan report on IVHS in Japan
concluded that “[especially in the imminent

deployment of a system for communicating
traffic datain real time, Japan appears to be well
ahead of other regions of the world. * *®

CONCLUDING REMARKS

Clean air legidation is pushing electric vehicle
development. The intensive focus on rapid tech-
nology development provides opportunities for
the defense industry and weapons labs to contrib-
ute their considerable experience in advanced
engineering research and applied science. The
research may lead to broader application of some
of the technologies developed. The near- to
medium-term employment effects are likely to be
small, however. Without major improvements in
performance and price, the EV is unlikely to
penetrate the market beyond what is mandated,
and even the extent of this may not be very great,
if legal challenges and other opposition, or a
slackening of government commitment, limit
mandates for ZEVs. If the pressure were to pay
off, however, and an EV industry to establish
itself, perhaps serving an export market as well as
domestic, the country might enjoy considerable
benefits in reduced reliance on oil, reduced
pollution, and technology advance.

IVHS offers potentially more new high-tech
jobs in the next decade than EV's do, as navigation
and other units are built and installed in cars.
While it may not drive new technology develop-
ment to the same extent as EV's, IVHS will draw
on existing technology, including some devel-
oped for defense, and broaden the market for it
considerably. See table 7-9 for asummary of the
potential impacts of EVs and IVHS.

84 Robert D. Ervin, An American Observation of /VHS in Japan (AM Arbor, MI: The University Of Michigan,1991).

85 Ibid., p. 1.
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Efficient

Transportation:

HIGH-SPEED INTERCITY GROUND TRANSPORTATION

igh-speed ground transportation (HSGT)--trains that

operate at speeds significantly above 125 miles per

hour-are technological reality. Whether using steel

wheels on rail to carry the cars, as conventional
passenger trains do, or conveying them on a magnetic cushion
(maglev), HSGT can be built. Steel-whedl trains running at more
than 100 miles per hour were introduced in the United States as
early as the 1930s, and high-speed trains have been transporting
passengers in Japan and France for more than a decade. Maglev
systems are based on principles that have been understood since
the early 20th century and have been under development since
the mid-1960s. Small-scale, low-speed maglev systems currently
operate in Germany and England; high-speed systems are in
prototype testing phases in Germany and Japan and an imported
version may be built in the United States.

Construction of a HSGT system has been “right around the
corner’ for at least 25 yearsin the United States. While France's
TGV (Train & Grande Vitesse) has been in service for more than
10 years, and Japan’s Shinkansen (bullet train)'for nearly 30
years, U.S. high-speed train systems have barely advanced
beyond feasibility studies and modest research and development
(R&D) efforts. The reasons have to do with policy as well as
geography and demographics. Both Europe and Japan have
densely populated cities that are not far apart. For many years
their governments have also strongly supported passenger rail

! Shinkansen simply means new trunk line, but *‘bullet (rain’ is the name commonly
used in English.
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systems, plus transit systems linked to intercity
rail, while other policies (e.g., high gasoline taxes
and expensive airfares) have made air and auto
travel less attractive than in the United States.
These differences have a critical bearing on the
feasibility of HSGT in this country.

HSGT—maglev in particular-has received a
good deal of attention and political support
recently in this country. A comprehensive trans-
portation law passed in 1991 authorizes Federa
support to the tune of $725 million for a
demonstration maglev project, and $50 million
for smaler steel-wheel-on-rail projects, though
not much has been appropriated and spent so far.
Both systems have been proposed as candidates
for government-backed defense conversion initi-
atives.’

This chapter considers HSGT in terms of its
potential contribution to American economic
competitiveness and its possibilities for defense
conversion. Previous studies by the Office of
Technology Assessment (OTA) and others have
analyzed HSGT from the standpoint of pollution,
dependence on foreign oil, safety, and congestion
and delay at airports and on highways.’ These are
significant public policy issues—indeed they are
key reasons for considering HSGT among the
transportation initiatives the Nation could adopt—
but they are mostly outside the analytic scope of
this assessment. However, the feasibility of HSGT
in the United States is directly relevant to the
issues discussed here, i.e., international competi-
tiveness and defense conversion.

Government support is necessary to make
HSGT systems feasible, according to recent
reports by both OTA and the Transportation
Research Board of the National Research Coun-
cil. OTA said that maglev or high-speed rail
systems “must be . . . publicly financed in order
to be built’ in the United States.* The Transporta-
tion Research Board said: “It is unlikely that any
new HSGT system in a mgjor U.S. corridor would
cover its capital and operating costs from farebox
revenues.

The studies agreed that the main potentia
market for HSGT systems is trips of about
100-150 to 500 miles between cities, on heavily
traveled routes, and the main competition is air
travel. On shorter trips, the studies said, automo-
biles have a clear advantage, and on longer ones
airplanes would likely win out. The most promis-
ing U.S. routes for HSGT are the Northeast
corridor (Washington-New Y ork-Boston) and Los
Angeles to San Francisco, with two more possi-
bilities (Dallas/Fort Worth-Houston and L os An-
geles-Phoenix) at present and perhaps a dozen
more by 2010.°In most of these corridors, it
appears the systems could break even only with
the unlikely combination of costs at the low end
of current estimates, fares that are high compared
with current airfares, and ridership at least as great
as all current air travel in the corridor.”For the
most likely combination of cost and fare levels,
only one corridor (Los Angeles-San Francisco)
has enough passenger volume at present to break
even, again assuming ridership equals al air
travel in the corridor, and only four are likely to

*See, for example, Peter H. Stone, “The Faster Track: Should We Build a High-Speed Rail System? The American Prospect, fall 1992,

pp. 99-105.

°U.S. Congress, Office of Technology Assessment, New Ways: Tiltrotor Aircrafr and Magnetically Levitated Vehicles, OTA-SET-507
(Washington, DC: U.S. Government Printing Office, 1991); U.S Congress, Office of Technology Assessment, U.S. Passenger Rail
Technol ogies, OTA-STI-222 (Washington, DC: U.S. Government Printing Office, 1983); Transportation Research Board, National Research
Council, In Pursuit of Speed: New Options for Intercity Passenger Transport, specia report 233 (Washington, DC: 1991).

‘OTA, New Ways, op. cit., footnote 3, p. 86.
s Transportation Research Board, op. cit., footnote 3, p. 8.

6 1bid., pp. 109-110, tables 4-3 and 4-4.

"Ibid., pp. 9, 117. The Transportation Research Board study combined capital and operating costs; it defined breaking even as covering

both.
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by 2010.°Hence, the need for government sub-
sidy. Capital costs are a particular obstacle for
private financing; HSGT requires large upfront
investment in a freed asset with little resale
value-an inherently high-risk undertaking.

The need for government subsidy is not an
insuperable obstacle. Modern rail systems in
other countries have all been built on a foundation
of strong government support, though it does
appear that high-speed systems may now be
capable of paying their own way. If the public
benefits of the HSGT systems are great enough—
benefits such as environmental advantages and
lesser dependence on foreign oil-then the argu-
ment for public finding for HSGT and for other
supportive government policies (e.g., higher gas-
oline taxes) could be compelling.

From the standpoint of the systems' contribu-
tion to economic competitiveness, a central ques-
tion is whether they could spur the advance of
highly innovative, broadly applicable technolo-
gies. A look at the requirements of the industry
and experience abroad suggest that development
of HSGT in this country would contribute to the
support of some advanced technologies, but the
effects would probably be helpful rather than
crucial. It seems unlikely that technologies asso-
ciated with HSGT would have the kind of
widespread creative effects across many indus-
tries that technologies at the core of the computer
and telecommunications industries have exerted.

As for employment, judging by experience in
Japan and France, even a successful U.S. industry
would not create a great many jobs in manufactur-
ing rolling stock and parts-probably a few
thousand at most. Construction employment could
be more substantial, since more than two-thirds of
the total cost of creating HSGT systems is in
building the tracks or guideways, but these jobs,
as far as local and regional economies are
concerned, are short-term. Service jobs associ-

ated with the systems (in both operation of the
vehicles and maintenance of tracks and guide-
ways) could be permanent and somewhat more
numerous than the manufacturing jobs. If HSGT
were to attract new travelers, beyond those simply
switching from cars or airplanes, these jobs could
be net additions to the economy.

The potential for converting defense plants
from making weapons systems to manufacturing
HSGT vehicles looks limited. Several defense
contractors with experience in some of the
technologies involved in HSGT (e.g., aerodynam-
ics and light-weight materials) have taken part in
small government-led development programs in
the United States. Most report that they are
unwilling to stake much of their own money to
advance this effort. Even for successful interna-
tional fins, the market for rolling stock is
relatively limited and quite variable from year to
year. The potential looks brighter for defense
firms to supply parts and subsystems in such areas
as signal, communication, and control systems,
which may be based on military technologies. For
large defense contractors with civil engineering
capabilities, such as Raytheon, HSGT might offer
possihilities in guideway engineering and con-
struction. But commercial competition would be
fierce from firms such as Morrison-Knudsen,
Bechtel, and ICF Kaiser Engineers, al of which
have ample experience in transportation system
engineering.

1 Rail Systems in the United States,
Japan, and Europe

Rail transportation, intercity and intracity, is
far more significant in Europe and Japan than in
the United States. In the late 1980s, rail trips in
France were 33 times the number of airplane trips,
and in Japan rail trips outhnumbered airplane trips
130 to 1; in the United States, airplane trips were

81bid., p. 8.

331050 - 93 - 8 : QL 3
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1.2 times the number of rail trips.”Some of this
difference is explained by the sheer size of this
country and the distance between cities. Also,
higher U.S. incomes (until recently) allowed
Americans to make more long-distance trips than
Europeans and Japanese. But these explanations.
which may be defined as personal preference for
air over rail, are incomplete. Public policy has
played at least as large arole.

