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STATEMENT
OF THE DIRECTOR

S DIRECTED BY THE INTERMODAL SURFACE TRANSPORTATION

EFFICIENCY ACT (ISTEA), THE BUREAU OF TRANSPORTATION
STATISTICS (BTS) PREPARES AN ANNUAL COMPREHENSIVE ASSESS-
MENT OF THE NATION’S TRANSPORTATION SYSTEM AND THE STATE OF
TRANSPORTATION STATISTICS. THIS DOCUMENT IS THE THIRD SUCH
ANNUAL REPORT TO THE PRESIDENT AND CONGRESS.

Transportation, by moving goods to
where they are required and people to
where they wish to go, is a vital compo-
nent of all products and services pro-
duced in an economy. By expanding the
markets for goods and labor, transporta-
tion promotes regional specialization,
large-scale production, interregional and
international trade, personal mobility,
and social interactions. Consequently, in
a large and affluent industrialized coun-
try such as the United States, transporta-
tion is a vast enterprise.

The U.S. transportation system com-
prises an extensive physical network of
highways, railroads, transit systems,
pipelines, waterways, ports, and airports,
in addition to the industries that produce

and maintain the vehicles (e.g., motor
vehicles, ships, planes, bicycles) that use
the physical network; the providers and
arrangers of for-hire transportation ser-
vices; and the agencies that administer
transportation programs. Transportation
is thus a broad and important economic
sector, accounting for about 11 percent
of the gross domestic product (GDP) in
1994, roughly comparable to health (14
percent), food (12 percent), and educa-
tion (7 percent).

Part | of this report surveys the state
of the transportation system in the
United States. It opens with an assess-
ment of the nature, patterns, and trends
in the use of the transport system for
passenger and freight movements, as
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well as the condition and performance of the
U.S. transportation system, which currently
offers U.S. residents the world’s highest level of
personal mobility. It proceeds to a discussion of
transportation’s importance to the economy and
society as indicated by a variety of economic
indicators. Next, Part | describes the unintended
consequences—accidents, fatalities, and oil
import dependency—associated with trans-
portation. Finally, it explores the state of trans-
portation statistics.

This year’s theme section, “Transportation
and the Environment” (Part 11 of the report), sur-
veys the collateral damage to the environment
arising from transportation. It focuses on the
scale and dimensions of the damage, and the
effect of actions to ameliorate the damage. Part
Il surveys transportation-related environmental
trends for three geographical scales—national-
level trends and impacts, air quality at the met-
ropolitan level, and a comparison of U.S.
transport-related air pollution with that in sever-
al industrialized and developing countries. As
noted in Part Il, vehicle emissions have de-
creased impressively in the United States, but
some pollutants have increased recently, sug-
gesting the need for continued monitoring of
pollution trends.

»The State of the
Transportation System

Travel, the Movement of Freight,
and the Transportation System

Americans travel more and move more goods
than ever before. Passenger travel grew in the
United States on average 2.7 percent a year
between 1970 and 1994. Passenger-miles trav-
eled per person increased from 11,400 miles in
1970 to 16,800 miles in 1994. In the same peri-
od, ton-miles of freight increased by 2.2 percent
annually. By 1994, 12,600 ton-miles of freight
were moved per person.

Xiv

On the passenger side, while the growth in
automobile use in terms of absolute miles trav-
eled overshadows that in all other modes, air
travel tripled and travel in light-duty trucks
(including pickups, mini-vans, and sport-utility
vehicles) quadrupled between 1970 and 1994,
Among the many factors that contributed to this
rapid growth in personal transportation are
growth in population and jobs (including greater
labor force participation of women), increased
household formation, income, vehicle owner-
ship and licensed driver population, and metro-
politan growth, coupled with residential and job
dispersion. These and other factors will likely
continue to push up passenger travel in the
future, though at a more moderate pace.

Freight transportation grew substantially in
all modes. Information from the 1993 Com-
modity Flow Survey (CFS), conducted by BTS
and the Bureau of Census, allows us for the first
time in nearly two decades to look at the com-
plex world of freight movement in a technologi-
cally evolving and globalizing economy—how
much and what moves over which modes within

PASSENGER-MILES PER CAPITA
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SOURCE: See chapter 1, figure 1-3.




the United States. The CFS shows that in 1993
the nation’s freight transportation system carried
12.4 billion tons of goods worth more than $6.3
trillion over a total distance of 3.7 trillion ton-
miles. Nearly three-quarters of the value of items
transported moved by truck, followed by, in order
of magnitude, intermodal, rail, water, and
pipeline transport. Over half the weight of all
freight was moved by truck, with rail and water
accounting for most of the remaining tonnage. In
terms of ton-miles, the split between truck, rail,
water, and pipeline is more even, given the
greater distances moved by large shipments in
the nonhighway modes. Air cargo shipments reg-
istered the sharpest increase, although in
absolute terms this mode’s share remains small.

The performance and condition of the
nation’s transportation system are mixed. The
condition of highways has generally improved,
but greater demand has increased congestion in
many metropolitan areas. Transit, on the other
hand, has generally experienced somewhat
improved performance with little change in con-
dition. The condition of airport runways has
improved slightly, and airline performance is
somewhat better, even though the average age of
the industry’s fleet increased slightly. The condi-
tion and performance of freight rail transporta-
tion have both improved, but the condition and
performance of passenger service have general-
ly worsened. Despite the fact that little new con-
struction has been initiated over the past decade,
the performance and condition of pipelines has
improved slightly.

Three key transportation events were note-
worthy in 1995. The first two events were spe-
cific to the United States: the designation of the
National Highway System and changes in the
industrial concentration of the railroads, with
the number of Class | carriers reduced from 14
to 12 through consolidation during 1995. The
third, the Kobe, Japan, earthquake, which
occurred a year to the day after the Northridge,
California, earthquake has many lessons for

transportation systems in earthquake-vulnerable
locations in the United States.

Transportation and the Economy

Transportation reaches into every facet of our
economic life. A variety of economic indicators
is needed to capture the rich interplay between
transportation and the larger economy and mea-
sure transportation’s importance to the economy.

One measure of transportation’s contribution
to the economy is provided by its share of the
gross domestic product. This can be computed
either as transportation’s share of final demand
in GDP, or as a share of value-added created by
transportation in GDP. Transportation-related
final demand is defined as the value of all trans-
portation-related goods and services, regardless
of industry origin, delivered to final demand
(which includes consumer and government
expenditures, investments, and net exports). In
1994, transportation-related final demand
amounted to $725 billion, or 10.8 percent of the
GDP. As noted earlier, the economic signifi-
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cance of transportation is comparable to that of
health, food, and education.

While GDP attributed to transportation-relat-
ed demand provides a measure of transporta-
tion’s importance to the economy, it does not
fully reflect the transport content of the variety
of goods and services delivered to final demand.
Value-added by transport industries should pro-
vide that information, except that the Standard
Industrial Classification used in the National
Accounts recognizes only for-hire transportation
services. The for-hire industry does not include
the significant role of so-called own-use trans-
port activities carried out by nontransportation
industries in support of their primary produc-
tion. Thus, transportation’s contribution to the
economy is significantly undercounted. Indeed,
in 1993 (the last year of available data), value-
added originating in the for-hire transportation
services industry was $208 billion.

This offers BTS an important challenge to
find a comprehensive and systematic way to
measure transportation’s contribution to the
economy more fully. In turn, such a measure
will allow a better assessment of the need for
transportation infrastructure and transportation’s
impacts on the production of other industries
and the environment. To this end, BTS and the
Bureau of Economic Analysis (BEA) are jointly
developing a Transportation Satellite Account
(TSA). The aim of the TSA is, first, to develop a
consistent, comprehensive, and reliable means
of assessing transportation activities (both for-
hire and own-use) in relation to other industries
and activities of the economy; and, second, to
create a framework that organizes different types
of transportation data (e.g., employment, output,
cost, energy use, infrastructure) in order to facil-
itate consistent analysis of relationships between
the various aspects of transportation.

The importance of transportation services as
inputs to production varies by industry. In gener-
al, material-intensive industries tend to be trans-
portation intensive. Measured in producer prices,
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transportation costs range from 10 cents per dol-
lar of output in the glass, stone, and clay product
industry to 2 cents per dollar of output in the
finance, insurance, and real estate industries.

Consumer and government expenditures also
are important indicators of the value of trans-
portation to society. In the United States, trans-
portation’s share in total household expenditures
was 19 percent in 1994. Only housing subsumed
a larger percentage of total household expendi-
tures. Not surprisingly, transportation expendi-
tures in rural and urban areas differ. For
example, in 1994, rural households spent almost
24 percent of their incomes on transportation
compared with about 18 percent for urban
households. Also, rural households spent more
(both absolutely and proportionately) on vehicle
purchases and fuel, but less on insurance and
repairs than urban households.

Federal spending on transportation increased
in real terms by 6.5 percent between 1982 and
1992, while spending by state and local govern-
ments (excluding federal grants) increased by 46
percent over the same period. In relative terms,
the federal role in financing transportation dim-
inished from 39 percent to 32 percent between
1982 and 1992. Taking federal, state, and local
together, most government funds were spent on
highways (about 60 percent), followed by transit,
air, and water transportation. Between 1982 and
1992, the proportion of federal spending on tran-
sit, rail, and water transport decreased, while air
transport and highway funding shares increased.

Between 1977 and 1994, federal transporta-
tion-related budget receipts including revenue
from transportation-related federal trust funds
(taxes and user fees dedicated to a specific
mode) increased from $16.0 billion to $19.7 bil-
lion (in constant 1987 dollars). The two largest
federal revenue generators are the Highway
Trust Fund—uwhich has a highway account and,
since 1983, a transit account—and the Airport
and Airway Trust Fund. Of these, aviation trust
fund revenues increased the most; transit account



revenues also grew, but more slowly. Highway
account revenues remained unchanged. Taken
together, the trust fund balances (unspent money
in these accounts at the end of the year) grew sub-
stantially from the mid-1980s to the early 1990s,
but have since declined from the 1992 high point.
The transportation sector’s labor productivity
(measured by value-added per worker) has been
well above that of the economy as a whole since
1978. For example, transportation’s productivity
was 9 percent higher than the national economy
in 1978 and 19 percent higher in 1992. Deregu-
lation and technological change in the for-hire
transportation industries were partially responsi-
ble for their higher than average levels and
growth rates. In particular, the air transport in-
dustry has experienced a rapid rise in labor pro-
ductivity, arising in part from the use of larger and
faster aircraft, the computerization of passenger
reservations, the hub-and-spoke flight network,
and changes in flight personnel requirements.
The railroad, trucking, and airline industries
are of vital importance to the U.S. economy.
Railroad’s share of intercity ton-miles has been
fairly steady since the 1970s, following decades
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of decline. In addition to moving bulk com-
modities, railroads also move time-sensitive
cargo, such as mail, and international contain-
ers. After years of financial difficulty, the rail
industry is recovering. The airline industry has
been very responsive to changes in demand for
innovative services, such as just-in-time delivery
and intermodal cargo shipments. Its financial
performance has been mixed, but remains fairly
strong. Appendix A of this report provides an
economic overview of the commercial aviation
industry, with special emphasis given to the
post-deregulation era.

Transportation and Safety

The number of motor vehicle traffic fatalities
has declined significantly from its historically
highest level in 1972, when 54,589 people lost
their lives in crashes. The decline occurred de-
spite a doubling in vehicle-miles traveled (vmt)
in the last two decades. The rate of motor vehi-
cle fatalities per mile of travel reached its lowest
point ever in 1994—1.7 fatalities per 100 mil-
lion vmt—and stayed at this level in 1995. (In
the 1960s, there were more than 5 fatalities per
100 million vmt.)

Other statistics allow little room for compla-
cency. While rates of fatalities and injuries have
slowly dropped, 1995 is the third year in a row in
which there were absolute increases in motor
vehicle fatalities—an estimated 41,700 fatalities
or about 115 per day. Moreover, motor vehicle
crashes are the leading cause of death for Ameri-
cans ages 15 to 24.

The total costs of transportation accidents ex-
tend well beyond the pain and suffering experi-
enced by the crash victims, including economic
and social costs such as direct costs sustained by
the injured individuals and their insurers, lost
productivity and a lower standard of living for
the injured, losses of public revenue, and increas-
es in publicly funded health care costs and pub-
lic assistance expenses. Such economic costs to
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U.S. society over the lifetime of persons injured
and killed in transportation-related incidents in
1990 are estimated at $135 billion.

Much work remains to be done to improve
understanding about the causes of crashes and
how to prevent them. Analysis of data from police
reports suggests that about 85 percent of the fac-
tors contributing to motor vehicle crashes were
associated with the driver, 10 percent involved the
road environment, and 5 percent involved the
vehicle. We need to know more about the rela-
tionship between human factors and crashes,
including substance abuse, fatigue, and the many
complex elements that affect the way vehicle
operators interact with the surrounding environ-
ment. As information about human factors
improves, research priorities can be directed to
projects where remedies would have the greatest
potential to avoid crashes.

While airline travel is among the safest means
of passenger transportation, there has long been
a difference between the safety records of major
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air carriers and commuter airlines, which in
recent years have grown rapidly in revenue pas-
senger-miles. Commuter airlines in the past
were not required to adhere to the same safety
requirements as major carriers. New commuter
airline safety standards, promulgated in
December 1995 by the Federal Aviation
Administration (FAA), will be phased in over
the next few years to bring commuter airlines
under the same standards, except where com-
mon sense dictates different requirements.

Energy and Transportation

U.S. dependence on imported oil has grown
over the last decade. Imported oil as a share of
total U.S. consumption increased from a low of
27 percent in 1985 to 45 percent in 1994—just
slightly shy of the historic high reached in 1977.
Because transportation energy use is increasing
and domestic oil production continues to decline,
U.S. reliance on imports is likely to continue in
the future. The Energy Information Agency pro-
jects that imported oil will supply about 60 per-
cent of U.S. oil demand by the year 2005.

While other sectors shifted away from oil over
the past two decades, the transportation sector
remains almost entirely dependent on petroleum.
In 1994, transportation used 22.7 quadrillion Btu
(quads) of petroleum products to satisfy 97 per-
cent of its energy requirements. Transportation
accounts for about two-thirds of total U.S. oil
consumption.

Highway vehicles account for the largest
share of transportation energy use, followed dis-
tantly by air transport. For example, passenger
cars use 42 percent of total transportation ener-
gy; light trucks, 20 percent; and heavier trucks,
16 percent.

Transportation energy use in the last two
decades increased only half as much as would be
expected, based on the growth in passenger trav-
el, because of improvements in energy efficien-
cy and changes in the modal structure. Most of
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the efficiency gains derive from improvements
in energy use per vehicle-mile for passenger
cars, light trucks, and aircraft, with a cumulative
reduction over 20 years of 4.8 quads.

Changes in modal composition affect energy
use, depending on the energy intensities and
load factors of the modes. In highway travel,
declining vehicle occupancy rates have worked
against efficiency gains, although these have
been partially offset by smaller and more fuel-
efficient vehicles. Improved load factors have
been key to enormous efficiency gains of rail
freight and commercial air passenger traffic.
The net effect of modal structure changes has
been to increase energy use, cumulatively over
the past two decades, by a little less than 1 quad.
In the case of passenger air travel, without the
efficiency gains due to technological improve-
ments, larger aircraft, and improving load fac-
tors, energy use would have been more than two
times higher than it was in 1993 (4.7 quads
instead of 2.3 quads), almost as much as all
freight modes combined.

In recent years, highway vehicle energy effi-
ciency improvements (based on energy use per
passenger- and ton-mile) have tapered off. Gains

from the corporate average fuel economy stan-
dards and initiatives have nearly reached their full
effects. Also, the collapse of oil prices in 1986
negatively affected efficiency improvements:
lower prices and stable supplies greatly weakened
the market incentives for energy efficiency.
Government energy efficiency regulations, tech-
nological change, and transportation capital stock
turnover drove efficiency for several years after
the fall in oil prices until the early 1990s when
energy efficiency improvements slowed.

Concerns about the transportation sector’s de-
pendence on oil imports and the environmental
impacts of fossil fuel combustion spurred inter-
est in alternative fuels and vehicles. The Alter-
native Motor Fuels Act of 1989, the Clean Air
Act Amendments of 1990, and the Energy Pol-
icy Act of 1992 established programs and incen-
tives to encourage the use of alternative fuels
and vehicles. If successfully implemented, these
programs could result in a significant increase in
the number of alternative vehicles on the road
and supplies and availability of alternative fuels.
Whether these programs will be sufficient to ini-
tiate a self-sustaining market for these fuels and
vehicles is not known.

The State of Transportation Statistics

A great deal is known about the physical
components of the transportation system and
their location. Much less is known about the
condition and performance of the system, how
the system is used, and how use of the system
affects the economy and society. In some cases,
data gaps impede understanding. In other cases,
basic measurement concepts need to be more
fully developed. Examples include how to fully
measure the economic importance of transporta-
tion, and how to measure the full social costs
and benefits of transportation.

To further the state of knowledge, BTS’s re-
search program is building on its base of exper-
tise and working with other agencies to collect
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and compile statistical information and conduct
analyses and studies. Results from the
Commodity Flow Survey, conducted in partner-
ship with the Bureau of the Census of the U.S.
Department of Commerce, provide the most
comprehensive picture since 1977 about where
and how goods are shipped.

BTS and the Census Bureau are also jointly
conducting the American Travel Survey (ATS),
which aims to provide a comprehensive picture of
long-distance (more than 75 miles), domestic,
and international travel by people who live in the
United States. It provides insights about how,
where, when, and for what purpose people travel.

Even with this added information, however,
important data gaps about the extent and use of
the system remain. For example, little validated
data are available about the flow within the
United States of goods that are internationally
traded. Similarly, the ATS may need to be sup-
plemented to identify the domestic travel of for-
eign visitors to the United States, particularly
given the termination of the traditional source of
such data—the U.S. Travel and Tourism Admini-
stration. Uncertainties also exist about the num-
ber of highway vehicles and the miles these
vehicles travel on average.

Remarkably little is understood about trans-
portation as a consumer of economic resources,
and many transportation activities (such as in-
house shipping of goods by companies) are not
accounted for by BEA’s National Income and
Products Account. As noted earlier, BTS and BEA
are working together to establish a Transportation
Satellite Account associated with the NIPA, which
should reveal previously hidden dimensions of
transportation’s importance in the economy.

As new information is collected and analyzed,
it will need to be disseminated to a wide range of
transportation decisionmakers in the private sec-
tor and at all levels of government. BTS is pur-
suing the application of new technologies to
accomplish this task in a timely, comprehensive,
and efficient manner. Information technology
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also allows data to be presented in more effective
ways. The Bureau is developing innovative ways
to overlay data from the CFS and the upcoming
ATS with geographic, demographic, and eco-
nomic information, using geographic informa-
tion system technologies.

» Transportation
and the Environment

Although the vast enterprise of American
transportation, constituting one-ninth of the
economy, confers the highly prized benefits of
mobility and access across an enormous range
of goods and services, it also imposes undesired
consequences on the environment. Part Il of
Transportation Statistics Annual Report 1996
focuses on these environmental consequences:
how adverse environmental effects accompany
growth in transportation, and how public and
private actions are mitigating the effects. The
emphasis is on identifying which environmental
problems associated with transportation are
being tackled successfully, and which problems
are getting worse or are proving resistant to cur-
rent policies and approaches to solve them.

This discussion is organized in four parts:

m Introduction. Delineation of the multiple
dimensions of environmental damage associ-
ated with transportation, a demonstration of
the inability of markets to price environmen-
tal consequences into the cost of transporta-
tion (and hence a rationale for government
intervention through environmental policies
and standards), and the evolution of U.S. en-
vironmental policy as a mix of market incen-
tives, regulations, and information programs.

m National trends. What is the progress of trans-
portation-related national environmental indi-
cators? Which criteria pollutant emissions are
declining in a period of increasing travel and
thus qualify as success stories? In which cases
have transportation-related emissions increas-



ed? In what complex areas of environmental
damage is our information and knowledge
inadequate to form a reliable opinion?

m Metropolitan air quality. What progress is
being made in improving metropolitan air
quality where 90 million of the 200 million
residents were estimated to be exposed to
unhealthy levels of air pollution during some
period in 1994? As we go beyond technology-
based solutions to reduce emissions, what is
the promise of the various short- and long-
term transportation control measures (TCMs)?

m International comparisons. How does trans-
portation-related air quality in the United
States compare with that in other industrial-
ized countries and in the newly industrializ-
ing developing countries? As developing
countries are on the threshold of a rapid
motorization phase, how will air quality and
greenhouse gas emissions be affected and
what are the climate change implications?

Environmental Impacts of Transportation

Transportation-related activities can degrade
environmental quality and adversely impact
human health and productivity. Motor vehicle
emissions are a significant source of urban air
quality problems. Carbon dioxide emissions
from the combustion of fossil fuels by vehicles
are increasing the concentration of greenhouse
gases, which have the potential to alter the
earth’s climate. Crude oil and gasoline leaks and
spills from tankers, motor vehicles, and above-
and below-ground fuel storage tanks pollute sur-
face and groundwater. Old vehicles, tires, and
paving materials that are not recycled can cause
problems for landfills, contaminate water sys-
tems, and contribute to air pollution emissions.
Transportation infrastructure affects land use,
flora and fauna habitats, and may cause changes
in local water tables and drainage patterns.

The extent of these environmental impacts
depends on the complex interactions of trans-

portation-related pollution with local geograph-
ic and meteorological conditions, technology,
markets, and public policy. Although govern-
ments play important roles in supplying compo-
nents of transportation infrastructure and in
carrying out environmental policies pertaining
to transportation, the vast majority of trans-
portation decisions are made in the marketplace
by businesses and individuals.

Markets are efficient at producing and allo-
cating private goods and services, but they tend
to ignore the environmental harm that can occur
from the byproducts of transportation activities.
Pricing mechanisms seldom reflect environmen-
tal damage in the cost of transportation, and this
has been a rationale for government intervention
through environmental policies and standards.
Emissions standards for newly manufactured
highway vehicles first imposed by the federal
government in the late 1960s and early 1970s
are examples. Today, more than 20 laws have
provisions that address many environmental
impacts from transportation. The effectiveness
of these laws is somewhat dependent on the
accuracy and comprehensiveness of data on
environmental impacts. Over the past 25 years,
a good deal of progress in data collection has
been made, particularly for motor vehicle
emissions. Unfortunately, other aspects of
environmental quality are less well document-
ed. More needs to be known about transporta-
tion impacts on surface and groundwater
resources and the interaction between trans-
portation and land use, particularly in terms of
the costs of urban sprawl.

Much of the data about the environmental
impacts of transportation was developed to
monitor progress in meeting the goals of nation-
al policies. Hence, there are many limitations to
the data. For the most part, the environmental
management system now in place treats each
kind of pollution separately, even though there
are complex interactions among environmental
media. Most analyses of transportation’s envi-
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ronmental impacts focus on individual modes—
highway vehicles, aviation, railroads—rather
than comparative environmental performance
among modes. Moreover, a complete analysis
of the environmental impacts of transportation
would need to take into account upstream activ-
ities (e.g., oil field development, petroleum
refining, vehicle production) that make trans-
portation possible.

In order to distribute resources efficiently, the
unintended costs of transportation must be bal-
anced against the benefits. Some have argued
that full-cost accounting is needed to measure
the social costs and to fully identify the benefits
of transportation. Of course, full-cost account-
ing places even greater emphasis on data collec-
tion for a wide range of transportation activities.
Appendix B of this report reviews the BTS con-
ference on measuring the full social costs and
benefits of transportation.

Environmental Trends and the U.S.
Transportation System

The U.S. transportation system—capable of
moving 3 trillion ton-miles of freight to their
destination, and accommodating 4 trillion pas-
senger-miles of travel—inevitably has unintend-
ed adverse environmental impacts from the
more than 200 million vehicles. Many, but by no
means all, of these impacts stem from reliance
of the transportation system on fossil fuels,
especially petroleum. Highway vehicle travel is
the primary source of environmental impacts
from the transportation sector.

Air pollution—the most conspicuous and
well-studied environmental impact of trans-
portation—has been the subject of extensive
remedial action and related monitoring and data
collection. Since 1970, much progress has been
made in curbing so-called criteria air pollution
from highway vehicles. Criteria air pollutants
are carbon monoxide (CO), ozone, nitrogen
dioxide, airborne particulate matter of less than
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10 microns, lead, and sulfur dioxide. Airborne
lead emissions from highway vehicles have all
but been eliminated, and the sulfur content of
fuel has been lowered appreciably. Even though
vehicle-miles traveled doubled between 1970
and 1994, total emissions of CO and volatile
organic compounds (VOC) from transportation
sources have been cut significantly, and oxides
of nitrogen (NOy) emissions have remained
almost level.

According to BTS’s analysis, if emissions
rates had not been reduced, emissions of VOC
from transportation would be 4.5 times current
levels, CO emissions would be 3.2 times as
great, and NOy emissions about twice as great.
Moreover, because transportation accounts for
such a large share of all emissions of these pol-
lutants, national emissions from all sources in
1994 would have been 2.4 times as great for CO,
twice as great for VOC, and 40 percent greater
for NOy had emissions rates not been reduced.
Nearly all of this progress is attributable to lower
emissions rates resulting from federal new vehi-
cle emissions standards and fuel-content re-
quirements.

While the effort to control air pollution from
highway vehicles has been an environmental
success story, increases in some air pollutants
from transportation occurred in 1992, 1993, and
1994 (the last years for which data are avail-
able). Moreover, the United States continues to
be the world’s largest producer of greenhouse
gas emissions—both absolutely and on a per
capita basis.

Surface and groundwater pollution from
transportation, and from the transportation and
storage of fuels and other substances used for
transportation, are extensive. Qil and fuel spills
from oil tankers, filling stations, and storage
tanks are major problems. Coast Guard data on
oil discharged into U.S. waters suggests that
both the volume and overall amounts of report-
ed spills has trended downward over the last 20
years, although analysis is complicated by the
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unpredictable timing of major tanker spills.
Water pollution also arises when oil, fuel, and
other chemicals leak from vehicles and run off
highways into bodies of water. Improper dispos-
al by vehicle owners who change their oil at
home is a pervasive, but unreported problem.

Millions of people who live or work near major
highways, airports, and railyards are exposed to
annoying levels of transportation noise. Trans-
portation noise rarely leads to hearing impair-
ment, but can lead to sleep loss and related health
problems. Policy measures are primarily aimed at
reducing noise at the source and shielding or
removing the receptor from the source. The local-
ized nature of noise makes it hard to characterize
its impacts at a national level.

Transportation vehicles and infrastructure
are major sources of solid waste. Recycling and
reuse of highway pavement is extensive, and
over 90 percent of retired cars are partly recy-
cled. Over the past two decades, cars have
become much lighter as manufacturers increas-

ingly replace steel and other metals that are
more cost-effective to recycle with plastic and
composite materials that are less so. These
materials are often shredded and delivered to
landfills. As the materials used in cars continue
to change, new challenges are created for recy-
cling and reuse. Recovery for obsolete compo-
nents or parts of cars vary. Well over 90 percent
of obsolete car batteries are recycled; for tires,
however, the proportion was probably in the
range of 20 percent in 1990, although data are
limited.

The direct and indirect effects of transporta-
tion on biodiversity and wildlife habitat are
poorly understood at the aggregate national level.
This is an area for research that will become
more important as land for wildlife habitats
becomes more scarce. The interrelationships
between transportation and land use, and their
implications for the geography of development,
are also important. Transportation improve-
ments often lead to urban sprawl, which increas-
es the amount of developed land and also the
demand for transportation.

Transportation and Air Quality:
A Metropolitan Perspective

Most travel, particularly by automobile, is
completed within metropolitan areas. Despite
the improvement in national air quality trends,
the Environmental Protection Agency (EPA)
currently lists 182 metropolitan areas as nonat-
tainment for at least one of the six criteria air
pollutants.

While urban highway travel has doubled in
less than 20 years, advances in automotive tech-
nology have reduced pollutant emissions in met-
ropolitan areas and improved air quality. BTS
analysis of data collected by EPA for 13 major
metropolitan statistical areas shows decreases
between 1985 and 1994 in all criteria pollutant
emissions, with the exception of two areas
showing NOjy increases. For instance, Lo0s
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Angeles recorded 208 unhealthful days in 1985
but only 136 in 1994. Similarly, over the same
period the number of unhealthful days in New
York dropped from 65 to 8, in Pittsburgh from 9
to 2, and in Phoenix from 88 to 7. (Unhealthful
days are those in which EPA’s pollution stan-
dards index exceeded 100.)

This progress notwithstanding, the most
recent evidence shows that emissions reduc-
tions are slowing and, barring any major
changes, will soon be overwhelmed by travel
growth. Some have suggested, therefore, that
policies are needed to reduce travel (such as
employee trip reduction) or to shift people from
automobiles to other modes (by improving tran-
sit or bicycle/ pedestrian facilities). An exami-
nation of these policies, collectively known as
transportation control measures, shows that
they tend to have a small positive impact on
reducing emissions, but are often expensive in
comparison with technology-based solutions.
The most effective TCMs include parking fees
and congestion pricing.

Longer term measures—highway construc-
tion and land-use planning—are also considered
TCMs. Highway construction, or the decision
not to build, affects the volume and distribution
of traffic, and therefore affects emissions.
Elements of land-use planning may also affect
travel patterns and emissions, because overall
development may affect trip lengths, mode split,
and congestion. And at a more localized level,
transit-oriented development may be a means to
reduce the dominance of single-occupant vehi-
cles. The impact of these longer term TCMs on
emissions and air quality, however, is uncertain.
Few places have attempted to implement land-
use planning as a TCM, thereby limiting direct
empirical analyses. Moreover, analytical model-
ing of the long-term impacts—of highway con-
struction,  for  instance—is  generally
inconclusive because it can only address the
direct, short-term impacts on vehicle-miles trav-
eled, and even then imperfectly.
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While the evidence suggests that individual
TCMs have relatively modest impacts, comple-
mentary TCMs, taken together, may have higher
impacts than current research indicates. Hence,
TCMs could play an important role in the long-
term strategy for emissions reduction. Also, it
should not be assumed that the current prefer-
ences of Americans, such as the preference of
many for large suburban lots and single-occu-
pancy vehicle transportation, will continue
indefinitely. Demographic changes and changes
in tastes and attitudes may increase the popular-
ity of options like transit-oriented development
at some future date.

International Comparison of
Transportation and Air Pollution

The transportation community faces the
major challenge of curbing air pollution and
greenhouse gas emissions, especially carbon
dioxide (CO,) stemming from worldwide
growth in motor vehicle use. The world’s motor
vehicle fleet has more than doubled since 1970,
exceeding 615 million vehicles in 1993. Over
three-quarters of these vehicles are owned by
citizens of the most affluent countries of the
Organization for Economic Cooperation and
Development (OECD).

The United States and several other coun-
tries, mostly in the OECD, have reduced vehic-
ular emissions rates with catalytic converters
and cleaner fuels. As a result, OECD’s share of
several kinds of air pollution from transporta-
tion is less than its share of all vehicle-miles
traveled (more than 70 percent). In 1990,
OECD countries accounted for 48 percent of
CO, 59 percent of VOCs, and 64 percent of
NOy emitted by the global motor vehicle fleet.
There is growing uncertainty, however, about
whether technological solutions to pollution,
by themselves, will be sufficient to keep up
with future growth in transportation demand in
OECD countries.



The share of the world’s motor vehicle fleet
held by non-OECD countries increased from 14
to 24 percent between 1970 and 1993. Growth in
motorized transport is overwhelming transporta-
tion capacity in many large cities in developing
countries, where air pollution from motor vehi-
cles is adding to significant pollution from
industries and residences. Often, cars and trucks
are not equipped with properly functioning
emissions controls, and cleaner burning fuels
are unavailable. Lead and suspended particu-
lates from vehicles can pose an immediate
health risk to exposed urban populations.
Although countries as diverse as the United
States, Japan, Brazil, Canada, and South Korea
now require use of unleaded gasoline, leaded
gasoline is still in wide use in many developing
and in some OECD countries.

Transportation accounts for about 20 percent
of the world’s greenhouse gas emissions. Motor
vehicles are responsible for nearly all of trans-
portation’s contribution. CO,, the major green-
house gas of concern, is an unavoidable byproduct
of fossil fuel combustion and is not reduced by
emissions control technologies now used to curb
other pollutants in exhaust gas from cars. Short
of using certain alternative fuels or limiting
vehicle use, the only practical way to reduce
CO, emissions rates is by improving fuel effi-
ciency. Worldwide emissions of CO, closely
parallel global vehicle use. OECD countries
were responsible for 65 percent of mobile-
source CO, emissions in 1993, a smaller share
than in the 1970s and 1980s. Between 1971 and
1993, OECD countries’ emissions grew 45 per-
cent. U.S. emissions grew more slowly, about 38
percent, as car ownership and annual highway
travel in other OECD countries continue to
climb toward U.S. levels, and as U.S. passenger
cars made larger gains in fuel efficiency. U.S.
energy efficiency improvements have, however,
tapered off.