The mix of transportation modes in a country
is affected by access, convenience, and cost, each
of which is affected by public policy decisions. In
Europe and Japan, rail and air systems are (or
were until recently) operated by single State-
owned or highly regulated firms. Government
ownership or control of both systems meant that
policymakers could weigh decisions on which to
support by the same criteria. For example, deci-
sions in favor of rail over air may have been
influenced in part by these countries' reluctance
to increase their dependence on foreign oil. The
reality of foreign oil dependence in the United
States did not begin to take hold until the 1973 oil
embargo, some 15 years after the National
Defense Highway Act set the fundamental direc-
tion for the U.S. transportation system in the
post-World War |1 era.

In both Europe and Japan the commitment to
and subsidies for passenger rail service have been
strong. Some of these systems were operated at
heavy losses; Japan Railways, before its privati-
zation and division in 1986, had debt equal to
one-half of the Japanese Government’s budget.”
Although government support for the railways of
Europe is less extreme, these systems also receive
extensive support, including direct operating
subsidies. In the United States, Amtrak’s operat-
ing subsidy has been relatively modest and has
continuously diminished. Note, however, that
most countries operating HSGT systems report
that they are profitable--after the initial govern-

ment investment in research, development, and
infrastructure. Amtrak’s moderately high-speed
Metroliner corridor is also reported to be profita-
ble.

Aside from direct subsidy, rail travel in Europe
and Japan has been indirectly subsidized by tight
restrictions on domestic air travel (limited num-
bers of flights and high ticket prices) and large
taxes on gasoline, which tend to discourage both
auto and air travel. The United States, on the other
hand, has not regulated airfares for over 10 years
and limits total flights mainly for safety purposes,
when necessary, not for transportation policy
reasons. U.S. gasoline taxes are extremely light
compared with those in other industrialized na-
tions; prices at the pump are one-third to one-
guarter those in Japan and Europe.

The Federal Government has long been heavily
involved in building air and highway infrastruc-
ture. In the past, general revenues were used to
build airports and pay for air traffic controllers
and their equipment; but the Airport and Airway
Trust Fund, fed by user fees, began to cover
Federal spending on airport improvementsin the
1970s and, more recently, the air traffic control
system. Federal highways were once funded
largely through general taxation as well, but the
National Highway Trust Fund paid for the multi-
billion dollar interstate system that was launched
in the 1950s. Most States fund their road con-
struction through gasoline taxes and airport in-
vestments through landing and other fees.

Railroads got their share of Federal largess in
the last century. Rail systems in the West received
enormous government support in the form of land
grants; East Coast rail companies got government
help in the forms of monopoly franchise awards
and right of way acquisition through the Govern-
ment’s right of eminent domain. Although this
government assistance was critical to their early
development, rail systems today have no trust

9 pata from Europa wyrid Yearbook (London: Europa Publications, 1991). Japanese data include only Japan Railways hips (excludes
private railroads). Data for the United States includes commuter railroads as well as Amtrak passengers.
10 Michael Selwyn, ** Jap~ Speed Is of the Essence, ' Asian Business, June 1990, p. 66.
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fund of their own nourished by user fees, compa-
rable to the airport and highway trust funds, to
support infrastructure improvement. However,
Congress has authorized spending from the high-
way trust fund for development of high-speed
ground systems, maglev in particular."

In contrast to Europe and Japan, with their
continuing legacy of government support for and
heavy ridership of trains, U.S. public policy
related to transportation customs would have to
change for HSGT to succeed. Riders would need
to be drawn from the most advanced airline
system in the world—advanced not only in miles
flown and area covered but also in formidable
marketing capabilities, including price wars that
wipe out weaker competitors.”

Nevertheless, there are signs that HSGT sys-
tems may be coming closer to fruition in the
United States. So far, Federa funding for HSGT
has been small. However, foreign governments
may indirectly subsidize early ventures in the
United States. If the Texas TGV project is built,
foreign financing will play a large role, with
subsidies coming in part from the French Gov-
ernment-owned Credit Lyonaise (see box 8-A).
Presumably, the purpose of the French invest-
ment is to sell the French system and get in on the
ground floor of an emerging market. If HSGT
progresses in the United States, it may be
unrealistic to expect that foreign governments
will continue to provide financial subsidies and
patient capital to the projects. Federal or State
Government relationships with railroads and
airlines more like those in Europe and Japan are
likely to be the condition for a substantial HSGT
system in the United States.

B HSGT in Europe and Japan

European and Japanese developments of HSGT
have been extensive. The French TGV is the
fastest steel-wheel-on-rail system in the world.
With two lines in operation and more planned,
TGV isin full swing. France is also aggressively
pursuing foreign markets, e.g., Korea and the
United States. In North America, TGV technol-
ogy is marketed through Bombardier of Canada,
whose French subsidiary was involved in the
original development of the TGV."

Germany’s steel-wheel high-speed rail, the
Inter City Express (ICE), entered revenue service
in 1991 between Hamburg, Frankfurt, and Mu-
nich. Besides high-speed conventional rail sys-
tems, Germany has developed maglev as well.
The German Transrapid system is closer to
commercialization than any other maglev system
and is the one proposed for the Orlando maglev
demonstration project (see box 8-A). Using at-
tractive magnetic force generated by conven-
tional electromagnets, Transrapid reduces some
technical difficulties of building the vehicle (see
box 8-B). However, because Transrapid operates
with such a small gap between the vehicle and the
guideway (about 3/8 of an inch), extreme accuracy
is required in constructing the guideway. Such a
tight tolerance may not be achievable without
drastically inflating costs.™

HSGT systems of various kinds have been
developed in Spain, Itay, Sweden, and the United
Kingdom, as well as Germany and Japan. The
U.K. and Swedish systems have tilting trains that
can be used at higher speeds on existing or
upgraded tracks, in contrast with TGV and ICE,
both of which demand new, straighter rights-of-
way and dedicated rail track for extremely high-

11 The Intermodal Surface Transportation Efficiency Act of 1991, Section 1036.

12 In early 1993, after over2 yearsof recession followed by weak recovery, even the major airlines were in financ ial trouble; price wars were
damaging them as well as weaker companies. However, assuming recovery in air travel, in the long run it may be more feasible to build maglev
systems as complements to airlines than as competitors. Japan Airlines has long taken an interest in maglev as a way to connect airports with

downtown areas.
13 Bombardier, Annual Report, 1991.

14 New York State Energy Research and Development Authority, Technical a& Economic Maglev Evaluation, June 1991.
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Box 8-A—The Orlando Maglev and Texas TGV systems

Orlando, Dallas-Fort Worth, San Antonio, and Houston are likely to be the first places in the United States to
have HSGT systems. The Orlando project, using the German Transrapid maglev system, is limited to a 14-mile
single guideway with only one vehicle, connecting the Orlando airport to Walt Disney World hotels. The project
planned for Texas, using the French TGV steel-wheel-on-rail technology, will be a full-scale transportation system
connecting major cities and points between with 620 miles of track. Instead of complementing air service, as the
Orlando project will do, the Texas TGV will be competing for passengers with airlines. Both systems involve
consortia of foreign and domestic firms and will use a mix of foreign, domestic, and Federal and State Government
financing.

The Texas project began in 1989 with a franchise award from the State Legislature to an international team
headed by the U.S. firm Morrison Knudsen and including foreign rolling stock companies (Bombardier of Canada
and GEC Alsthom of France) and some foreign financial interests, such as the French Government-owned Credit
Lyonaise. Preliminary work, including environmental studies, was underway in 1992.* Assuming the project goes
forward, total costs are expected to be $5.8 billion, of which about $3 billion would be for construction of the
guideways and stations. Most of the spending will be in the United States. Procurement of rolling stock and
signaling, train control, and electrical power equipment hadot yet been worked out in late 1992, but it was
expected that a considerable amount would be from U.S. firms.

The first line, linking Dallas-Fort Worth and Houston, was projected to open in 1998, with San Antonio-Dallas
links to be completed by 1999.The Dallas-Houston line will compete directly with southwest Airlines, which flies
between Houston and in-town Love Field in Dallas. Southwest has argued vehemently against the project claiming
that tax-free industrial development bonds (IDBs), which the backers of Texas TGV hope to use for financing some
$2 billion of the project, are an unfair government subsidy.

It is by no means certain that the Texas TGV will get permission to use IDBs, since the Federal tax code limits
the amounts States may issue.’The reason for the limits is that the Federal Treasury is the biggest loser of revenue
when tax-free bonds are issued, since the Federal Government has higher income taxes than States (indeed, the
State of Texas has no income tax). Railroad construction, unlike airport construction, is counted against States’
IDB quotas. Proponents of the Texas TGV, as well as backers of other rail systems, argue that the code should
be changed to treat railroad construction in the same way as airport construction.

The Orlando project is far more limited in size than the Texas TGV but more daring in its application of new
technology. it promises to be the first high speed (300 kilometers per hour) commercial maglev in the world. Maglev
Transit, Inc., an international consortium of U. S., German, and Japanese firms, plans to build the system at a
projected cost of $622 million, of which Federal funds will supply a substantial part. Congress has approved a
contribution of $98 million to the project, from the mass transit account of the Highway Trust Fund. The rest will
come from the members of the consortium.

Construction costs are expected to account for $300 million and vehicles for roughly another $100 million.
Although the U.S. content of the project has not yet been fully worked out, Maglev Transit officials expect it to be
substantial. Florida has been guaranteed that at least $100 million of work on the project will be within the State.
However, the vehicles will most likely be built in Germany. Part of the Federal Railroad Administration’s certification
of vehicle states t hat the vehicle must have the exact specification of the prototype vehicle operating in Germany.

1For example, some dairy farmers and cattle ranchers opposed the project on grounds that noise from passing
trains might scare their animals, causing weight loss and lower milk yields. The Issue Is under study.

2 In December 1992, backers asked for a year’s delay because funding was not yet assured.

3 States are limited to Issuing "o more than $150 per capita in |DBs for projects other than alrports, which have
a special exemption.
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Box 8-B--Maglev Systems'

In a maglev train two things must be achieved: the train must float and it must move. For the lift, there are
two approaches; one uses the attractive forces between magnets to pull the train upwards, the other pushes the
train up by magnetic repulsion.

The first approach, used in the German Transrapid system, is electromagnetic suspension (EMS).
Electromagnets on the train are attracted to the metal guideway from below; in practice, the sides of the train wrap
around underneath the guideway beneath the body of the train, effectively lifting the train. The arrangement is
potentially unstable. If the gap between the magnet and the rail becomes too large or the magnetic force too small,
gravity wins and the train drops, but if the gap becomes too small or the magnetic force too strong, the train will
stick to the guiderail and movement will be impossible. (Think of trying to hang a pin beneath a small bar magnet
without dropping it or letting it jump up onto the magnet.) To achieve steady suspension, the magnetic attraction
is continuously adjusted by varying the current to the electromagnets on the train, in response to information from
sensors measuring the distance between the train and the guideway. Because the gap is so small, the guideway
must be very smooth and laid to exacting specifications: there must be no more than a few millimeters of vertical
variation along a length of 25 meters of track.

A second approach, based on repulsion, is electrodynamics suspension (EDS). It uses the fact that when a
magnet is moved over a conductor such as a coil of wire it induces a current in it. The current in the coil itself creates
its own magnetic field opposing the first one. In an EDS train, the magnets are on the train and the induced currents
flow in specially shaped conducting portions of the guideway. These currents produce a magnetic field opposite
to that of the train’s magnets, so that the fields repel each other and the train is pushed upward away from the
track. Unlike EMS, this arrangement is stable, since if the train and the track move closer to each other, the
repulsion gets stronger, and the train is pushed away again, while the force of gravity acts to keep the train from
moving too far upward away from the track. However, the effect depends on the train’s moving, as it is the motion
of the train’s magnets across the metallic guideway that sets the current flowing and hence produces the opposing
field. An EDS train therefore needs wheels to roll on until it is going fast enough for t he electromagnetic effect to
lift it. Another complication is that the electromagnetic fields are stronger than in EMS and are not as contained
within the coils of the train, so the chance of passenger exposure is considerable. However, the Japanese EDS
system has direct current fields, which have not been implicated in the possibility of adverse health effects; it is
the effects of alternating current fields that are in question. Still, shielding is an issue since the strong static
magnetic field from the EDS system could affect some prosthetic implants and pacemakers.

EDS requires stronger fields than EMS, and is only practical using superconducting magnets. This point was
first grasped in the early 1960s by two Brookhaven National Laboratory scientists familiar with the use of
superconducting magnets to focus particle accelerator beams. Thus maglev is often described as a U.S. invention,
coming from one of the Department of Energy’s large national laboratories.

Although other things could push the floating maglev train along-turbofans, for instance--prototypes and
designs today all use linear electric motor technology. This works like a familiar AC rotary motor that has been
unrolled. The variable electromagnets that form the stator, t he stationary part that surrounds the rotating coil of
atypical electric motor, are laid flat along the guideway, while coils on the train play the part of the rotor. The
guideway magnets are fed an alternating current of a carefully controlled frequency that varies the direction and
strength of the force t hey exert on the magnets of the passing train, pulling them forward as they approach and
then pushing them onward as they pass. Electromagnets on the track are switched off behind the train, while the
next section of guideway ahead is activated. The train surfs along as it were on a wave of magnetism.

1 Drawn from Transportation Research Board, /n Pursuit of Speed, Special Report 233, 1991; Gary Stix, “Air

Trains,” Scientific American, August 1992; U.S. Congress, Office of Technology Assessment, New Ways: Tiltrotor Aircraft
& Magnetically Levitated Vehicles, OTA-SET-507 (Washington DC: U.S. Government Printing Office, October 1991 ); New
York State Energy Research and Development Authority, Technical and Economic Maglev Evaluation, June 1991.




214 | Defense Conversion: Redirecting R&D

speed operation. Tilt train technology allows car
bodies to tilt over their truck so that passengers
remain upright in their seats and comfortable
through turns at high-speed. This incrementa
change in technology can yield significant reduc-
tions in travel time. Although very high-speed
systems like TGV offer much greater time sav-
ings, they aso require much greater up-front
investment and preclude sharing track with
freight and slower passenger trains. Amtrak is
considering the purchase of tilting trains from
Sweden for use in the Northeast corridor from
Washington to Boston.” Along this route trip
times between New Y ork and Boston might be cut
from 4.5 hours to slightly under 3 hours.”
Japan has more experience with HSGT than
any other country. Its Shinkansen began running
between Tokyo and Osaka in 1964 and by al
accounts has been profitable, even though Japan
Railways as a whole ran enormous losses before
being privatized in 1986. Shinkansen technology
has undergone continuous improvements and the
system was recently expanded. Japan also has an
active maglev program, which originated in the
1960s. The mgjor current project is sponsored by
the Japanese Railway Technical Institute (JRTI),
which is funded in turn by the Ministry of
Transportation and several major industrial firms."”
This project, which uses repulsive magnetic force
created by superconducting magnets on board the
vehicle, began with a 14-mile test track in
Kyushu; a much longer test track is under
construction and is planned to form part of an
operating line. An alternative maglev effort,
HSST, uses technology similar to the German
Transrapid. It has been underway since 1974 and

is closer to commerciaization than the JRTI
system. In fact the basic HSST technology was
originally developed by the Germans and then
licensed to Japan Airlines when the Germans
decided to pursue only the Transrapid technol-

18

ogy.

0 Benefits and Costs of Developing
HSGT Technology at Home

Since other nations, principally France, Ger-
many, and Japan, aready have commercially-
proven high-speed steel-wheel systems and proto-
type maglev systems near commercial operation,
what are the advantages of developing and
building the systems in the United States versus
importing them from abroad, or possibly licens-
ing foreign technologies? The import option may
reduce costs, because foreign firms and govern-
ments have aready absorbed the cost of develop-
ment, and it lessens risks, since foreign compa-
nies are experienced in building the systems. The
only high-speed lines progressing toward con-
struction in the United States (those in Texas and
Florida) involve European technologies and firms--
in both cases, in joint ventures with U.S. firms.
Other nations also have some interest (e.g.,
Sweden) in the U.S. market, which is seen as
potentially rich despite the generally guarded
tone of the feasibility studies.”

Possible benefits of the domestic option are the
creation of high-quality jobs, development of
advanced technologies that could have wide
application, productive use of resources formerly
devoted to defense, and the generation of a
competitive, knowledge-intensive industry in the

15 Joe Dougherty, ‘‘High Speed Tilting Train Headed for Northeast Corridor,” Passenger Transport, Dec.2,! 991, P.1. Amtrak began testing

tilt trains on the Washington-New Y ork segment in early 1993.

16 Aspartof 3 Northeast corridor improvement program, the last section, that between New Haven and Boston, was expected to be electrified

by the end of 1993.

17 Before its breakup and privatization, Japan Railways directly funded maglev research.

18 As noted, Japan Airlines is interested in maglev as a connection between airports and city centers.

19 gee, for example, Larry Johnson and Donald Rote, Maglev and High Speed Train Research in Europe: A Trip Report (Chicago, |L: Center
for Transportation Research, Argonne National Laboratory, July-August 1989).
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United States. The question is how likely, and
how large, these benefits may be.

DEVELOPMENT COSTS

Most of the costs of building HSGT systems
are in construction, but research, development,
and demonstration (RD&D) of the technology
takes more than a trivial investment. Although
safe, reliable systems have operated abroad for
years, developing a first-class competitive high-
speed steel wheel system in the United States
would probably involve more research into brak-
ing technologies, wheel-rail dynamics, electric
current collection techniques, propulsion, switch-
ing, and controls systems. For maglev, research is
needed in low-cost guideway construction, switch-
ing systems, noise control, and, for systems that
use on-board repulsing magnets, shielding op-
tions to limit passenger exposure to electromag-
netic fields.” Coordinated research into lower
materials and construction costs, communication
and automation technologies, and better under-
standing of the health effects of electromagnetic
fields would benefit both systems.” OTA has
previously estimated total RD&D costs for a
domestically developed maglev system, includ-
ing the construction of prototype vehicles and a
short test track, at about $800 million to $1
billion.” An estimate of costs for a high-speed
steel wheel demonstration system, based on the
experience of the French TGV and the German
Transrapid and ICE, is much the same.” The
Japanese Shinkansen, a more mature technology
that has developed incrementally, is aless useful
guide to what development cost might be today.

Itis highly unlikely that private funds will pay
for al of this; indeed, there is aready legal
authority for a contribution by the Federal Gov-
ernment of $725 million over 6 years for maglev
prototype development and $50 million for other
forms of HSGT (however, little actual funding
has yet been provided; see the discussion below).
The French Government paid for most of the TGV
development costs, while the costs of developing
the German Transrapid and ICE systems were
shared by government and industry. For Trans-
rapid, a consortium of firms paid an increasing
share as the project progressed, starting in the
mid-1970s with the Ministry of Transportation
paying nearly the full cost and ending with private
industry paying about two-thirds. However, all
the firms that paid large development costs had
government assurances that, if their efforts were
technically successful, the government-
controlled railway system would buy the finished
product.

EMPLOYMENT EFFECTS

Most of the jobs generated by the building of
new HSGT systems would be in construction.
The overwhelming share of initial system costs—
65 percent or more-is for guideway or tracks,
including power and communication equipment.
Roalling stock accounts for an additional 10 to 20
percent of costs, and the rest is spent mostly on
right-of-way acquisition, design and management
of construction, and facilities, For example, the
$3-billion track building project envisioned for
the Dallas-Houston-San Antonio route might
create 11,000 jobs in the construction industry for

20 OTA, New Ways, Op. cit., footnote 3, pp. 72-73,81-82.

21 |bid., p. 94.
22|pid., p. 9.