Transportation-related CO, emissions in non-
OECD countries will grow as highway vehicle

use increases. CO, emissions from former East
Bloc countries fell in the 1980s because of
severe economic decline. Among other non-
OECD countries, transportation-related CO,
emissions grew 67 percent between 1980 and
1993. Although per capita rates are still low
compared with the United States and many other
OECD countries, 10 non-OECD countries (in-
cluding Russia, China, Brazil, and India) are
among the 20 countries that account for the most
CO, generated by transportation.

¢ L4 ¢

BTS has issued a companion volume to this
report, National Transportation Statistics 1996
(NTS). The 1996 NTS, the 24th edition of this
report, contains 134 statistical tables and 42 fig-
ures, many of which cover the time period 1960
through 1994. It provides modal profiles, statis-
tics on the state of transportation, the economic
importance of transportation, safety trends, and
energy and environmental aspects of transporta-
tion. The 1996 edition also provides preliminary
results from the 1993 Commodity Flow Survey.

We encourage readers to comment on the
Transportation Statistics Annual Report 1996,
the NTS, and other BTS products so that we can
make future products as responsive as possible
to the needs of decisionmakers and the trans-
portation community. Part of BTS’s mission is to
make information about the nation’s transporta-
tion resources widely available. Hence, most of
the NTS tables can be found on the BTS Internet
homepage. BTS has prepared several CD-ROMs
that provide more detailed information on many
aspects of transportation. Information about
contacting BTS can be found on the back cover
of this report.

T.R. Lakshmanan
Director
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The State of the Transportation System



CHAPTEHR O N E

TRAVEL, THE
MOVEMENT OF
FREIGHT, AND THE
TRANSPORTATION
SYSTEM

AN ENORMOUS AND DIVERSIFIED TRANSPORTATION SYSTEM
SERVES 260 MILLION PEOPLE, 6 MILLION BUSINESS ESTABLISH-
MENTS, AND 87,000 GOVERNMENTAL UNITS SCATTERED OVER THE 3.7
MILLION SQUARE MILES OF THE UNITED STATES. IN 1994, THE SYSTEM
CARRIED MORE THAN 4.2 TRILLION PASSENGER-MILES OF TRAVEL
AND 3.7 TRILLION TON-MILES OF FREIGHT. (USDOT BTS 1995)

Geography partly explains the scale of | National Park, Alaska, and Everglades
the U.S. transportation system. For | National Park, Florida.

example, the two largest metropolitan To bridge such distances, the United
regions—New York and States developed an ex-
Los Angeles—are 2,800 The quantity of tensive interconnected net-
miles apart by the most passenger travel work of public roads,

direct Interstate highway and goods movement railroads, pipelines, public
route. Our nation’s capital . : transit systems, commer-
continues to increase

is 4,800 air-miles away cially navigable water-
faster than the

from the most distant ways and ports, and the
state capital in Honolulu, U.S. population airports and other facili-
Hawaii. One National Park ties that make up the avia-
Service ranger travels more than 4,400 | tion system (see table 1-1). This network
miles by road each spring and fall | is supported by a multifaceted transporta-

between seasonal assignments in Denali | tion industry. When broadly defined, it
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TABLE 1-1: MAJOR ELEMENTS OF THE TRANSPORTATION SYSTEM, 1994

Mode Major defining elements Components
Highways® Public roads and streets; automobiles, vans, Roads
trucks, motorcycles, and buses (except local 45,826 miles of Interstate highway
transit buses) operated by transportation 110,673 miles of other proposed National Highway System roads
companies, other businesses, governments, 3,764,422 miles of other roads
and households; garages, truck terminals,
and other facilities for motor vehicles Vehicles and use

134 million cars driven 1.6 trillion miles

57 million light trucks driven 0.6 trillion miles

6.3 million freight trucks driven 0.2 trillion miles, carrying 877 billion
ton-miles of freight

670,000 buses driven 6.4 billion miles

Air Airways and airports; airplanes, helicopters, Public use airports
and other flying craft for carrying passengers 5,474 airports
and cargo

Airports serving large certificated carriers®
28 large hubs (71 airports), 372 million enplaned passengers
33 medium hubs (57 airports), 89 million enplaned passengers
61 small hubs (75 airports), 34 million enplaned passengers
530 nonhubs (562 airports), 13 million enplaned passengers

Aircraft
5,221 certificated air carrier aircraft, 4.4 billion miles flown

Passenger and freight companies
82 carriers with 489 million revenue passenger-enplanements and
11.7 hillion ton-miles of freight

Rail¢ Freight railroads and Amtrak Railroads
122,492 miles of major (Class )
19,842 miles of regional
25,599 miles of local

Equipment (Class 1)
1.2 million freight cars
18,505 locomotives

Freight railroad firms
Class I: 12 companies, 189,962 employees, 1.2 trillion ton-miles of
freight carried
Regional: 32 companies, 10,701 employees
Local: 487 companies, 13,070 employees

Passenger (Amtrak)
24,991 employees, 1,874 passenger cars, 338 locomotives,
21.2 million passengers carried

Transitd Commuter trains, heavy-rail (rapid-rail) Number of systems
and light-rail (streetcar) transit systems, 508 local public transit operators, 291,749 employees
and local transit buses
Vehicles
44,041 buses, 17.4 billion passenger-miles
8,960 rapid and light railcars, 10.9 billion passenger-miles
4,214 commuter railcars, 6.9 billion passenger-miles
92 ferryboats, 241 million passenger-miles
11,262 demand response vehicles, 389 million passenger-miles
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TABLE 1-1 (CONT'D): MAJOR ELEMENTS OF THE TRANSPORTATION SYSTEM, 1994

Mode Major defining elements Components
Water® Navigable rivers, canals, the Great Lakes, U.S.-flag domestic fleet
St. Lawrence Seaway, Intercoastal Waterway, Great Lakes: 694 vessels, 109.8 million short tons
ocean shipping channels; ports; commercial Inland: 31,340 vessels, 681.7 million short tons
ships and barges, fishing vessels, and Ocean: 7,074 vessels, 276.7 million short tons
recreational boats Ports
Great Lakes: 507 berths
Inland: 1,789 terminals
Ocean: 2,666 berths
Pipelinef Crude oil, petroleum product, and Oil

Crude lines: 112,990 miles of pipe, 344.5 hillion ton-miles
Product lines: 86,033 miles of pipe, 248 billion ton-miles,
145 companies with 18,400 employees

gas trunk lines

Gas
Transmission: 272,000 miles of pipe, 19.3 trillion cubic feet,
135 companies with 195,700 employees

2U.S. Department of Transportation, Federal Highway Administration, Highway Statistics 1994 (Washington, DC: 1995).

°U.S. Department of Transportation, Bureau of Transportation Statistics and Federal Aviation Administration, Airport Activity Statistics of Certificated Route Air Carriers, 1994
(Washington, DC: 1996).

¢All numbers from American Association of Railroads, Railroad Facts (Washington, DC: March 1995), except Amtrak figures from National Railroad Passenger Corp., 1994 Annual Report
(Washington, DC: 1995).

9All numbers are for 1993. U.S. Department of Transportation, Federal Transit Administration, National Transit Summaries and Trends for the 1993 National Transit Database Section 15
Report Year (Washington, DC: 1995).

eData for 1993 from U.S. Department of Transportation, Federal Highway Administration, Federal Transit Administration, and Maritime Administration, 1995 Status of the Nation’s Surface
Transportation System: Condition and Performance (Washington, DC: October 1995), pp. 213, 219-220, 236.

fData for 1993. Miles of gas distribution pipeline not included.

SOURCE: Unless otherwise noted, U.S. Department of Transportation, Bureau of Transportation Statistics, National Transportation Statistics 1996 (Washington, DC: November 1995).

includes for-hire transportation services (suchas ~ Passenger Travel
taxicab companies and worldwide parcel express

carriers), and in-house transportation providers

(such as the trucking fleet of a grocery chain); it
also encompasses construction and maintenance
companies, vehicle manufacturers, transporta-
tion facility operators, gas stations, travel agents
and freight forwarders, transportation equipment
sales and leasing firms, and agencies that admin-
ister transportation programs.

This chapter describes the passenger and
freight movements that vie for space on the
nation’s transportation system, and summarizes
the physical condition and performance of the
system as it stretches to meet the demand. Chap-
ter 2 discusses the economic performance of
transportation followed in later chapters by an
examination of the unintended consequences of
transportation such as safety problems, oil im-
port dependence, and environmental impacts.

People in the United States travel more now
than ever before. Annual passenger-miles per
person, including commercial travel, rose from
about 11,400 in 1970 to 16,800 in 1994. Pas-
senger-miles traveled increased 89 percent
between 1970 and 1994 for an average annual
growth rate of 2.7 percent. (USDOT BTS 1995)
According to the Nationwide Personal Trans-
portation Survey (NPTS), the annual number of
trips per person increased from 736 in 1969 to
1,042 in 1990. (USDOT FHWA 1993a, table
4-1; USDOT BTS 1995) Over this period, trip
lengths declined by 4 percent, but in more
recent years (1983 to 1990) the average trip
length increased from 8.68 miles to 9.45 miles.
(USDOT FHWA 1993a)
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Despite the recent increase in trip length and
growth in domestic and international air travel,
local travel (defined as trips under 75 miles) still
accounted for 69 percent of passenger-miles.
Most trips were made for family and personal
business reasons (41.5 percent), followed by
pleasure (24.8 percent), and work-related travel
(21.6 percent). The rest were predominantly for
civic, educational, and religious reasons.
(USDOT FHWA 1993a, table 4.10) The pattern
of local and nonlocal travel varies by mode of
transportation. About 98 percent of passenger-
miles by rail or subway are for trips under 75
miles in length. Three-quarters of passenger-
miles made by car are local.

Excluding commercial driving (e.g., miles dri-
ven by cab drivers, truck drivers, and delivery
people), long-distance travel accounted for 890
billion passenger-miles of travel in 1990
(USDOT FHWA 19934, table 2.3), most of which
(660 billion miles) were for pleasure, particularly
for visiting friends and vacationing. About 15
percent (129 billion miles) were for family and
personal business, including shopping and doctor
or dentist visits. Only 9 percent (81 billion miles)
were for long-distance commuting or business
trips. More detailed and up-to-date information
on long-distance travel will soon be available
from the American Travel Survey (ATS), which
was conducted by the Bureau of the Census for
the Bureau of Transportation Statistics (BTS).
The Census Bureau surveyed 80,000 households
for the ATS and will report on trips of more than
75 miles in length.

Globalization of the economy has resulted in
a marked increase in passenger travel to and
from the United States for both business and
pleasure. Foreign vacations have become more
affordable; international trade and investment
have also encouraged international travel. The
number of air passenger arrivals in the United
States from foreign countries (regardless of the
nationality of the passenger) increased from
about 12.6 million in 1975 to 44 million in 1994.

The top countries of embarkation are Canada,
the United Kingdom, Japan, Mexico, Germany,
and France. (USDOT FHWA 1993a)

Many people also enter the United States by
land. In 1994, nearly 12 million Canadian resi-
dents—80 percent of all arrivals from Canada—
visited the United States for one or more nights
by non-air modes of transportation, predomi-
nantly by automobile. (Statistics Canada 1995)
In the same year, Mexicans visiting the United
States for more than one night numbered 11 mil-
lion. (Secretaria de Turism 1995) The trans-
portation mode used by Mexican visitors cannot
be estimated with the available data.

» Sources of Travel Growth

Several factors have contributed to the
growth in passenger-miles traveled, including
population, job, and income growth, access to
motor vehicles, and residential and job location
changes (see figure 1-1). The U.S. population
grew by 56 million people between 1970 and
1994 reaching 260 million people in 1994,
Natural increase (the difference between births
and deaths) accounted for 70 percent of the
growth; immigrants, who numbered nearly 17
million over the period, accounted for 30
percent of the increase in population. Im-
migration has a greater near-term impact on
transportation because most immigrants are
adults who use the transportation systems more
than children.

Employment is another factor that impacts
passenger travel. Between 1970 and 1994, the
civilian labor force increased more than twice as
fast as the population, growing from 83 million
to 131 million. The two main reasons for the
worker boom are that the baby boom generation
reached labor force age, and women joined the
labor force in great numbers. The number of
women in the civilian labor force nearly doubled,
rising from 32 million in 1970 to 60 million in



Chapter 1 Travel, the Movement of Freight, and the Transportation System <« 7

FiIGURE 1-1: CHANGE IN PASSENGER-MILES TRAVELED

AND FACTORS AFFECTING TRAVEL DEMAND, 1970-94
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miles automobiles
traveled and light trucks
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of workers

based on current U.S. census definitions.

Number of
households

Disposable Metropolitan u.s.
personal populationa  population
income

a1970-1990. Figures for 1990 are calculated using 1980 metropolitan area definitions and therefore differ from figures

SOURCES: Adapted from U.S. Department of Transportation, Federal Highway Administration, Federal Transit Adminis-
tration, and Maritime Administration, 1995 Status of the Nation's Surface Transportation System: Condition and Perform-
ance (Washington, DC: Oct. 27, 1995); U.S. Department of Commerce, Bureau of the Census, Statistical Abstract of the
United States, 1995 (Washington, DC: U.S. Government Printing Office, 1995); and various sources as compiled and cited
in U.S. Department of Transportation, Bureau of Transportation Statistics, National Transportation Statistics 1996 (Wash-

ington, DC: November 1995).

1994. Women now constitute 46 percent of the
U.S. workforce, up from 38 percent in 1970.

Growth in passenger travel is also related to
recreation and other household activities. Such
travel is more closely related to the number of
households than to population size. The number
of households grew more rapidly than the popu-
lation because households became smaller. While
the population grew 28 percent between 1970 and
1994, the number of households grew 53 percent.
In 1994, the average household comprised 2.67
people, down from 3.14 in 1970.

Another factor contributing to the growth in
passenger-miles is the increase in motor vehi-
cles and licensed drivers. The number of auto-
mobiles and light trucks grew from 107 million
in 1970 to 191 million in 1994, and the number
of vehicles owned or available to households on

a regular basis (including cars, trucks and vans,
recreational vehicles, motorcycles and mopeds)
rose from 1.2 vehicles in 1969 to 1.8 in 1990.
Between 1969 and 1990, the number of licensed
drivers increased by almost 60 percent. (USDOT
FHWA FTA MARAD 1995, 12)

Increases in the number of vehicles are partly
related to income growth. When people have
more money to spend, they spend more on trans-
portation, including personal vehicles. Rising
income also generates demand for long-distance
travel, especially international travel.

Disposable personal income per capita rose
from $9,875 in 1970 to $14,696 in 1994 (in
constant 1987 dollars). (USDOC Bureau of the

1 The 1969 NPTS did not include pickup and other light trucks as household
vehicles, and thus the number of household vehicles are underestimated some-
what compared with the 1990 survey. Chapter 5 discusses problems with the
data on the number of vehicles. (USDOT FHWA 1993a, 3-37)
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Census 1995, 456) Median household income,
however, remained almost constant, partly
because of the decrease in household size and
partly because of the changing income distri-
bution among income groups. (In constant
1993 dollars, median household income was
$30,558 in 1970 and $31,242 in 1993.) A com-
parison of income and car prices shows that it
now takes longer for a household to earn the
money needed to purchase an average-priced
new car: about 26 weeks in 1993 as opposed to
19 weeks in 1969 (see chapter 2, figure 2 in
box 2-1). Despite the fact that cars are now
more expensive in real terms than they were 25
years ago, the number of cars per capita and
the number of cars per household has grown.

Growth in travel has not been evenly distrib-
uted across the country. Population in the South
and West grew much faster than the Northeast
and Midwest, resulting in major regional differ-
ences in transportation demand (see figure 1-2).
Between 1970 and 1994, the South grew by 28
million people and the West by 22 million. By
contrast, the Midwest grew by only 5 million
and the Northeast by only 2 million.

Moreover, a much larger percentage of the
U.S. population now lives in metropolitan areas
than in 1970. Metropolitan populations are,
however, dispersed over wider areas than
before, contributing to travel growth. (USDOT
FHWA FTA MARAD 1995, 43) According to
decennial census data, metropolitan areas grew
from 140 million in 1970 to 189 million in
1990.2 Between 1970 and 1990, central city
areas grew from about 64 million to 72 million
people, and suburbs grew from 76 million to
117 million people. Between 1980 and 1990,
however, the population of central cities
declined by about 500,000 while suburbs grew
by 17.5 million. The suburban share of the met-
ropolitan population was 62 percent in 1990,

2 Figures for 1990 are calculated using 1980 metropolitan area definitions and
therefore differ from figures based on current U.S. census definitions.

FIGURE 1-2: PoprPuLATION GROWTH
BY REGION, 1970-94
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SOURCE: U.S. Department of Commerce, Bureau of the
Census, Statistical Abstract of the United States, 1995
(Washington, DC: 1995), table 27.

up from 54 percent in 1970. The share of jobs
in the suburbs also increased: 42 percent of
jobs in 1990 were in the suburbs, up from 37
percent in 1980.

While these factors will most likely con-
tribute to continued growth in passenger travel
in the future, the rate of growth may taper off
(see summary in table 1-2). Demographic
changes could affect trends in local and interci-
ty travel. For example, the age cohort with the
highest propensity to travel (ages 40 to 49) is
now entirely composed of baby boomers.
(USDOT FHWA 1993a, 4-11) They are likely to
travel more and travel longer distances, particu-
larly abroad (foreign travel increases with
income). Long-distance travel is also likely to be
affected by such things as the number of family
members attending out-of-town colleges. The
number of 18- to 24-year-olds, which declined
from the early 1980s to the mid-1990s, is ex-
pected to rise from the recent low of 24 million
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TaABLE 1-2: PossIBLE CONTRIBUTIONS TO FUTURE TRANSPORTATION DEMAND

Factor

Comments

Forces of stability
Population growth

Household formation

Migration patterns

Employment

Women'’s labor force participation
Vehicle availability

Slow overall growth (approximately 1 percent annually), but higher than most western European
countries.

Leveling off.

Slowing of internal migration to growth areas of South and West.

Slower growth in the labor force.

Slower growth as it approaches that of men’s participation.

Reaching saturation levels.

Forces of change
Immigration

Aging

Residential and job dispersal
Income
Women'’s travel

Possibly large, with immediate impact on transportation systems.

Baby boomers coming into prime traveling age: large impact on long-distance domestic and
international travel.

Continued dispersal will lead to more travel, particularly single-occupancy vehicles.

Slow increases in income, but large increases in travel by the low-income population.

Increasing travel by women, not related to having a driver’s license or labor force participation.

Work-at-home/telecommuting Uncertain.

people to 30 million people by 2010.2 (USDOC
Bureau of the Census 1995, table 24)

» Patterns of Travel

In 1994, 87 percent of the passenger-miles
traveled in the United States were in automo-
biles and light trucks, including pickups, sport
utility vehicles, and minivans (see figure 1-3).
Much of the rest, 9 percent, was by air. (USDOT
BTS 1995) In 1993, passenger travel on transit,
was less than 1 percent of the total, or 36 billion
passenger-miles. (USDOT FTA 1995)

Highway Vehicle Travel

Although passenger-miles in automobiles and
light trucks increased by 80 percent over the past
quarter century, the share of passenger-miles
made by cars and light trucks decreased from 90
percent in 1970 to 87 percent in 1994. The cause
is the great increase in air travel—from 5 per-
cent of all passenger-miles in 1970 to 9 percent
in 1994. In the category of highway travel, trav-

3 Projections are middle series.

FiIGURE 1-3: PASSENGER-MILES

BY MoDE, 1994

Amtrak and

commuter rail® 0.3% Aircraft 9.4%

Transit,?
intercity bus,
school bus 3.6%

Passenger car, taxi, light truck,
and motorcycle 86.7%

aData are for 1993.
NOTE: Excludes heavy trucks.

SOURCE: Eno Transportation Foundation and other
sources cited in U.S. Department of Transportation,
Bureau of Transportation Statistics, National Transporta-
tion Statistics 1996 (Washington, DC: November 1995).
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el in light trucks (pickups, minivans, and sport-
utility vehicles) increased most rapidly over this
period (by 361 percent). Light trucks accounted
for 8.5 percent of all passenger-miles in 1970,
but 21 percent in 1994. (USDOT BTS 1995)

Highway vehicles-miles traveled (vmt) by all
vehicles was 2.4 trillion miles in 1994, up from
1.1 trillion in 1970.4 Automobiles and light
trucks traveled 92 percent of the vmt in 1994,
with most of the rest traveled by trucks, which is
almost unchanged from 1970. Figure 1-4 shows
the variation in vmt by state.

Air Travel

Aviation is key to intercity and international
travel (see appendix A). Over the past 25 years,
total air passenger-miles more than tripled—
from 108 billion in 1970 to 388 billion in 1994
(measured by domestic revenue passenger-
miles). By 1994, annual domestic per capita
travel by air reached 1,492 miles, up from 532
miles in 1970. (USDOT BTS 1995)

Enplanements take place primarily at the 28
large airport hubs, which are geographic areas
boarding more than 1 percent of the total air pas-
sengers in a year. A hub can include more than
one airport. (For example, the Washington, DC,
hub includes Dulles and National Airports.)
Large hubs enplaned 73 percent of passengers in
1994. As can be seen in figure 1-5, the largest
hubs are Chicago, Dallas-Fort Worth, Atlanta,
Los Angeles, and New York. The most growth
(in percent) occurred in Las Vegas, rising from 5
million to 12 million enplanements, Orlando (5
million to 9 million), Salt Lake (4 million to 8
million), Phoenix (7 million to 12 million), and
Charlotte (5 million to 9 million).

General aviation passenger-miles (including
corporate, air taxi, sightseeing, and instructional

4 Chapter 5 discusses problems with vmt data.

aircraft) grew by only 7 percent between 1970
and 1994, now accounting for approximately 9.7
billion miles. (USDOT BTS 1995)

Travel by Transit, Trains, and Intercity Buses

Transit (including buses, heavy rail, com-
muter rail, light rail, and demand response tran-
sit), accounted for 36 billion passenger-miles in
1993. Transit use is split almost equally between
rail and nonrail systems with 17.8 billion pas-
senger-miles on rail systems in 1993 and 18.4
billion on nonrail (mostly bus) systems.
(USDOT FTA 1995, 71) Passenger travel on
transit increased in the 1970s from approximate-
ly 6.5 billion unlinked trips at the nadir in 1972
to 8.2 billion unlinked trips in 1980, and
remained at that level during the 1980s.
Recently, unlinked passenger trips and passen-
ger-miles on transit decreased. Passenger-miles
fell from 38.5 billion on 8.1 billion unlinked
trips in 1989 to 36.2 billion passenger-miles on
7.4 billion trips in 1993. As a result of growth in
other modes, the fraction of passenger-miles on
transit declined from approximately 1.4 percent
in 1970 to 0.9 percent in 1994. Most transit pas-
senger-miles are made in large metropolitan
areas that have large transit agencies. Indeed, 79
percent of passenger-miles are made in the tran-
sit systems of the 30 largest agencies. Figure
1-6 shows rail and bus system passenger-miles
traveled for the nation’ urban areas in 1993.

Passenger-miles on Amtrak have increased
from about 3 billion in 1972, Amtrak’s first full
year of operation, to about 6 billion in 1994.
(AAR 1980 and 1995b) Thus, intercity train
travel on Amtrak accounted for one-tenth of 1
percent of total passenger travel in 1994. Amtrak
carried 21.8 million passengers in 1994 com-
pared with 22.1 in 1993. (Amtrak 1995, 20)

In both 1970 and 1994, intercity buses
accounted for 25.3 billion passenger-miles. In
the intervening years, passenger-miles increased
to 27.7 billion and dropped to 22.6 billion in the
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early 1990s. (Eno Transportation Foundation
1995, 47)

Since 1980, the earliest date for which data
are available, passenger-miles on school buses
doubled from 41 billion to 85 billion in 1994.
(National Safety Council various years)

Water Transportation

Passenger transportation by water is princi-
pally for general use, including commuting and
recreation. Transit ferryboat operations are the
most important component of general use water
transportation. The 14 ferryboat agencies
included in the National Transit Database pro-
vided 240 million passenger-miles of service in
1993, down from over 300 million passenger-
miles in 1980. In 1993, more than 80 percent of
ferry passenger-miles were provided in Seattle
and New York. (USDOT FTA 1995, 32)

Recreational water transportation comprises
cruises and recreational boating, both of which
have grown rapidly since 1980. According to the
Cruise Lines Industry Association, between
1980 and 1993, the North American cruise mar-
ket’s annual growth averaged 9.2 percent. In
1994, 4.8 million passengers, 85 percent of them
U.S. citizens, sailed overnight from U.S. and
Canadian ports. (Krapf 1994) The top two ports-
of-call for cruise ships in 1993 were Miami and
San Juan, Puerto Rico, accounting for 41 per-
cent of all cruise ship port calls. (USDOT
FHWA FTA MARAD 1995, 243) The increase
in boat ownership shows the growth of recre-
ational boating, which went from 8.6 million in
1980 to 11.4 million in 1994,

Nonmotorized Transportation

Nearly 8 percent of all personal trips in 1990
were by nonmotorized forms of transportation,
7.2 percent on foot and 0.7 percent by bicycle.
(USDOT FHWA 1993a, 4-41) Because pedestri-
an and bicycle trips are short (averaging 0.6

miles and 2 miles, respectively), they accounted
for only about 0.5 percent of all passenger-miles
in 1990. In its study of commuting behavior, the
Census Bureau found that 4.5 million people
(4 percent of the employed civilian labor force)
commuted to work by walking, a decline from
5.6 percent in 1980. In addition, 0.5 million peo-
ple bicycled to work in 1990. (USDOT FHWA
1993b) Bicycle production and importation
increased rapidly over the past two decades.
Domestic shipments of bicycles increased from
5.6 million in 1975 to 8 million in 1993, and
bicycle imports grew from 1.7 million in 1970
to 5 million in 1993. (USDOC Bureau of the
Census 1995, 259; USDOT FHWA 1994)

Movement of Freight

Intercity (nonlocal) freight transportation in-
creased substantially between 1970 and 1994 for
all modes. The most rapid growth was in air
cargo ton-miles, which increased by 434 per-
cent. (USCAB 1973; USDOT BTS 1995) A
direct estimate of the growth in ton-miles of
freight carried by truck is not available, but the
increase in vmt of combination trucks, assuming
average load did not change, yields an estimate
of 210 percent. (USDOT FHWA 1986 and 1995)
The ton-miles carried by major railroads (Class
I°) increased by 57 percent (AAR 19953, 27),
while ton-miles carried by oil pipelines rose 41
percent. (Eno Foundation for Transportation
1995, 44) Freight moved by water grew the
slowest over this period, increasing by 37 per-
cent. (U.S. Army Corps of Engineers 1994) As
figure 1-7 shows, intercity ton-miles summed
across all modes increased steadily since the
early 1980s, the last time an economic recession
caused a major reduction in freight transporta-
tion. (Eno Foundation for Transportation 1995)

SDefined as railroads with operating revenue above $255.8 million in 1994.
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FIGURE 1-7: INTERCITY FREIGHT TRANSPORTATION, 1970-94
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BTS is now able to report on how much
freight was moved in a year by all modes in the
United States, including trucking and inter-
modal combinations, and for intercity and local
freight transportation. This information is pro-
vided for 1993 by the Commodity Flow Survey
(CFS), conducted by BTS and the Bureau of the
Census. The CFS differs from other published
data in several ways. First, it provides survey
data of freight movement. Second, it includes
both intercity and local freight movement. Third,
the CFS identifies parcel, post, and courier as a
separate category, giving lower estimates of air
freight cargo. Fourth, the CFS includes coast-
wise movement of goods often ignored else-
where. Fifth, there are some definitional
differences in the CFS, such as rail, which pro-
duce different estimates of modal share. Finally,
the CFS estimates for the first time freight car-
ried by intermodal combinations.

Preliminary results from the CFS show that
the nation’s freight transportation systems car-

ried goods worth more than $6.3 trillion weigh-
ing 12.4 billion tons, yielding a total of 3.7 tril-
lion ton-miles in 1993. As shown in figure
1-8, over half the weight of all freight was
moved by truck, with rail, water, and pipeline
transport accounting for most of the remaining
tonnage. In terms of ton-miles, the split between
truck, rail, water, and pipeline transportation is
more even, given the greater distances moved by
large shipments in the nonhighway modes. In
terms of value, however, nearly three-quarters of
all shipments moved by truck, followed by
postal, parcel, and courier service, rail, water,
and pipeline.

The CFS shows the importance of local trans-
portation to the nation’s commerce (see figure
1-9). Nearly 30 percent of the value and over 56
percent of the tons of all shipments measured by
the CFS are shipped between places less than 50
miles apart. Of course, significant quantities of
goods are also shipped long distances. For ex-
ample, for shipments originating in California,
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the major destinations by value include Texas,
Arizona, New York, Illlinois, and Florida.
California is among the major destinations of
shipments from Maine.

» Domestic Freight Transportation

Trucks and Trains

The growth of trucking has been dramatic.
According to the Census Bureau’s Truck In-
ventory and Use Survey, the number of trucks
increased 76 percent between 1982 and 1992,
and the distance they traveled more than dou-
bled (see table 1-3). While much of the growth

was in personal use vehicles, trucks used in for-
hire transportation increased by nearly 25 per-
cent in number and over 50 percent in miles
traveled during that period.

Two-axle trucks are the most common com-
mercial trucks, but travel fewer miles per vehicle
than the combination trucks with one or more
trailers that are so visible on major highways (see
table 1-4). Combination trucks with more than
one trailer traveled the farthest per vehicle in
1992, but generated far less total travel than sin-
gle combination trucks (most typically a three-
axle tractor with a two-axle semi-trailer).

The truck fleet appears to be getting heavier as
well as traveling farther (see table 1-5). Between
1982 and 1992, trucks with operating weights

FIGURE 1-8: VALUE, TONS, AND TON-MILES OF FREIGHT SHIPMENTS BY MoDE, 1993
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FIGURE 1-9: VALUE, ToONS, AND TON-MILES OF FREIGHT SHIPMENTS BY DISTANCE, 1993
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above 80,000 Ibs. increased in number by 181
percent and in miles traveled by 193 percent.
Trucks below 33,000 Ibs. increased 78 percent in
number and 120 percent in miles traveled. Trucks
of intermediate weight increased substantially
less in numbers and miles traveled.

In 1994, railroads carried the most originating
tons in a decade. (AAR 1995b, 28) Of the 1.5 bil-
lion tons of freight originating on Class | carri-
ers, coal accounted for 39 percent, chemicals and
allied products for 10 percent, and farm products
for 9 percent. (AAR 1995b, 29) Moreover, the
average length of haul increased from 224 miles
in 1944 to 817 miles in 1994. (AAR 1995b, 36)

Rail freight flows are shown in figure 1-10.
Particularly prominent are traditional east-
west oriented routes, especially in the West.
Coal shipments explain the large east-west
volumes through Wyoming and Nebraska and
through Virginia and West Virginia. The map
also shows the prominence of North American
Free Trade Agreement (NAFTA)-supporting

routes such as the routes between the Midwest
and Texas.

Water and Pipelines

Domestic waterborne freight transportation
includes coastwise, internal, and lakewise move-
ments. Coastwise movement is defined as domes-
tic traffic with carriage over the ocean or the Gulf
of Mexico. In 1994, 56 percent of ton-miles of
domestic waterborne freight moved coastwise.
Internal freight transportation is defined as traffic
taking place solely on inland waterways, and
accounted for 37 percent of ton-miles. Lakewise
movement, 7 percent of freight-miles, is defined
as domestic traffic between ports on the Great
Lakes. Between 1970 and 1994, internal transport
nearly doubled, while coastwise movement
increased by 27 percent. Lakewise freight trans-
port decreased 27 percent over this period. (US
Army Corps of Engineers various years)

The principal commodities moved by pipeline
are oil and gas. Intercity ton-miles of oil moved
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Intermodal
TaBLE 1-3: NUMBER OF TRUCKS, MILES
TRAVELED, AND MILES PER TRUCK BY . . )
TrucK USE. 1982 AND 1992 The CFS provides the first comprehensive
picture of intermodal transportation (see box
Change 1-1). About 38 million tons, worth $83 billion,
Use 1982 1992  (percent)? moved by the classic intermodal combination of
Number of trucks (thousands) truck and rail. Assuming 50,000 pounds of pay-
For-hire transportation 718 888 24 load per truck, this intermodal combination
Other business use 13,611 15,704 15 means that 1.5 million large trucks were divert-
Mixed and daily rental 168 1524 807 ed from the highways for a major part of their
Personal Use 19214 41,076 114 trips. Fast, flexible forms of intermodal trans-
Total (including unknown) 33722 59191 76 portation have emerged in recent years. For
Vehicle-miles traveled (billions) example, parcel, postal, and courier services
For-hire transportation 331 518 57 now account for about 9 percent of the value of
Other business use 1734 2445 41
Mixed and daily rental 34 25.6 661
personal Use 1664 4642 179 TABLE 1-4: NUMBER OF TRUCKS, MILES
R TRAVELED, AND MILES PER TRUCK BY
Total (including unknown) 376.2 786.1 109 TrRUCK TYPE, 1982 AND 1992
Miles per truck (thousands)
For-hire transportation 46.1 58.3 27
Change
Other business use 12.7 15.6 22 Type 1982 1992  (percent)?
Mixed and daily rental 20.0 16.8 -16 Number of trucks (thousands)
Personal Use 8.7 113 31 Multiple combination 30 59 98
Total (including unknown) 11.2 133 19 Single combination 1,303 1,670 28
) 2 axles, 6 tires 6,956 3,363 -52
2Percentages may not add due to rounding.
NOTES: For-hire transportation = motor carrier + owner/operator + 2 axles, 4 tires 25433 54,099 113
mixed private common.
Other business use = business use. Total 33,722 59191 76
Mixed and daily rental = mixed + daily rental. Vehicle-miles traveled (billions)
Personal use = personal. . o
Total (including unknown) = all. Multiple combination 1.9 4.7 152
SOURCE: Oak Ridge National Laboratory tabulations from the Truck Single combination 53.1 74.7 41
Inventory and Use Survey public use microdata files.
2 axles, 6 tires 74.9 37.8 -50
2 axles, 4 tires 246.4 668.8 171
by pipeline increased from 431 billion in 1970 to Total 3762 7861 109
608 billion in 1994. (Eno Foundation 1995) Gas Miles per truck (thousands)
moved by pipeline, measured in cubic feet, has Multiple combination 622 79.2 21
remained almost unchanged from 1970 to 1994 at Single combination 408 447 10
about 20 trillion cubic feet. (USDOE 1995) 2 axles, 6 tires 108 113 5
2 axles, 4 tires 9.7 12.4 29
Total 112 133 19
apercentages may not add due to rounding.
SOURCE: Oak Ridge National Laboratory tabulations from the Truck
Inventory and Use Survey public use microdata files.




Chapter 1 Travel, the Movement of Freight, and the Transportation System <« 19

TaBLE 1-5: NuUMBER OF TRuUCKS, MILES

TRAVELED, AND MILES PER TRUCK BY
TrRuck WEIGHT, 1982 aND 1992

Change

Weight (thousand Ibs?) 1982 1992  (percent)®
Number of trucks (thousands)

<33 32,436 57,562 78

33-60 674 798 18

60-80 594 781 32

>80 18 50 181
Total 33,722 59,191 76
Vehicle-miles traveled (billions)

<33 322 709 120

33-60 18 24 29

60-80 35 51 46

>80 0.9 25 193
Total 376 786 109
Miles per truck (thousands)

<33 9.9 123 24

33-60 27.2 29.6 9

60-80 59.1 65.3 11

>80 47.4 49.5 4.4
Total 11.2 133 19
aThousands of pounds of typical operating weight.
bPercentages may not add due to rounding.
SOURCE: Oak Ridge National Laboratory tabulations from the Truck
Inventory and Use Survey public use microdata files.

all shipments. When shipments reported as
being sent by more than one mode are added to
those sent by parcel and courier services, inter-
modal transportation exceeds 200 million tons
valued at $660 billion.

Intermodal shipments tend to be high in
value. Shipments by parcel, postal, and courier
services average $15.08 per pound; truck-rail
intermodal shipments are worth $1.09 per
pound. Although short of the $26.77 value per
pound of air and air-truck shipments, these
intermodal shipments are higher in value than
the 35 cents per pound for truck-only shipments
and the less than 10 cents per pound for rail-
roads, water transport, and pipeline shipments.

» International Freight
Transportation

International trade is a source of growth in
transportation, placing demands on the domestic
transportation system for access between ports
of entry or exit and the interior. The value of
commodities exported and imported in 1993
was about one-sixth the value of commodities
counted in the CFS. (USDOC Bureau of the
Census 1995, table 1081; USDOT BTS 1995,
table 131) NAFTA increased the importance of
north-south movements relative to the tradition-
al east-west movement of goods in international
trade. Based on information collected for BTS
by the Census Bureau:

m $259.3 billion in goods moved by land between
Canada and the United States between April
1994 and March 1995, an increase of more than
15 percent over the preceding 12 months. In
terms of value, 76 percent moved by truck, 20
percent by rail, and 4 percent by pipeline.

m More than $90 billion in goods moved by
land between Mexico and the United States
between April 1994 and March 1995, an
increase of over 15 percent over the preceding
12 months. In terms of value, 87 percent
moved by truck and 14 percent by rail.

During the 12 months ending in March 1995:

m The top three border crossings in value of
shipments for surface freight to and from
Canada were Detroit (32 percent of north-
bound traffic and 29 percent of southbound),
Buffalo (18 percent of northbound traffic and
20 percent of southbound), and Port Huron,
Michigan (9 percent of northbound traffic
and 10 percent of southbound).

m The top three border crossings in value of ship-
ments for southbound surface freight to
Mexico were in Texas: Laredo (40 percent), El
Paso (16 percent), and Brownsville (8 percent).

m The top three border crossings in value of
shipments for northbound surface freight
from Mexico were El Paso (24 percent),
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Box 1-1: INTERMODALISM

In a departure from the transportation community’s
historic focus on individual modes, the Intermodal
Surface Transportation Efficiency Act recognized the
growing importance of intermodalism. The term inter-
modalism is used in three ways.

Most narrowly, it refers to containerization, piggy-
back service, and other technologies that provide the
seamless movement of goods and people by more
than one mode of transport.

More broadly, intermodalism refers to providing
connections among different modes, such as ade-
quate highways to ports or bus feeder services to rail
transit. In its broadest interpretation, intermodalism
refers to a view of transportation in which individual
modes work together or within their own niches to
provide the user with the best choices of service, and
in which the consequences on all modes of policies for
a single mode are considered. In the past, this view
was called balanced, integrated, or comprehensive
transportation.

Finally, Congress and others frequently use the
term intermodalism as a synonym for multimodal
transportation, without necessarily requiring an inte-
grated approach.

The Bureau of Transportation Statistics (BTS)
accepts the broadest interpretation of intermodalism
in its philosophy, but prefers the middle ground in its
use of the term. BTS collects and reports information
on multimodal transportation systems, including both
individual modes and intermodal combinations.

Laredo (24 percent), and San Ysidro, Calif-

ornia (11 percent).

These patterns may change if the areas in
which motor carriers can operate across the border
are expanded (see figure 1-11). Until NAFTA,
foreign trucks on both sides of the Mexico-U.S.
border could operate only in a harrow commercial
zone. A provision of NAFTA allows foreign
trucks to operate in border states, although the
implementation of this policy has been delayed.

While transborder land crossings are impor-
tant, most international trade moves in and out
of the United States through ports. Seaports han-
dled international cargo valued at $517 billion in
1994, an increase of 81 percent from 1980.

Figure 1-12 illustrates the geographic pattern
of port activity. The concentrations of tonnage in
Texas, Louisiana, Alaska, and the Delaware
River arise in large part from petroleum prod-
ucts. Louisiana also handles a significant
amount of grain. The large ports with the most
general cargo are in the New York metropolitan
area and California.

The pattern of demand is shifting significant-
ly among regions, as illustrated by the growth of
intermodal container traffic through east coast
and west coast ports. Since 1980, growing
Pacific Rim trade has benefited west coast ports
(see figure 1-13). In 1980, west coast ports
accounted for about 24 percent of the value of
U.S. oceanborne foreign trade, and east coast
ports 41 percent. By 1993, west coast ports
almost doubled their share to 45 percent, while
the share handled by east coast ports declined to
38 percent.

Where Passengers
and Freight Meet

Most highways, railways, airports, and sea-
ports carry both passengers and freight, a source
of efficiency and inefficiency. Joint use of the
system allows for fuller utilization of the infra-
structure. The overlap between passengers and
freight on the transportation network, however,
means competition for network space, schedul-
ing conflicts, and possible safety, noise, conges-
tion, and environmental problems.

Trucks and cars share virtually all major
roads. The exceptions, roads limited to passen-
ger vehicles, include parkways, bus and high-
occupancy-vehicle lanes, and some major
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FIGURE 1-13: REGIONAL SHARE OF

ToTaL ANNUAL VALUE oF OCEANBORNE
ForeicN TRADE, 1980 anD 1993
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SOURCE: U.S. Department of Commerce, Bureau of the
Census, Statistical Abstract of the United States, 1995
(Washington, DC: U.S. Government Printing Office,
1995), p. 664.

highways like the automobile lanes of the New
Jersey Turnpike. Local roads may restrict the
largest trucks, but allow smaller trucks in addi-
tion to automobiles.

In the case of railroads, passenger service
usually occurs over rail lines that primarily carry
freight. For example, freight companies and
other entities own most of the more than 25,000
miles of railroad track used by Amtrak. (The
notable exception is the Northeast Corridor,
which is largely owned by Amtrak). The overlap
of passenger and freight has raised capacity and
safety issues.

In water transportation, the growth in popu-
larity of recreational boating means more con-
flicts with waterborne freight movement are
possible, particularly in redeveloped older har-
bor areas. Moreover, landside access to U.S.
ports can create conflicts between passenger and

freight transportation. A recent report by DOT’s
Maritime Administration found that the efficien-
cy of more than half of U.S. ports is threatened
by increasing passenger car congestion on truck
routes. Congestion is made worse at many ports
by rail lines that intersect local streets. (USDOT
MARAD 1993) Also, some container ports are
not served by tunnels or bridges able to carry
double-stack trains. Moreover, ports in many
metropolitan areas cannot expand or be reconfig-
ured because of competition with other land uses.

In the aviation industry, the overlap between
passengers and air cargo (freight, mail, and air
express) has increased efficiency. Wide-body
aircraft, in use since the late 1960s, allow almost
all passenger carriers to carry both cargo and
passengers. Much of the all-freight business
occurs in overnight parcel delivery, allowing
passenger services to operate unimpeded during
the day. Some conflict arises at airports, where
most air cargo arrives and leaves on trucks trav-
eling over highways through metropolitan areas.

Physical Condition
and Performance

The U.S. Department of Transportation mon-
itors the condition and performance of the
transportation system. This section discusses
indicators to assess the condition of the system
and examines performance measures from the
perspective of the user. ldeally, performance
would be judged on a systemwide basis regard-
less of how many modes it involved. The cur-
rent data, however, only allow performance
evaluations of each mode separately. Other
measures of system condition and performance,
such as economic condition, safety, and envi-
ronmental performance, are discussed else-
where in this report.
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Ficure 1-14: HicHwAY MILEAGE IN POOR AND

MEeDIOCRE CONDITION BY FUNCTIONAL SYSTEM, 1983-91
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SOURCE: U.S. Department of Transportation, Federal Highway Administration, Highway Statistics (Washington, DC:
various years).

» Highways

According to the 1995 Status of the Nation’s
Surface Transportation System: Condition and
Performance:

m Between 1983 and 1991, highway pavement
conditions improved as measured by the
Present Serviceability Rating (see figure 1-
14). For example, the percentage of urban
Interstates in poor or mediocre condition
dropped from 32.9 percent in 1983 to 23.2
percent in 1991. The corresponding drop for
rural Interstates is 27.1 to 23.2 percent.
Because of a change to a new measure, the
International Roughness Index (IR1), it is dif-
ficult to say anything about more recent
trends in pavement condition. (USDOT
FHWA FTA MARAD 1995, 121-131) Table
1-6 shows the condition of roads in 1994.

m Bridge conditions have improved over the
past few years (see table 1-7). The number of
deficient bridges on Interstates, arterials, and

collectors have all decreased between 1990
and 1994. Approximately one-quarter of
these bridges are still deficient. (USDOT
FHWA FTA MARAD 1995, 132-135)
Congestion, one measure of performance,
can be expressed in total vehicle-hours of delay.
One estimate of urban roadway congestion sug-
gests that vehicle-hours of delay in 50 cities
increased from 8.7 million per day in 1986 to 11
million per day in 1992. (Texas Transportation
Institute 1995) Congestion estimates are sup-
ported by calculating highway vmt per lane-
mile. In every category, vmt per lane-mile
increased between 1985 and 1994; the greatest
increase was on urban arterials (see table 1-8).

» Transit

The condition of urban transit equipment has
not changed greatly from 1985 to 1993 (see
table 1-9). Although the fleet of large and mid-
size buses has become older, many smaller
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TaBLE 1-6: PAVEMENT CONDITION, 1994

Poor Mediocre Fair Good Very good Unpaved Total
Interstate (miles)? 3,607 11,954 10,561 13,742 4,682 0 44,546
Percent of system 8 27 24 31 11 0 100
Other arterials (miles) 43,788 95,226 99,016 87,274 46,025 306 371,635
Percent of system 12 26 27 23 12 0 100
Collectors (miles) 36,304 62,750 178,786 84,200 108,331 46,838 517,209
Percent of system 7 12 35 16 21 9 100
Total (miles) 83,699 169,930 288,363 185,216 159,038 47,144 933,390
Percent of system 9 18 31 20 17 5 100

3Interstates are held to a higher standard than other roads because of higher volumes and higher speed.

KEY: Poor = needs immediate improvement.

Mediocre = needs improvement in the near future to preserve usability.

Fair = will likely need improvement in the near future, but depends on traffic use.

Good = in decent condition; will not require improvement in near future.

Very good = new or almost new pavement, will not require improvement for some time.

NOTE: Because of the switch to the International Roughness Index (IRI) from the Present Serviceability Rating (PSR) some states are reporting the PSR
for some facilities and the IRI for others. As a result, this table portrays a mixture of the two rating schemes. Several years of measurement using the IRI
procedures are needed to define an accurate trend in pavement condition.

SOURCE: U.S. Department of Transportation, Federal Highway Administration, Highway Statistics 1994 (Washington, DC: 1995).

TaBLE 1-8: ANNUAL HIGHWAY VEHICLE-

TABLE 1-7: BRIDGE CONDITIONS,
MiILES TRAVELED PER LANE-MILE BY
FuncTionaL CLass, 1985 anD 1994

1990 aNnD 1994

1990 1994
Interstate bridges 53,183 54,726 Vlmgt?ﬁn Vﬁ?ﬁn (gzil%%
Number deficient 15,208 (28.6%) 13,262 (24.2%) Rural Interstate 1170 452 1644613 1
Other arterial bridges 124,615 129,465 Rural arterial 554 290 674.765 29
Number deficient 39,492 (31.7%) 36,199 (28%) Rural collector 140.943 161.204 14
Collector bridges 164,300 162,314 Urban Interstate 3,770,649 4,674,863 24
Number deficient 56,622 (34.5%) 45,330 (27.9%) Urban arterial 1.082.705 1.804.094 67
NOTE: Deficient bridges include a) structurally deficient bridges—those Urban collector 552.098 654.972 19
that need significant maintenance, attention, rehabilitation, and some- . .
times replacement; and b) functionally deficient bridges—those that do KEY: vmt = vehicle-miles traveled: Im = lane-miles
not have the lane widths, shoulder widths, or vertical clearances to serve ) T o o
traffic demand. SOURCE: U.S. Department of Transportation, Federal Highway Administra-
. ) . tion, Highway Statistics 1994 (Washington, DC: 1995).
SOURCE: U.S. Department of Transportation, Federal Highway Administra-
tion, Federal Transit Administration, and Maritime Administration, 1995

Status of the Nation's Surface Transportation System: Condition and Per-
formance (Washington, DC: Oct. 27, 1995), pp. 132-134.

centage of overage full-size buses changed sig-
nificantly over this period. For rail transit, sig-

buses and vans were added for paratransit ser-
vices over the past few years. These new vehi-
cles have resulted in no change in the average
age of all urban transit buses nor has the per-

nificant improvement occurred in the condition
of power systems, stations, structures (e.g.,
bridges and tunnels), and maintenance between
1984 and 1992. (USDOT FHWA FTA MARAD
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TABLE 1-9: URBAN TRANSIT

Bus ConbpiTiON, 1985 AnD 1993

1985 1993

Articulated buses

Total fleet 1,423 1,807

Number of overage vehicles 0 295

Average age (years) 3.4 9.5
Full-size buses

Total fleet 46,138 46,824

Number of overage vehicles 9,277 9,362

Average age (years) 8.1 8.5
Mid-size buses

Total fleet 2,569 3,598

Number of overage vehicles 237 865

Average age (years) 5.6 6.4
Small buses

Total fleet 1,685 4,064

Number of overage vehicles 280 513

Average age (years) 438 4.0
Vans

Total fleet 1,733 8,353

Number of overage vehicles 790 1,804

Average age (years) 3.8 3.1
Total

Total fleet 51,863 60,582

Number of overage vehicles 10,584 12,839

Average age (years) 7.9 7.9
SOURCE: U.S. Department of Transportation, Federal Highway Administra-
tion, Federal Transit Administration, and Maritime Administration, 1995
Status of the Nation's Surface Transportation System: Condition and Per-
formance (Washington, DC: Oct. 27, 1995), p. 137.

1995, 143) The average age of rail transit vehi-
cles, however, has not changed between 1985
and 1993. But the condition of powered com-
muter-railcars worsened significantly because of
age: these cars averaged 12.3 years in age in
1985 and 18.2 years in age in 1993. (USDOT
FHWA FTA MARAD 1995, 144)

One performance measure for transit is speed
of service. No data are available on the average
speed of passenger trips, but there is information
on the average speed of transit service.
Weighting this information by passenger-miles
produces a useful indicator. Rail speed increased
from 24.8 to 26.3 miles per hour from 1984 to
1993 and bus speed increased from 12.9 to 13.7
miles per hour. (USDOT FHWA FTA MARAD
1995, 116)

» Air Transportation

Data for a complete condition and perfor-
mance measurement system in air transportation
do not exist. The Federal Aviation Administration
(FAA), however, does compile data on the condi-
tion of airports and aircraft. For the air traveler,
an important element of the performance of
commercial air service is delays and on-time per-
formance. FAA, therefore, also compiles perfor-
mance data on airport and air traffic delay. The
Office of Airline Information, part of BTS, col-
lects data on air carrier on-time performance.

Runway Condition

In 1993, 79 percent of commercial service
airports had runways with pavement condition
rated good, 18 percent fair, and 3 percent poor.
This is an improvement over 1986 when 78 per-
cent were rated good, 15 percent fair, and 7 per-
cent poor. (USDOT FAA 1995, 19)

Aircraft Condition

While the age of aircraft (one measure of
condition) appears to have a strong relationship
to the financial condition of air carriers, regula-
tions being considered by FAA would require
special maintenance and the retirement of older
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planes. The average age of aircraft owned by
major U.S. companies was 11.4 years in 1992; in
1983 the average age was 10.5. The average age
of aircraft in the U.S. airline industry as a whole
increased from 10 years in 1983 to 11.5 in 1992,
(USDOT Office of Airline Information)

On-Time Performance

A flight is considered on-time if it arrives at
the gate less than 15 minutes after the scheduled
arrival time. Canceled and diverted flights are
considered late. In 1994, the proportion of on-
time flights for major air carriers was 81.5 per-
cent. Overall on-time performance improved
from 1989 when the percent on time was 76.3.
(USDOT BTS 1995, 75) Another measure is the
number of passengers with confirmed seats that
are either denied boarding or asked to let others
occupy their seats. With a total of 841,000
denied boarding, 1994 was the worst year since
1987 when the number was 874,000; this is,
however, a very small fraction of enplanements.
(USDOT BTS 1995, 84)

Airport and Aircraft Delay

Most U.S. airports are uncongested, but seven
airports had average airliner delays exceeding
nine minutes in 1992 (the last year for which
data were available), and are termed severely
congested. Those were Boston Logan, Dallas-
Fort Worth, Denver Stapleton, Newark, John F.
Kennedy, La Guardia, and Chicago O’Hare.
(USDOT FAA 1995, 10-11) Another indicator
of congestion is the number of airports where
delays to aircraft exceed 20,000 hours per year.
There were 23 airports with such delay in 1992.
One other indicator of congestion is average
delay per aircraft operation (delay per departure
and arrival over 15 minutes). Average delay per
operation, 7.1 minutes in 1992, down from 7.4

minutes in 1990, is projected to increase to 7.7
minutes in 2002 if all the runways proposed in
the National Plan of Integrated Airport Systems
are built. (USDOT FAA 1995) Improvements in
air traffic control, however, could prevent
increased airspace delay. (USDOT FAA 1995,
12) FAA finds that the number of long delays (of
15 minutes or more) has been falling the past
several years from 298,000 in 1991 to 237,000
in 1994. (USDOT FAA 1996)

» Ralil

The condition of track, rolling stock (locomo-
tives and cars), stations, and maintenance facili-
ties is one aspect to consider in appraising rail
transportation. In some situations these can be
reported separately for passenger and freight
service. Performance can also be measured by
speed for both passenger and freight, and on-
time performance for passenger services.

The condition of rail transportation systems is
a tale of two industries. On the whole, the condi-
tion of the freight side is improving while pas-
senger service (Amtrak) is deteriorating. On the
freight side, 1.2 million railcars operated in
1994—virtually the same number as in the pre-
vious half-dozen years. In 1994, however, 51,000
new and rebuilt railcars were brought into the
fleet—the greatest number in at least a decade—
and these cars embody improved technology.
(Welty 1995) Additionally, 1,216 new and rebuilt
locomotives were added to the rail fleet in 1994,
again the most in over a decade. (AAR 1995b,
54) Capital expenditures for equipment in 1994
were $1.7 billion, compared with $1.4 billion in
1993 and $874 million in 1992. Total capital
expenditures, including roadway and structures,
were $4.9 billion, a figure—although not cor-
rected for inflation—never before attained by the
rail industry. (AAR 1995b, 43)
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By contrast Amtrak’s equipment is old: the
average age of its passenger cars was about 22
years and locomotives averaged over 13 years
old in 1994. Despite some new equipment, the
trend of the past decade has been for the average
age of equipment to become even older.
Amtrak’s active locomotive fleet in 1994 was
338, but locomotive availability, which im-
proved slightly the past two years, averages only
about 85 percent during a typical day. (Amtrak
1995, 11) Some 66 percent of the locomotive
fleet is at or beyond the locomotive’s typical use-
ful life; most passenger cars are half-way or
more through their life-cycles. (Amtrak 1995,
13) Amtrak’s contractors, the freight railroads,
had only 77 serviceable passenger locomotives
on January 1, 1995, having retired 21 locomo-
tives during 1994. They replaced none in 1994
and had no new units on order. (AAR 199543, 5)

On-time performance for Amtrak’s trains was
virtually the same in 1994 as in 1993, about 79
percent for short-distance trains, 50 percent for
long-distance ones and about 72 percent over-
all.5 On-time performance in 1994, however,
was much worse than in 1984 when about 80
percent of all trains were on-time. Freight rail-
roads over whose tracks Amtrak operates were
responsible for 41.2 percent of delays in 1994
versus 38.8 percent in 1993. Amtrak-caused
delays were 24.6 percent in 1994 and 25.7 per-
cent in 1993. (Amtrak 1995, 10)

» Water Transportation

The report 1995 Status of the Nation’s Sur-
face Transportation System: Condition and Per-
formance provides some information on the
waterborne transportation system, mostly on
vessels. Of the 25,000 oceangoing vessels over
1,000 gross tons in 1995, approximately 543 sail
under the U.S. flag. The U.S. fleet ranks 10th by

8This figure is a slight improvement from the 1993 figure of 47 percent, which
was influenced by the extensive floods of that year.

deadweight capacity. The largest number of
those, 187, are tankers. The U.S. fleet also con-
tains 88 containerships, 50 roll-on/roll-off ships,
18 dry bulk carriers, and 8 cruise and passenger
ships. The remaining 192 include breakbulk
ships, partial containerships, refrigerated cargo
ships, barge carriers, and specialized cargo
ships. The U.S. domestic fleet, including those
sailing on the Great Lakes, inland waterways,
and along the coasts, consists of nearly 40,000
vessels. Approximately three-quarters of these
are dry cargo barges and most of the rest are
tankbarges and tug/towboats. The U.S. domestic
fleet also includes 150 ferries. (USDOT FHWA
FTA MARAD 1995, 202-203, 213)

Ports in the United States include deep-draft
seaports, Great Lakes port facilities, and inland
waterway ports. In 1993, there were 1,917 major
U.S. seaport and Great Lakes terminals with
3,173 berths. Of these, 507 berths were in the
Great Lakes system. In the same year, there were
1,789 river terminals, with nearly 97 percent in
the Mississippi River System and the rest in the
Columbia-Snake River System. Data on the con-
dition of ports is limited to investment data on
public shoreside port facilities. The data show
that investment remained fairly constant from
1990 to 1993 at around $650 million per year.
(USDOT FHWA FTA MARAD 1995, 218-222)

» Pipelines

With little new construction, pipeline
throughput has remained relatively constant.
The pipeline system is aging, prompting con-
cerns about corrosion and the ability of
pipelines to withstand stress. Frequent monitor-
ing, corrosion control programs, and selective
rehabilitation or replacement, however, can off-
set the effects of aging. (TRB 1988, 16-17)
Performance then can be measured by output
and by the number of pipeline failures, a key
indicator of pipeline condition.
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In 1994, there were 222 gas pipeline incidents
with 21 fatalities and 112 injuries, and 244 for
liquid pipelines, with 1 fatality and an astound-
ing 1,858 injuries caused largely from flooding
in Texas. The number of incidents in 1990 was
199 for gas and 180 for oil. Pipeline incidents
during the 1990s were far lower than in past
decades, such as the 1,524 gas pipeline incidents
in 1980 (15 fatalities) and the 246 oil pipeline
incidents the same year (with 4 fatalities).
(USDOT BTS 1995, 55-59)

Transportation Events in 1995

Trends in transportation can be powerfully
shaped or temporarily interrupted by special
events. For 1995 we identify three key trans-
portation events. The first two events were spe-
cific to the United States: the designation of the
National Highway System and changes in the
industrial structure of the railroad industry. The
third, the Kobe, Japan, earthquake, has no direct
bearing on transportation in the United States
but can be compared with the Northridge,
California, earthquake of 1994, discussed in
Transportation Statistics Annual Report 1995.

The Interstate Commerce Commission (ICC)
was terminated at the end of 1995. Its railroad
data programs were transferred to the Surface
Transportation Board, a new Department of
Transportation entity; motor carrier registration
and insurance oversight were transferred to the
Federal Highway Administration. Quarterly and
annual reporting of financial and operating data
by motor carrier was transferred to BTS.

BTS also notes the loss of 11 employees of
the Oklahoma City office of the Federal
Highway Administration, who were among the
168 killed in the bombing of the Alfred P
Murrah Federal Building on April 19, 1995.

» The National Highway
System Designation

In 1995, Congress passed the National High-
way System Designation Act (Public Law 104-
59), formally establishing the National Highway
System (NHS), which was first called for in the
Intermodal Surface Transportation and Effici-
ency Act of 1991. The NHS, approximately
157,000 miles, is only 4 percent of all public
roads and is composed of five parts: the Inter-
state highways (46,000 miles), 21 congression-
ally designated high-priority corridors (5,000
miles), key primary and urban arterials (89,000
miles), the non-Interstate part of the Strategic
Highway Corridor Network (15,000 miles), and
key Strategic Highway Corridor Network con-
nectors (2,000 miles).

The main purpose of the NHS is to focus fed-
eral resources on the most heavily used high-
ways and on those that link the highway system
and other key elements of the transportation sys-
tem, such as ports, international border crossing
points, major airports, and public transportation
facilities. System changes, as demanded by pas-
senger and freight transportation needs, can be
made by the Secretary of Transportation based
on requests submitted by states.

» Changes in the Railroad Industry

The number of Class I railroads in the United
States has been declining for decades. In 1980,
there were 32 Class | railroad systems; only 10
remained at the end of 1995. Fifteen carriers
were merged or consolidated with other sys-
tems. The other seven were reclassified for reg-
ulatory reporting purposes.

The Interstate Commerce Commission ap-
proved the merger of the Burlington Northern
Railroad Company (Burlington Northern) and the
Atchison, Topeka and Santa Fe Railway Com-
pany (Santa Fe) in August 1995. Burlington
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Northern was ranked first among U.S. rail carri-
ers in 1994, measured by miles of road and num-
ber of employees, and second in operating
revenue. Santa Fe was seventh in all three cate-
gories. (AAR 1995a, 64-65) Burlington Northern
operated 25,000 miles of track in the United
States and Canada, and Santa Fe operated 10,400
miles in the United States. Together they are the
most extensive rail property in the country.

The second consolidation approved by the
Interstate Commerce Commission in 1995 was
the acquisition of the Chicago and North Western
Transportation Company by the Union Pacific
Corporation. Union Pacific is ranked third in
road miles (17,500) and employees (29,000).
CNW ranked eighth in both categories. Union
Pacific and CNW ranked first and eighth, re-
spectively, in operating revenue.

» The Kobe, Japan, Earthquake
and Transportation

One year to the day after the Northridge,
California earthquake (on January 17, 1995) a
Richter magnitude (M) 6.8 earthquake hit the
port city of Kobe—Ilocated toward the southern
end of Honshu, Japan’s main island—killing
more than 6,000 people and causing property
damage of $94 billion. (Doi 1996) Officials esti-
mated that nearly 180,000 buildings were badly
damaged or destroyed and more than 300,000 of
the city’s 1.4 million people were made home-
less by the 20 seconds of severe ground shaking.
Centered just 12 miles southwest of downtown,
much of the earthquake’s energy passed through
the most built-up part of Kobe, a three-mile-
wide corridor of land between Osaka Bay to the
south and the Rokko Mountains to the north.

The city’s highways and railroads were very
badly damaged, breaking the land connection
between the southwestern part of Honshu island
and the central and northeastern areas, including
Tokyo. The two main limited-access highways—
the Hanshin and Wangan expressways—that

served the Kobe-Osaka transportation corridor
were severed by the earthquake. Rail lines,
including the bullet train, were also severed. The
subway and local roads were damaged. Port
facilities were almost completely destroyed.
(EQE International 1995) Before the earth-
quake, Kobe was the largest container port in
Japan, handling approximately 30 percent (2.7
million containers a year) of Japan’s container
shipping. Eight thousand containers a day had to
be redirected to other ports. The long-term
effects on the port are unknown. Some worry
that traffic diverted may never return and that
other ports such as Pusan in South Korea,
Taiwan’s Kaohsiung, Hong Kong, and Singapore
might gain in the long run (Box 1995). About
the only unscathed parts of the transportation
system were the two major airports—Kansai
and Itami. Repair costs for transportation facili-
ties alone have been estimated at $60 billion.
By comparison, the 1994 Northridge earth-
guake on the same day in 1994, an M6.4, result-
ed in 57 deaths and $20 billion to $25 billion of
damage. Another $6.5 billion in losses was due
to business interruption, of which $1.5 billion
can be ascribed to transportation-related effects.
(Gordon et al 1996) The much greater devasta-
tion in Kobe resulted not from differences in
engineering technology, but rather from the tim-
ing and location of the earthquakes, Kobe’s gen-
erally older built environment, and Kobe’s
coastal location of soft alluvial soil and re-
claimed land. A contributing factor to the im-
mense damage to the transportation system was
the elevation of many primary routes because of
the lack of developable land. Seismologists and
engineers note that the Kobe event has many
implications for the United States, particularly
San Francisco (another high-density port found-
ed on alluvial soils, with relatively old building
stock, and many elevated transportation routes).
It has been calculated that the Hayward fault,
which runs under a part of the San Francisco
Bay area, including Oakland and Berkeley,
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could possibly generate energy of M8+. (EQE
International 1995) The San Francisco earth-
guake of 1906 registered M8.3. Other areas,
such as the Pacific Northwest, should not be
complacent about the chances of a major earth-
quake either, even though the probability of a
major earthquake there is lower than one in
California. Most people expected that Tokyo
would be the site of a major earthquake rather
than Kobe. Possibly more frightening is that—as
devastating as it was—the Kobe earthquake is
considered a moderate event. Neither Kobe nor
Northridge was the “big one.”

In general, older structures and those not
retrofitted to new building codes implemented
in 1981 performed very poorly in Kobe. This
includes the Hanshin Expressway built in the
1960s and old elevated railway lines. Post-1981
structures performed much better. The major
exceptions to this were buildings, bridges, and
other structures built on the softest soil and
reclaimed land, including portions of the
Wangan Expressway and the entire port. Finding
ways of mitigating the effects of liquefaction,
lateral spreading, and settlement in such places
seems to be a high priority. (EQE International
1995) As was found after the Northridge earth-
guake, newer design standards can work well in
moderate to large earthquakes, and retrofitting
older structures is important. Kobe also points to
a concern for U.S. ports on or near faults. Many
ports on the west coast including the ports of
Los Angeles, Long Beach, Oakland, Seattle, and
Vancouver are prone to earthquake damage.
Lessons from Kobe’s railways also need to be
studied for application to commuter rail systems
and subways such as those in San Francisco and
Los Angeles.
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CHAPTER TWDO

TRANSPORTATION
AND THE ECONOMY

RANSPORTATION IS A MAJOR SECTOR OF THE U.S. ECONOMY. IT
TUSES CONSIDERABLE PRIVATE AND PUBLIC CAPITAL, EMPLOYS
MILLIONS OF WORKERS, AND CONSUMES RESOURCES AND SERVICES
PRODUCED BY OTHER SECTORS IN ORDER TO MOVE PEOPLE AND GOODS
TO THEIR DESTINATIONS. IN 1994, TRANSPORTATION-RELATED FINAL
DEMAND ACCOUNTED FOR 11 PERCENT OF THE TOTAL VALUE OF U.S.