23 william Dickhart, 171, Transrapid International, personal communication, June 9, 1992.

24 The Transportation Research Board estimated that more than 50 percent of the capital cost is for construction Of the track structure and
guideway, 10 to 20 percent is for bringing in the power supply, 5 to 10 percent for signal and communication equipment, 10 percent for
right-of-way acquisition 10 to 15 percent for design construction and management, and 10 to 20 percent for rolling stock. The Board's estimate
did not explicitly include costs for stations and platforms, but did allow less than 5 percent for maintenance facilities. (Transportation Research

Board, op. cit., footnote 3, table 3-3.)
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the 5-year building phase.” Besides the jobs on
the site, some secondary effects would be felt in
industries that supply construction materias, e.g.,
concrete and steel.

Rolling stock manufacturers could get a boost
from the construction of HSGT cars but the
number of jobs involved is likely to be rather
small. The Japanese Shinkansen, the largest
HSGT system in the world, has recently been
expanded and much of the rolling stock replaced.
Even with this increase in procurements-288
bullet train cars purchased in 1990--the entire
Japanese rolling stock industry, including parts
producers, employed 14,600 workers in 1990.*
Based on the shinkansen share of Japan’s total rail
car output in 1990, measured in ‘‘freight car
equivalents, perhaps 3,000 people were em-
ployed in building bullet train cars that year.”
GEC Alsthom, builder of the French TGV train,
reports that a construction schedul e of about 330
cars per year reguires a total employment, includ-
ing parts suppliers, of some 4,000 people.”

The figure of 300 cars per year is higher than
the average number of rail cars bought in either
Japan or France. France's national railroad has
purchased a total of about 2,300 TGV cars
(including locomotives) over the 10 years the
system has been in operation.” Average employ-
ment created by TGV in the rolling stock and
parts industries would be about 2,800 people,
Considering that the total investment in the
French TGV linesis about $7 billion (32 billion
1985 Francs), not including development costs,”

TGV does not seem to be a very effective
generator of manufacturing jobs. Some additional
manufacturing activity is generated by the pur-
chase of signal and communications equipment as
well as the steel and concrete to build guideways.
Some of the jobs in supplier industries may not be
net additions, however, if construction of the
HSGT system reduces the need to build other
transportation infrastructure such as roads or
runways.

More of the permanent jobs created by a
high-speed rail system would be in operations and
maintenance than in manufacturing. Backers of
the Texas TGV system estimate that two legs of
the system covering 461 miles, from Houston and
San Antonio to Dallas-Fort Worth, would gener-
ate nearly 1,900 operations and maintenance jobs
by 1998." The system would require 32 train sets,
which would take 3%z to 4 years to produce, and
would probably employ some 1,160 to 1,350
workers over that time.”

DEVELOPING ADVANCED TECHNOLOGIES
HSGT systems, particularly maglev, may pro-
vide other economic benefits besides new mar-
kets and new jobs. Backers have argued that
maglev, as an important customer, could spur the
development of several high-tech materials that
could find application in a wide range of indus-
tries. The technology driving effect of HGST may
be rather moderate, however; it would mostly
involve applications of existing technologiesto a
new environment. Certain aspects of the systems

25 Texas Turnpike Authority, Texas Triangle High Speed Rail Sudy (Dallas, TX: The Authority, February 1989), P. X-5.
26 “Current State of Japan's Rolling Stock Industry,” Business Japan, July 1991, p. 59.

27 The Japanese Rolling Stock Manufacturers Association counts car output in terms of freight car equivilents. In these equivalent units,
bullet trains made up about 18 percent of output. Assuming employment ratios are similar, only about 2,600 workers were involved in bullet

train production.

28 Pierre G. Galaud, GEC Alsthom Transportation Inc., personal communication, June 1992.

29 GEc Alsthom Transportation, Inc., TGV promotional brochure.

30 Ibid.

31 Denis Doute, GEC Alsthom, telefax transmittal to OTA, Dec.16,1992.
32 These estimates are based 00 experience in France jn the manufacture of TGV rolling stock, noted above. (Information supplied by Larry

Salci of Bombardier, Inc.)
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(e.g., sophisticated communications and control)
are also widely applicable to other fields, but it
seems more likely that HSGT could be one of
many user industries that support the advance of
these technologies rather than a powerful driving
force.

OTA found in a previous report that large-
scale, multibillion dollar systems such as maglev
were not likely to drive high-temperature super-
conductor (HTS) technology, for two reasons.
First, because superconducting components are a
small fraction of the costs of building a large
system using these devices, the cost advantage of
HTS over low temperature superconducting (LTS)
equipment is likely to be small. Moreover, HTS
is unproven, while the more mature LTS has
proven reliable in several applications.”

Maglev should not be counted out as a sup-
porter of superconducting technology, however.
When the Japanese National Railways started
development of maglev trains in the mid-1970s,
they boldly chose a system that could use
low-temperature superconducting magnets rather
than one using conventional magnets, as the
Germans did. Development of LTS for maglev
forced solutions to handling liquid helium in a
difficult environment, and this led to the develop-
ment of cryogenic refrigeration equipment that
has proved useful in several other very low-
temperature technologies.” Furthermore, Japa-
nese researchers are continuing to explore possi-
bilities for using HTS in maglev systems. HTS
would allow the substitution of safer, cheaper
liquid nitrogen for theliquid helium used in LTS
systems, and would involve a simpler cryogenic
system. Possibly, maglev might become one of a
diversified set of customers for a more mature
HTS technology.

Lightweight composite materials, another criti-
cal technology, are also required in maglev
vehicles. It is not clear that maglev would be
central to the development of these materials;
aerospace is already the leading industrial sup-
porter of and customer for lightweight compos-
ites, and there are others as well, including
sporting goods. Considering the limited numbers
of carslikely to be built each year, maglev might
add a rather modest increment to the R&D and the
markets for these materials that are already
provided by bigger industrial customers.

Construction technologies could be advanced
by maglev. Building extensive elevated guideway
systems would require prefabricated beams and
piers built to higher tolerances than are required
for road or conventional rail track construction.
However, aspects of the technology might find
application in bridge building, highway spans,
and pretensioned concrete for transit systems.

High-speed rail systems require highly auto-
mated and precise signal, communications, an d
control systems. These are already standard
equipment on the high-speed systems in opera-
tion in Japan, France, and elsewhere. Maglev
systems can be designed to operate at still higher
speeds, requiring still more highly automated and
redundant vehicle tracking and control systems.
Many aspects of such sophisticated systems are
yet to be designed, tested, and evaluated.” It
seems likely that these communications and
control technologies will be developed in con-
junction with the rail or guideway technologies
involved.*This is an area of HSGT technology
that could have synergies in related fields and
other industries.

U.S. Congress, Office of Technology Assessment, High-Temperature Superconductivity in

U.S. Government Printing Office, 1990), p. 58.

34 J.S. Congress, Office of Technology Assessment, Commercializing Low-Temperature

DC: U.S. Government Printing Office, 1988), p. 78.
35 Transportation Research Board, op. cit., footnote 3, p. 40.

36 1bid., pp. 69-70.

OTA-EM~-440 (Washington, DC:

OTA-ITE-388 (Washington,
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EXPORT MARKET POSSIBILITIES

While both the U.S. and world markets for
HSGT are fairly limited today, there is a potential
in the near future for world market expansion,
especially in Europe. The European Community
(EC) has laid the groundwork for a 180 hillion
Ecu (about $250 hillion) high-speed rail system to
be completed in the first quarter of the next
century. Included in this grand scheme are new
projects aready underway in France, Germany,
Italy, and Spain, plus additional projects in
England, Belgium, Denmark and Greece. The
English Channel tunnel project (the Chunnel) will
be an important link in the system, providing
high-speed service between London and Pearis and
other European destinations. Although the plan
has resolved some major technical problems (e.g.,
standard track gauge), others remain to be ironed
out. For example, because of differences in
engineering, trains from different national sys-
tems cannot reach full high-speeds on each
others' tracks. Also, the French TGV trains do not
now have pressurized cabins, a requirement for
the extensively tunneled German high-speed
system.®

High-speed rail systems are also planned for
Asian countries, including Korea and Taiwan,
and for Australia. From the standpoint of geogra-
phy and demographics, there may be large
potential markets for HSGT in Eastern Europe,
the former Soviet republics, and developing
countries such as India and Brazil, but it is hard to
imagine that these countries will be able to make
the necessary upfront investments any time soon.
Growth in these regions can only be considered a
long-term  prospect.

Assuminghat substantial growth in HSGT
systems does occur in other countries of the
world, the markets those systems would offer to

U.S. companies are very likely limited. The
General Agreement on Tariffs and Trade (GATT)
constrains countries from favoring domestic pro-
ducers for many items that governments buy, but
transportation systems are excluded from the
GATT procurement code. Having footed the bill
for developing their own HSGT systems, it is
quite unlikely that European or Japanese govern-
ments would buy U.S.-made systems even if the
price or technology were superior. If the GATT
were amended to make HSGT procurements
completely open, European and Japanese firms
would still have atremendous advantage, at |east
in the short term, because their technologies are
proven and they have manufacturing experience.

The strategy of buying from domestic produc-
ers is also open to the U.S. and State Govern-
ments. Some of the benefits of job creation, and
possibly some technology transfer, can be gained
by requiring U.S. content when foreign compa-
nies build HSGT systems in this country. Texas
and Florida are doing just that. Although neither
system has settled on the exact percentage,
domestic content in both the Texas TGV and
Orlando Transrapid is expected to be well over 50
percent.

Korea is following the same strategy. The
planned Korean line from Seoul to Pousan is
expected to cost about $5.5 billion but is projected
to generate a contract of only $390 million to the
country providing the technology. The bulk of the
construction and manufacturing will take place in
Korea.”For systems installed in the United
States the amount going to the foreign country
could be still smaller than in the Korean case,
since Korea lacks the manufacturing capability
for some of the electrical equipment used in
high-speed rail.”

37 Mick Hamer, ‘‘The Second Railroad Revolution,”’ New Scientist, May 23, 1992, p. 20.

38 lhid.

39 Tuutomo Wada, *'Nations Race 10 Field Asia’s Fastest Passenger Train,’* Japan Economic Journal, Mar. 10, 1990, p. 22.

40 |bid.
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CONVERSION POSSIBILITIES

The 1990s are the second time around for
defense conversion opportunities in HSGT. Start-
ing in the late 1960s and continuing in the 1970s,
following the Vietnam War, several defense
companies took part in government-led HSGT
projects, including concept contracts for maglev
and ‘‘ar-cushion’ systems. Some of the firms
invested their own funds as well as government
contract money in the projects. However, when
the Federal Railroad Administration (FRA) can-
celed its HSGT work in 1975, the major defense
companies ceased most of their efforts in the field.

Today, there is renewed government support
for HSGT, and severa defense contractors are
involved in the work. The current efforts are
modest and are mostly funded by small govern-
ment research contracts, as part of the National
Maglev Initiative (discussed below). There has
been little commitment of the companies own
funds.” These small-scale projects use company
teams of about 5 to 10 people, mostly engineers
who were already with their company and previ-
ously worked on missile aerodynamics and ma-
terials, aircraft aerodynamics, the superconducting
supercollider, or the strategic defense initiative.
The defense firm most involved in HSGT is
Grumman Corporation. As prime contractor for
one of four maglev system concepts contracts let
under the National Maglev Initiative, Grumman
has put together a team that includes six other
engineering organizations as well as 10 research-
ers from its own Advanced Concepts Group. This
is a small technical outfit that considers alterna-
tive nondefense applications for Grumman tech-
nologies, including such things as tilt wing
business aircraft and robots for nuclear waste
cleanup.

So far, neither Grumman, the leader among
defense firms interested in maglev, nor any other

defense companies is investing significant amounts
of its own money in developing the technology.
Grumman is interested enough, however, to have
joined a group of companies that is trying to
develop a plan for a maglev line from Washing-
ton, DC, to Baltimore.”If sufficient government
funding is forthcoming to make such a high-risk
project attractive to private firms, Grumman and
other defense companies now working on small-
scale research projects might well be among the
participants.

To sum up, it appears that developing HSGT
technology in this country and building a domes-
tic industry could have modest but limited bene-
fits in such things as creating good jobs, opening
conversion opportunities, and driving technology
advance-though it is well not to be too dismis-
sive of the potential for technology advance, as
that is notoriously hard to predict. Many of the
wider societal benefits of HSGT—including re-
duced dependence on foreign ail, better environ-
mental quality, and the impetus for regiona
economic development-could accrue to this
country whether the technology used to build the
systemsisimported or domestically devel oped.

1 Government Policies to Develop HSGT

U.S. Government involvement in HSGT,
maglev in particular, dates back to the late 1960s.
A 1965 law established the FRA’s Office of
HSGT and authorized it to offer grants to
companies to develop concepts and technol ogies
for advanced HSGT systems including maglev. In
total about $55 million (1992 dollars) were spent
in the effort over 10 years. Industry giants such as
Ford, Boeing, and Grumman participated in the
program, investing their own funds in it as well as
receiving government grants. In 1975, the FRA
abruptly curtailed high-speed R&D funding and
redirected its passenger rail resources toward

410TA interviews with research and development personnel at Grumman, Martin\ arietta (Maryland and Colorado), Boeing Aerospace
and Defense, Raytheon Equipment, and General Electric Corporate R&D. All these companies are participating in Federal Government

contracts from the National Maglev Initiative.

42 Garry Stix, “Air Trains,” Scientific American, August 1992, p. 107.
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improvements to the Northeast rail corridor
between Washington and Boston. The promised
government aid for HSGT system development
and commercialization evaporated, and the com-
panies involved withdrew. Boeing, for example,
canceled its development program and trans-
ferred the technology to Carnegie Mellon Univer-
sity. The Federa Government’s sudden with-
drawal from HSGT in the mid-1970s is a major
reason companies now give for not investing their
own money in maglev.

MAGLEV PROGRAMS

In 1990, Congress directed the Army Corps of
Engineers, the Federal Railroad Administration
and the Department of Energy to develop and
jointly manage the National Maglev Initiative, a
2-year, $25-million program to assess the techni-
cal and economic feasibility of maglev and to
develop systems concepts and component tech-
nologies. Four contracts ranging from about $2.5
to $8 million were let for systems concepts—
ideas of what a U.S. maglev system might look
like and how U.S. technology might improve
upon the existing Japanese and German proto-
types. Also included were 27 smaller contracts for
feasibility studies and technology development.
Defense contractors participated in each of the
systems contracts and several of the smaller
contracts.

In 1991, Congress authorized a huge increase
in funding for maglev, creating a $725-million
maglev devel opment and demonstration program
over 6 years as part of the Intermodal Surface
Transportation Efficiency Act of 1991 (ISTEA).
The National Magnetic Levitation Prototype Pro-
gram calls for selection of a project that would be:
1) longer than 19 miles, to alow for full-speed

operation; 2) intermodal (i.e. connect with exist-
ing air or train service); 3) located in a place with
enough potential riders to allow future commer-
cia operation; 4) able to use interstate highway
rights of way, and possibly railroad rights of way;
and 5) an experimental system fully capable of
evaluating technical problems, including switch-
ing systems and ability to operate around curves.
In awarding the contract, government officials
should encourage the development of domestic
manufacturers-including ones that are aready
in the railroad, aircraft, or automobile businesses.

The maglev prototype project could use Fed-
eral money for up to three-quarters of its cost, but
would be expected to attract substantial nonfed-
eral funding as well. No Federal money had been
appropriated for the prototype program by the end
of 1992.“A call for proposals for development of
conceptual designs of the prototype awaited the
feasibility reports of the National Maglev Initia-
tive, which was expected in spring 1993. Speak-
ing at a meeting of the High-Speed Rail/Maglev
Association in February 1993, officials of the
Federal Railway Administration said that prelim-
inary results of the reports showed that maglev is
feasible, and an “attractive alternative in several
high density corridors, covering operating costs
and varying portions of capital costs. The cost of
a maglev system for the Northeast corridor would
be about $22 billion all told, they said, and it
could be ready by 2005."

OTHER FEDERAL PROGRAMS FOR HSGT

ISTEA also included support for HSGT sys-
tems other than maglev, but at a much lower level.
A total of $50 million over 5 years, including $25
million from the Highway Trust Fund, was
authorized to support demonstration projects for

43 As noted in box 8-A, Congress has approved spending $98 million from the mass transit account of the National Highway Trust Fund
for the Orlando maglev project; this is not a part of the National Magnetic Levitation Prototype Program.
44 Statements of Robert Krick, Deputy Associate Administrator for Technology Development for the National Maglev Initiative, Federal

Railroad Administration U.S. Department of Transportation% ‘‘NMI Status Report,’* statement at the 1993 High Speed Rail/Maglev Forum,
Feb. 25, 1993; Gene Koprowski, “Magnetic Levitation: Reality in 2005 for Just $22 Billion!’’ New Technology Week, Mar. 1, 1993, citing
statements by Krick and Arrigo Mongini, Deputy Associate Administrator for Railroad Services, Federal Railroad Administration U.S.

Department of Transportation.
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HSGT technologies of any kind (including steel
wheel on rail) for usein a system that is actually
in operation or under construction. Another $25
million (from general funds) was authorized for
R&D of all kinds of HSGT technologies; the law
specified that the government could provide 80
percent of the costs in R&D partnerships with
industry on HSGT technologies. ISTEA aso
required a report from the Department of Trans-
portation by June 1995 on prospects for various
forms of HSGT, including: 1) an economic and
financial analysis, including projections of both
costs and potential markets; 2) a technical assess-
ment, including both environmental and safety
issues and unresolved technical issues; and 3)
recommendations for model legislation for State
and local governments to pave the way for
construction of HSGT systems.

STATE EFFORTS TO PROMOTE HSGT

Many State Governments actively promoted
the development of HSGT, starting with feasibil-
ity studies and technology assessments of high-
speed rail. Several, including Florida, Ohio, and
Pennsylvania, have gone beyond feasibility stud-
ies to pursue environmental assessments and
engineering studies. Funding for full-scale devel-
opment remains a problem. In 1987, Ohio voters
rejected a measure that would have created a
special sales tax to support HSGT devel opment
and construction, Florida planned to help finance
construction of a HSGT system by granting the
builders land around proposed stations, which the
builders could then sell; however, a sharp drop in
the Florida real estate market killed the scheme.

In Texas, the State legidlature that awarded the
franchise for the TGV project stipulated that no
State money could ever be appropriated for it.
However, backers are trying for permission to use
tax-free bonds to finance about $2 billion of the
construction costs (see box 8-A). This option is
also strongly favored by backers of HSGT sys-

tems elsewhere in the United States. Under the
U.S. Tax Code, States or localities can issue
tax-free bonds on behalf of private companies to
build projects that result in a public good.
Because no Federal or State income tax is
collected on the interest paid to the bondholder,
individual investors are willing to accept a lower
rate of interest than they would accept for
similarly risky taxable bonds. Since not al States
collect income tax, and those that do charge rates
much lower than the Federal income tax, most of
the advantage that tax-free bondholders receive is
at the expense of the Federal Treasury. It is
estimated that every $1 billion in tax-free bonds
costs the Federal Treasury $33 to $50 million;
thus the cost to the government of the planned $2
billion bond issue by the Texas TGV could be $60
to $100 million.”