GROSS DOMESTIC PRODUCT (GDP).

To capture the rich interplay between
the transportation system and the larger
economy that it serves, many types of
measurements are needed. Physical

measures, depicting the
output and capacity
of the U.S. transportation
system—for example,
tons of goods moved and
number of people
carried—are detailed in
chapter 1. Physical mea-
surement alone, however,
cannot illustrate the value
society places on trans-
portation. Measures of

the various economic dimensions of
transportation are better gauges of trans-

economy.

As a proportion of GDP,
transportation-related
final demand has
remained stable since
1989, suggesting
the importance of
technological change and
productivity growth in the
transportation sector.

35

portation’s contribution to the overall

This chapter opens with a discus-
sion of the measures of transportation’s

importance to the
economy and society as
indicated by 1) transpor-
tation’s share of gross
domestic product and 2)
its share of consumer and
government expenditures.
The chapter also discus-
ses employment and pro-
ductivity trends and cost
structures in the trans-
portation sector. Finally,

it describes changes in revenue and
expenditure patterns in the trucking and
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railroad industries. The commercial aviation
industry is discussed in detail in appendix A of
this report.

To help explain transportation’s contribution
to the U.S. economy, the Bureau of Trans-
portation Statistics (BTS) is developing several
new approaches. First, it is combining existing
statistics in ways that better illustrate the family
of industries that make up the transportation sec-
tor. Second, in cooperation with the U.S.
Department of Commerce, Bureau of Economic
Analysis (BEA), BTS is seeking to improve and
expand existing statistics and build a new
accounting structure for transportation consis-
tent with the system of National Income and
Products Accounts (NIPA).! The new accounting
structure, called a “satellite account,” will pro-
vide more comprehensive information on U.S.
transportation. The scope of the Transportation
Satellite Account (TSA) is described in this
chapter.

The Economic Importance of
Transportation as a Component
of GDP

The importance of transportation in the econ-
omy can be shown in two ways: 1) as the share
of transportation-related final demand in GDP?
and 2) as the share of value-added generated by
transportation activities in GDP. Each measure
presents a different perspective on transporta-
tion’s economic importance. The use of both
measures provides a more accurate and com-
plete picture of transportation’s contribution to
the U.S. economy.

1The NIPA is a summary of the nation’s economic income and output and the
interaction of its major components. BEA collects NIPA data.

2GDP is defined as the net output of goods and services produced by labor and
property located in the United States, valued at market prices. As long as the
labor and property are located in the United States, the suppliers (workers and
owners) may be either U.S. residents or residents of foreign countries.

This section will first discuss the share of
transportation-related final demand in the
GDP. The section then examines the contribu-
tion of the transportation industry to the GDP,
focusing on the “for hire” component of the
industry, which had a value-added contribution
of $207.9 billion to GDP in 1993. Focusing on
the for-hire segment, though, undercounts
transportation’s contribution, as explained
below. Thus, the section discusses the TSA, the
aim of which is to provide better measures of
the contribution of transportation to the econo-
my. Finally, transportation services as an inter-
mediate input to production are examined,
focusing again on the for-hire component of
the transportation industry, but also analyzing
the direct and indirect intermediate inputs of
transportation to a variety of industries.

» Share of Transportation-Related
Final Demand in GDP

Transportation-related final demand is de-
fined as the value of all transportation-related
goods and services, regardless of industry ori-
gin, delivered to final demand. Components of
final demand include consumer and govern-
ment expenditures (discussed in more detail
later in the chapter), investments, and net
exports.

Transportation-related final demand is a mea-
sure of the overall economic importance of
transportation as a social function—a far broad-
er measure than the contribution of the trans-
portation industry® to GDP alone.

3The transportation industry can be thought of narrowly as comprising for-hire
transportation services, or broadly as consisting of all business activities that are
needed to carry out the social function of transportation. Under the broad defin-
ition, the transportation industry includes those establishments or parts of estab-
lishments that: 1) build transportation facilities and equipment; 2) operate
transportation facilities; 3) provide for-hire transportation services for individuals,
households, businesses, or government agencies; 4) provide supporting in-
house transportation for a business or government agency; 5) arrange for the
provision of transportation services; or 6) administer transportation programs.
The broad definition includes a diverse cross-section of the economy, such as
railroads, travel agents, school district bus operators, port authorities, gas sta-
tions, and the trucking fleets of major grocery chains.
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TaBLE 2-1: U.S. Gross DomEesTIic PrODUCT

ATTRIBUTED TO TRANSPORTATION-RELATED DEMAND, 1989-94
(BILLIONS OF CURRENT DOLLARS)

1989 1990 1991 1992 1993 1994
Personal consumption of transportation $439.1 $453.7 $434.6  $466.3 $504.2 $538.0
1. Motor vehicles and parts 205.6 202.4 185.5 204.1 228.0 2512
2. Gasoline and oil 95.5 108.5 102.9 105.5 105.6 107.2
3. Transport services 138.0 142.8 146.2 156.7 170.6 179.6
Gross private domestic investment 79.6 88.3 88.1 95.2 108.8 124.6
4. Transportation structures 3.0 3.0 3.2 3.7 4.6 5.3
5. Transportation equipment 76.6 85.3 84.9 915 104.2 119.3
Net exports of goods and services -33.3 -26.9 -15.9 -14.0 -24.8 -38.3
Exports (+) 92.6 106.0 114.8 124.8 124.8 132.8
6. Civilian aircraft, engines, and parts 26.6 32.2 36.6 37.7 32.7 31.6
7. Automotive vehicles, engines, and parts 34.9 36.5 40.0 47.0 52.4 57.6
8. Passenger fares 10.6 15.3 15.9 174 16.6 175
9. Other transportation 20.5 22.0 22.3 22.7 23.1 26.1
Imports (=) 125.9 132.9 130.7 138.8 149.6 171.1
10. Civilian aircraft, engines, and parts 9.6 10.5 11.7 12.6 11.3 11.3
11. Automotive vehicles, engines, and parts 87.4 88.5 85.7 91.8 1024 118.7
12. Passenger fares 8.2 10.5 10.0 10.9 114 12.7
13. Other transportation 20.7 234 23.3 235 245 28.4
Government transport-related purchases 81.4 87.7 98.7 94.7 98.1 100.7
14. Federal purchases 9.6 104 11.8 12.6 131 12.9
15. State and local purchases 63.8 68.4 70.9 725 76.0 79.6
16. Defense-related purchases 8.0 8.9 16.0 9.6 9.0 8.2
Total final uses for transportation 566.8 602.8 605.5 642.2 686.3 725.0
Gross domestic product $5,250.8 $5,546.1  $5,724.8 $6,020.2 $6,343.3  $6,738.4
Total transport in gross domestic product 10.8% 10.9% 10.6% 10.7% 10.8% 10.8%
SOURCE: U.S. Department of Transportation, Bureau of Transportation Statistics, based on U.S. Department of Commerce, Bureau of Economic Analysis,
“Survey of Current Business,” 1994, National Income and Products Account data.

Tables 2-1 and 2-2 present transportation-
related final demand and its share in GDP using
current and 1987 dollars, respectively. In current
dollars, GDP amounted to $6.7 trillion in 1994,
an increase of 6.2 percent from the previous
year. Transportation-related final demand was
$725 billion in 1994, an increase of 5.6 percent
from 1993. (USDOC BEA 1994)

Personal consumption is a significant compo-
nent of transportation-related final demand. Its
share was 74 percent in 1994, as shown in table
2-1. International trade in transportation-related
goods and services consistently ran a deficit
over the six-year period from 1989 to 1994, pri-
marily as a result of lackluster automobile and
parts trading. In contrast, trade of civilian air-
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TaABLE 2-2: U.S. Gross DomEesTIic PrODUCT

ATTRIBUTED TO TRANSPORTATION-RELATED DEMAND, 1989-94
(BILLIONS OF 1987 DOLLARS)

1989 1990 1991 1992 1993 1994
Personal consumption of transportation $407.5 $403.3 $373.6  $390.3 $410.5 $428.1
1. Motor vehicles and parts 190.8 192.2 170.5 181.8 196.1 208.2
2. Gasoline and oil 88.6 86.4 83.1 85.6 86.5 87.2
3. Transport services 128.1 1247 120.0 122.9 127.9 132.7
Gross private domestic investment 75.4 81.3 77.5 81.6 91.6 102.5
4. Transportation structures 2.8 2.8 2.8 33 3.8 4.2
5. Transportation equipment 72.6 78.5 74.7 78.3 87.8 98.3
Net exports of goods and services -29.3 -25.1 -14.1 -12.4 -21.0 -30.5
Exports (+) 87.4 96.1 99.8 105.5 104.7 114.7
6. Civilian aircraft, engines, and parts 25.0 28.6 311 30.7 25.9 24.4
7. Automotive vehicles, engines, and parts 334 341 36.3 41.9 46.3 50.4
8. Passenger fares 9.7 134 12.7 13.2 12.6 16.0
9. Other transportation 19.3 20.0 19.7 19.7 19.9 23.9
Imports (=) 116.7 121.2 113.9 117.9 125.7 145.2
10. Civilian aircraft, engines, and parts 9.0 9.3 10.0 10.2 8.9 8.7
11. Automotive vehicles, engines, and parts 80.7 81.4 75.8 79.7 87.4 97.9
12. Passenger fares 7.8 9.2 7.8 8.1 8.8 11.9
13. Other transportation 19.2 213 20.3 19.9 20.6 26.7
Government transport-related purchases 75.8 78.7 86.6 80.4 81.0 80.8
14. Federal purchases 8.9 9.3 10.1 10.5 10.5 9.9
15. State and local purchases 58.8 60.4 60.6 60.4 61.8 63.1
16. Defense-related purchases 8.1 9.0 15.9 9.6 8.7 7.8
Total final uses for transportation 529.4 538.2 523.6 539.9 562.0 580.9
Gross domestic product $4,838.0 $4,897.3  $4,867.6 $4,979.3 $5,1345  $5,344.0
Total transport in gross domestic product 10.9% 11.0% 10.8% 10.8% 10.9% 10.9%
SOURCE: Based on U.S. Department of Commerce, Bureau of Economic Analysis, “Survey of Current Business,” 1994, National Income and Products
Account data.

craft and parts ran a surplus, with exports con-
sistently about three times imports. Without the
aviation surplus, the transportation-related trade
deficit would have been even larger.

The categories of personal consumption of
transportation presented in tables 2-1 and 2-2
show the kinds and quantities of products that
were necessary to meet personal transportation

demand, including motor vehicles and parts,
gasoline and oil, and transport services. These
categories differ from those reported in the
Transportation Statistics Annual Report 1995.
The categories highlighted in last year’s
report—user-operated transportation, purchased
local transportation, and purchased intercity
transportation—were intended to show what



kinds of transportation services consumers
bought, not which of the economy’s goods and
services comprised consumers’ expenditures on
transportation.

Transportation is one of many social func-
tions or purposes supported by an economy’s
GDP. Other major social purposes include food,
housing, health care, and education.

Figure 2-1 presents a breakdown of GDP by
major social function. Among these social func-
tions, transportation’ share in GDP ranks behind
housing, health care, and food, but ahead of edu-
cation. The share of health care in GDP increased
from 12.4 percent in 1989 to 14.4 percent in 1994,
while the share of food in GDP decreased from
13.1 percent in 1989 to 12.3 percent in 1994. The
share of transportation remained almost un-
changed (see table 2-3). This reflects the different
characteristics of the goods and services required
to support these functions. In general, the demand
for food and food-related services have low
income elasticity; that is, after demand reaches a
certain level, an increase in income will cause a

Ficure 2-1: U.S. GRross

DomesTic PrRoDUCT BY MAJOR
SociaL FuncTion, 1994

Housing
0 23.9%

Transportation
10.8%

SOURCE: U.S. Department of Commerce, Bureau of
Economic Analysis, Survey of Current Business, April 1995,
tables 2.4, 4.1, 4.3,5.6, 5.8, 5.10 and September 1992,
tables 3.16 and 3.17.
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smaller percentage increase in demand. In con-
trast, the demand for health care-related goods
and services have high income elasticity; that is, at
higher levels of income, proportionally more
money will be spent on health care.

Between 1989 and 1994, personal mobility,
freight traffic, and the globalization of the Amer-
ican economy increased substantially. Transpor-
tation output measured in passenger-miles and
ton-miles grew faster than transportation output
measured in dollars. In this context, the fact that
transportation-related final demand remained
stable as a proportion of GDP suggests the
importance of technological change and produc-
tivity growth in the transportation sector. Pro-
ductivity in the transportation sector is shown in
figure 2-2, which charts the higher rate of
growth of value-added per employee in trans-
portation, compared to the overall economy.

» Share of Transportation in GDP
Based on Value-Added Origination

The share of transportation-related final
demand in GDP is a good measure of the impor-
tance of transportation as an end demand (or
function) in people’s lives, national defense, and
international trade. As already mentioned, how-
ever, it is not an accurate measure of the contri-
bution of the transportation industry to GDP,
because many other industries’ products are also
used to satisfy consumers’ demand for trans-
portation. For example, consumers purchase
automobiles for transportation purposes. Thus,
the value of automobiles is counted as a measure
of how much GDP is produced for transporta-
tion-related final demand, or the importance of
transportation in GDP. It is inappropriate,
though, to count the value of automobiles as a
contribution of the transportation industry to
GDP, because cars are products of the automo-
bile industry. Even at more aggregated levels of
industrial classification, automobiles would be
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TaBLE 2-3: GRrRoss DomEsTIc PrRoDUCT BY MAJOR SoclAL FUNCTION, 1989-94

1989 1990 1991 1992 1993 1994
Billions of current dollars
Food 685.3 7217 740.5 755.9 786.8 825.5
Housing 1,271.6 1,298.8 1,313.1 1,401.8 1,501.8 1,610.6
Transportation 566.8 602.8 605.5 642.2 686.3 725.0
Health care 653.2 719.3 766.7 833.1 901.8 970.3
Education 370.1 397.8 419.7 437.3 454.4 477.4
Other 1,703.8 1,805.4 1,879.4 1,949.9 2,012.4 2,129.5
Gross domestic product 5,250.8 5,546.1 5,724.8 6,020.2 6,343.5 6,738.3

Percentage of Gross Domestic Product

Food 13.1 13.0 12.9 12.6 12.4 12.3
Housing 24.2 234 22.9 233 23.7 23.9
Transportation 10.8 10.9 10.6 10.7 10.8 10.8
Health care 12.4 13.0 134 13.8 14.2 14.4
Education 7.0 7.2 7.3 7.3 7.2 7.1
Other 324 32.6 32.8 324 31.7 31.6
Gross domestic product 100.0 100.0 100.0 100.0 100.0 100.0

SOURCE: U.S. Department of Commerce, Bureau of Economic Analysis, “Survey of Current Business,” 1994.

FIGURE 2-2: TREND OF LABOR PRODUCTIVITY
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SOURCE: Calculated from gross domestic product and employment data in U.S. Department of Commerce,
Bureau of Economic Analysis, BEA Regional Projections to 2045, Vol. 1, States (Washington, DC: U.S. Government
Printing Office, July 1995), p. 10.




counted as products of the manufacturing indus-
try, rather than the transportation industry.

There is another reason why calculating
transportation-related final demand as a com-
ponent of GDP does not accurately reflect the
industry’s contribution to the economy. This is
because products of other industries delivered
to final demand for other social functions, such
as housing, also contain values generated by the
transportation industry. For example, when a
consumer buys a new house, he or she pays not
only for the land, materials, and labor, but also
for the transportation required to deliver goods
and services used in the construction of the
house.

A proper measure of the contribution of the
transportation industry to GDP is the value-
added generated by transportation in the produc-
tion of its total output, that is, transportation
services used by all industries in their produc-
tion, plus transportation services delivered to
final demand.

Measuring the contribution of the transporta-
tion industry to GDP based on value-added orig-
ination, however, leads to undercounting it, given

Chapter 2 Transportation and the Economy <« 41

the current system of industrial classification
used in the NIPA. Table 2-4 presents the value-
added contribution to GDP of several industries,
including the for-hire component of the trans-
portation industry. This component of the trans-
portation industry includes only establishments
that offer transportation services to the public
for a fee—the so-called for-hire transportation
industries. The share of value-added in GDP
originating from for-hire transportation de-
creased in current dollars from 3.8 percent in
1980 to 3.3 percent in 1993 (the latest year for
which data are available). This reflects increases
in the prices charged for other industries’ prod-
ucts rather than a decrease in the for-hire trans-
portation’s contribution to GDP. If constant
dollars are used, the for-hire transportation’s
value-added contribution to GDP actually in-
creased, reflecting the smaller inflation in the
prices of transportation services as well as their
relatively higher productivities.
Transportation-related GDP is undercounted
from the industrial side because the value of pri-
vate transportation is not included. Private trans-
portation can be defined as transportation

TABLE 2-4: CONTRIBUTIONS TO GRoss DoMEsTIC PRobucT (GDP): SELECTED INDUSTRIES

1980 1990 1991 1992 1993 1980 1990 1991 1992 1993
Billions of current dollars Billions of 1987 dollars
GDP 2,708.0 5546.1 57248 6,020.2 6,343.3 3,776.3 48973 4,867.6 4,979.3 51345
For-hire transportation 1029  176.8 183.7 1938  207.9 120.2 168.9 1750 1837 1935
Communications 68.9 146.7 154.2 162.1 169.8 94.4 140.8 148.2 153.8 1589
Health care 1115 304.4 335.2 364.4 389.4 196.1 241.4 2480 2520 2553
Education 16.4 38.1 43.4 45.6 47.8 26.3 32.1 34.8 35.1 35.5
Percentage of GDP Percentage of GDP

For-hire transportation 3.8 3.2 3.2 3.2 3.3 3.2 34 3.6 3.7 3.8
Communications 25 2.6 2.7 2.7 2.7 25 2.9 3.0 3.1 3.1
Health care 4.1 55 59 6.1 6.1 5.2 4.9 51 5.1 5.0
Education 0.6 0.7 0.8 0.8 0.8 0.7 0.7 0.7 0.7 0.7

SOURCE: U.S. Department of Commerce, Bureau of Economic Analysis, “Survey of Current Business,” May 1993, tables 9 and 12; October 1994, table 2;

April 1995, table 1.
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activities conducted by industries whose primary
business is not transportation. Under the current
industrial classification system of national ac-
counts, the value of private transportation is
counted as the output of an industry’s primary
activity, rather than as a transportation output.

» Transportation Satellite Account

The undercounting of transportation-related
GDP based on value-added origination, noted
above, results from including only the for-hire
transportation industry and excluding the private
transportation of nontransportation industries.
The Standard Industrial Classification (SIC),
which is used in the NIPA, recognizes two types
of establishments—operating and support.
Operating establishments offer goods and ser-
vices for a fee, and support establishments pro-
vide functions such as research, central
administrative services, and warehousing for
other establishments of the same company. The
operating establishments’ SIC depends on the
primary activity of the establishment; support
establishments, on the other hand, are given the
same SIC as the operating establishments they
serve. Consequently, an operating establishment
providing trucking services for a fee is classified
as part of the transport industry, while a support
establishment providing trucking services with-
in a grocery firm or a manufacturing firm is
considered part of the retail or manufacturing
industry. Thus, value-added originating from
private transportation is counted as part of the
industries served.

To address this artificial distinction, BTS is
engaged, jointly with BEA, in developing the
Transportation Satellite Account. The TSA,
developed around the U.S. Input-Output Ac-
count, will provide credible and consistent mea-
sures of transportation’s contribution to the
national economy and its interactive relationship
with other productive sectors of the economy. It

distinguishes between for-hire and private trans-
portation and presents information on the indus-
try-by-industry distribution of transport activities
of both types. The TSA also will facilitate analy-
ses of interdependencies between transportation
and the economy. For example, the TSA will esti-
mate the total transportation costs embodied in
each commodity delivered to final demand and
assess the impact of structural changes in the
economy on transportation demand.

» Transportation Services as an
Intermediate Input to Industrial
Production

As noted earlier, transportation services are
components of both final demand and produc-
tion. A larger share of transportation activities,
particularly freight, however, is identified as an
intermediate input* in the production of goods.
Table 2-5 shows intermediate and final uses of
for-hire transportation services in 1987, the last
year for which data are available. Nearly 59 per-
cent of for-hire transportation was destined for
intermediate consumption in 1987. Intermediate
usage accounted for a high percentage of the
total output of pipelines and motor freight. Fifty-
six percent of railroad output was consumed as
intermediate input. Water and air transport were
oriented more toward final demand, with only
33 percent and 46 percent, respectively, con-
sumed as intermediate input.

Transportations importance as an input to
production varies by industry. Table 2-6 presents
the direct and indirect for-hire transportation
inputs® required to produce and deliver a dollar’s

“An intermediate input is defined as goods, materials, and services used as
inputs in the production of other goods or services. Intermediate inputs can be
categorized as either direct or indirect (see footnote 5).

SDirect inputs are defined as goods, materials, and services that are used direct-
ly in the production of a product or service; e.g., steel is a direct input to the pro-
duction of automobiles. Indirect inputs are defined as goods, materials, and
services that are used in the production of inputs to the production of a product
or service; e.g., steel is an indirect input to transportation services because it is
used in the production of transportation equipment.
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INTERMEDIATE AND FINAL USES

OF FOR-HIRE TRANSPORTATION OuTPUT BY MODE, 1987
(MILLIONS OF 1987 DOLLARS)

Intermediate Transport Intermediate use
use Final use output share (percent)
Railroads and services $27,231 $21,164 $48,394 56.3%
Motor freight and warehousing 80,137 35,056 115,194 69.6
Water transport 8,029 16,169 24,198 33.2
Air transport 36,314 42,745 79,060 45.9
Pipeline and other services 18,525 4776 23,301 79.5
Total $170,236 $119,910 $290,147 58.7%

NOTE: The latest year for which data are available is 1987.

SOURCE: U.S. Department of Commerce, Economics and Statistics Administration, Bureau of Economic Analysis, Benchmark Input-Output Accounts of the

United States,1987 (Washington, DC: U.S. Government Printing Office, November 1

994).

worth of industrial output to final demand.
Private transportation services are not included
in this table.

Among the 22 industries presented in table
2-6, the transportation industry had the highest
direct requirement for its own output. This
reflects the fact that each transportation mode
uses the services of other modes as input in pro-
viding its own services. For example, in order to
provide door-to-door transportation service, a
railroad may hire a trucking company to move
goods from a train station to their final destina-
tions. Moreover, all transportation modes use a
significant amount of pipeline services.

Other industries also have high direct require-
ments for transportation. The petroleum refinery
industry transports crude oil through pipelines
and thus has high direct requirements for trans-
portation services. Because of the high weight-
to-value ratio of the inputs of the stone, glass,
and clay products industry, transportation is a
large portion of that industry’s total input cost.

The mining industry’s low direct requirement
for transportation services is surprising. Two
factors may contribute to this situation. First,
natural resources, under the current NIPA, are
not valued before they are brought into the pro-

duction system. Hence, minerals are valued in
the NIPA only after they are extracted from the
ground and have become the output of the min-
ing industry. Therefore, a larger portion of output
is counted as value-added. This, in turn, makes
intermediate inputs, including transportation ser-
vices, a small portion of the value of the mining
industry’s output. Second, inputs and outputs are
valued at producer’ prices in the U.S. Bench-
mark Input-Output Accounts. In other words, the
NIPA assigns the costs of transporting inputs to
the producer and assigns the costs of transporting
outputs to the purchaser. Thus, the costs of trans-
porting the mining industry’s output to other
industries are not counted as production costs of
the mining industry. An industry’ direct coeffi-
cient for transportation services is derived by
dividing its transportation input by its output.
Hence, high value-added industries, in general,
have low direct requirements for transportation
services. Processing industries that have low
value-added components have high direct trans-
portation requirements.

The table further reveals that for most of the
industries examined indirect transportation re-
quirements are larger than direct requirements.
This finding underscores the importance of
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TABLE 2-6: DIRECT AND INDIRECT TRANSPORTATION C0STS PER DoLLAR FINAL DEMAND

Transportation cost per Indirect transport Total transport service
dollar of industry output  service required per required per dollar of
(direct requirement) dollar of final demand final demand
Agriculture $0.026 $0.036 $0.063
Mining 0.013 0.014 0.027
Construction 0.018 0.029 0.047
Food and tobacco 0.023 0.040 0.064
Textiles 0.010 0.028 0.038
Wood products 0.027 0.032 0.059
Chemistry 0.030 0.031 0.061
Petro-refinery 0.045 0.033 0.078
Glass and stone production 0.065 0.036 0.100
Steel and metal production 0.029 0.033 0.062
General machinery 0.013 0.025 0.038
Electric machinery and equipment 0.015 0.025 0.040
Transport equipment 0.021 0.036 0.057
Precision equipment 0.010 0.021 0.031
Miscellaneous manufacturing 0.015 0.023 0.039
Transportation 0.146 1.0372 1.1832
Communications and utility 0.015 0.022 0.037
Wholesale and retail 0.011 0.012 0.023
Finance, insurance, real estate 0.009 0.011 0.021
Personal services 0.011 0.021 0.032
Business services 0.015 0.019 0.034
Government enterprise $0.039 $0.026 $0.065
2Includes a dollar’s worth of transport service delivered to final demand. The number is larger than one because the transportation industry uses its own out-
put as input to produce transportation services.
NOTE: Data are in 1987 dollars and at producer’s prices.
SOURCE: U.S. Department of Commerce, Economics and Statistics Administration, Bureau of Economic Analysis, Benchmark Input-Output Accounts of the
United States, 1987 (Washington, DC: U.S. Government Printing Office, November 1994).

including indirect impacts in analyses of the role  portation services, because they do not include

of transportation in the economy and society. private transportation services provided by non-
Finally, the coefficients listed in table 2-6 may  transportation industries.

understate the requirements of industries for trans-



Measures of Transportation’s
Importance to Society:
Consumer Expenditures

Consumer expenditures on transportation are
important indicators of the value of transporta-
tion to society. Consumer expenditures, how-
ever, tend to understate the full social value of
transportation because they do not include cer-
tain costs of transportation, such as a driver’s
time or compensated expenditures, such as a
company-owned car.

In the United States, households spent an
average of $31,750 in 1994, an increase of 3.4
percent from 1993 (see table 2-7). Of that total,
$6,044 was spent on transportation-related ser-
vices,® an increase of 10.8 percent from 1993.
Household expenditures on vehicle purchases
and to a lesser extent on other vehicle expenses

SHousehold expenditures do not include business travel paid for by others.

TABLE 2-7: TRANSPORTATION
EXPENDITURES BY AVERAGE

CoNsSUMER UNIT, 1993 AnD 1994
(IN CURRENT DOLLARS)

Change
Spending category 1993 1994 (percent)
All spending $30,692 $31,750  3.4%
All transportation spending 5,453 6,044 10.8
Vehicle purchases 2,319 2,725 175
Gas and oil 977 986 0.9
Other vehicle expenditures 1,843 1,953 59
Purchased transportation services 314 381  214%

NOTE: A consumer unit comprises either one individual or members of a
household who are related by blood, marriage, adoption, or other legal
arrangement; a financially independent person living alone or sharing a
household with others, living as a “roomer” in a private home or lodging
house, or in temporary living quarters, such as a hotel or motel; two or
more persons living together who use their income to make joint expend-
iture decisions.

SOURCES: U.S. Department of Labor, Bureau of Labor Statistics, “Con-
sumer Expenditure Survey,” 1993; and unpublished data from “Consumer
Expenditure Survey,” 1994.
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and purchased transportation strongly affected
the increase.

As a result of increased spending, transporta-
tions share in household total expenditures rose
from 17.8 percent in 1993 to 19.0 percent in
1994. In contrast, the shares of other major cat-
egories of household expenditures, such as food,
clothing, health care, and insurance and pen-
sions, decreased. Households still spent the most
on housing, followed by transportation (see fig-
ure 2-3). Vehicle purchase accounted for the
largest share of household transportation expen-
ditures. On average, household expenditures on
vehicles increased 18 percent between 1993 and
1994, reflecting demand for bigger, more pow-
erful, better equipped, and more comfortable
vehicles. (USDOL BLS 1993 and 1994a) See
figure 2-4 and box 2-1 for information on vehi-
cle ownership and operating costs.

In 1994, an average household spent $381 on
purchased transportation, an increase of 21 per-
cent from 1993 (see table 2-7). In recent years,
expenditures on airline tickets accounted for
more than 64 percent of household spending on
purchased personal transportation. (USDOL
BLS 1994a) The combination of increased ex-
penditures on air travel and relatively stable
expenditures on automobile operations indicates
a shift to air travel for personal intercity travel.

» Spending by Region

Figure 2-5 shows the regional variations in
the major categories of consumer spending on
transportation. The Northeast region differs sig-
nificantly from other regions. Northeastern
consumers spent the least on transportation,
both in absolute and relative terms, arising in
large part from the region’s low spending on
vehicle purchases. Furthermore, the Northeast
region had only 1.5 vehicles per household
compared with 2.1 for the Midwest, 1.8 for the
South, and 2.2 for the West. The West had the
highest spending on gasoline and oil and other
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FiGURE 2-3: ToTaL CONSUMER EXPENDITURES BY MAJOR CATEGORY, 1993 AND 1994
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SOURCES: U.S. Department of Labor, Bureau of Labor Statistics, “Consumer Expenditures Survey,” 1993; and
unpublished data from the “Consumer Expenditures Survey,” 1994,

vehicle expenditures. Expenditures on public
transport accounted for a much larger share of
Northeastern consumers’ total transportation
spending than that in other regions. (USDOL
BLS 199%4a)

» Spending by Rural/Urban Location

Rural households spend on average 11 per-
cent less than do urban households. Rural resi-
dents, however, spend more on transportation in
both absolute and relative terms (see table
2-8)—about 24 percent compared with about 18
percent for urban residents.

Rural residents spend a great deal more to
purchase vehicles and fuel, but less for other
vehicle-related costs such as insurance and
repairs. Urban dwellers spend more for vehicle
leasing, which is included under “Other vehicle
expenditures” in table 2-8. The greatest dispari-

ty between urban and rural areas is in purchased
transportation services, such as taxis. Urban
dwellers spend twice as much as rural residents
for this service.

» Spending by Race

The Consumer Expenditure Survey (CES)’
delineates black consumer spending from other
population groups, but cannot provide detailed
racial and ethnic spending information because
of sample size limitations. Table 2-9 shows 1994
spending patterns of black and white or other
consumers. Black consumers spend less overall
on transportation. The greatest differences

7The Consumer Expenditure Survey is a major source of information on U.S.
consumer buying habits. This information, which is collected by the Bureau of
Census for the Bureau of Labor Statistics, is an important component of the
Consumer Price Index. About 95 percent of consumer expenditures are covered
by the Survey. It excludes nonprescription drugs, household supplies, and per-
sonal care items. Also excluded from the Survey are all business-related
expenses for which a family is reimbursed.
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FIGURE 2-4: DeTAILED CONSUMER EXPENDITURES ON TRANSPORTATION, 1993 AND 1994
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between the two groups are found in the vehicle
purchases and other vehicles expenditures cate-
gories. Black consumers spend a greater share
on vehicle purchases while white consumers
spend more for other vehicle expenses. These
differences are, in part, a product of substituting
vehicle leasing for vehicle purchases among
white households.

The area of significant variation in spending
is in the category of purchased transportation
services. Black and white consumers spend
about 1 percent of total expenditures on pur-
chased transportation. Black consumers, howev-
er, spend twice as much on taxis as do white
consumers. Also, black consumer spending on
public transit is more than three times that of
white consumers. White consumers spend sub-
stantially more than blacks for all categories of
intercity travel—about three times more for air
and rail travel.

» Spending Away from Home

Consumer expenditures on travel while away
from home are difficult to ascertain. The CES
sheds valuable light on that segment of travel,
but several expenses are not included, such as
any travel paid for or reimbursed by employers
and institutions. Certain expenditures, such as
taxicabs, can be easily identified as to whether
the service was bought at home or on travel.
Other spending, however, such as vehicle pur-
chases or repairs, are more difficult to assign.
An allocation based on miles traveled or anoth-
er method would have to be developed in order
to determine the split between expenses incurred
at home and those incurred while traveling.

Identifiable expenditures reported by the
CES are shown in table 2-10. According to the
table, out-of-town consumer spending added up
to an average of about $450 per household in
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Box 2-1: VEHICLE OWNERSHIP AND OPERATING COSTS

Vehicle purchases account for a large percentage of
household transportation budgets. According to the
Consumer Price Index, new car costs have risen less
rapidly than general costs since 1970, and far less
rapidly than used car costs. This may seem counterintu-
itive, but the reason is that the average new car of the
1990s is very different from the average new car of the
1970s, as explained below.