Tax-free industrial development bonds (IDBS)
have funded the construction of water and sewage
treatment plants, low-income housing, and, in the
past, projects that simply generate jobs. Because
most of the cost is borne by the Federal Govern-
ment, and because security for the bonds is
usually no more than the income and assets of the
firm receiving the bond, local governments have
little reason for restraint in issuing IDBs. In 1986,
Congress limited the scope of 1DBs, setting caps
on how much money each State can issue in IDBs
every year. Certain projects were excluded from
the caps-including airports but not railroads.
Both the Orlando and Texas high-speed rail
developers are urging congressional action to
amend the law so as to treat railroads like airports.

INTRACITY MASS TRANSIT

Mass transit, particularly rail transit, within
cities has also been proposed as meeting public
needs while aso serving as a candidate for
defense conversion. The potentials for reducing
emission of greenhouse gases from cars, improv-
ing urban air quality, reducing traffic congestion,

45Matthew R. Marlin, * ‘Industrial Development Bonds at 50: A Golden Anniversary Review, “ Economic DevelopmentReview, vol. |, No.

4, September 1987, p.397.
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and cutting dependence on foreign oil are public
benefits claimed for mass transit. As for the
conversion potential, the idea that defense aero-
space companies might convert to rail transit car
production is by no means new. The 1970 Surface
Transportation Act®specifically authorized the
Federal Transit Administration (then the Urban
Mass Transit Administration) to “encourage
industries adversely affected by reductions in
Federal Government spending on space, military
and other Federal Projects to compete for con-
tracts. "

Defense contractors have some advantages in
the mass transit business. First, they know how to
compete for government contracts. While bidding
for mass transit means responding to calls from
local governments, not the Department of De-
fense, thereis at least some similarity in market-
ing methods. Second, some of the manufacturing
skills a defense air-framer must have are also
required in building a rail car. In both cases,
manufacture means integrating components sup-
plied by subcontractors. Like the airframe inte-
grator, the prime contractor for rail cars usually
builds the structural frame and the shell, but
subcontractors generally furnish the powertrain
components, the electronic controls, and the other
major systems. Fabrication is completed by
skilled craftsmen. In neither case are mass pro-
duction techniques employed.

On the other hand, there are major differences
between aircraft and rail car manufacture. Some
are technical; for example, aircraft are made of
riveted aluminum, lightweight stedl alloys, and
composites, while subway car bodies are gener-
ally constructed of welded stainless steel or
welded aluminum. More important are differ-
ences in approach to cost. In military orders, the
paramount consideration is performance; costs,

while important, are secondary. With rail cars, as
in any civilian market, cost is a primary issue.
Furthermore, manufacturers of aircraft are used to
operating at a very large scale in programs worth
billions of dollars. The market for rail cars is
limited and diffuse, with many competitors bat-
tling for small contracts that follow no predictable
timetable.

Some observers believe that an infusion of new
technologies from aerospace fro-for example,
in advanced materials and microelectronic con-
trols-could improve mass transit manufacture. The
negative factors are stronger, however. As noted,
a most important factor is the small size and
unpredictable nature of the market for rail cars.
The absence of uniform standards for transit cars
makes it hard to achieve economies of scale. Past
experience does not provide much evidence for
the practicality of conversion. The 1970s ventures
by defense companies into mass transit car
production were not a total fiasco; some were
spectacular failures, financially and technically,
but a few eventually achieved modest technical
success. Boeing-Vertol, after a rocky start with an
order for subway cars in Boston, later improved
enough that cars delivered to Chicago and San
Francisco gave years of reliable service. Allied
Signal developed electronic “chopper” switches
so successfully that at one point in the 1970s it
supplied €electronic controls for every U.S. and
Canadian light rail program.”

None of these ventures lasted, not even those
that achieved technological success. Boeing
closed out its light rail car operation in the early
1980s, and in 1988 Allied Signal sold its transit
control business to the Swedish-Swiss firm Asea
Brown Boveri. Shifting government policy on
mass transit was responsible in part, but probably
a greater factor was a defense buildup that offered

46 pyblic Law 91-453.
47 public Law 91-453, sec. 10.

48 For an account of defense COmpanies’ ventures into mass transit manufacture, see U.S. Congress, Office of Technology Assessment, After
the Cold War: Living With Lower Defense Spending, OTA-ITE-524 (Washington, DC: U.S. Government Printing Office, February 1992), pp.

206-210.
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far more rewards than any available in transit.
Difficulties also stemmed from the different
demands on managers in commercial business—
especialy in cost control, attention to reliability,
and marketing ability.

OTA’s analysis finds that the market for mass
transit rail carsis generally less than $750 million
per year, is highly variable, and is divided among
many firms that are, with one exception, foreign-
owned. Possibly, the Federal Government might
take actions to make the market more hospitable
by encouraging standardization of mass transit
cars, supporting larger numbers of purchases, and
working with local transit authorities to create a
more orderly pattern of purchases. Even so, the
market would not approach the size of declinesin
defense aerospace purchases, and foreign firms
still have a big lead over novice U.S. fins. It is
not clear that defense firms are particularly well
situated for or interested in entering the mass
transit market. While there may be sound argu-
ments for more government support of mass
transit than already exists, on grounds of public
benefits to energy independence and protection of
the environment, the opportunities for conversion
and for growth of a sophisticated, dynamic
domestic industry appear to be limited.

B The Products

The mass transit rail car market comprises
three basic categories: rapid rail transit (some-
times called heavy rail or metro rail), light rail
vehicles (contemporary descendant of the trolley
car), and commuter rail. Because each of these
markets is quite small, most builders are involved
inall three.

Rapid Rail Transit (RRT)--These are the
cars typically used in subway and elevated transit
systems. They are self-propelled and electric-
powered, either from a third rail or overhead
wires, and they can be strung together in trains of
up to 10 or more cars. Only 12 RRT systems are
in operation in the United States, but RRT
comprised 66 percent of all transit cars delivered

Table 8-I-Total New Transit Cars Delivered,

1981-91
Type Number Percent of total
Rapid transit.........,. 3,781 66%
Lightrail ............... 696 12
Commuterrail .......... 1,281 22
Unspecified. . .......... 8 0
Total ............... 5,766 100%

SOURCE: “Passenger Car Market at a Glance,” Railway Age, January
annual, 1982-92.

between 1981 and 1991 (table 8-1). RRT cars are
typically priced from $800,000 to $1.5 million,
depending on size, technological sophistication,
and the size of the order.

The RRT market is dominated by New Y ork
City’s Transit Authority (NYCTA), the Nation's
largest system; it operates 59 percent of all RRT
rolling stock and accounted for 45 percent of new
RRT of purchases in the last decade (table 8-2).
Other major buyers of RRT cars are the Chicago,
San Francisco, Boston, and Philadelphia systems,
plus newer systems in Washington and Atlanta.
Los Angeles, Houston, and Honolulu are al
planning to begin operating RRT systems by the
year 2000, but even in combination these systems
will not add significantly to the total demand for
rail cars. None of the planned systems has
contracted for more than 150 cars. Altogether,
RRT sales averaged about 350 a year between
1981 and 1991.

Light Rail Transit (LRT)--These cars, the
offspring of the traditional trolley car, are simpler
and less expensive than those used in RRT
systems, and are designed to serve areas with
lower population density. LRTs can be connected
into trains of two or three cars, are often articu-
lated to accommodate tight turns, and are gener-
ally powered by overhead wires. The guideways
can be at street level, elevated, or underground.
Thereare 17 light rail systemsin operation in the
United States, 7 of which opened between 1981
and 1991, but only 12 percent of transit cars
delivered during the decade were of this type.
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Table 8-2—U.S. Rapid Rail Car Fleets

Fleet Percent Average Percent over
Transit operator size of total age 25 years old
New York-MTA ... ... 6,089 59.0% 18.-I 37.7%
Chicago ... 1,214 11.8 13.6 23.0
Washington . ........c.ovueriiniiinan. 664 6.4 8.7 0,0
San FranCisCo. .. ...oovveeeeeeeeens. 579 5.6 12.9 0.0
Boston ... . 404 3.9 14.6 20.3
Philadelphia................ ... ... .. ...... 378 3.7 233 66.9
New York-PATH . .......... .. ... .. ... ... 342 3.3 17.8 0.0
ALANTA . oo 238 2.3 6.9 0.0
Miami. ... 136 13 8.0 0.0
New Jersey-PATCO .. ... 121 1.2 17.4 0.0
Baltimore ...t 100 1.0 5.4 0.0
Cleveland . ......... ... i 60 0.6 7.0 0.0
Total . ..o 10,325 100.0% 18.1 28.2%

KEY: MTA=Metropolitan Transportation Authority; PATH=PortAuthority Trans-Hudson; PATCO=PortAuthority Transit Corporation (Pennsylvania-

NewlJersey),

SOURCE: DepartrnentofTransportation, Urban MassTransportationAdministration, Washington, DC, Data Tables for the 1990 Section 15 Report

Year, Decomber 1991.

Small order sizes make light rail cars a particu-
larly difficult segment for manufacturers.

Commuter Rail Transit--These systems, de-
signed to bring large numbers of commutersinto
downtown from more distant suburbs, operate
between more widely spaced stations on fixed
schedules. Commuter rail cars may be pulled by
locomotive or may be self-propelled. They repre-
sent a growing sector of the market, accounting
for 22 percent of the transit cars delivered from
1981 to 1991. In 1990, 13 systems were in
operation with at least two more scheduled to
begin operation in the 1990s.

I The U.S. Market

Deliveries of transit cars surged in the 1980s
(table 8-1), largely due to increased purchases by
New York City and the demand created by new or
expanding systems in Washington, Atlanta, San
Diego, and Sacramento. The average for the
period 1981-91 was 525 cars of al types per year.
Even in this time of relative plenty there were
great variations in deliveries from year to year. In
1986, the best year, 1,152 cars were delivered,

while only 148 cars were delivered in the worst
year, 1990.” Among some car types the variation
was greater; 854 RRTs were delivered in 1986
compared with only 6 in 1991.

New York was by far the largest purchaser
during the decade, buying some 1,713 of the total
5,766 new cars delivered, and dominated the
rapid rail market (45 percent of al purchases).
Only one other system, Chicago’s elevated tran-
sit, purchased more than 200 cars, and two
others-San Francisco and Washington-bought
more than 100 cars from 1981 to 1991.

Although the 1991 Intermodal Surface Trans-
portation Efficiency Act authorized a large infu-
sion of new Federa money into mass transit,
industry analysts expect that the next severa
years will not generate as much demand for new
rolling stock as the 1980s brought. A backlog of
914 unfilled car orders existed at the end of 1991;
orders for 761 cars were expected in 1992, and
between 820 and 1,640 more from 1993 to 1997.
Orders of more than 175 commuter rail cars were
projected for the 5-year period, but only three
cities were expected to order more than 150 RRT

49 All data on rail car sales are from “Passenger Car Market at a Glance, ” Raj Iway Age, January annual, 1982-92,
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cars. In light rail, only Boston was expected to
order as many as 100 cars and no other order was
expected to exceed 50.%

Additional Federa Government funding might
increase demand but probably not by very much.
Many systems are already operating new rolling
stock. New York took delivery on 2,350 new and
remanufactured cars in the 1980s and its average
fleet age is down to 18.1 years, the average life
expectancy for RRT cars is 40 years .51 New
demand might arise from construction of new
systems and the expansion of existing systems
but, as happened with projects started in the 1970s
(e.g., Atlanta, Washington), car purchases would
not get underway until the next decade. Prospec-
tive locations for large new systems are limited.
Dallas, Houston and Honolulu are building RRT
systems, but there are few other locations that
would be likely to require orders of more than 100
cars.

Los Angeles is one place where large-scale
growth in the rail car purchases can be expected.
Because of its air pollution and traffic congestion
problems, Los Angeles has committed to spend
$185 billion between 1990 and 2020 on transit
improvements. A major element will be rail. Two
light rail lines were operating in 1992; one section
of a short RRT opened in early 1993, to be
completed later in the decade; and other com-
muter and light rail developments are also
planned. Los Angeles expects to procure a total
600 cars including RRT, LRT, and commuter rail
cars over the 30 years,” Of these 600, 250 are

either currently under requests for proposals or

have aready been contracted for. Altogether,
even with its huge investment in mass transit, Los
Angeles will probably add only about 20 cars a
year, on average, to the total U.S. demand.

I The Competitive Environment

The U.S. rail car manufacturing market is
nothing if not crowded (table 8-3). More than 25
firms supplied carsto U.S. transit systemsin the
1980s. Until the entrance of Morrison Knudsen in
1991, no rail transit car had been manufactured by
a U.S. firm since 1984, when Boeing-Vertol
delivered its last car to San Francisco Municipal
Railway. The Budd company, the last magjor U.S.
rail car builder, was bought by a German com-
pany in the late 1970s and delivered the last car
under the Budd nameplate in 1984. Budd contin-
ued U.S. operations under the name Transit
America until 1987 when its backlog and facili-
ties were purchased by Bombardier of Canada.

The large number of companies competing for
orders in the 1980s led to variation in deliveries
by individual firms even more drastic than those
seen at the market level. Only Kawasaki delivered
cars in every year from 1981 to 1991. Bombar-
dier, which held 23 percent of the total market in
the period, made 948 of its 1,366 deliveriesin just
2 years, 825 of these cars were bought under a
single contract. Even its position as market |eader
does not give Bombardier a consistent ability to
win major contracts. Budd controlled 21 percent
of the 1981-91 market even though it disappeared
as a company in 1987.*Kawasaki delivered 970
cars, 17 percent of the market.” Some firms

50 Ibid.

51 U8, Department of Transportation, Federal Transit Administration, Dara Tables

U.S. Department of Transportation, December 1991), table 2.17.

the 1990 Secrion 15 Report Year (Washington, DC:

52 The contract for the Los Angeles Green Line cars was originally awarded to Sumitomo of Japan, the contractor for the city’s Blue Line
cars. Sumitomo Was selected over Morrison Knudsen of the United States despite the latter’s lower bid. Los Angeles transit operators felt that
Morrison Knudsen's engineering skills were not thoroughly tested, casting doubt on their ability to deliver high-quality cars on schedule.
Morrison Knudsen launched a campaign to reopen the bid. Their campaign was framed in terms of U.S. jobs lost and Japanese economic
domination. As public sentiment against Sumitomo increased, the transit authority canceled the contract. Sumitomo was later awarded a smaller

contract.
s3 Includes sales made by Transit Americain 1985 and 1986.

34 Includes all sales where the trading company Nissho Iwai is listed as the prime contractor.
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Table 8-3--U.S. Rail Transit Car Deliveries, 1981-91

Total

1981-85 1986-91 1981-91
Country of origin Number °/,of total Number % of total Number % of total
United States .. .................. 1,004 40% 316 10% 1,320 23%
Canada................cooouiinn. 301 12 1,320 40 1,621 28
Japan............ i 863 34 674 21 1,537 27
Europe............ ... ..o 335 13 953 29 1,299 22
Total ........ ..o 2,503 100 3,263 100 5,766 100

SOURCE: “Passenger Car Market at a Glance,” Raifway Age, January annual, 1982-92.

supplied cars only to a single system, often under
a single order. Hitachi of Japan supplied 90 cars
to Atlanta from 1984 to 1987. Westinghouse
Amrail, a consortium of European companies,
provided 419 RRT cars to New York. Breda of
Italy had two customers, supplying 356 cars to
Washington after selling 59 to Cleveland in the
early 1980s. The remaining firms delivered fewer
than 250 cars each and did not make deliveries in
more than 4 of the 11 years.

Some Japanese manufacturers have arrange-
ments with trading companies that allow them an
extra measure of flexibility in this highly unstable
market. While some trading companies such as
Nissho Iwai have longstanding relationships with
a single builder (Kawasaki), others subcontract
with various builders and may even divide the
work from a single contract among builders. This
arrangement allows Japanese firms to bid on
contracts that would otherwise be beyond their
capacity. In contrast, U.S. firms--those still
operating in the 1970s and early 1980s—were
either fully loaded with work or had no contracts
at all.

Only one U.S. firm has entered the transit
industry in the last 15 years-Morrison Knudsen.
The company has a strong tradition of rail work,
including locomotive and freight car rebuilding.
It moved into the transit market slowly, first
rebuilding older cars and only then designing and
building new cars. Its investment has been at a
cautious pace. It does not yet have a plant to build
car shells, instead importing them from overseas.

Even with this cautious incremental strategy the
company has invested around $70 million in plant
and equipment to build transit cars. Morrison
Knudsen had advantages that future U.S. entrants
are unlikely to have, that is, rail experience and
large rebuilding projects that gave its people
some learning experience before entering full-
scale engineering of a new car. Even with these
advantages-and even with the further benefit of
preference by transit authorities for domestic
builders, as discussed below—the company may
not be a viable long-term competitor in the new
rail car market.

# Preference for National and
Local Manufacturers

Most countries with a transit car manufacturing
industry provide some form of protection for
domestic producers. Under GATT, the interna-
tional agreement governing trade among most of
the world’s nations, many areas of government
procurement cannot offer explicit preference for
domestic fins. However, transportation remains
a so-called ‘‘excluded sector in the GATT
procurement code; governments may use various
devices (such as price preferences) to favor
domestic firms. Informal barriers, such as failure
to provide information to foreign bidders about
technical specifications and contract procedures
(“lack of transparency’ can be an even stronger
form of protection, as they are in Japan and
Europe.
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Besides their arrangements for work sharing
and collaboration, the car builders in Japan
benefit from a large, protected domestic market.
The benefit shows up in sales and export figures
for rail cars made in Japan from 1971 to 1990
(figure 8-1). Exports are a small share of total
output. But it is striking that, in nearly every year
when total output (comprising mostly domestic
sales) fell below average, exports rose above
average. Conversely, when total sales were above
average, exports fell below average. This record
suggests that the Japanese producers were able to
use exports to the United States and other
countries to sop up some excess capacity during
slack times in domestic demand.

The strategy of using exports to compensate for
lower domestic demand rests partly on a predicta-
ble procurement system. In Japan, rail car produc-
ers get enough warning of planned lower pur-
chases that they can bid on foreign contracts to
smooth out production. Interestingly, despite the
apparent coordination in the Japanese market, the
Japanese Rolling Stock Manufacturers Associa-
tion pleads for more cooperation among firms and
railway operators.”

The United States has its own form of protection--
one that is more explicit but probably easier to
evade than informal barriers. The idea that
government spending should benefit American
firms underlies a series of Buy America require-
ments in the Federal Acquisition Regulations.”
For the most part, Federal Buy America provi-
sions apply only to goods purchased directly by
the Federal Government.s7 However, under the
Surface Transportation Act of 1978, the Federal
Transit Administration (then the Urban Mass
Transit Administration) was authorized to require
that rolling stock purchases made fully or in part

Figure 8-1-Japanese Rail Car Industry
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SOURCE: “Passenger Car Market at a Glance,” Railway Age, January
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with the Agency’'s grants have Buy America
preferences. *Firms not qualifying as U.S. firms
must bid at least 25 percent lower than competing
“domestic’ bids to win a contract. However, in
order to be considered a U.S. firm, a manufacturer
need only have 60 percent of the content of the car
produced in the United States and complete final
assembly in the United States. In practice, Buy

55 Japanese Rolling §tock Manufacturers Association, FY 1990 Rolling Stock Industry Annual Report (Japan: The Association, 1991) (in

Japanese).

56 For a brief discussion of Buy America provisions and Federal Government procurement, see U.S. Congress, Office of Technology
Assessment, Competing Economies, ITE-OTA-498 (Washington, DC: U.S. Government Printing Office, 1991), ch. 4.
57 Many States have their own Buy America requirements for their procurements.