New Car Costs

The average price of a new car, in current dollars,
rose from about $3,500 in 1970 to almost $20,000 in
1994.1 In 1990 dollars, correcting for inflation, new car
prices hovered around $12,000 throughout the 1970s,
then rose to about $16,900 by 1995.

1 American Automobile Manufacturers Association, Motor Vehicle Facts
& Figures (Washington, DC: 1995), p. 60.

FIGURE 1: TRENDS IN THE
CosT oF AUTOMOBILES, 1970-93
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1994).

Figure 1 breaks down the trend in vehicle prices into
three components of vehicle costs. The bottom curve
tracks the price of a basic vehicle, comparable in design
and equipment to a 1967 model vehicle. The middle
curve shows the impact on price of added equipment
and modifications required by federal and state man-
dated safety and emissions regulations. These require-
ments increased vehicle price to about $11,800. The
top curve adds the price increase attributable to
improvements and amenities demanded by consumers,
including air conditioning, power assists, and stereo
equipment. Today, these options are standard on most
new vehicles.

In 1993, a family earning the median national
income needed about 26 weeks of salary to purchase a
new car compared with less than 20 weeks in the
1970s (see figure 2). (continued)

FIGURE 2: WEEKS OF HOUSEHOLD
EARNINGS REQUIRED TO PURCHASE AN
AVERAGE-PRICED NEw CAR
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Motor Vehicle Facts & Figures 94 (Washington, DC: 1994).
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Box 2-1 (coNT’D): VEHICLE OWNERSHIP AND OPERATING COSTS

Vehicle Operating Costs

cents, if 20,000 miles were traveled.?

2 Based on American Automobile Association data.

Vehicle operating costs vary per mile of travel and the price of fuel. Since the early 1980s, the price of unleaded
regular fuel has declined substantially, both in current and constant dollars. Fuel efficiency improvements also have
an impact on vehicle operating costs by reducing fuel costs per mile of travel. Of course, fuel costs vary by region.

Generally, the more miles a vehicle travels in a year, the more the cost per mile decreases. It is estimated that the
annual cost of operating a vehicle in 1995 ranged from 50.6 cents per mile, if 10,000 miles were traveled, to 37.0

Ficure 2-5: AVERAGE CONSUMER UNIT TRANSPORTATION EXPENDITURES BY REGION, 1994
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SOURCE: U.S. Department of Labor, Bureau of Labor Statistics, “Consumer Expenditure Survey,” 1994.

1994 or about 7 percent of total transportation
expenditures. This figure does not include other
costs of travel away from home, such as lodging
and food. Also, it is important to remember that
these expenditures are averages for all house-
holds and that only a few households incur these
out-of town travel expenses in any given year.

Foreign visitors also expend substantial funds
in the United States, a large part of which is for
transportation. Foreign visitors arriving by air
in the United States spent, on average per per-
son, $3,222 in 1994: $1,654 was spent on inter-
national air travel and $1,568 on all expenses
incurred in the United States. About $200 per
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TABLE 2-8: HOUSEHOLD TRANSPORTATION EXPENDITURES IN URBAN AND RURAL AREAS, 1994

Expenditure Urban Rural Rural/Urban
category Urban Rural (percent) (percent) (ratio)
All expenditures $32,247 $28,724 100.0% 100.0% 0.89

All transportation expenditures 5,919 6,807 18.4 23.7 1.15
Vehicle purchases 2,581 3,601 8.0 125 1.40
Gas and oil 946 1,232 29 43 1.30
Other vehicle expenditures 1,982 1,771 6.2 6.2 0.89
Purchased transportation services 410 202 1.3 0.7 0.49
SOURCE: U.S. Department of Labor, Bureau of Labor Statistics, “Consumer Expenditure Survey,” 1994.

TABLE 2-9: COMPARISON OF HOUSEHOLD TRANSPORTATION SPENDING BY RACE, 1994

White and other Black

White (share in (share in Black/white
and other Black percent) percent) (ratio)
All expenditures $32,935 $22,418 100.0% 100.0% 0.68
All transportation expenditures 6,268 4,271 19.0 19.0 0.68
Vehicle purchases 2,814 2,014 8.5 9.0 0.72
Gas and oil 1,020 713 31 3.2 0.70
Other vehicle expenditures 2,037 1,283 6.2 5.7 0.63
Purchased transportation services 396 261 1.2 1.2 0.66
SOURCE: U.S. Department of Labor, Bureau of Labor Statistics, “Consumer Expenditure Survey,” 1994.

traveler was spent on transportation within the
United States, including car rentals, air, bus and
rail fares, taxis, and mass transit. In 1994, for-
eign visitors arriving by air accounted for almost
$4 billion of the revenues of U.S. transportation
firms. (USDOC USTTA 1995) Expenditures of
visitors who arrived by land and sea are not
included in these totals. The use of transporta-
tion modes by foreign visitors who arrive by air
is shown in figure 2-6.

Transportation Expenditures
and Revenues: The Public Sector

Federal, state, and local governments are
important providers and purchasers of trans-
portation infrastructure, equipment, and ser-
vices. Governments finance these activities
through general tax revenues, special user taxes,
and user fees. State and local governments also
rely on grants from the federal government. This
section describes trends in government expendi-
tures and revenues.
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OuT-0F-TOWN HOUSEHOLD EXPENDITURES, 1994

As a portion of all household purchases in category

Roughly 10%
Roughly 8%
Roughly 4 times local auto rental

Roughly 3 times local truck rental

Roughly 14% of nonresidential parking

Roughly the same amount as local tolls

Roughly 18%

Roughly 45%

Mostly cruise ships

TaBLE 2-10:
Expenditure category Average expenditure
Gasoline $86.21
Motor oil 0.87
Auto rental 24.44
Truck rental 4.32
Aircraft rental 1.01
Parking 3.10
Tolls 4.63
Airline fares 249.48
Intercity bus fares 11.34
Public transit 10.35
Taxi fares 6.08
Intercity train fares 16.24
Ship fares 31.13
Total $449.20
NOTE: Reimbursed travel is not included.
SOURCE: U.S. Department of Labor, Bureau of Labor Statistics, “Consumer Expenditure Survey,” 1994.

FIGURE 2-6: Use oF TRANSPORT MODES

BY FOREIGN VISITORS TO THE UNITED
STATES, 1994
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SOURCE: U.S. Department of Commerce, U.S. Travel and
Tourism Administration, “In-Flight Survey of International
Air Travelers,” 1995.

» Government Expenditures

Federal, state, and local governments spent
$113.3 billion on transportation in fiscal year
1992, or 4.6 percent of total government expendi-
tures (see table 2-11). Transportation expendi-
tures by all levels of government increased by 31
percent in real terms between 1982 and 1992. The
federal government spent $34.8 billion, transfer-
ring $21.4 billion or just over 60 percent to state
and local governments. In addition to the $21.4
billion in federal grants, state and local govern-
ments spent $78.5 billion of their own funds on
transportation. It is important to note that federal
and state and local government transportation
expenditures shown in table 2-11 do not corre-
spond to transportation-related government pur-
chases reflected in table 2-1. There are two main
reasons. First, government transportation expen-
ditures shown in table 2-11 include subsidies paid
to operators of private systems. These subsidies
are not counted as transportation-related govern-
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TABLE 2-11: GOVERNMENT TRANSPORTATION EXPENDITURES

(MILLIONS OF DOLLARS)

Current dollars Change Constant 1982 dollars Change

1982 1992 (percent) 1982 1992 (percent)

Federal: excluding grants to state and local government $9,786 $13,388 36.8% $9,786 $9,693 -1.0%
Federal grants to state and local government 13,844 21,365 54.3 13,844 15,469 11.7
State and local spending excluding federal grants 36,766 78,544 113.6 36,766 53,744 46.2
Total government expenditures $60,396  $113,297 87.6 $60,396  $78,906 30.7

NOTE: Different deflators for different levels of government are used: 1982 = 100; all government, 1992 = 142.5; state and local government, 1992 = 146.1;
federal government, 1992 = 138.1. As a result, totals in tables 2-11, 2-12, and 2-13 will not agree.

SOURCE: U.S. Department of Transportation, Bureau of Transportation Statistics, Federal, State and Local Transportation Financial Statistics—Fiscal Years

1982-1992, DOT-VNTSC-BTS-95-2 (Washington, DC: 1995), table 3, p. 17.

ment purchases in GDP calculations. Second, and
to a lesser extent, GDP calculations for highway
expenditures by state and local government are
derived from the Census of Governments and the
Annual Survey of State and Local Government
Finances, which are both publications of the
Bureau of the Census. The highway expenditures
reported by the Bureau of the Census are general-
ly slightly lower than those reported in table 2-11,
which provide a more complete accounting of
highway-related expenditures. For example, the
data include highway law enforcement and high-
way safety costs as well as interest on debt and
debt retirement. These costs are not included in
the Census of Government’s highway expendi-
tures but are included under Civilian Safety and
Interest Paid categories.

In relative terms, the federal role in financing
transportation diminished in recent years, but in
absolute terms, the federal transportation budget
increased (see box 2-2). Although federal spend-
ing, including grants to state and local govern-
ments increased by 6.5 percent (in constant
dollars) between 1982 and 1992, spending by
state and local governments, excluding federal
grants, increased by 46 percent. As a result, the
federal portion of government transportation
spending declined from 39 percent in 1982 to 32
percent in 1992. (USDOT BTS 1995a)

Transportation is a more important part of
state and local government budgets than of the
budget of the federal government. In 1992,
before intergovernmental transfers, transporta-
tion was 2.3 percent of total federal government
expenditures, but 8.1 percent of state and local
spending. (USDOT BTS 1995a, 12, 17)

Most government transportation funds were
spent on highways (59.5 percent) in 1992,
approximately the same proportion spent in
1982 (see table 2-12). A large proportion of the
rest goes to transit, air transportation, and water
transportation. Very small shares go to rail and
pipelines. Starting from a small base, spending
on pipelines grew the most, 167 percent from
1982 to 1992 in real terms. Spending on air
transportation also increased substantially over
this period. Spending on transit and highways
also grew, but less rapidly, while spending on
rail and water transportation decreased.

As shown in table 2-13, state and local gov-
ernments spend proportionately more of their
money on highways and transit than the federal
government. By contrast, the federal govern-
ment spends proportionately more on air and
water transportation.

Table 2-13 also shows how government
spending priorities shifted within transporta-
tion between 1982 and 1992. The proportion of
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Box 2-2: U.S. DEPARTMENT OF TRANSPORTATION 1994 BUDGET

The U.S. Department of Transportation (DOT) outlays increased by 13 percent in real terms between 1984 and
1994, to a total of $34.8 billion in current dollars. The Federal Highway Administration accounts for the largest share
of DOT outlays, spending 55 percent of the budget in 1994 compared with 48 percent in 1984. The other large
administrations are the Federal Aviation Administration (FAA), which received 25 percent of outlays, and the Federal
Transit Administration (FTA), at 11 percent. FAA outlays increased by 67 percent, and U.S. Coast Guard outlays
increased by 23 percent in real terms between 1984 and 1994. The outlays of FTA, the Maritime Administration, and
the National Highway Traffic Safety Administration, however, decreased in real terms over this period. Federal Railroad
Administration outlays fell the most—76 percent in real terms between 1984 and 1994 (see table).

SOURCE: Volpe National Transportation Systems Center data.

DEPARTMENT OF TRANSPORTATION OUTLAYS, 1984 AnD 1994
(IN MILLIONS OF CONSTANT 1987 DOLLARS)

Modal Administration 1984 1984 (percent) 1994 1994 (percent)  Percentage change
Federal Highway Administration $11,255 47.7% $14,712 55.2% 30.7%
Federal Aviation Administration 4,067 17.2 6,783 254 66.8
Federal Transit Administration 4,024 17.0 2,926 11.0 -27.3
Federal Railroad Administration 2,665 11.3 643 2.4 —75.9

U.S. Coast Guard 749 3.2 920 35 22.8
Maritime Administration 540 2.3 393 15 -27.2
National Highway Traffic Safety Administration 211 0.9 201 0.8 -4.7

All other DOT organizations 109 0.5 81 0.3 -25.7

Total $23,620 100.0% $26,659 100.0% 12.9%

SOURCES: 1984—U.S. Department of Transportation, Office of Economics, Assistant Secretary for Policy and International Affairs, Federal Transportation
Financial Statistics (Washington, DC: various years). 1994—U.S. Department of Transportation, Bureau of Transportation Statistics, Federal Transportation
Financial Statistics, prepared by Volpe National Transportation Systems Center (Washington, DC: in press).

federal funds spent on transit, rail, and water » Government Revenues
transportation decreased while air transporta-

tion’s proportion of federal funding increased Revenues collected by government for trans-

over this period. Highway spending increased  portation purposes fall into three categories:

slightly. m general tax receipts including income, prop-
State and local government spending priori- erty, and sales taxes;

ties changed less and in a different way. Most ~ m special user taxes, such as the airport tax and

notably state and local governments spent a gas tax, placed in trust funds separate from

slightly smaller proportion of funds on highways general tax receipts; and

in 1992 than in 1982 and a slightly greater pro-  m user fees, such as road and bridge tolls.
portion on transit.
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TABLE 2-12: TRANSPORTATION
EXPENDITURES BY ALL LEVELS OF

GOVERNMENT, 1982 AND 1992

(MILLIONS OF CONSTANT 1982 DOLLARS)

TABLE 2-13: TRANSPORTATION
EXPENDITURES BY LEVEL OF
GOVERNMENT BEFORE TRANSFERS
(MILLIONS OF CONSTANT 1982 DOLLARS)

Change
Mode 1982 1992 (percent)
Highway $35,731 59.2% $47,310 59.5% 32.4%
Transit 11,401 189 15,684 19.7 37.6
Air 6,043 10.0 11,055 13.9 82.9
Water 4412 7.3 3,967 5.0 -10.1
Rail 2,250 3.7 635 0.8 -71.8
Parking 395 0.7 630 0.8 59.5
Unallocated 155 0.3 203 0.3 31.0
Pipeline 9 001 24 0.03 166.7
Total $60,396 100.0% $79,508 100.0% 31.6%
NOTE: Different deflators for different levels of government are used:
1982 = 100; all government, 1992 = 142.5; state and local government,
1992 = 146.1; federal government, 1992 = 138.1. As a result, totals in
tables 2-11, 2-12, and 2-13 will not agree.
SOURCE: U.S. Department of Transportation, Bureau of Transportation
Statistics, Federal, State and Local Financial Statistics—Fiscal Years
1982-1992, DOT-VNTSC-BTS-94-2 (Washington, DC: 1995).

Transportation-generated revenues totaled
$80.2 billion in 1992 (in current dollars), a 55 per-
cent increase in real terms since 1982. Revenues
grew more rapidly than expenditures; hence, cov-
erage (the proportion of expenditures covered by
user taxes and fees) grew from 60 percent in 1982
to 71 percent in 1992. (USDOT BTS 1995a, 17)

State governments collected the largest
amount of revenue—48 percent of the total in
1992. The federal government collected about
33 percent and local governments, almost 19
percent. The proportion of transportation-related
revenues collected by the federal government
increased from about 28 percent in 1982. This is
due, in part, to high federal revenue growth rates
over this period. Both state and local revenues
grew as well, but their proportion of total rev-
enue decreased. (USDOT BTS 19953, 17)

Several taxes and user fees collected by the
federal government are placed in trust funds
dedicated to a specific mode. There are four

Mode 1982 1992
Federal
Highway $10,740  45.5% $12,144  48.3%
Air 3564 151 6,743 26.8
Transit 3954 16.7 2,661 10.6
Water 2991 127 2,745 109
Rail 2,225 9.4 652 2.6
Pipeline 2 0.01 9 0.04
Unallocated 155 0.7 209 0.8
Total $23,630 100.0% $25,162 100.0%
State and local
Highway $24,991  68.0% $34,654  64.5%
Air 2,479 6.7 4,407 8.2
Transit 7447 203 12,778 238
Water 1,422 3.9 1,273 24
Rail 25 0.07 3 0.01
Parking 395 11 615 1.14
Pipeline 7 0.02 13 0.02
Total $36,766 100.0% $53,744  100.0%

NOTE: Different deflators for different levels of government are used:
1982 = 100; all government, 1992 = 142.5; state and local government,
1992 = 146.1; federal government, 1992 = 138.1. As a result, totals in
tables 2-11, 2-12, and 2-13 will not agree.

SOURCE: U.S. Department of Transportation, Bureau of Transportation
Statistics, Federal, State and Local Financial Statistics—Fiscal Years
1982-1992, DOT-VNTSC-BTS-95-2 (Washington, DC: 1995).

federal transportation-related trust funds: the
Highway Trust Fund, the Airport and Airway
Trust Fund, the Inland Waterway Trust Fund,
and the Harbor Maintenance Trust Fund.
Revenue is also generated by the Panama
Canal, the Pipeline Safety Fund, the Oil Spill
Liability Trust Fund, and the Emergency
Preparedness Fund. The two main federal
transportation trust funds are the Highway
Trust Fund—which has a highway account and,
since 1983, a transit account—and the Airport
and Airway Trust Fund.



The total collections from all these revenue-
generating mechanisms rose from $10.0 billion
in 1982 to $18.7 billion in 1992 (in 1982 dol-
lars). In 1992, the bulk of federal transportation
revenues (71.3 percent) came from the federal
Highway Trust Fund, which is generated mostly
by a tax on highway vehicle fuels (see table
2-14) but also includes taxes on tires and truck,
bus, and trailer sales. Highway trust revenue in-
creased by 70 percent in real terms since 1982.
The Airport and Airway Trust Fund and federal
water receipts both increased more rapidly. The
pipeline safety fund, instituted in 1987, now rep-
resents 0.05 percent, or $10 million of federal
revenue (in 1982 dollars).

Federal Trust Fund Revenue and Balances

From the standpoint of changes in federal
receipts, particularly the large federal trust funds,
the period from 1982 to 1992 does not provide a
very accurate picture because of a large dip in
revenues in the early 1980s. Thus, a longer view
of trust fund revenue balances is necessary.
From 1977 to 1994, the tax revenue collected for
the Highway Trust Fund and the Airport and
Airway Trust Fund increased from $14.1 billion
to $16.9 billion (in constant 1987 dollars), a 20
percent increase. Revenue fell sharply in the
early 1980s to a low of $7.8 billion in 1981, but
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recovered by 1984. The trust fund dedicated to
aviation increased the most in absolute terms
over this period, almost doubling from $2.1 bil-
lion in 1977 to $4 billion in 1994, in constant
1987 dollars. The transit account of the Highway
Trust Fund, started in 1983, collected $1.6 bil-
lion in 1994. The largest trust fund in terms of
revenue, the highway account of the Highway
Trust Fund, however, declined slightly from
$11.9 to $11.3 billion in constant 1987 dollars.
In current dollars, trust fund revenues increased
from $7.9 billion in 1977 to $21.9 billion in
1994 (see figures 2-7 and 2-8).

The trust fund balances—the unspent money
in these accounts at the end of the year—de-
clined in the late 1970s, grew substantially from
the mid-1980s to the early 1990s, but have since
declined to approximately the same level (in real
terms) in 1994 as in 1977. In constant 1987 dol-
lars, from 1977 to 1994 the total cash balance in
the Highway Trust Fund and the Airport and
Airway Trust Fund declined by 5 percent from
$24.6 billion in 1977 to $23.4 billion in 1994.
The balances in the various funds fluctuated in
different ways. The balance in the Airport and
Airway Trust Funds grew by 65 percent from
$5.8 billion in 1977 to $9.6 billion in 1994 (in
constant 1987 dollars). By contrast, the balance
in the highway account of the Highway Trust

TABLE 2-14: FeEDERAL REVENUE

(IN MILLIONS OF CONSTANT 1982 DOLLARS)

Mode 1982 1992 Percentage Change
Federal Highway Trust Fund, Highway Account $7,822 78.2% $11,999 64.3% 53.4%
Federal Highway Trust Fund, Transit Account n/a n/a $ 1,315 7.0% n/a
Federal Airport and Airway Trust Fund $1,711 17.1% $ 4,285 22.9% 150%

Total federal water receipts $474 4.7% $ 1,067 5.7% 125%
Pipeline Safety Fund n/a n/a $ 10 0.05% n/a

Total $10,008 100.0% $18,676 100.0% 86.6%

SOURCE: U.S. Department of Transportation, Bureau of Transportation Statistics, Federal, State and Local Financial Statistics—Fiscal Years 1982-1992, DOT-

VUNTSC-BTS-95-2 (Washington, DC: 1995).
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FIGURE 2-7: TRANSPORTATION TRUST FUND REVENUES, 1977-94

(MILLIONS OF CONSTANT 1987 DOLLARS)
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FIGURE 2-8: TRANSPORTATION TRUST FUND REVENUES, 1977-94

(MILLIONS OF CURRENT DOLLARS)
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1991 1994

Fund declined by 68 percent from $18.9 billion
to $6.1 billion over this period. The transit
account balance stood at $7.7 billion in 1994 (in
1987 dollars) (see figure 2-9). In current dollars
the total balance in the two trust funds rose from
$13.4 billion in 1977 to $30.4 billion in 1994
(see figure 2-10).

Employment

Transportation employment can be analyzed
from either an industry or occupation perspec-
tive. For example, transportation occupations
include vehicle operators in any industry. From
an industry perspective, vehicle operators are




Chapter 2 Transportation and the Economy <« 57

FIGURE 2-9: TRANSPORTATION TRUST FUNDS—END OF YEAR CASH BALANCES, 1977-94

(MILLIONS OF CONSTANT 1987 DOLLARS)
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classified under the industry in which they work.
Similarly, an accountant in a trucking firm is an
accountant by occupation but is a transportation
employee from an industrial viewpoint. Few sta-
tistical sources provide data that permit detailed
delineation of transportation employment within

nontransportation establishments.
FHWA 1995)

In 1993, more than 3.2 million people were
employed in for-hire transportation industries, an
increase of 4.4 percent from 1992. The figure of
3.2 million people excludes 2 million employees

(USDOT

FIGURE 2-10: TRANSPORTATION TRUST FUNDS—END OF YEAR CASH BALANCES, 1977-95
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FIGURE 2-11: ANNUAL GROWTH OF TRANSPORTATION PRODUCTIVITY, 1980-92
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of 200,000 retail establishments, such as car deal-
erships and gas stations, and 900,000 people
employed by 175,000 service businesses, such as
car washes, body shops, and repair facilities. Also
excluded are all government and manufacturing
employees with transportation jobs. (USDOC
Bureau of the Census 1993) The National
Transportation Statistics 1996 report provides
detailed information on transportation employ-
ment for 1994 and earlier. According to the report,
when all related activities are included, more than
9 million people were employed in transportation
activities in 1994. (USDOT BTS 1995b)

Establishments with one to four employees
constitute 55 percent of total transportation
businesses. Conversely, 21 percent of total trans-
port employees work in establishments with
more than 1,000 workers. These large business-
es constitute less than one-tenth of 1 percent of
establishments.

Establishment size varies by mode as well.
The airline industry, for example, consists of a
few large establishments with more than 1,000
employees. These few large businesses account
for half of all airline employees.

» Costs and Productivity Trends

Table 2-15 shows growth in labor costs in the
transportation industry relative to all workers
and to similar labor groups such as communica-
tions and utilities workers. Transportation labor
costs have risen less than for these groups.

Transportation Statistics Annual Report 1995
extensively discussed productivity patterns in
the transportation sector. Figure 2-11 presents
the most current productivity data.

TaBLE 2-15: EMPLOYMENT COST INDEX

Worker category Index (June 1993)

All civilian workers 118.3
Private industry 118.0
All services 117.3
Transportation 114.1
Communications 117.5
Utilities 119.4

NOTE: June 1989 = 100.

SOURCE: U.S. Department of Labor, Bureau of Labor Statistics, Monthly
Labor Review, September 1994, table 21.




The airline industry is using fewer employees
to provide service to a growing number of pas-
sengers. The striking increase in productivity
arises, in part, from larger and faster aircraft, the
computerization of passenger reservations, the
hub and spoke flight network, and changes in
flight personnel requirements. Various new
management techniques adopted by airlines
after deregulation may also have increased pro-
ductivity. Over the same period, operating rev-
enues per employee significantly increased.

Expenditures and Revenues of the
Trucking and Railroad Industries

This section discusses the financial perfor-
mance of for-hire transportation service pro-
viders and presents revenue and expenditure
trends for the trucking and railroad industries.
(See appendix A for an indepth review of the
U.S. commercial aviation industry.)

» Trucking Industry

As noted earlier, no single source provides
comprehensive economic and financial data
for all transportation service providers.
However, there are specialized data sources
that provide information on specific indus-
tries. A major source of disaggregated data on
trucking operating revenues and expenditures
is the Annual Survey of Motor Freight
Transportation and Public Warehousing, also
known as the Warehousing and Trucking
Survey (WATS). Since 1988, the Bureau of the
Census has compiled WATS data. Although
this survey is one of the more comprehensive
data sources for the trucking industry, it has
several limitations. First, the survey covers
only for-hire trucking firms. Activities of pri-
vate trucking auxiliaries of nontransportation
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establishments, or shipper-owned trucking
operations, are estimated to be at about the
same level as for-hire trucking. (As noted ear-
lier, the Transportation Satellite Account will
more accurately reflect the transportation
activities of nontransportation establishments.)
Second, only revenues and expenditures of for-
hire establishments with payrolls are provided.
This excludes the thousands of truck owners-
operators, sole proprietorships, and partner-
ships that technically have no employees, but
account for a substantial proportion of indus-
try activity (about 50 percent). Currently, BTS
and the Bureau of Economic Analysis are
investigating alternative methods to address
these limitations.

The trucking industry cost structure is a com-
bination of relatively high variable expenses and
low fixed costs. Public investment in the exten-
sive U.S. highways system is a major factor that
contributes to the industry’s low fixed costs.
Other factors are fixed depreciation and interest
expenses and low management overhead. A high
proportion of trucking industry expenditures is
related to variable operating expenses—wages
and benefits, fuel, and maintenance and repairs.
Purchased transportation is another high-cost
item for the industry.

Table 2-16 shows detailed expenses of the
trucking industry between 1988 and 1993.
Both labor and fuel costs have increased their
shares of total expenditures. Wages and bene-
fits accounted for 41.2 percent of total expen-
ditures in 1993, a slight increase from 39.5
percent in 1988 (see figure 2-12). Over the
same period, trucking industry spending on
purchased fuel increased by 60 percent, from
$6.7 billion to $10.8 billion, and fuel costs as a
proportion of total costs rose from 6.6 percent
to 8.4 percent.

Although spending on purchased transporta-
tion also increased (by 17 percent), its share of
total costs declined from 20.2 percent in 1988
to 18.7 percent in 1993. This decline suggests
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TABLE 2-16: EXPENDITURES OF FOR-HIRE TRUCKING AND PuBLIC WAREHOUSING, 1988-93

(MILLIONS OF CURRENT DOLLARS)

Percentage
Cost items/year 1988 1989 1990 1991 1992 1993 change 1988-93
Annual payroll/benefits $40,097 $43,598 $46,257 $47,303 $49,876 $52,747 32%
Purchased fuels? 6,739 7,753 9,011 9,080 10,078 10,754 60
Purchased transportation 20,446 19,896 20,505 20,191 22,187 23,880 17
Lease and rental® 2,008 2,102 2,238 2,231 2,246 2,264 8
Insurance 3,914 3,996 4,040 4,141 4,283 4,547 16
Maintenance of vehicles 5,669 6,055 6,358 6,357 7,091 7,586 34
Depreciation 5,289 5,622 5,829 5,856 6,199 6,594 25
Taxes and licenses 2,178 2,347 2,416 2,534 2,865 2,988 37
Other 15,011 15,093 15,951 15,044 16,068 16,586 10
Total $101,441 $106,462 $112,605 $112,737 $120,890  $127,946 26%
2 Includes vehicle fuels and heating fuels for buildings.
® Nonvehicular leases and rentals.
SOURCE: U.S. Department of Commerce, Bureau of the Census, Motor Freight Transportation and Warehousing Survey: 1993 (Washington, DC: 1995).

FIGURE 2-12: FoOR-HIRE TRUCKING INDUSTRY

OPERATING EXPENDITURES BY CosT ITEMS, 1988 AND 1993
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that businesses that once depended on out-
sourced trucking services shifted to private in-
house sources.

Purchased transportation by trucking estab-
lishments is normally categorized into three
groups: vehicle leasing without drivers; vehicle
leasing with drivers; and directly purchased trans-
portation from air, rail, water, or other motor car-
riers (see table 2-17). Of these categories, leasing
without drivers grew the most rapidly, increasing
more than 41 percent from 1988 to 1993, com-
pared with an overall increase of 17 percent for
purchased transportation. The category of vehicle
leasing with drivers provides an insight into the
scale of owner-operator (nonpayroll) activities.
This category accounted for almost 67 percent
($16 billion) of purchased transportation hy
truckers in 1993. Data on the third category—
directly purchased transport—suggests an
increasing level of intermodal activity in the
trucking industry. Although this category remains
below $3.5 billion per year in expenditures, it
grew 34 percent between 1988 and 1993. Almost
85 percent of purchased transportation from other
transport modes is bought by general carriers
(carriers not classified as specialized to transport
goods such as household items, farm and forest
products, electronics, and hazardous and toxic
materials). Unfortunately, data are not provided
for rail, water, or other motor carrier transport.
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» Railroad Industry

The railroad industry plays a vital role in the
U.S. economy. Although railroads’ relative posi-
tion in the national transportation system
declined from 1929 to 1970, its share of inter-
city (nonlocal) ton-miles remained fairly con-
stant since the 1970s. In addition to moving bulk
commodities, railroads move time-sensitive
freight, such as motor vehicles and parts, mail,
and international containers. Since partial eco-
nomic deregulation in 1980, the railroads have
increased their investment in plant and equip-
ment and improved their service, while competi-
tion has led to decreased rates for shippers.

Most railroads in the United States are pri-
vately owned carriers; Amtrak is an exception,
as are some small railroads owned by states and
municipalities. The 12 major railroads, catego-
rized as Class I, handle over 90 percent of total
rail freight ton-miles, and account for over 90
percent of freight revenues.

Table 2-18 shows railroad industry expendi-
tures in a form comparable to that of the WATS
data on the trucking industry. In 1993, total expen-
ditures of Class | railroads were $26.3 billion. This
was only slightly larger than the purchased trans-
portation segment of trucking. Unfortunately, rail-
road data do not identify purchased transportation
as a separate expenditure category.

TABLE 2-17: EXPENDITURES FOR PURCHASED

TRANSPORTATION BY TRUCKING COMPANIES, 1988-93
(MILLIONS OF CURRENT DOLLARS)

Percentage
Type of company 1988 1989 1990 1991 1992 1993 change 1988-93
Vehicle leased with drivers $14,734 $13,893 $14,016 $13,623 $14,675 $15,995 9%
Vehicle leased without drivers 3,159 3,459 3,742 3,907 4,289 4,469 41
Air, rail, water, and other motor carriers 2,553 2,544 2,747 2,661 3,223 3,416 34
All purchased transportation $20,446 $19,896 $20,505 $20,191 $22,187 $23,880 17%

SOURCE: U.S. Department of Commerce, Bureau of the Census, Motor Freight Transportation and Warehousing Survey: 1993 (Washington, DC: 1995).
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TABLE 2-18: EXPENDITURES FOR THE CLASS | RAILROAD INDUSTRY, 1988-93

(MILLIONS OF CURRENT DOLLARS)

Percentage
Cost items 1988 1989 1990 1991 1992 1993 change 1988-93
Annual payroll and benefits $11,541 $11,814 $11,316 $10,806 $10,726 $10,642 ~7.8%
Purchased fuels 1,564 1,796 2,170 1,968 1,913 1,962 25.4
Lease of equipment and rental 2,518 2,512 2,538 2,749 2,786 2,945 17.0
Insurance 1,256 1,403 1,246 1,734 1,195 1,248 -0.6
Depreciation 2,208 2,225 2,295 2,506 2,320 2,386 8.1
Taxes and licenses 1,048 981 1,162 1,173 1,124 1,339 27.8
Other 5,818 5,331 4,993 8,229 6,330 5,785 -0.6
Total $25,953 $26,062 $25,720 $29,165 $26,394 $26,307 1.4%

SOURCE: American Association of Railroads, AAR Factbook (Washington, DC: 1994).

Between 1988 and 1993, railroad labor costs
declined by 7.8 percent from $11.5 billion to
$10.6 billion. Despite this decline, labor costs
continue to be the main expenditure item for the
railroad industry. Labor accounted for 40.5 per-
cent of total expenditures in 1993, down from
44.5 percent in 1988 (see figure 2-13). During
this same period, railroad expenditures on pur-
chased fuel rose by 25 percent from $1.6 billion
to about $2.0 billion. Not surprising, fuel cost as
a proportion of total costs increased from 6.0
percent to 7.5 percent. As discussed in chapter 4,
the energy efficiency of railroad freight opera-
tions improved significantly. Improvements in
load factors accounted for 75 percent of the
overall reduction in rail freight energy use.

Operating Performance and Revenues

Recent trends in revenues and expenditures
suggest that the industry’s operating performance
improved substantially between 1984 and 1993.
The railroad industry’s operating ratio (ex-
penditures over revenues) declined from 87.6
percent in 1984 to 85.1 percent in 1993. Since
1984, net railway operating revenue increased by
18 percent, from $3.6 billion in 1984 to $4.3 bil-

lion in 1993 (see figure 2-14). The net loss of
$216 million experienced in 1991 was due to two
factors: a steep rise in general and administrative
expenses and a moderate increase in several
costs, including maintenance, rights-of-way,
structures, and equipment. Equipment is a major
expenditure for the railroad industry. Despite the
weak financial performance in 1991, the railroad
industry appears to be recovering.
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Ficure 2-13: CLASS | RAILROAD INDUSTRY
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CHAPTER THREFE

TRANSPORTATION
AND SAFETY

TRANSPORTATION-RELATED INJURIES AND DEATHS ARE A MAIJOR
PUBLIC HEALTH PROBLEM IN THE UNITED STATES. OVER THE
PAST DECADE, TRANSPORTATION CRASHES HAVE BEEN RESPONSIBLE
FOR APPROXIMATELY HALF OF ALL ACCIDENTAL DEATHS IN THIS COUN-
TRY (SEE TABLE 3-1). HIGHWAY VEHICLE CRASHES ARE THE LEADING
CAUSE OF DEATH OF AMERICANS BETWEEN THE AGES OF 15 AND 24,

and accounted for 93 percent of all | lions of people are still injured and tens
transportation-related deaths in 1994. | of thousands of people are killed in trans-
They are also responsible for as many | portation crashes each year. Thus, much

pre-retirement years of work remains to be done
life lost as cancer and Inadequate data to develop a better under-
heart disease, about 1.2 and inconsistent standing of the causes of
million years annually measures of accident crashes and to prevent
(see figure 3-_1). This risk across modes them. In particular, we
reflects the relative youth ) need to better understand
of crash victims. Non- complicate efforts to the human factors that
fatal injuries from high- formulate strategies cause or facilitate crashes.
way crashes are a major to reduce Examples include opera-
problem as well. These transportation risks. tor impairment because of
injuries are the second substance abuse, medical
largest category of both hospitalized and | conditions, or human fatigue, and the
nonhospitalized injuries. operator’s interaction with new technolo-

Despite the progress made in the past | gies used both inside and outside the
two decades in transportation safety, mil- | vehicle. Understanding the role of human

65
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TaBLE 3-1: AcCIDENTAL DEATHS, 1981-94

Transportation

All Transportation related
Year causes related (percent)
1981 100,704 51,335 51.0%
1985 93,457 46,400 49.6
1990 91,983 47,269 51.4
1994 92,200P 43,322 47.0

NOTE: Deaths reported in the “All causes” column generally occurred
within one year of an accident or crash; deaths reported in the “trans-
portation related” column generally occurred within 30 days of an acci-
dent or crash. Hence, the percentage column may understate the
proportion of transportation-related deaths.

KEY: P = preliminary.

SOURCES: All causes—National Safety Council, Accident Facts, 1995 Ed.
(Itasca, IL: 1995). Transportation related—various sources, as compiled
and cited in U.S. Department of Transportation, Bureau of Transportation
Statistics, National Transportation Statistics 1996 (Washington, DC:
November 1995).

factors is one of the most pressing tasks facing
the transportation safety community today.

This chapter summarizes recent transporta-
tion safety trends, including the number and
nature of transportation accidents, injuries, and

fatalities. It also examines human factors affect-
ing accidents and addresses two areas of partic-
ular concern, commuter airline safety and
accidents at highway-rail crossings. The chapter
also discusses technological concepts now under
development that have the potential to improve
transportation safety. Finally, data needs in
transportation safety research are examined.

Trends in Transportation Safety

There are many ways to analyze accident,
injury, fatality, and cost trend data. One often
used approach is to examine annual totals.
Annual totals, however, do not take into account
the evolving nature of the transportation system
and, in particular, changes in exposure to risk.
Therefore, to increase the comparability and
usefulness of accident statistics over time and
across modes, measures that account for varia-
tions in risk exposure must be used.

FicUrRe 3-1: PRE-RETIREMENT YEARS OF LIFE LOST BY AGE, 1992
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Risk exposure means that the more an indi-
vidual uses the transportation system, the more
that person is at risk of involvement in a trans-
portation-related crash. Risk exposure can be
expressed in many ways, and the “best” measure
may vary according to the mode under examina-
tion and the kind of analysis performed.

Indeed, as our transportation system grows,
more people will be exposed to risk, and more
accidents can be expected to occur, barring
changes in behavior or advances in safety tech-
nology. Therefore, it is instructive to examine
the number of crashes in a way that acknowl-
edges changes in risk exposure. Accident rates
are a measure of incidents per unit of risk expo-
sure, and can take several forms: injury costs
per number of vehicle-miles traveled, fatalities
or injuries per number of hours of operation,
fatalities per unit distance of travel, injuries

Chapter 3 Transportation and Safety <« 67

and/or accidents per number of registered
vehicles, and fatalities per number of person-
miles traveled.

» Fatalities, Injuries, and Accidents

More than 6.5 million transportation acci-
dents or incidents occurred in 1994, a 6.4 per-
cent increase from 1993, and an 8.3 percent
increase from 1992 (see table 3-2). These acci-
dents were responsible for more than 3 million
injuries and over 43,000 fatalities (see tables
3-3and 3-4.)

By all measures, accident statistics are domi-
nated by motor vehicle accidents. During the
past two decades, motor vehicle accidents
accounted for 90 to 93 percent of all transporta-
tion fatalities and an even larger percentage of

TABLE 3-2: AcCCIDENTS/INCIDENTS? BY TRANSPORTATION MoDE, 1985-94

Commuter Rail-highway Rail Gas and
Air air® and General Motor grade rapid ~ Waterborne Recreational liquid
Year carrier® airtaxi?  aviation® vehicle! Railroad? crossings" transit! transport boating  pipelines
1985 22 173 2,738 — 3,275 6,919R — 3,439 6,237 514
1990 24 123 2,216R 6,471,0000 2,879 5,713 12,178R 3,613 6,411 379
1991 26 110 2,177R 6,117,000  2,658R 5,386 14,102 2,222 6,573 450R
1992 18 99 2,075R 6,000,000 2,359R 4,910 15,512 3,297 6,048R 388R
1993 23 87 2,042R 6,105,000 2,611R 4,892 15,082R 2,654R 6,335 447R
1994pP 22 94 1,989 6,492,000 2,504 4,979 15,258 2,833 6,906 466

2 Rail rapid transit incidents are collisions, derailments, personal casualties, fires, and property damage in excess of $1,000 associated with transit agency
revenue vehicles; all other facilities on the transit property; and service vehicles, maintenance areas, and rights-of-way. Hazardous materials incidents are
reported separately in chapter 7, table 7-9.

Large carriers operating under 14 CFR 121, all scheduled and nonscheduled service.

All scheduled service operating under 14 CFR 135 (commuter air carriers).

Nonscheduled service operating under 14 CFR 135 (on-demand air taxis).

All operations other than those operating under 14 CFR 121 and 14 CFR 135.

Includes only police-reported crashes.

Train accidents only.

Motor vehicle accidents at grade crossings are also counted in the motor vehicle column.

Reporting criteria and source of data changed between 1989 and 1990; beginning in 1990, accidents/incidents include those occurring throughout the transit
station (e.g., stairways), including injuries to nonpatrons. Reporting level for property damage was lowered, and property damage only accidents were
reported for the first time.

National Safety Council procedures for estimating the number of accidents were changed in 1989. Thus, the data shown are not comparable to earlier years.

- 5@ =~ o a o o

KEY: R = revised; P = preliminary.

SOURCES: Various sources, as compiled and cited in U.S. Department of Transportation, Bureau of Transportation Statistics, National Transportation Statistics
1996 (Washington, DC: November 1995).
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TaABLE 3-3: INJURIES BY TRANSPORTATION MoDE, 1985-94

Commuter Rail-highway Rail Gas and
Air airband  General Motor grade rapid Waterborne Recreational  liquid

Year carrier®  airtaxi® aviation  vehicle® Railroad crossingsf transit? transport boating pipelines
1985 30 59 517 — 31,617 2,687 — 172 2,757 126R
1990 39 47 391 3,231,000 22,736 2,407 10,036 175 3,822 76R
1991 26 57 420 3,097,000 21,374 2,094 9,285 110 3,967 98R
1992 13 24 418 3,070,000 19,408 1,975 10,446 172 3,683 118R
1993 16R 26 386R 3,125,000 17,284 1,837 10,532R 133R 3,559 112R
1994P 35 38 452 3,215,000 14,850 1,961 11,170 146 4,084 1,970"

b All scheduled service operating under 14 CFR 135 (commuter air carriers).
¢ Nonscheduled service operating under 14 CFR 135 (on-demand air taxis).
4 All operations other than those operating under 14 CFR 121 and 14 CFR 135.

tion (e.g., stairways), and including injuries to nonpatrons.

tion of the oil by the flood waters.

KEY: R = revised; P = preliminary.

1996 (Washington, DC: November 1995).

2 Large carriers operating under 14 CFR 121, all scheduled and nonscheduled service.

¢ Injuries from police-reported crashes only. Procedures for estimating injuries were changed in 1989. Thus, data shown are not comparable to prior years.
f Motor vehicle injuries at grade crossings are also counted in the motor vehicle column.
9 Reporting criteria and source of data changed between 1989 and 1990. Beginning in 1990, injury data includes those occurring throughout the transit sta-

" Includes 1,851 injuries from two flood-related incidents involving two oil pipelines. The large number of reported injuries reflects the widespread distribu-

SOURCES: Various sources, as compiled and cited in U.S. Department of Transportation, Bureau of Transportation Statistics, National Transportation Statistics

transportation accidents and injuries (see tables
3-2, 3-3, and 3-4). According to 1992 data,
motor vehicle accidents are the leading cause of
accidental death for people under the age of 75.
(National Safety Council 1995)

The number of motor vehicle fatalities has
declined significantly from the historic high of
54,589 fatalities in 1972. In 1992, the number of
highway fatalities was 39,250 (table 3-4), the
lowest number of fatalities since the early 1960s.
The number of fatalities, however, grew in 1993
and 1994. Preliminary data indicate there were
41,700 fatalities involving highway vehicles in
1995. (USDOT NHTSA 1996) In spite of the
recent increases in the number of deaths, the
fatality rate per 100 million vehicle-miles trav-
eled reached its lowest recorded level in 1994
(see figure 3-2 and table 3-5), where it remained
in 1995.

Serious injuries, especially those resulting
from highway accidents, are a major problem.
Severe injuries (those in which the victim is

incapacitated) outnumber traffic deaths by 10
to 1. After declining in the 1985 through 1992
period, the total number of injuries increased in
1993 and 1994 (see table 3-3). Injury statistics
are underreported. Many highway crashes
resulting in a minor injury are not reported to
the police. Furthermore, of the crashes reported
to the police, only slightly more than 80 percent
of the injuries are identified. Police often find it
difficult to determine injury severity. Consider-
ing the underreporting of both crashes and
injuries, police accident reports capture only 82
percent of hospitalized crash victims and 55 per-
cent of injured people not requiring hospital
care. (Miller 1995)

Both the number of fatalities and injuries, and
their rate of occurrence, will merit close moni-
toring in the years ahead. The increase in the
number of motor vehicle deaths and injuries,
while troubling, occurred at the same time that
the fatality rate reached its lowest level ever in
terms of vehicle-miles traveled. Whether the
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TABLE 3-4: FATALITIES BY TRANSPORTATION MoDE, 1960-94

Commuter Rail-highway  Rail Gas and
Air air® and General Motor grade rapid Waterborne  Recreational liquid
Year carrier?  air taxi® aviationd vehicle Railroad® crossings’  transit9 transport” boating pipelines
1960 499 — 787 36,399 924 — — — 819 —
1965 261 — 1,029 47,089 923 — — — 1,360 —
1970 146 100 1,310 52,627 785 — — 178 1,418 26
1975 122 97 1,252 44,525 575 917R — 243 1,466 21
1980 1 142 1,239 51,091 584 833 83 206 1,360 19R
1985 526 113 955 43,825 454 582 17 131 1,116 31
1990 39 56 766 44,599 599 698 117 85 865 9R
1991 50 150 785R 41,508 586 608 103 30 924 14
1992 33 91 860R 39,250 591 579 91 105 816 15R
1993 1 66 737R 40,150 653 626 83R 95R 800 17R
1994P 239 89 706 40,676 611 615 76 52 784 22

b All scheduled service operating under 14 CFR 135 (commuter air carriers).

¢ Nonscheduled service operating under 14 CFR 135 (on-demand air taxis).

4 All operations other than those operating under 14 CFR 121 and 14 CFR 135.
¢ Includes fatalities resulting from train and nontrain accidents.

tion, including nonpatrons.
" Vessel casualties only.

KEY: R =revised; P = preliminary.

(Washington, DC: November 1995).

2 Large carriers operating under 14 CFR 121, all scheduled and nonscheduled service.

f Includes pedestrian fatalities not otherwise counted. Motor vehicle fatalities at grade crossings are also counted in the motor vehicle column.
9 Reporting criteria and source of data changed between 1989 and 1990. Starting in 1990, fatality figures include those occurring throughout the transit sta-

SOURCES: Motor vehicles—historical data provided by U.S. Department of Transportation, National Highway Traffic Safety Administration. All other modes—
various sources, as compiled and cited in U.S. Department of Transportation, Bureau of Transportation Statistics, National Transportation Statistics 1996

fatality rate will continue to decline will depend
on many factors, as discussed below. Highway
travel will inevitably increase in the future, how-
ever, thereby increasing accident risk, all else
being equal.

A complicating factor for future analysis will
be the greater variation among the states in
speed limit and other policies relevant to safety.
Congress, in the 1995 National Highway System
Designation Act, authorized states to set their
own policies about speed limits and about
whether to require motorcyclists to wear hel-
mets. How the states respond will be an impor-
tant highway safety issue in the coming years.

» Costs of Transportation Crashes

The personal, social, and economic costs of
transportation accidents include pain and suffer-
ing, direct costs sustained by injured people and
their insurers, and, for many crash victims, a
lower standard of living or quality of life. The
taxpayer and society may be burdened by health
care costs not paid by individuals or insurers,
lost productivity and associated loss of tax rev-
enues, and public assistance for injured people.

The total economic costs to U.S. society over
the lifetime of people killed or injured in 1990
transportation crashes is estimated at over $135
billion. (USDOT NHTSA 1993) This includes
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FIGURE 3-2: INDICATORS OF MOTOR VEHICLE USE AND FATALITY RATE, 1981-94
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KEY: vmt = vehicle-miles traveled.
SOURCES: Fatality rate—U.S. Department of Transportation, National Transportation Statistics 1996 (Washington, DC:
November 1995). Total vmt, vehicles registered, licensed drivers—U.S. Department of Transportation, Federal Highway
Administration, Highway Statistics 1994, FHWA-PL-95-042 (Washington, DC: October 1995).

TaBLE 3-5: FATALITY RATES BY TRANSPORTATION MODE, 1960-94

U.S. air carrier General aviation Motor vehicle Railroad Recreational boating
Year (per 100 million miles flown) (per 100,000 hours flown)  (per 100 million vehicle-miles) (per million train-miles)  (per 100,000 numbered boats) ®
1960 0.864 6.49 5.06 — 328
1965 0.329 6.54 5.30 —_ 21.3
1970 0.002 5.04 474 0.94 19.2
1975 0.069 4.35 3.36 0.76 20.1
1980 0.000 3.40 3.35 0.81 15.8
1985 0.073 3.37 2.47 0.80 11.6
1990 0.009 2.69R 2.08 0.98 7.8
1991 0.011¢ 2.88R 191 1.02 8.3
1992 0.007 3.61R 1.75 1.00 7.3
1993 0.000¢ 3.28 1.75 1.06 7.1
1994 0.046 3.36P 1.73 0.93 6.9
2 Calculated as total railroad fatalities (from train accidents, train incidents, and nontrain incidents) per million train-miles.
b The Coast Guard changed its methodology for calculating the number of boats in 1994. The numbers have been updated from 1975 to 1994. The figures
cited here represent numbered boats.
¢ Does not include 12 persons killed on a commuter aircraft that collided with an airliner.
4 Figure does not reflect one fatality.
KEY: R =revised; P = preliminary.
SOURCES: Motor vehicles—U.S. Department of Transportation, National Highway Traffic Safety Administration. All other modes—various sources, as compiled
and cited in U.S. Department of Transportation, Bureau of Transportation Statistics, National Transportation Statistics 1996 (Washington, DC: November 1995).




more than $14 billion in health care expendi-
tures, $35.6 billion in property damage costs,
and nearly $40 billion in market productivity
losses. Taxpayers will pay $11.4 billion of the
total cost of crashes to cover publicly funded
health care expenses, reductions in income tax
revenues, and increases in public assistance
expenses. (USDOT NHTSA 1993) The above
estimate does not include the value of lost qual-
ity of life. If this valuation is included, the cost
measure is called the comprehensive injury cost.
There is considerable uncertainty about how to
express such broader costs in monetary terms.
According to a preliminary estimate by one
research group, the comprehensive injury costs
for motor vehicle crashes in 1988 were more
than twice the lifetime monetary cost of motor
vehicle injuries, fatalities, and property damage.
(Miller 1995) The omission of the cost of lost
quality of life can result in underestimating the
benefits of investments to make travel safer.

» Modal Comparison

Assessing the relative safety of transportation
modes is necessary for informed research,
development, and investment decisions. Modes,
however, differ in their functions, risk expo-
sures, and other characteristics; thus, modal
comparisons should be made with caution.

Fatality rate is one method for comparing
transportation safety among modes (see table
3-5.) Although a lack of common measures
impedes analysis, in general, fatality rate trends
show that commercial air and rail continue to be
the two safest modes. The rates for highway
vehicles (which include vehicles as different in
their safety profiles as buses and motorcycles),
general aviation, and recreational boating are
much higher, but these modes have become
much safer over the past two decades. The risk
associated with motorcycles is striking: on a
per-vehicle-mile basis motorcycle riders are
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over 15 times more likely to be involved in fatal
crashes than occupants of either passenger cars
or trucks (see table 3-6).

Despite the continued increases in the num-
ber of vehicles, the number of drivers, and the
amount of driving, the 1994 fatality rate for all
highway vehicles was 1.73 per 100 million miles
driven, the lowest ever recorded (see table 3-5
and figure 3-2). The improvement in highway
safety can be attributed to several factors,
including better designed, safer highways,
increased use of seat belts, increased market
penetration of air bags and other safety equip-
ment, aggressive anti-drunk-driving programs,
and lower vehicle occupancy rates.

Similarly, the boating fatality rate decreased
despite an increase in registered boats. Nearly all
deaths in boating accidents were drownings, and
75 percent of these deaths could have been pre-
vented if boaters had worn life jackets or other
floatation devices. (USDOT Coast Guard 1995)

» International Comparison of
Transportation Fatalities

Transportation safety is a major public health
concern, not just in the United States, but in
other highly motorized Organization for Eco-
nomic Cooperation and Development (OECD)
countries. Among the seven major OECD coun-
tries (the G-7 countries), the United States, with
its large and highly mobile population, has the
greatest number of transportation fatalities.
However, its fatality rate is one of the lowest
when vehicle-miles driven is considered.
(USDOT BTS 1994) Furthermore, statistics
indicate that motor vehicle accidents in the
United States tend to be less severe than those in
the other G-7 countries: the fatality rate in the
United States is 13 deaths per 1,000 casualties
(see table 3-7). Accidents are most severe in
France, which has a fatality rate almost four
times as high as that of the United States. Thus,
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TaBLE 3-6: U.S. MOTOR VEHICLE FATALITIES, 1975-94

Passenger car occupants  Light-truck occupants  Large-truck occupants Motorcyclists Total
Fatality Fatality Fatality Fatality  Pedestrian nonoccupant®

Year Fatalities rate® Fatalities rate® Fatalities rate 2 Fatalities rate? fatalities fatalities
1975 25,928 2.5 4,856 2.4 961 1.2 3,189 56.7 7,516 8,600
1980 27,449 25 7,486 2.5 1,262 1.2 5,144 50.4 8,070 9,164
1985 23,212 1.9 6,889 1.7 977 0.8 4,564 50.2 6,808 7,782
1990 24,092 1.7 8,601 16 705 05 3244 339 6,482 7,465
1991 22,385 1.6 8,391 14 661 04 2,806  30.6 5,801 6,768
1992 21,387 15 8,096 1.3 585 0.4 2,395 25.1 5,549 6,370
1993R 21,566 15° 8,511 13 605 04 2,449 248 5,649 6,576
1994R 21,997 15 8,904 1.3 670 0.4 2,320 22.6 5,489 6,398

2 Calculated as fatalities per 100 million vehicle-miles traveled.
b Includes pedestrian, pedalcyclist, and other nonoccupant fatalities.
¢ Some minivans and sport-utility vehicles that were previously classified as passenger cars are classified as trucks.

KEY: R =revised.

NOTE: Excludes buses. Passenger car and light-truck occupant fatality rates reflect National Highway Traffic Safety Administration revisions. In some
instances, data may differ from previously published figures.

SOURCE: U.S. Department of Transportation, National Highway Traffic Safety Administration (NHTSA), Traffic Safety Facts 1994, DOT HS 808 292 (Washington,
DC: August 1995). Revised data for 1994 provided by NHTSA.

TaABLE 3-7: ACCIDENT SEVERITY BY ROAD-USER CATEGORY, 1992

(NUMBER OF FATALITIES PER 1,000 CASUALTIES)

In-vehicle On On On
Country Drivers  passengers Pedestrians  bicycles mopeds  motorcycles  Other? Total
United States® 10 10 62 12 — 42 14 13
Canada® 13 12 34 9 — 26 38 15
Japan 13 13 48 12 12 29 47 17
France 55 43 52 51 25 51 50 48
Germany® 22 20 40 13 15 25 20 22
Italy® 28 25 51 55 22 31 48 31
Great Britain 11 10 26 8 5 19 11 14
2 Other includes in commercial vehicles, buses and coaches, and on horse.
® 1991 data are used.
SOURCE: European Conference on Ministers of Transport, Statistical Report on Road Accidents in 1992 (Paris, France: 1994), table 6, p. 47.




in terms of fatalities per distance driven and
fatalities per number of injuries, the United
States has one of the safest transportation sys-
tems in the world. Comparing safety statistics
among various countries is, however, complicat-
ed by inconsistencies in definitions and report-
ing criteria, particularly for motor vehicle
injuries.

Human Factors

Lapses in operator performance contribute to
a significant number of fatalities and injuries in
all modes of transportation. Such lapses are
responsible for one-third of all railroad acci-
dents and are the number one cause cited in avi-
ation accidents. Operator error is also probably
the single-most important factor in truck and
bus accidents.

Analysis of police reports suggests that
approximately 85 percent of the factors con-
tributing to motor vehicle crashes were associat-
ed with the driver, 10 percent involved the
highway, and 5 percent involved the vehicle.
(Evans 1991) Two other studies have obtained
similar results. A U.S. study found that road
users are identified as the sole factor in 57 per-
cent of crashes, the road environment in 3 per-
cent, and the vehicle in 2 percent. (Evans 1991)
The interaction between the road environment
and road users contributes to 27 percent of
crashes, and the interaction between road users
and vehicles contributes to 6 percent. Results
from a United Kingdom study are remarkably
consistent. (Evans 1991) The importance of
human factors in causing transportation acci-
dents is unquestioned.

The study of human factors in transportation
safety is extremely complex and must take many
factors into account. These include the operator’s
risk-taking propensity and risk perception, and
the operator’s interaction with technology (in-

Chapter 3 Transportation and Safety « 73

cluding the vehicle) and the surrounding envi-
ronment. Operator impairment (poor driving per-
formance because of alcohol, drugs, medical
conditions, aging, fatigue, or any combination of
these factors) also must be taken into account.

» Alcohol and Drugs

In 1994, 16,589 people were killed in alco-
hol-related highway accidents. (USDOT BTS
1996, 125) These accidents accounted for 41
percent of the people killed in highway acci-
dents and 18 percent of people killed in acci-
dents of all kinds. Alcohol was also involved in
crashes resulting in 297,000 injuries. (USDOT
NHTSA 1995c¢) Over the past five years, many
states have reported that from one-quarter to
one-third of drivers arrested each year for driv-
ing while intoxicated are repeat offenders. For
drivers involved in fatal crashes, rates of alcohol
involvement are highest for people aged 21 to
24, followed by people aged 25 to 34.

Progress has been made in curtailing drunk
driving. From 1982 to 1994, the percentage of
alcohol-related fatalities declined from 57 per-
cent to 41 percent of crash fatalities. Moreover,
a lower percentage of drivers involved in fatal
crashes were intoxicated or had been drinking
(see figure 3-3). For example, the intoxication
rate for drivers of large trucks involved in fatal
crashes fell from 4.3 percent to 1.4 percent in
this period. Alcohol use for motorcyclists con-
tinues to be stubbornly high; some alcohol was
present in the blood of 40.3 percent of the
motorcycle operators involved in fatal crashes in
1994, and 28.9 percent were intoxicated.
(USDOT NHTSA 1995c) Despite progress,
drunk driving and its tragic consequences
remain at unacceptable levels.

Several factors have reduced alcohol-related
fatalities: deterrence strategies, raising the legal
drinking age to 21, changes in societal patterns
of alcohol consumption, and increased public
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FiIGURE 3-3: DRIVERS IN FATAL CRASHES BY LEVEL OF

BLoob ALcoHoL CONCENTRATION AND VEHICLE TYPE, 1982 anD 1994

60 - Passenger car Light truck Large truck Motorcycle
53.4
50 4
43.4
n 39.9 40.3 40.5
o 404
2 34.7
©
2 20 30.6 29.1 28.9
- 25.6
§ 19.4 2
o 204 '
o
10 ~ 8.1
28 S 14
0 L [ s
Some Intoxicated Some Intoxicated Some Intoxicated Some Intoxicated
alcohol alcohol alcohol alcohol
present in present in present in presentin
blood blood blood blood

D 1982 . 1994

NOTE: The National Highway Traffic Safety Administration considers police-reported fatal traffic crashes as alcohol-related if
either a driver or a nonmotorist had a blood alcohol concentration (BAC) of at least 0.01 grams per deciliter. Persons with a
BAC of 0.10 grams per deciliter are considered intoxicated in most states.

SOURCE: U.S. Department of Transportation, National Highway Traffic Safety Administration, Traffic Safety Facts 1994,
DOT-HS-808-292 (Washington, DC: August 1995), table 17, p. 35.

awareness. Sobriety checkpoints and adminis-
trative license revocation (i.e., immediate loss of
license following arrest) are two proven deter-
rents. Research shows that communities using
sobriety checkpoints experience significant
decreases in alcohol-related traffic crashes.
(Ross 1992) The effectiveness of sobriety check-
points, however, has been demonstrated only in
the short run, because most programs were
either new when they were evaluated or were
designed as short-term programs. Admini-
strative license revocation has been found to
reduce fatal crashes by 7 to 9 percent. (Stewart
and Voas 1994) Currently, 33 states and the
District of Columbia have administrative license
revocation laws.

Another way to deter drunk driving is to
lower the legal blood alcohol concentration

(BAC) limit. By 1994, 11 states had reduced the
BAC limit from 0.10 grams per deciliter (g/dl),
which is standard in most states, to 0.08 g/dl;
and most states also had set an even lower BAC
legal limit for drivers under 21 years of age. In
California, administrative license revocation
combined with a BAC limit of 0.08 has con-
tributed to a 12 percent reduction in alcohol-
related fatalities. (Stewart and Voas 1994)

As of 1994, all 50 states and the District of
Columbia had set 21 as the legal drinking age, a
step that has reduced alcohol-related traffic
fatalities among young people. Nearly 14,000
lives have been saved since 1975 because of the
increase in the legal drinking age. (USDOT
NHTSA 1995a) In 1982, 31 percent of drivers
ages 16 to 20 who were involved in fatal crash-
es had a BAC of 0.10 g/dl or higher. By 1994,



that figure had dropped to 14 percent. A com-
parison among states found that those with
lower BAC limits experienced a 42 percent
decrease in teenage fatalities, while those with-
out the lower limit had a 29 percent decrease
over the same period. (Hingson 1992)

Many pedestrians who are killed in accidents
with motor vehicles are intoxicated. In 1994, alco-
hol was present in the blood of over 40 percent of
the pedestrians killed, ages 14 and older, and about
one-third had BAC levels of 0.10 g/dl or more. By
comparison, about 19 percent of motor vehicle
drivers in crashes involving a pedestrian fatality
had some alcohol in their blood. (USDOT
NHTSA 1995c) Although the vast majority of
alcohol- and other drug-related accident fatali-
ties occur on highways, other transportation
modes are not immune. Still, there has been
progress in reducing the number of alcohol-relat-
ed crashes for these modes.

The reduction in alcohol- and other drug-
related crashes in the transportation workplace
is largely attributable to drug- and alcohol-test-
ing programs. Early estimates of the rate of alco-
hol and drug abuse ranged from 10 to 20 percent
of the transportation workforce. Since the test-
ing programs began in December 1989, the per-
centage of operators testing positive in the
aviation and railroad industries has dropped to 3
percent. (Smith 1993)

» Human Fatigue

Human fatigue has long been recognized as a
contributing factor in transportation accidents.
The three-watch system was mandated in the
maritime sector some 80 years ago, and hours-
of-service (HOS) requirements in commercial
trucking date back to 1939. Only recently, how-
ever, has human fatigue been recognized as a
major problem in personal transportation.

Historically, fatigue was thought to be direct-
ly related to the amount of time behind the
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wheel. The HOS regulations established in the
motor vehicle industry in 1939 were written
from this viewpoint. Recent scientific evidence
clearly shows, however, that two major physio-
logical phenomena create fatigue: sleep loss and
disruption in circadian rhythm, the body’s inter-
nal 24-hour clock.

In transportation safety, human fatigue refers
to the mental or cognitive fatigue of operators in
any part of the transportation system. Unlike
alcohol and drugs, which can be detected by
tests, cognitive fatigue leaves no clear chemical
or physiological evidence.

In general, fatigue increases the variability in
operator performance, making it less reliable.
It also increases cognitive errors, false respons-
es, recall errors, the time to do a task, and reac-
tion times.

Four main factors are usually assessed in
accident investigations to determine whether
fatigue played a role: 1) acute sleep loss or
cumulative sleep debt, 2) length of time awake
prior to the accident, 3) time of day of the acci-
dent (related to the body’s circadian rhythm),
and 4) existence of a sleep disorder such as
chronic insomnia or sleep apnea. (NTSB and
NASA Ames Research Center 1995)

Modal Comparisons of Human Fatigue

Each mode of transportation has examples of
accidents attributed to human fatigue. One
example was the grounding of the Exxon Valdez
in Prince William Sound in 1989. Fatigue also
was seen as the probable cause of the crash of
American International Airways Flight 808 at
the U.S. Naval Air Station at Guantanamo Bay,
Cuba, in 1993. In the 24 hours prior to the acci-
dent, the flight’s captain had only one-half hour
of sleep. (NTSB 1994a)

The fatigue problem in transportation safety
is difficult to assess, and therefore the size of the
problem may be underestimated. This is particu-
larly true of highway accidents for a number of
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reasons. First, the reporting practice for citing
driver fatigue/drowsiness varies from state to
state. Second, there are no tests that can provide
firm evidence on which to base a police finding.
Third, both police officers and drivers may not
be aware of the role drowsiness or fatigue played
in the crash, because it may be subtle and diffi-
cult to detect.

Based on National Highway Traffic Safety
Administration (NHTSA) analysis, driver
fatigue or drowsiness is cited on the police
report for between 79,000 to 103,000 highway
crashes each year (about 1.2 to 1.6 percent of the
total highway crashes). (Knipling and Wang
1995) These crashes account for about 3.6 per-
cent of all fatal highway crashes. Other studies
place the incidence rate of drowsy-driver crash-
es between 1 and 4 percent. (Knipling and
Wang 1994)

NHTSA’ analysis also showed that gender
and age are important in drowsiness/fatigue-
related crashes. Male drivers are twice as likely
to be involved in drowsiness/fatigue-related
crashes than female drivers, on a per vehicle-
mile basis. Drivers younger than 30 years of age
are four times more likely to be involved in
drowsiness/fatigue-related crashes than those
older than 30. (Knipling and Wang 1994) Time
of day is also important. Drowsiness/fatigue-
related crashes are most frequent in the early
morning and early afternoon.