58 public Law 95-509, Section 402,1978.
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Americaas applied to rail is not a price preference
but rather a content requirement. All contracts
awarded in the 1980s that were required to meet
Buy America did so by having sufficient U.S.
content. By leaving the market open to foreign
carbuilders, the requirement promotes competi-
tion while at the same time attempting to assure
that companies manufacturing in the United
States capture at least 60 percent of the value of
the car.

In the Uruguay round of negotiations over
GATT, some U.S. trading partners proposed a
new procurement code, in which transportation
could no longer be an excluded sector, and
therefore able to offer domestic industries na-
tional preference. U.S. negotiators were unwilling
to accept this change in the code without firm
assurance that European and Japanese informal
barriers to the purchase of U.S.-manufactured
transit cars would be removed if transportation
were no longer an excluded sector.”

I State or Local Content Requirements

In some cases where transit authorities have not
received any Federal funding for their rolling
stock purchases, the logic of Buy America has
been extended to the State or local level. Such
State or local content requirements are not
alowable if Federal funds are used.”While few
if any rail cars were purchased in the 1970s
without Federal funding, only about 55 percent of
those built in the 1980s used Federal money .61

Many of the largest transit agencies self-
financed in the 1980s. In its enormous State-
funded 1981 order, the New York City Transit
Authority considered New York content as one
factor in the selection process but did not require
State offsets per se. State content was easy to
include because many suppliers are located in
New York. In its 1990 order for 173 commuter
rail cars, Chicago required final assembly in the
five-county area surrounding the city. This forced
Chicago's contractor, Morrison Knudsen, to set
up an entirely new facility in the area. The benefit
to Chicago area workers may be temporary.
While Morrison Knudsen is hoping to continue
operation of the Chicago facility by converting it
to arail car body plant (currently the company
imports car bodies from Japan and Switzerland),
officials admit that the long-term viability of the
facility will hinge on receiving enough new
orders to justify the company’s construction of its
own car bodies.*Morrison Knudsen is also
building a facility in California as part of its
contract for the so-called ‘California’ commuter
car.”All of this investment in excess capacity has
fueled speculation that Morrison Knudsen will
not be able to survive in the transit car market.”

Rising demands for local content are seen by
some in the industry as a threat to the fragile
domestic supplier base. This applies to compo-
nents suppliers at least as much as to final
integrators. As with many products involving
large-scale systems integration, a sizable share of
the value of a rail car resides with component

59 U.S. Trade Representative Official, personal communication, june 1992.
60 Urban Mass Transit Administration “Third Party Contracting Guidelines, " circular UMTA C 422D.1B, May 8, 1988, paragraph 4,

subparagraph b.

61 Based ON Railway Age market data and telephone interviews witb transit operators. One reason for the increase in local financing was that
Federal Government support declined in the 1980s, both in number of grants given and the share of the purchase covered. Also, many transit
authorities believed that they could get more car for less money without Federal assistance that imposed procurement regulations covering such
things as minority firm participation labor-surplus area firm participation and sealed-bid selection.

62 Morrison Knudsen claims t- have capacity in a New York facility to build 900 cars a year, far more than the number likely to be built

there currently. Therefore, it is unlikely that the company wouid have built a facility in Chicago if not for the contract requirement. Information

provided by Morrison Knudsen company official, July 1992.

63 Don Phillips, “Getting the U.S. Back on Track,’’ Washington Post, May 24, 1992, p. H-1.
64 Richard L. Stern and Reed Abelson, *‘ The Imperial Agees,” Forbes, June 8, 1992, p.88.
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suppliers. Los Angeles Transit Authority esti-
mates that about 45 percent of the price of the car
is components or work done by component
makers or suppliers.

Because of Buy America national preferences,
U.S. parts suppliers have a considerably better
market position than U.S. carmakers. However,
the growing use of all-local financing has alowed
States and localities to both circumvent Buy
America requirements and require State or local
content. Because the market for transit car com-
ponents is already quite small any loss of sales
can have a significant impact. If foreign builders
are not required to meet Buy America content
requirements, U.S. suppliers lose sales. More
subtly, local offsets can increase firm costs by
forcing them to set up gypsy manufacturing
facilities in the State or locality offering the
contract, thereby limiting what few economies of
scale or scope might exist.

B American Manufacture of
Rail Cars for Mass Transit

The focus of this chapter is on the jobs,
conversion opportunities, and technology ad-
vances that new transportation systems might
offer. Through this lens, mass transit does not
look like a big winner.

If manufacture of mass transit cars experienced
arevival in the United States, it probably would
not generate many jobs. The issue is relevant to
defense conversion, since transit car production is
often mentioned as a candidate industry to absorb
some of the job losses in the defense industry .65
Most large defense contractors are extremely
wary of getting into the transit business because
of the well-known failures some defense compa-

nies suffered in the 1970s in their transit ventures.
One of these efforts-Boeing-Vertol’s produc-
tion of light rail cars in the 1970s and early
1980s—was modestly successful. Even so, it
yielded fewer than 500 jobs, compared with more
than 5,000 jobs lost at Vertol in the post-Vietnam
War build-down.” A Kawasaki-Nissho Iwai plant
in Yonkers, New Y ork, which builds car bodies
and does final assembly, would employ only
about 300 people at its full output of about 120
cars per year.”

Because subcontracted components make up as
much as 50 to 60 percent of a car’s value, the jobs
generated by parts suppliers are at least as
important as those in the integrator’s plants. Buy
America requires foreign producers to generate
60 percent of the car’ s valuein the United States,
and in most cases transit authorities that do not
use Federal money impose similar requirements;
therefore, most of the extra jobs in a domestic
industry would be at the final integrator level.
Assuming that 550 cars (the yearly average of
purchases in the 1980s) were built entirely in the
United States, transit car manufacture might
create as many as 1,400 new jobs.

As matters stand, there is not much prospect of
growth in the U.S. market. Replacement sales are
occurring at a steady rate and few systems expect
large increases in demand for cars. New systems
could and perhaps should be built. If government
policy were to support mass transit more strongly,
they might be. However, most recently built
systems have been small. Currently, only Los
Angeles seems likely to be a large new source of
future demand and only over the long term. The
addition of some 20 cars a year from Los Angeles

6s Northrop, principal contractor for the B-2 bomber, faces alarge loss of business when the much truncated run of the B-2 ends(the program

was cut to 20 planes from what was once envisioned as several hundred). Reportedly, Northrop approached the Japanese firm Sumitomo as
a possible subcontractor for manufacturing transit vehicles for Los Angeles. In late 1992, however, company officials said prospects for the

deal were dead.

66 Boeing-Vertol official, personal communication, June 1992. Total employment in helicopter building at Vertol in Philadelphia dropped
from about 12,000 at the peak of war production to 6,700 in the later 1970s.

67 Union Rail Car, Yonkers, NY, promotional literature.
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orders over 30 years does not make a big
difference in the U.S. market, or in job prospects.

The assumption that domestic manufacturers
could displace foreign producers is itself an
unlikely one. The U.S. transit car market is
crowded with fierce competitors, most of whom
are foreign. It also seems unlikely that U.S.
companies entering the field could profit much
from exports. It would be hard to best experienced
foreign competitors in their own markets, where
most have the added advantage of protection via
both formal and informal barriers.

Another issue is the place of advanced technol-
ogy in mass transit. Could new U.S. firms enter
the market on the basis of new technology? Or
could technologies developed for transit cars be
more broadly applied in other sectors? Any
answer has to be rather speculative. U.S. transit
operators are typically very conservative about
employing new technologies. Difficulties in im-
plementing new technologies in the early 1970s
that led to costly delays and embarrassment
continue to influence decisions on employing
new and unproven technologies. Reliability, lon-
gevity, and safety are the key ingredients opera-
tors look for in new rail cars. Moreover, transit
budgets are very limited. Operators want assur-
ance that extra dollars spend on new technologies
will lead directly and obviously to lower operat-
ing costs or greater ridership.

On the other hand, some foreign transit systems
do have advanced technical capabilities that
operators there were willing to pay for. Com-
pletely driverless systems, microelectronic train
control using ‘fuzzy logic’ algorithms, and other
technologies not yet used in the United States
have been installed in foreign transit systems.
Some of these technologies are broadly applica-
ble; a mass transit market for them here might
provide support for their further development and
spillover to other fields. Still, U.S. firmswishing

to compete on the basis of technology would have
to leapfrog the substantial advantage held by
European and Japanese firms that are already in
the business of supplying high-tech components
and services, and that have done more R&D in
mass transit over the last 25 years than U.S. firms.

The potential for a contribution from U.S. high
technology firms cannot be written off. Some may
be able to make inroads in the transit business at
the component or subsystems level. Although the
U.S. markets would likely be small, there might
be possibilities for export. In its request for
proposals to build 87 light rail vehicles, Los
Angeles tried to encourage U.S. defense firms to
investigate the transit component market. It
included a requirement that bidders team with a
high-tech firm to apply a new technology in two
prototype advanced vehicles, and then evaluate
the results.” The first 40 cars built under the
contract would use more conventional technolo-
gies, but the second 45 would incorporate the
advanced technology if it were found useful and
cost effective. The goal of the Los Angeles
program is not to create new car building compa-
nies but to encourage the formation of a new
components industry that al of the world's
manufacturers could draw on.

Mass transit may be judged an important
element in meeting environmental and infrastruc-
ture challenges; this report does not assess transit
systems from that point of view. The possibilities
for new job creation in a domestic mass transit car
industry are probably still less than the limited
potential offered by highspeed intercity ground
transportation systems. As for technology oppor-
tunities, there may be some scope for selling
advanced components for transit systems in the
world market. So far, Japanese and European
components suppliers have the advantage of
working with domestic car manufacturers, and are
ahead of potential American competitors.

68 Travis Montgomery, economic development specialist, Los Angles County Transportation Commission, personal communication, July

1992.
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