Drivers of passenger vehicles (cars and light
trucks) accounted for 96 percent of drowsy-dri-
ver crashes according to NHTSA crash data for
1989 to 1993. Drivers of combination trucks
(tractor trailers) accounted for 3.3 percent.
Although passenger vehicles comprise the vast
majority of drowsy-driver crashes, fatigue/
drowsiness is a problem for many combination
truck drivers. (Knipling and Wang 1994)
Although police reports indicate that combina-
tion trucks have a lower rate of involvement in
fatigue-related crashes on a vmt basis than pas-

senger vehicles, they are driven, on average,
over five times as many miles per year. Hence,
their exposure level is high. Drowsy-driver crash-
es involving combination trucks generally result
in more severe injuries and property damage.
Moreover, crashes involving combination trucks
cause more severe injuries to people outside the
truck, such as pedestrians or occupants of other
vehicles, than crashes involving only passenger
vehicles. Thirty-seven percent of the fatalities and
20 percent of the injuries associated with drowsy-
truck-driver crashes occurred to people outside
the truck. Comparable percentages for passenger
vehicles were 12 percent of the fatalities and 13
percent of the injuries. For all combination truck
crashes, 87 percent of the fatalities and 75 percent
of the injuries occurred to people outside the
truck. (Knipling and Wang 1994)

The National Transportation Safety Board
(NTSB) recently evaluated the role of fatigue in
107 single-vehicle heavy-truck accidents in
which the driver survived. The study’ purpose
was to examine fatigue characteristics, not to
determine the statistical incidence of fatigue;
NTSB examined both fatigue- and nonfatigue-
related accidents. Through interviews with
drivers and review of log books, NTSB sought to
reconstruct the duty/sleep patterns of the drivers
in both groups for the 96 hours preceding the
accidents. The review concluded that, among the
cases, the most critical factors distinguishing the
fatigue-related accidents were the duration of the
most recent sleep period, the amount of sleep in
the past 24 hours, and whether the driver had
split the required eight hours of sleep into seg-
ments. (NTSB 1995) The NTSB study reported
that drivers in these fatigue-related accidents not
only had 25 percent less sleep in the 24-hour
period prior to the accident than drivers in non-
fatigue-related accidents, but had 30 percent less
sleep during the last sleep period. A higher pro-
portion of the drivers in these fatigue-related
crashes also had schedule irregularities or invert-



ed duty/sleep periods before their accidents.
Furthermore, driving at night with a sleep deficit
is far more dangerous than simply driving at
night. (NTSB 1995)

Technological innovation and economic com-
petition have reduced the size of ship crews in
the maritime industry. Because the safety of
modern ships is more dependent on the ships’
crews than on any other factor, merchant vessel
casualties are often the result of human error.
Because of a lack of reliable data and the diffi-
culty in identifying the role of fatigue in marine
incidents, the impact of reduced manning on
marine safety has yet to be quantified. Still,
some recent research suggests that the current
three-watch system, in conjunction with reduc-
tions in manpower, might intensify the fatigue
problem aboard merchant vessels. (Williams
and Helmick 1995)

Measures To Combat Fatigue

Fatigue as a cause of transportation accidents
can be addressed through: 1) education and train-
ing, 2) HOS limits, 3) scheduling, and 4) coun-
termeasures and technology. Education and
training can play a critical role in efforts to com-
bat the effects of human fatigue in transportation.
It has been widely recognized that the amount of
sleep needed varies from person to person, that
operators may not be aware of, or recognize,
fatigue symptoms, and that regulations and laws
alone cannot guarantee that drivers and other
operators get enough sleep. Transportation
Secretary Federico Pefia underscored the impor-
tance of education and training: “If it’s human
behavior we must change, then we need to edu-
cate and not just regulate.” (Pefia 1995)

In commercial transportation, HOS and
scheduling are key to understanding the fatigue
problem. Current HOS rules require truck dri-
vers to be off duty for at least eight consecutive
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hours after either 10 hours of driving and/or
spending 15 hours on duty. The eight-hour off-
duty requirement has been criticized by NTSB
as not providing enough time for drivers to get
adequate rest while also taking time for travel,
eating, personal hygiene, and recreation. The
Federal Highway Administration is conducting
research to provide a technically sound basis for
evaluating HOS regulations.

Current aviation regulations require a rest
period of at least 10 hours for a pilot scheduled
to fly an eight- to nine-hour flight. To provide
scheduling flexibility under unexpected circum-
stances, however, the regulations allow flight
crews to operate with a shorter rest period as
long as they subsequently get compensatory
rest. According to NTSB, some airlines not only
apply these provisions in unexpected circum-
stances, as originally intended, but also routine-
ly use them when scheduling flight crews. (NTSB
1995) Thus, NTSB recommended that airlines
be made aware of, and comply with, the original
intent of the rest regulations.

Finally, research suggests that other counter-
measures may be effective in combating fatigue.
Examples include bright lights, strategic nap-
ping, in-vehicle fitness-to-drive devices, and
rumble strips on the shoulders of highways.
Vehicle-based driver drowsiness detection and
warning systems are also the subject of research.
The cost-effectiveness of some of these counter-
measures has yet to be proven.

The U.S. Department of Transportation (DOT)
has assumed leadership in the effort to prevent
fatigue-related transportation accidents. (USDOT
1995) Because the quantity and quality of sleep
are critical to avoiding fatigue, DOT conducts
some research on sleep. Much of DOT? activity,
however, concentrates on vehicles and environ-
ments: control centers, airplane cockpits, truck
cabs, locomotive cabs, ship bridges, and driver
compartments of cars and buses.
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Occupant Protection Devices

Mode-Specific Safety Issues

Accidents and injuries can be reduced
through various devices that protect the occu-
pant. Seat belts, when properly worn, greatly
reduce the number and severity of injuries in
highway accidents. According to NHTSA, lap/
shoulder belts reduce the fatality risk for front-
seat passengers by 45 percent and are slightly
more effective in preventing moderate to critical
injuries. In 1994, seat belts saved an estimated
9,175 lives of all occupants. (USDOT NHTSA
n.d.a) As of 1994, all but three states had a
mandatory seat belt use law, and observational
survey data showed that 67 percent of all pas-
senger car occupants wore their seat belts.
(USDOT NHTSA n.d.a) It is, however, becom-
ing harder to increase the rate of seat belt use.

In 1994, airbags saved the lives of an estimated
374 people. The most effective protection is pro-
vided when lap/shoulder belts are used in vehi-
cles equipped with airbags. (USDOT NHTSA
n.d.a) Child safety seats placed in the correct
position can reduce the risk of fatal injury by 69
percent for infants and by 47 percent for tod-
dlers. (USDOT NHTSA n.d.a) Motorcycle hel-
mets saved an estimated 527 lives in 1994, and
an additional 294 lives might have been saved if
all motorcyclists had worn helmets. (USDOT
NHTSA n.d.b)

Despite significant progress in vehicle safety
standards and occupant protection devices, there
is still much work to be done. For example, the
aging of the U.S. population presents challenges.
The design of traffic control devices is often based
on performance measures of younger drivers.
Likewise, vehicle designers often overlook the
needs of older drivers, and driver licensing pro-
grams often do not adequately address problems
faced by older drivers.

» Commuter Airline Safety

The commuter airline industry has grown
dramatically and changed significantly over the
past 15 years. From 1980 to 1993, the number of
passengers flying in aircraft operated by region-
al airlines (which account for most commuter
service) increased from 15 million to over 52
million; the number of their aircraft grew from
1,339 10 2,208. (NTSB 1994b) Because of grow-
ing demand, regional airlines have added larger,
more sophisticated airplanes to their fleets. As a
result, the average seating capacity increased
from just under 14 seats per airplane in 1980 to
23 seats in 1993. Today, nearly 70 percent of
U.S. communities with scheduled air service
depend on regional or commuter airlines.

As commuter airlines moved into markets
once served by major airlines or began to serve
new markets, they often entered into codeshar-
ing arrangements with a major airline. Typically,
the commuter airline uses a similar designator
code in the airline reservation systems. It also
paints its aircraft with a color scheme and does
business under a company name that closely
resembles that of the major airline. In 1993, 36
of the 50 largest commuter airlines had a code-
sharing arrangement with at least one major
airline.

Although such associations have made many
travelers less aware of the distinction between a
major airline and its codesharing partner, there
have been significant regulatory and operational
differences between the major and commuter
carriers. For example, the codesharing arrange-
ment does not always mean that the major airline
directly oversees its codesharing partner’s flight
operations, maintenance, or safety.

In the past, the regulations applied to com-
muter aircraft with 30 or fewer seats (Title 14
Code of Federal Regulations, Part 135) were
less stringent than those applied to aircraft with



more seats (Title 14 Code of Federal Regu-
lations, Part 121). Different requirements exist-
ed for flight operations, pilot training, flight-
time limits, operational control, and mainte-
nance personnel. With the rapid growth in pas-
senger traffic and changes in the operational
characteristics of commuter airlines, the regula-
tions had not kept pace with many of the
changes in the industry. (NTSB 1994b)

Even so, the joint efforts of government and
industry during the past 15 years have brought
about significant safety improvements in the
commuter airline industry. The accident rate per
million aircraft-miles of service conducted
under Part 135 has declined significantly since
1980 (see figure 3-4). Yet, accident rates for
these aircraft continue to be higher than for
larger commercial aircraft.

In its recent study of commuter airline safety,
NTSB found that many commuter airlines had
taken advantage of regulatory provisions allow-
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ing them to establish flight crew schedules,
under unexpected circumstances, with reduced
rest periods. Many pilots in the survey admitted
flying while fatigued and attributed their fatigue
to such factors as length of duty day and reduced
rest periods. About one-third of the pilots inter-
viewed in NTSB’s study said that more formal
crew resource management training and operat-
ing experience would be beneficial. Overall, the
study found commuter airline regulations inade-
quate to make passengers as safe as those flying
on major airlines. (NTSB 1994b)

On December 14, 1995, Transportation Sec-
retary Federico Pefia and Federal Aviation Ad-
ministrator David R. Hinson announced
issuance of tougher safety rules for commuter
airlines. Under the new rules, all scheduled pas-
senger service using airplanes with 10 or more
seats will be operated under the same safety
standards as larger planes, with a few “common
sense” exceptions. (FAA News 1995)

FIGURE 3-4: AccIDENT RATES FOR U.S. COMMUTER AIRLINES, 1975-94
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» Accidents at Highway-Railroad
Crossings

Although rail is one of the safest modes of
transportation, accidents at highway-railroad
crossings remain a significant problem. About
half of all rail-related fatalities are the result of
collisions between trains and vehicles at railroad
crossings. In 1994, about 5,000 such collisions
occurred, killing 615 people and injuring 1,961.
(USDOT BTS 1996)

Government and the railroad industry have
cooperated to improve railroad crossing safety
through the Rail-Highway Crossing Program
begun in 1974. Since 1980, the number of acci-
dents at public railroad crossings has been more
than cut in half. Fatalities, however, have risen in
some years and declined in others (see figure 3-5).

The Federal Railroad Administration (FRA)
has developed a surrogate accident exposure
index based on train-miles traveled and vehicle-
miles traveled. Based on this index, FRA esti-
mated that accident exposure at railroad

crossings rose by 39 percent between 1985 and
1993, adversely affecting safety at railroad
crossings. (USGAO 1995)

From 1975 to 1994, the number of public cross-
ings decreased by 24 percent. The level of warn-
ing provided at the 166,000 public crossings that
remained in 1994 varies widely, from no visible
warning devices to several kinds of active devices.
Active devices (e.g., automatic flashing lights and
lights with gates) are more effective than passive
devices (e.g., crossbucks and stop signs). Even so,
crossings pose a major safety challenge because
of growing rail traffic and higher speed passenger
and freight rail operations.

When it is not practical to close a crossing,
states can use alternatives such as new technolo-
gies, public education, and law enforcement.
Traditional technologies such as lights and gates
are not foolproof. New technologies, such as
those that prevent vehicles from entering the
crossing when trains approach, may be effective,
but they are more costly. Thus, they are reserved
for more dangerous crossings.

FIGURE 3-5: ACCIDENTS AND FATALITIES AT RAIL-HIGHWAY GRADE CROSSINGS, 1980-94
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Drivers who ignore warning signs are a major
cause of railroad crossing accidents and fatali-
ties. Law enforcement and educational programs
have modified motorist behavior in many states.
For example, Ohio, which has comprehensive
law enforcement and educational programs,
experienced a reduction in accidents at crossings
with active warning devices—from 377 in 1978
to 93 in 1993. (USDOT BTS 1996)

Under its Rail-Highway Crossing Safety
Action Plan, DOT aims to reduce railroad cross-
ing accidents and fatalities by 50 percent from
1994 to 2004. A combination of strategies will
be needed to effect this large reduction. Thus,
DOT plans to provide states with financial and
technical assistance to remove unnecessary
crossings and to mount public education cam-
paigns. Joined by the industry, Operation
Lifesaver, and the Brotherhood of Locomotive
Engineers, DOT is promoting Always Expect a
Train, a national multimedia campaign to edu-
cate people about the dangers of ignoring warn-
ing signs at railroad crossings. In addition, DOT
seeks to eliminate half of the 4,500 highway-rail
crossings on the National Highway System and
to continue to sponsor research on innovative
technologies.

Safety Technologies

Development of crash avoidance systems
(CASs) is an area of intelligent transportation
systems (ITS) research. An essential step in the
development of these systems is to understand
both the magnitude and causes of crashes. DOT
is using data on different kinds of crashes to
identify opportunities for the application of
advanced technologies to crash avoidance.
(USDOT FHWA 1994, USDOT NHTSA 1995b)

Three kinds of crashes (the rear-end collision,
intersection crashes, and single vehicles going
off roads) accounted for three-quarters of crash-
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es in 1993. (USDOT NHTSA 1995b) (see table
3-8). Three other major crash types (those
involving lane changes or merges, backing, and
opposite-direction collisions) total only about 10
percent of crashes, but still each account for
between 169,000 and 237,000 crashes per year.
Drivers were a contributing factor in 89 percent
of these crashes. Driver recognition and decision
errors predominated, followed by erratic actions
and physiological impairment.

Several collision avoidance methods are
under development. Advisory systems, which
range in sophistication from in-vehicle warning
indicators to traffic control systems and road
signs, caution a driver about potential hazards.

TaBLE 3-8: NuMBER OF CRASHES BY MAIN
CRrRASH TYPES

Accident type Number of crashes
Rear-end 1,537,000
Rear-end, lead vehicle stationary 979,000
Rear-end, lead vehicle moving 558,000
Backing 177,000
Encroachment backing 82,000
Crossing path backing 95,000
Lane change/merge 237,000
Angle/sideswipe lane change/merge 226,000
Rear-end lane change/merge 11,000
Single-vehicle roadway departure 1,241,000
Intersection crossing path (ICP) 1,805,000
Signalized intersection straight crossing path 204,000
Unsignalized intersection straight crossing path 359,000
Left turn across path 405,000
Other ICP 837,000
Opposite direction 169,000
Other types of crashes 927,000
All crashes 6,093,000
SOURCE: U.S. Department of Transportation, National Highway Traffic
Safety Administration, Synthesis Report: Examination of Target Vehicular
Crashes and Potential ITS Countermeasures, prepared by Volpe National
Transportation Systems Center, DOT-VNTSC-NHTSA-95-4 (Washington,
DC: June 1995), table 2-1.
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Driver warning systems alert the driver to a sit-
uation that requires immediate action to avoid a
crash. Control intervention systems are triggered
by an imminent collision in which driver action
alone may be inadequate to avoid a crash.

There are challenges with each of these
approaches that need to be addressed. Both ad-
visory and warning systems must give the driver
crucial information at critical times without be-
coming a nuisance or distraction. The tradeoffs
between nuisance alarms and effective crash
avoidance are not yet well understood. For
example, repeated nuisance alarms in situations
that do not pose a true crash threat could cause
drivers to ignore warnings that should be taken
seriously. Control intervention systems need to
be designed so that adverse secondary safety
consequences are minimized or eliminated. The
systems need to be extremely reliable and read-
ily acceptable to drivers.

Some research focuses on remedying driving
task errors associated with particular kinds of
crashes. Examples include headway detection
systems, situation displays, in-vehicle signing,
and lane position monitors. The effectiveness of
these concepts is as yet unknown.

Many other ITS countermeasures are at vari-
ous stages of research or development. Ex-
amples include driving vigilance monitors to
alert drivers of drowsiness, intoxication, or other
functional impairment, devices to monitor pave-
ment conditions or status of vehicle compo-
nents, and vision enhancement systems.

Although the potential of crash avoidance sys-
tems is promising, their effectiveness can only be
evaluated through driving situations encountered
in the real world. Understanding how drivers will
respond to CAS countermeasures is central to
evaluating their effectiveness. For example, it is
possible that some drivers will erroneously
believe that CAS protects them from all crashes,
and will pay less attention to driving and take
more risks. It is also important to understand
how avoiding one crash might lead to another.

For example, automatic emergency braking
might avoid rear-ending a vehicle ahead, how-
ever, the maneuver might cause the braking vehi-
cle to be rear-ended itself. (Tijerina 1995)

In sum, both positive and possible negative
effects need to be taken into account in CAS
design, implementation, and evaluation. More-
over, cost-effectiveness, hardware reliability,
maintainability, and interoperability for coopera-
tive systems needs to be considered in assess-
ments of CASs. One of the greatest challenges
facing the transportation system is to understand
how technology—broadly defined, as well as spe-
cific technologies—can make transportation safer.

Data Needs

Inadequate data and inconsistent measures
of accident risk across modes complicate efforts
to formulate strategies to reduce transportation
risks. Transportation safety data needs fall within
four areas: 1) more uniform reporting of acci-
dents throughout the nation, 2) more comprehen-
sive data on environmental conditions and other
contributing factors, 3) comprehensive and con-
sistent measures of risk exposure, and 4) more
thorough reporting of injuries.

Accident statistics across different data sys-
tems are difficult to compare because of incon-
sistent definitions and reporting criteria. For
example, different states use different criteria to
determine when police are required to report
accidents involving only property damage. Most
states use vehicle damage costs as the primary
criterion. Damage thresholds vary significantly,
however, ranging from $50 in Arkansas and the
District of Columbia to $1,000 in Colorado.
(O’Day 1993)

More comprehensive information on environ-
mental conditions (e.g., weather, lighting, road
conditions) and on other contributing factors is
needed to better understand their roles in crashes.



The lack of accurate, comprehensive, and
consistent measures of risk exposure hinder
progress in understanding the relative impor-
tance of the various factors contributing to trans-
portation crashes. Many different types of
exposure measures (e.g., number of licensed dri-
vers, vehicle-miles traveled, person-miles trav-
eled, number of hours flown) are used to analyze
accident statistics. There is disagreement, how-
ever, about which best measures crash risk.
Furthermore, the available measures of risk ex-
posure may differ from one mode to the next,
making it difficult to compare risks among
modes. For example, if vehicle-miles-traveled is
the measure of risk exposure for highway crash-
es and the number of hours flown is the measure
used for general aviation accidents, how will we
compare safety trends between the two modes?
Moreover, when data on risk exposure by vehi-
cle type are broken down to take account of
other considerations such as time of day and
highway type, the data are not accurate enough
for rigorous statistical analyses.

The underreporting of transportation injuries,
along with inconsistencies in injury reporting,
further complicates assessment of transportation
safety. Using the Functional Capacity Index to
quantify the reduction of a person’ capacity to
function following an injury, an estimated 1.3
million years of life are lost annually because of
motor vehicle injuries, compared with 1.6 mil-
lion years lost due to motor vehicle fatalities.
(Evans 1991) This measure suggests the devas-
tating consequences of injuries to society. The
reporting of injuries, however, is less compre-
hensive and consistent than the reporting of
fatalities. Reporting inconsistencies are reflect-
ed in a comparison of police-reported injuries
from 23 states. For example, although all these
states reported that they collect and automate
data for all crashes with any injury, California
reports that only 5 percent of its transportation
injuries are incapacitating, while Illinois reports
24 percent. (Evans 1991) It would be useful to
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develop new training materials to promote con-
sistent reporting of injuries across the nation.

Improvement in the data in these and other
areas could contribute to a better understanding
of transportation safety problems. Such under-
standing, in turn, could help in the development
of strategies and countermeasures to reduce the
frequency and severity of crashes. It also could
help in establishing priorities in an era of limit-
ed resources.
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CHAPTER FOUR

ENERGY AND
TRANSPORTATION

THE U.S. TRANSPORTATION SECTOR REMAINS ALMOST ENTIRELY
DEPENDENT ON PETROLEUM. TRANSPORTATION’S OIL DEPEN-
DENCE THROUGHOUT THE DEVELOPED ECONOMIES OF THE WORLD AND
GROWING OIL DEMAND IN DEVELOPING COUNTRIES ARE PUSHING THE
WORLD TOWARD GREATER RELIANCE ON ORGANIZATION OF PETROLEUM
EXPORTING COUNTRIES (OPEC) OIL. ALTHOUGH THERE IS CONSIDER-

able uncertainty about the future conse- | as speed or reliability.) The evidence is
quences of oil dependence, the United | now very strong that past programs and

States is clearly becoming more depen- | initiatives, such as the corporate average
dent on imported oil. In 1994, U.S. net | fuel economy standards, have had very
oil imports came within nearly their full effect and
two percentage points Over the next two that in the future, trans-

of the historic high of 47 decades, transportation ~ Portation’s energy demand
percent of total U.S. con- is likely to grow in step

. } h .
sumption in 1977. (US- is expected to be the with the growth of ton-

DOE 1995b, 136) principal reason for miles and passenger-miles.

Transportation energy growing world oil There are some notable
efficiency (based on ener- demand. exceptions, however, such
gy use per ton- or passen- as rail freight transport,

ger-mile) in the United States remains | which continues to make impressive
stagnant. (Although these are the most | efficiency gains.

commonly used measures of energy At the same time that transportation’
efficiency, they overlook changes in the | dependence on imported oil is growing
quality of transportation services, such ' and efficiency improvements have lev-
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eled off, new initiatives have been undertaken to
foster markets for alternative fuels® and vehicles
that reduce vehicular air pollution. In response
to requirements of the 1990 Clean Air Act
Amendments (CAAA), automobile manufactur-
ers and the petroleum industry teamed up to
develop cleaner gasoline and diesel fuels. The
efforts to develop reformulated gasoline (RFG)
and cleaner diesel fuel were novel in viewing
vehicle and fuel as a single system and attempt-
ing to improve their performance jointly. De-
spite some initial start-up problems, the RFG
program was successfully implemented. By the
end of 1995, RFG accounted for about one-
guarter of U.S. gasoline demand. RFG followed
on the heels of cleaner diesel fuel, introduced
nationwide in 1994.

The 1992 Energy Policy Act (EPACT) and the
1990 CAAA call for more widespread use of
alternatives to petroleum fuels (a thrust also sup-
ported by the Intermodal Surface Transportation
Efficiency Act (ISTEA). With the exception of
reformulated gasoline, alternative fuels are still
a very minor component of transportation fuels.
Yet continued technological advances combined
with the experience manufacturers and con-
sumers are gaining with these technologies are
making alternative fuels increasingly viable sub-
stitutes for gasoline. Alternative Fuel Vehicle
Fleet programs prompted by the CAAA and
ISTEA as well as EPACT also gained momen-
tum in 1995.

It is important to note that many of the envi-
ronmental impacts of transportation arise from
its use of energy. Burning fossil fuels for trans-
portation produces most of the harmful air pol-
lution from transportation and nearly all of the
emissions of greenhouse gases. Production of
transportation fuels also can create upstream
environmental impacts from, for example, oil
spills and leaking storage tanks, and land-use

1 Alternative fuels include methanol, ethanol, natural gas (in either compressed
or liquid form), electricity (to power electric vehicles), hydrogen, and reformulat-
ed gasoline.

conflicts related to exploration and development
of oil fields. These and other environmental
impacts associated with transportation energy
use are discussed in detail in Part 1l.

This chapter reviews energy use in the trans-
portation sector. Attention is given to the sector’s
continued dependence on imported oil and the
slowing of energy efficiency gains in recent
years. The growth in alternative fuels and vehi-
cles use, prompted by environmental concerns,
is also discussed. Finally, historical trends in
transportation energy use is examined using
Divisia Analysis.

Energy Use

Transportation, including equipment, travel,
and freight shipments, is the fastest growing
sector of the world economy. It has also been
virtually the only growth sector for oil demand
over the past 20 years. (World Energy Council
1995) Despite two price upheavals in the world
oil market, transportation energy demand grew
at an average annual rate of 1.8 percent per year
in industrialized (Organization for Economic
Cooperation and Development—OECD) econo-
mies and at 2.0 percent per year in the former
communist economies. But in the developing
world, where the greatest potential for growth
lies, transportation energy use increased at 4.5
percent per year, despite the effects of oil price
increases. Automobile ownership rates in most
developing countries are only a small fraction of
those in the advanced industrial economies (see
chapter 9). Not surprisingly, ownership rates are
growing most rapidly in the economies with the
fewest vehicles. China and the former Soviet
Union, with huge land areas and vast popula-
tions, have enormous potential for expansion of
highway transportation. Worldwide, freight
transport has grown 3 percent annually and air
passenger transport 7 percent per year. Over the



next two decades, transportation is expected to
be the principal reason for growing world oil
demand.

Highway vehicles continue to dominate trans-
portation energy use and petroleum continues to
be the dominant energy source. In the United
States, passenger cars use 42 percent of total
transportation energy, light trucks 20 percent,
and heavier trucks 16 percent. Highway vehicles
of all types account for 78 percent of the trans-
portation sector’s energy demand (see figure
4-1). Air transport is the biggest energy user
among nonhighway modes and the fastest grow-
ing mode of all. Pipelines, which amount to 4
percent of total transportation energy use, are
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the only major mode that does not depend on
petroleum as a fuel. Natural gas, used exclusive-
ly by natural gas pipelines, fuels 76 percent of
pipelines’ energy demand. All other types of
pipelines (crude oil, oil products, coal slurry,
and water) use electric pumps.

In the United States, transportation is the only
major energy-using sector that consumes more
petroleum today than it did in 1973. This in part
arises from the continued growth of transporta-
tion, and in part from transportation’s continued
reliance on oil (see figure 4-2). The oil price
shocks of 1973-74 and 1979-80 depressed ener-
gy demand but did nothing to shake transporta-
tion’s dependence on oil.

FIGURE 4-1: TRANSPORTATION ENERGY USE IN THE UNITED STATES BY MoDE, 1993
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SOURCE: S.C. Davis, Transportation Energy Data Book, Edition 15, ORNL-6856 (Oak Ridge, TN:
Oak Ridge National Laboratory, 1995), table 2.10.
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FIGURE 4-2: U.S. TRANSPORTATION ENERGY Usg, 1950-94
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Oil Dependence

Around the world, oil consumption has been
increasing in the transportation sectors of devel-
oped countries and in all sectors in developing
countries (see figure 4-3). The growing demand
for oil is increasingly met by the member states
of OPEC. OPEC’s share of the world crude oil
market increased from a low of 30 percent in
1985 to 43 percent in 1994 and the first half of
1995. (USDOE 1995g) By 2000, the Energy
Information Administration (EIA) projects that
petroleum consumption could rise from its pre-
sent level of 67 million barrels per day
(MMBD) to 77 MMBD, and that OPEC’s share
could rise to 46 percent.? (USDOE 1995f) By
2010, world consumption is likely to grow to
about 90 MMBD, of which OPEC is expected
to supply more than 50 percent. (USDOE
1995e) This would give OPEC members a share

2 EIA defines total petroleum supply to include natural gas liquids, other liquids,
and refinery gain, as well as crude oil. In 1993, e.g., crude oil production was
60.1 MMBD, natural gas liquids production came to 5.2 MMBD, and total world
petroleum supply was estimated to be about 1.8 MMBD greater than the sum of
the two.

of the world market equal to that which they
held in 1973.

OPEC countries hold the majority of the
world’s oil reserves—66 to 77 percent of the
world’s proven reserves of crude oil (the range
being due to uncertainty about the reserves of
the former Soviet Union. (USDOE 1995d)
Proven reserves are those recoverable at current
prices using current technology. Considering as
yet undiscovered reserves, the U.S. Geological
Survey estimates that OPEC countries probably
have 55 percent of the world’s remaining 1.6 tril-
lion barrels of “ultimate resources” of petro-
leum.® (Masters et al 1994; OPEC Secretariat
1995) Today, OPEC nations are producing at a
rate of about 1 percent of their ultimate re-
sources per year. The rest of the world is draw-
ing down reserves at twice that rate. Unless
these relationships are changed in a fundamental
way, it seems inevitable that OPEC’ market
share and market power will expand.

3 OPEC's own estimates put world undiscovered and discovered reserves at 1.5
trillion barrels, of which they believe they hold 64 percent.



While other sectors of the economy shifted
away from oil over the past two decades, the U.S.
transportation sector remains almost totally
dependent on petroleum. Oil use in residential
and commercial buildings declined from just
under 18 percent in 1973 to 7 percent in 1994.
Over the same period, utility oil use dropped 15
percent, while industrial oil consumption re-
mained about the same, fluctuating between
one-quarter to one-third of total energy use (see
figure 4-4). The industrial sector’ oil consump-
tion remained relatively stable primarily because
of the importance of petroleum as a feedstock
for the petrochemicals industry.

In 1973, transportation used 17.8 quadrillion
Btu (quads) of petroleum products to satisfy 96
percent of its total energy requirements. In 1994,
transportation consumed 22.7 quads of petrole-
um, or 97 percent of its total energy use.

Transportation accounted for 51 percent of
U.S. consumption of petroleum products in
1973. Today, transportation accounts for two-
thirds of total U.S. oil consumption and more
than 80 percent of the light products that drive
the petroleum market. (USDOE 1995¢)
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Growing transportation energy use and con-
tinued dependence on petroleum, combined
with declining U.S. oil production are increasing
U.S. reliance on imported petroleum. In 1973,
net imports of petroleum supplied 35 percent of
total U.S. consumption. (USDOE 1995¢g) De-
pendence on imported oil reached a peak of 47
percent in 1977, then decreased to 27 percent by
1985 as a result of higher oil prices and energy
conservation measures. Since the oil price col-
lapse of 1986, U.S. oil import dependence has
increased to 45 percent, and EIA projects im-
ported oil will supply about 60 percent of U.S.
petroleum demand by 2005.

State of Energy
Efficiency Improvements

Although it continues to rely on petroleum,
the U.S. transportation sector has made signifi-
cant improvements in energy efficiency over the
past 20 years. Since 1990, however, efficiency

FIGURE 4-3: PETROLEUM DEMAND IN THE TRANSPORTATION SECTOR IN

OECD CouNTRIES RELATIVE TO OIL USE IN ALL SECTORS OF NON-OECD COUNTRIES
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FIGURE 4-4: PeTROLEUM DEPENDENCY OF U.S. EcoNnoMIC SECTORS, 1973 AND 1994
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improvements appear to have tapered off or
stopped for the largest energy-using modes. In
1991, transportation energy use was about 15 per-
cent lower than it would have been had there been
no changes in modal energy intensities or the
modal structure of passenger and freight flows
since 1972. (Davis 1995) This remained nearly
unchanged in 1992 and 1993 (the latest year for
which data are available). The slowing of effi-
ciency improvements is true for all major modes.
On-road passenger car fuel economy increased
about 60 percent between 1975 and 1994, from
13.5 miles per gallon (mpg) to 21.5 mpg in 1994.
(Davis 1995) (See figure 4-5.) From 1991 to
1994, however, there was essentially no change.
The cause is easy to find: new car mpg has not
increased significantly since 1982.

A somewhat more complex story is told by
the data for light and heavier trucks. Fuel econ-
omy estimates for all types of trucks are collect-
ed by the Bureau of the Census every five years
as part of the Truck Inventory and Use Survey.
These data allow a comparison of mpg trends by
truck model year at three different times—21982,

1987, and 1992. Mpg estimates for single- and
multiple-trailer combination trucks are shown in
figures 4-6 and 4-7. Both show a gradual trend
of improving fuel economy from about 5 mpg in
the early 1970s to about 6 mpg by 1990. The fact
that mpg seems to improve by model year rather
than vary with the calendar year of the survey or
the age of the truck suggests that the mpg
improvements reflect steady technological ad-
vances rather than changes in the way trucks are
used. The 1992 survey estimates, however, were
lower (by a few tenths of an mpg) for model
years 1983 through 1986. This may indicate a
change in operating or maintenance practices
over the five-year period. Whether improvements
slowed after 1991 is not possible to tell from
these data.

The Federal Highway Administration 1994
estimates for all combination trucks indicated a
slight decline in mpg from 5.7 to 5.6 from 1991
to 1993. The most recent estimates, which are
based on a revised method, showing a slight
increase from 1993 to 1994, from 5.82 to 5.87.
Thus, it is not clear whether heavy-truck fuel
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Ficure 4-5: LicHT-DuTtY VEHICLE FUEL EcoNnomy, 1970-94
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SOURCES: J.D. Murrell et al., Society of Automotive Engineers, “Passenger Car and Light Truck Fuel Economy Trends Through
1980,” SAE Technical Series 800853, 1980; J.D. Murrell et al., Light-Duty Automotive Technical and Fuel Economy Trends
Through 1993, EPA/AA/TDG/93-01 (Ann Arbor, MI: U.S. Environmental Protection Agency, 1993); U.S. Department of Trans-
portation, National Highway Traffic Safety Administration, Automotive Fuel Economy Program, 19th Annual Report to Congress,
Calendar Year 1994 (Washington, DC: 1995).

FIGURE 4-6: SINGLE-TRAILER COMBINATION

TRucK FUEL EcoNomy, 1973-92 (BY MODEL YEAR)
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FIGURE 4-7: MuULTIPLE-TRAILER COMBINATION

TRuck FUEL EcoNomy, 1973-92 (BY MODEL YEAR)
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FIGURE 4-8:. ENERGY INTENSITY OF PASSENGER TRAVEL BY MoDE, 1970-93
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economy, which improved by about 20 percent gy per unit of transportation has generally
over the past two decades, is continuing to  declined, in some cases dramatically (see figure
improve or has leveled off. 4-8). For example, the energy intensiveness of

Trends in energy intensiveness since 1970  commercial air travel was cut by more than 50
reveal three significant phenomena. First, ener-  percent from 1970 to 1992, falling from 10,351



to 4,482 Btu per passenger-mile. Second, for
most modes the rate of improvement in energy
efficiency has slowed since the collapse of world
oil prices in 1986. Rail freight, however, shows
no such deceleration in efficiency gains. Third,
dramatic improvements by modes like air pas-
senger and rail freight, combined with increas-
ing energy intensiveness in rail transit and
transit bus have produced a convergence of
modal energy intensiveness. While substantial
differences still remain, modal energy efficien-
cies differ far less than they did 20 years ago
before the first oil crisis. (Davis 1995)

While two or three years are not definitive,
the simultaneous stalling of energy efficiency
across such dissimilar modes suggests a com-
mon cause. The most likely cause is the collapse
of oil prices in 1986, when the OPEC cartel
abandoned its policy of defending higher prices,
and subsequently increased its production of
crude oil. The price of oil plummeted; although
well above the world oil price before the first
price shock of 1973-74, the price was well
below the 1974 to 1985 prices (in constant 1987
dollars). (USDOE 1995b, 177)

Motor fuel prices did not change as drastical-
ly as oil prices because taxes, refining, and dis-
tribution costs comprise the majority of their
retail price. Retail gasoline prices, for example,
peaked at $2.16 in 1981 (1994 dollars), but are
now the same in constant dollars as they were in
1973. Lower prices and stable supplies of oil
appear to have signaled the marketplace that fur-
ther improvements in energy efficiency are
not needed.

Efficiency improvements continued well
beyond the fall in prices, because of a number of
factors including price expectations, govern-
ment efficiency regulations, the momentum of
technological change, and the turnover of the
capital stock of transportation equipment. Sta-
tistical analyses of oil market responses to price
increases and decreases confirm that they have
been asymmetric: demand fell more in response
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to price increases than it rose because of price
declines. (Oil demand is perhaps four times as
responsive to oil price increases as decreases.)
(Dargay and Gately 1994)

If the apparent trend holds up, the stalling of
efficiency improvements will mark a significant
turning point in world energy markets. The offi-
cial energy demand projections for OECD coun-
tries all assume continued improvements in
transportation energy efficiency. The EIA’
Annual Energy Outlook 1995 projects passen-
ger-car and light-truck mpg increasing at the
average rate of 1 percent through 2010. Energy
use per passenger-mile of air travel is assumed
to decline at an average rate of 0.7 percent,
while truck and rail freight energy intensities are
forecast to decline at about 0.5 percent per year.
The International Energy Agency’s (Inter-
national Energy Agency 1994) projections
assume similar rates of improvement, as do
those of the World Energy Council. (World
Energy Council 1995) If these projections prove
to be too optimistic, then oil demand will grow
more rapidly than expected, as will OPEC’s
share of the world oil market and, consequently,
their market power.

Alternative Fuels

Concerns about the environmental effects of
petroleum combustion and the dependence of
transportation on oil continue to stimulate inter-
est in alternative fuels. A wide variety of fuels
not derived from crude oil are considered alter-
native or replacement fuels for petroleum under
the 1992 EPACT.4

At the same time that transportation energy
efficiency improvements have stalled, both the
use of alternative fuels and the number of alter-
native fuel vehicles (AFV) are growing. Three

4 As defined in Section 301 of the Energy Policy Act of 1992 (Public Law
102-486).
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federal laws and state and local responses to
them are largely responsible for this growth. The
1989 Alternative Motor Fuels Act established a
variety of incentives for purchase and use of
AFVs and directed federal agencies to purchase
AFVs for their fleets.

The CAAA of 1990 required standards for
clean fuels, which initially appeared to require
the use of alternatives to conventional petroleum
fuels. Collaborative research by the automobile
and oil industries, however, demonstrated that
RFG and diesel fuels could meet the numerical
emissions standards specified by the act. The
CAAA also allowed the State of California to
establish a low-emission vehicle program re-
quiring sales of zero-emission vehicles (for all
practical purposes, battery-powered electric
vehicles) beginning at 2 percent of all new auto-
mobile sales in the year 1998. Other states estab-
lished a variety of programs encouraging AFVs
as a means of meeting their own air quality
requirements. As of 1994, at least 13 states have
some form of purchase requirements for AFVs
in state fleets, and at least 20 have financial
incentive programs to promote AFVs. (USDOE
1995c¢)

In 1992, the EPACT set a national goal of dis-
placement of 30 percent of U.S. petroleum
motor fuel use with nonpetroleum fuels by 2010.
The EPACT also requires purchases of AFVs by
certain covered fleets including federal and state
governments, alternative fuel providers, and cer-
tain other private fleets to be defined in rule-
makings now in progress. A 1993 Executive
Order gave the federal government greater
responsibility to promote the development and
manufacturing of AFVs and increased the feder-
al fleet purchase requirements by 50 percent in
1995 (converging to the original EPACT re-
quirements by 2000) (see table 4-1).

The EPACT requirements and other pro-
grams, if carried out, could result in a signifi-
cant increase in the numbers of AFVs
manufactured in the United States and greatly

TABLE 4-1: FeEDERAL GUIDELINES
OR REQUIREMENTS FOR PURCHASE

OF ALTERNATIVE VEHICLES BY
LARGE FLEET OWNERS

Fuel Private

Year Federal  Federal State providers fleets®

EO required® required®  required®
1993 7,500 5,000 — — —
1994 11,250 7,500 — — —
1995 15,000 10,000 — — —
1996 17,500 25% 10% 30% —
1997 20,000 33% 15% 50% —
1998 30,000 50% 25% 70% —
1999 40,000 75% 50% 90% 20%
2000 75% 75% 90% 20%
2001 75% 75% 90% 20%
2002 75% 75% 90% 30%
2003 75% 75% 90% 40%
2004 75% 75% 90% 50%
2005 75% 75% 90% 60%
2006 on 75% 75% 90% 70%

@ As called for in the Energy Policy Act of 1992, Section 507.
b Can be required up to the specified level.

KEY: EO = Executive Order 12844, Apr. 12, 1993.

NOTE: Numbers indicate number of vehicles; percent indicates percent-
age of fleet purchases.

SOURCE: Adapted from S.C. Davis, Transportation Energy Data Book,
Edition 15, ORNL-6856 (Oak Ridge, TN: Oak Ridge National Laboratory,
1995).

increase the supply and availability of alterna-
tive fuels. (USDOE 1995a) Whether the pro-
grams will be sufficient to initiate a self-
sustaining alternative fuels and vehicles market
remains to be seen. If the projections hold up,
there will be over 1 million AFVs on the road by
the year 2000 and over 5 million by 2005.
Although it is not clear which types of AFVs
will be selected, it is probable that the mix of
vehicles will not be as dominated by a single
technology and fuel as today’s AFV fleet.
Whether AFV plans are pursued as aggressively
as the projections indicate depends on advances



in technology, especially for battery-powered
electric vehicles, and consumer acceptance of
AFV technologies and fuels.

The most significant result of the CAAA
clean fuel requirements has been the develop-
ment of cleaner gasoline and diesel fuels.
Reformulated gasoline, however, contains sig-
nificant quantities of nonpetroleum constituents,
primarily ethanol and methyl and ethyl ethers.
These, in combination with oxygenate use for
gasoline in areas where carbon monoxide (CO)
emissions are a problem and with ethanol use in
gasohol, are creating a significant market for
nonpetroleum transportation fuels. The CAAA
and EPACT programs are creating a small but
rapidly expanding market for alternative fuels
and vehicles, generating at least some
economies of scale in vehicle and fuel produc-
tion, and fostering advances in technology. How
successful these efforts will prove to be in estab-
lishing alternative fuels markets in the United
States remains to be seen.

Metropolitan areas failing to meet air quality
standards for CO have for several years been
required to add oxygen-containing compounds,
such as ethanol or ethers made from ethanol or
methanol to gasoline. The oxygen in oxygenat-
ed fuel helps attain more complete combustion,
especially during cold months of the year,
thereby reducing emissions of CO, a product of
incomplete combustion. (Calvert et al 1993;
Automotive Engineering 1996) Largely as a
result of oxygenate requirements for gasoline,
use of methyl-tertiary-butyl-ether (MTBE) as a
blending component has increased from 100
million to 200 million gallons per year in the
early 1980s when it was used solely to enhance
octane, to 3.3 billion gallons annually in 1995
(see table 4-2). Production of fuel-grade
ethanol, also an octane enhancer (which addi-
tionally enjoys an exemption from federal
excise tax in some state taxes), has also in-
creased from 80 million gallons annually in
1980 to 2.506 billion gallons in 1995. Most
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TABLE 4-2: UseE oF NONPETROLEUM
COMPONENTS IN GASOLINE

BY U.S. REFINERIES
(THOUSANDS BARRELS?)

As of
Commodity 1994 Percent Oct. 1995 Percent
Fuel ethanol 3,620 6.2% 8,643 9.4%
Methanol 242 0.4% 246 0.3%
MTBE 52,937 90.5% 79,574 86.2%
Other oxygenates 1,676  2.9% 3,876 4.2%
Total oxygenates 58,475 92,339
Gasoline produced 2,621,006 2,712,672
Percent oxygenates
by volume 2.2% 3.4%

a1 barrel = 42 gallons.
KEY: MTBE = methyl-tertiary-butyl-ether.

SOURCES: U.S. Department of Energy, Energy Information Administration,
Petroleum Supply Annual 1994, DOE/EIA-0340(94)/1 (Washington, DC:
1995), tables 2 and 16; and U.S. Department of Energy, Energy Informa-
tion Administration, Petroleum Supply Monthly, DOE/EIA-0109(95/10)
(Washington, DC: October 1995), tables 2 and 28.

ethanol, however, is blended with gasoline
downstream from the refinery to make gasohol.
As of October 1995, less than 10 percent of the
fuel-grade ethanol produced in the United
States was used by refineries to make oxy-
genated gasoline or RFG. (USDOE 1995h)
The introduction of RFG in January 1995 in
response to the clean fuel requirements of the
CAAA of 1990 gave additional impetus to oxy-
genate markets. RFG is required to have an oxy-
gen content of 2 percent by weight, and must
also meet limits on vapor pressure and toxic
constituents. MTBE and ethanol are the primary
nonpetroleum constituents of RFG, but ethyl-
tertiary-butyl-ether (ETBE, made from ethanol
and butane) and tertiary-amyl-methyl-ether are
also candidates. From near zero in December
1994, RFG consumption jumped to almost 2
MMBD in 1995, about 25 percent of total U.S.
gasoline consumption in that period (see table
4-3). All but about 15 percent of U.S. RFG
demand is satisfied by domestic production.
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To date, nonpetroleum components in gaso-
line constitute a much larger alternative fuels
market than that created by all AFVs. RFG (by
volume) is comprised of 11 to 12 percent oxy-
genated components if MTBE is used, 13 to 14
percent if ETBE, and 6 percent if ethanol is the
oxygenate. In October 1995, oxygenate inputs to
U.S. refineries averaged 3.7 percent of total
gasoline product supplied by domestic refiner-
ies. In 1995, total use of nonpetroleum con-
stituents in gasoline was expected to amount to
about 4.4 billion gallons per year. Because oxy-
genates have on average about 80 percent of the
energy content of gasoline, on a gasoline energy
equivalent basis this is about 3.5 billion gallons.
This is nearly 10 times the estimated 370 million
gallons of gasoline equivalent alternative fuels
used by all AFVs in the United States in 1995.
(USDOE 1995g°)

Historical Trends in
Transportation Energy Use

When examining any subject in detail there
is always the danger of losing sight of the big
picture. What are the predominant trends in
transportation energy use? Are conditions im-
proving or worsening, and why? This section
examines the gross trends in energy use by
transportation between 1972 and 1993 with the
aim of providing a better understanding of the
underlying factors.

The analysis relies on a straightforward math-
ematical technique called Divisia Analysis, an
approach discussed in greater detail in the
Transportation Statistics Annual Report 1995.
(USDOT BTS 1995) The approach makes it pos-
sible to decompose trends in a single variable,

5 Singh and McNutt (1993) have taken the analysis a step further to consider all
petroleum inputs to the production of oxygenate feedstocks. They find that the
total oil requirements for MTBE-based RFG are about 10 percent lower than
those of conventional gasoline.

TaBLE 4-3: U.S. REFINERY NET

PRoDUCTION OF GASOLINE BY TYPE
(MILLION BARRELS PER DAY)

Type of gasoline 1994 1995
Conventional gasoline 5.93 4.89
Reformulated gasoline 0.24 1.99
Oxygenated 1.43 0.91

Total 7.60 7.79

NOTE: 1995 does not add due to rounding.

SOURCES: U.S. Department of Energy, Energy Information Administration,
Petroleum Supply Monthly, DOE/EIA-0109(96/02) (Washington, DC: Febru-
ary 1996), “U.S. Year-to-Date Supply, Disposition, and Ending Stocks of
Crude Qil and Petroleum Products, January-December 1995”; and DOE/
EIA-0109(95/02) (Washington, DC: 1995), table 3, “1994: Products
Supplied.”

such as total energy use, into changes in activity
levels, changes in the mix of activities, and
changes in energy use per unit of activity of each
type. Assuming accurate data, the approach
makes it possible to assess how much of the
change in energy use, for example, is due to the
growth of transportation activity, shifts in the
modal structure of transportation, and changes in
energy efficiency (energy use per passenger-
or ton-mile).

Gains in energy efficiency have been much
smaller than expected, on the order of 15 to 20
percent for the transportation sector. As a result,
transportation energy use was 45 percent higher
in 1994 than in 1970. Most of the efficiency
gains come from improvements in energy use
per vehicle-mile for passenger cars, light trucks,
and aircraft. Improved load factors have been
key to the enormous efficiency gains of rail
freight and commercial air passenger traffic, but
declining vehicle occupancy rates have worked
against efficiency gains in highway travel. In
general, changes in modal structure have played
a lesser role but the trend has been toward the
more energy-intensive modes.



» What Is Divisia Analysis?

The Divisia technique is a mathematical
method for analyzing and allocating changes in
a variable over time into changes in other vari-
ables of which it is composed. For Divisia
Analysis to be appropriate, the variable to be
analyzed must be expressed as the sum of prod-
ucts of its components. For example, total trans-
portation energy use can be expressed as the
sum of the energy use of the various modes of
transport. The energy use by any mode can be
expressed as the product of its activity level and
the rate of energy use per unit of activity. For
example, passenger car energy use equals vehi-
cle-miles traveled multiplied by the average
number of gallons consumed per mile (the
inverse of mpg).

The design of the Divisia Analysis depends
partly on the nature of the phenomenon to be
analyzed and partly on the data. For example,
passenger car energy use can also be expressed
as the product of three factors: (passenger-
miles) x (passenger-miles/vehicle-mile) x (gal-
lons/vehicle-mile). In this case, the Divisia
method can measure the effect of changes in
vehicle occupancy, as well as changes in modal
structure and vehicle efficiency. Energy trends
can be analyzed in somewhat greater detail than
emissions (see box 4-1).

When energy trends for the entire transporta-
tion sector are analyzed, passenger and freight
activity are measured in dollars of expenditure.
For separate analyses of passenger and freight
modes, the more natural units of passenger-miles
and ton-miles are used. Although information on
vehicle occupancy rates and load factors is often
of uncertain quality, it is judged to be reasonably
accurate for discerning trends in all areas except
truck freight. Air passenger load factor estimates
are very accurate. Thus, it is useful to examine
energy trends at the level of individual modes in
order to see how efficiency trends and load fac-
tors have influenced total energy use. Energy
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Box 4-1: How To INTERPRET

THE DivisiA METHOD FIGURES

The mathematical technique known as Divisia
Analysis is used here to identify the changes in total
transportation energy consumption arising from:

W growth in transportation activity (e.g., passen-
ger-miles, ton-miles, and vehicle-miles traveled);

W changes in rates of transportation energy con-
sumption per unit of transportation activity; and

W changes in the structure of transportation activi-
ty (e.g., the relative share of activity by mode).

The results of Divisia Analysis are shown in the
figures in the section on Energy Trends. Each figure
has two lines: the “actual” line showing total trans-
portation energy consumed and the line showing
energy use if 1972 conditions had continued. The
difference between the lines is the net effect of
changes over time in rates and modal structure.
The bars in the figures show how much changes in
rates and modal structure contributed to the net
effect in a given year. Bars above the horizontal
axis push the actual line upward by an amount
equal to the length of the bar, while the bars below
the axis pull the actual line down by an amount
equal to the length of the bar. For example, in 1993
improvements in energy efficiency saved 4.3
quads, while shifts to more energy-intensive modes
tended to increase energy use by 0.9 quads.
Hence, the net effect was to improve energy effi-
ciency by 3.4 quads compared with what it
otherwise would have been had 1972 conditions
continued.

For the included factors, Divisia Analysis shows
only how much the factor contributes to the trans-
portation trend and not what causes the factor
itself. The Divisia method is a tool for dissecting
transportation trends over time and suggesting
areas for further study. In addition to energy use,
Divisia Analysis also can be used to examine
changes in emissions from transportation (see
chapter 7).
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trends are examined in six different categories:
1) total transportation, 2) passenger travel,
3) freight transport, 4) highway passenger travel,
5) air passenger travel and, 6) rail freight.
Because key data items for 1994, including air
passenger-miles, were not available at the time of
writing, the energy Divisia Analysis extends only
through 1993.

» Energy Trends

From 1972 to 1993, transportation energy use
increased by 28 percent at an average annual
rate of 1.3 percent per year. Oil price shocks in
1974, 1980, and 1991 caused the only periods of
decreasing energy use (see figure 4-9). The
trend line projects energy use had no change
occurred in energy use per dollar of transporta-
tion expenditure. Efficiency improvements and
changes in modal structure also had an effect.

Energy use attributed to changes in the modal
structure of transportation in the United States
increased slightly from 1972 through 1993: the

cumulative effect over the past two decades was
less than a quadrillion Btu (about 4 percent).
Changes attributed to energy intensity measured
in passenger- and ton-miles within modes, how-
ever, reduced energy consumption with a cumu-
lative effect over 20 years of 4.8 quads (just over
20 percent). Modal energy intensiveness in-
creased until 1977, even though the first oil
price shock began late in 1973. The four-year
delay shows that it takes time to change the cap-
ital stock of transportation vehicles. The com-
bined, cumulative effect of changes in energy
intensity and modal structure through 1993
reduced transportation energy use by 4 quads, or
about 17 percent (see figure 4-9.)

Separate Divisia Analyses of passenger and
freight energy use reveal contrasting trends. For
passenger travel, the projection showed a 50 per-
cent increase from 1972 to 1993, but the real
increase in energy use was only half that
amount. Projected freight energy use, on the
other hand, is just slightly lower than actual
energy use (see figure 4-10). In both cases,
changes attributed to modal structure increased

FIGURE 4-9: CHANGES IN TRANSPORTATION ENERGY UsE, 1972-93

30

25+

20

151

10

Quadrillion Btu

-10

——— Actual energy use

Energy use had 1972
conditions continued

. Modal structure

D Energy intensity

Laboratory, 1995), table 2.18.

T T T T T T T T T T T
1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1993

SOURCE: S.C. Davis, Transportation Energy Data Book, Edition 15, ORNL-6856 (Oak Ridge, TN: Oak Ridge National




Chapter 4 Energy and Transportation <« 101

FIGURE 4-10: CHANGES IN FREIGHT TRANSPORTATION ENERGY UsSE, 1972-93
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energy use. For freight, shifts to more energy-
intensive modes, such as highway and air, out-
weighed within-mode efficiency gains. In the
case of passenger travel, modal efficiency gains,
notably in air and highway travel, outweighed
structural effects by almost 5:1. It may be sig-
nificant that energy efficiency gains in all
modes of passenger transport, which had been
increasing every year since 1977, decreased in
1993 (see figure 4-11). It is premature to call
this a trend, but it agrees with other indicators
that the energy efficiency of transportation in
the United States is no longer improving.

The Divisia Analyses for highway and air
transport break out vehicle efficiency gains
from changes in occupancy, or load factor (see
figures 4-12 and 4-13). The effect of declining
vehicle occupancy rates is clearly evident in the
highway mode. The Nationwide Personal Trans-
portation Survey (USDOT FHWA 1993) found
that the average number of persons per vehicle-
mile fell from 1.9 in 1977 to 1.7 in 1983, and
again to 1.6 in 1990. This alone accounts for a
20 percent increase in vehicle-miles over the 13-

year period. For work trips, vehicle occupancies
are approaching the lower bound of 1.0, having
declined from 1.3 as recently as 1983, to 1.1 in
1990. In contrast, aircraft load factors (average
passenger-miles per seat-mile) have been in-
creasing, as any frequent traveler knows. Where-
as experts previously believed that load factors
of two-thirds were a practical limit, industry
experts now predict load factors in excess of 70
percent after 2010. (Boeing Commercial Air-
plane Group 1995, Douglas Aircraft Co. 1995)
Technological improvements and larger aircraft
have been still more important, however,
accounting for 70 percent energy efficiency
gains of air passenger travel. Had it not been for
such gains, air travel would have used more than
twice as much energy as it did in 1993: 4.7
quads (instead of 2.3 quads), almost as much as
all freight modes combined.

Railroad freight operations also scored enor-
mous efficiency gains, more than halving ener-
gy use per ton-mile (see figure 4-14). Unlike
the passenger modes, improvements in load
factors (ton-miles per car-mile) were the most
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FIGURE 4-11: CHANGES IN PASSENGER TRANSPORTATION ENERGY USE, 1972-93
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SOURCE: S.C. Davis, Transportation Energy Data Book, Edition 15, ORNL-6856 (Oak Ridge, TN: Oak Ridge National
Laboratory, 1995), table 2.19.

FIGURE 4-12: CHANGES IN HIGHWAY PASSENGER TRANSPORTATION ENERGY USE, 1972-93
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SOURCE: S.C. Davis, Transportation Energy Data Book, Edition 15, ORNL-6856 (Oak Ridge, TN: Oak Ridge National
Laboratory, 1995), table 2.20.
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FIGURE 4-13: CHANGES IN AIR PASSENGER TRANSPORTATION ENERGY UsE, 1972-93
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SOURCE: S.C. Davis, Transportation Energy Data Book, Edition 15, ORNL-6856 (Oak Ridge, TN: Oak Ridge National
Laboratory, 1995), table 2.21.

FIGURE 4-14: CHANGES IN RAIL FREIGHT TRANSPORTATION ENERGY UsE, 1972-93
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SOURCE: David L. Greene and Yuehui Fan, Transport Energy Efficiency Trends, 1972-1992 (Oak Ridge, TN: Oak Ridge National
Laboratory, December 1994).

important factor, accounting for three-quarters
of the overall reduction in rail freight energy
use. Technical efficiency gains are understated
by the Divisia method, which compares current
energy use per car-mile with that in 1972. With

much greater car loadings, energy use per car-
mile should increase. Since this is not taken
into account, true efficiency improvements are
underestimated.
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CHAPTER

F IV

THE STATE OF
TRANSPORTATION

STATISTICS

C

ONGRESS CREATED THE BUREAU OF TRANSPORTATION STA-
TISTICS (BTS) TO ESTABLISH A POLICY-RELEVANT KNOWLEDGE

BASE FOR DECISIONMAKERS, AND TO INFORM THE PUBLIC ABOUT
TRANSPORTATION AND ITS CONSEQUENCES. IN CALLING ON BTS TO
REPORT ANNUALLY ON THE STATE OF THE TRANSPORTATION SYSTEM,
CONGRESS ORDERED BTS TO PROVIDE “DOCUMENTATION OF THE

methods used to obtain and ensure
the quality of the statistics presented in
the report, and recommendations for im-
proving transportation statistical in-
formation.” In response,
BTS first examined ways
to identify needed im-
provements to the trans-
portation knowledge base.
Transportation Statistics
Annual Report 1994 high-
lighted the needs ex-
pressed in congressional
mandates, reports of the
National Academy of
Sciences, and initial customer responses
to BTS products. In 1995, BTS published
a comprehensive strategy of data-collec-
tion and analysis activities for meeting the

BTS and its partners
are working on a wide
range of data-collection,
analysis, and
dissemination activities
to help answer the
many questions of
decisionmakers.

105

initial set of needs. In this 1996 edition,
BTS reviews the information needs iden-
tified to date and the progress made
toward meeting those needs.

What We Need
To Know About
Transportation

BTS seeks to create a
knowledge base that
serves decisionmakers
throughout the transpor-
tation community, includ-
ing federal, state, and local governments,
private industry, and quasi-public insti-
tutions. Components of the knowledge
base are defined by:



106 » Transportation Statistics Annual Report 1996

m Congressional mandates for specific infor-  how the system is used before decisionmakers’
mation, which are summarized in table 5-1; guestions about the performance or consequences

m Comprehensive assessments in which infor-  of transportation can be answered. How wide-
mation needs and resources are cataloged,  spread are transportation facilities? How frequent
gaps between the needs and resources are  are transportation services? How are these facili-
identified, and strategies for filling the gaps  ties and services interconnected? How many
are proposed. (See, for example, USDOT vehicles go how far? How many people and how
(1969) and TRB (1992)); and much freight move over the system? How are

m Customer responses to BTS products. these movements distributed by mode, in time,
and geographically? There is no one answer to

these questions. The answers vary by mode and

» Extent and Use of the intermodal combination, the geography and tem-

Transportation System poral aspects of travel and goods movement, and
the characteristics of the traveler or shipment.

There must be a common understanding of Modal distinctions are very important in

what the transportation system comprises and  transportation because the system is ultimately

TaBLE 5-1: MANDATED ToricS FOR DATA COLLECTION AND ANALYSIS

Topic Source

Technological, statistical, economic, and other information relevant to domestic

and international transportation DOT Sec. 4a (49 USC 301(4))
Intermodal passenger volume and geography of intermodal flows ISTEA Sec. 5002 (49 USC 301 note)
Intermodal freight volume and geography of intermodal flows ISTEA Sec. 5002 (49 USC 301 note)
Air carrier passenger volume and geography of air passenger flows FAA Sec. 311 (49 USC 329(b))
Public and private investment in intermodal transportation facilities and services ISTEA Sec. 5002 (49 USC 301 note)
Motor carrier financial, operating, and safety conditions ICC Sec. 103 (49 USC 14123)
Productivity in various parts of the transportation sector ISTEA Sec. 6006 (49 USC 111)
Traffic flows ISTEA Sec. 6006 (49 USC 111)
Travel times ISTEA Sec. 6006 (49 USC 111)
Vehicle weights ISTEA Sec. 6006 (49 USC 111)
Variables influencing travel behavior, including choice of transportation mode ISTEA Sec. 6006 (49 USC 111)
Travel costs of intracity commuting and intercity trips ISTEA Sec. 6006 (49 USC 111)
Availability of mass transit and the number of passengers served by each mass transit authority ISTEA Sec. 6006 (49 USC 111)
Frequency of vehicle and transportation facility repairs and other interruptions

of transportation service ISTEA Sec. 6006 (49 USC 111)
Accidents ISTEA Sec. 6006 (49 USC 111)
Collateral damage to the human and natural environment ISTEA Sec. 6006 (49 USC 111)
Condition of the transportation system ISTEA Sec. 6006 (49 USC 111)

SOURCES: DOT = Department of Transportation Act of 1966 (Public Law 89-670); FAA = Federal Aviation Administration Act of 1958 (Public Law 85-726);
ICC = Interstate Commerce Commission Termination Act of 1995 (Public Law 104-88); ISTEA = Intermodal Surface Transportation Efficiency Act of 1991 (Public
Law 102-240).




made up of motor vehicles, airplanes, and other
transportation equipment carrying people and
goods over roads, rails, and waterways, through
the air, and, in the case of some goods, through
pipelines. These components have very different
physical and economic characteristics that must
be understood before the integration of these
components into an intermodal transportation
system can be contemplated.

Geographic and temporal variation are im-
portant in the transportation equation. Trans-
portation exists because economic and social
activities are spread across the land. The distrib-
ution of population and economic activity pro-
vides the basic demand for transportation
facilities and services. The perennial transporta-
tion problem—congestion—derives from too
many people wanting to arrive at or depart from
the same place at the same time.

The characteristics of freight being shipped
and travelers are also important. Knowledge
about who uses the transportation system is a
prerequisite to understanding why demand for
transportation facilities and services is evolving,
what markets exist for new facilities and ser-
vices, and who directly benefits from changes in
the transportation system. Knowledge of trip
purposes, which place very different demands
on the system, is also of concern: speed and reli-
ability considerations are very different for
emergency medical transport, the routine daily
trip to work or school, and discretionary week-
end travel. Different types of cargo also place
diverse demands on the system. For example,
carbon in the form of coal moves in trainloads
and shiploads; in the form of diamonds, it moves
in briefcases on airplanes and in cars.

The combination of modal distinctions, tem-
poral and geographic variation, and traveler and
shipment characteristics means that a great
amount of data is required to understand the
extent and use of transportation. In most other
fields, relatively small samples are sufficient to
measure activity. Geographic variation is often
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adequately represented by sampling from each
of the 50 states. In transportation, the flows of
people and goods within and among the states
require a sample large enough to fill a matrix of
2,500 cells (50 states of origin by 50 states of
destination). This is why BTS-sponsored data
collections such as the American Travel Survey
(ATS) and the Commaodity Flow Survey (CFS)
are among the largest components of the Eco-
nomic Census.

» Condition and Performance
of the Transportation System

The transportation system’s ability to serve
travelers and shippers can be measured in phys-
ical terms, economic terms, and in terms of
unintended consequences. Physical terms refer
to two key questions: Does the system get peo-
ple where they want to go, when they want to get
there? How well does the delivery system for
goods work? Specifically:

m Do the transportation facilities and services
cover existing and anticipated origins and des-
tinations? Quite simply, can you get there from
here? How direct or circuitous is the route?

m Does the transportation system have enough
facilities, vehicles, and services to serve
demand? Is there enough capacity to handle
predictable surges in demand, such as holiday
travel? Is there enough capacity to handle
unexpected surges in demand, such as
responses to military threats overseas or nat-
ural disasters at home?

m How timely and reliable is the transportation
system?

m How comfortable is the trip?

These questions reflect a user perspective
rather than the traditional view of a transporta-
tion service provider, reflecting the contempo-
rary realization that customer satisfaction is
essential to continued survival of both public
and private enterprises.
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» Economic Dimensions of
Transportation

Transportation is both a major consumer and
an enabler of economic activity. To understand
both aspects, it is important to ask:

m What proportion of the national economy
does transportation comprise? How has that
proportion changed over time?

m How much do transportation providers spend
on material and other inputs from each sector
of the economy? How has the quality of trans-
portation service delivered per dollar spent
changed over time?

m How important is transportation as a source
of employment? What kinds of skills are
needed in the transportation sector? How has
the quality of transportation service delivered
per hour or dollar of labor changed over time?
What are the sources of changes in productiv-
ity of transportation workers?

m How much does each sector of the economy
spend on transportation? How do these
expenditures vary over time and by region?
How much does transportation contribute to
the total cost of a commodity or service? Is
transportation being substituted for other
costs of production, such as warehousing? To
what extent do the availability and cost of
transportation affect the labor force?

m How much does each level of government
spend on transportation? How much do gov-
ernment expenditures reduce transportation
costs for businesses and households? How
much do government-supported transporta-
tion facilities and services contribute to eco-
nomic output overall, economic growth, and
international competitiveness?

The financial condition of transportation ser-
vice providers is also relevant. Even in a largely
deregulated environment, the financial health of
a service provider affects that provider’s ability
to maintain and improve safety, meet contractu-
al obligations to customers, and purchase more

efficient or effective equipment. Financial
health is not limited to carriers; for instance, the
financial viability of private toll road authorities
has become a recent concern.

» Unintended Consequences of
Transportation: Safety, Energy
Use, and the Environment

Most of the preceding questions involve the
intended consequences of transportation: to sup-
port economic and social interaction at a mini-
mum financial cost. More hotly debated areas
involve transportation’s unintended consequences
for safety, energy use, and the environment.

m How likely are travelers or bystanders to be
harmed or killed in an accident? How does
the risk vary by type of trip, mode of travel,
type of facility, season, or time of day?

m How likely are shipments or luggage to be
damaged, lost, or stolen?

m How much energy is consumed overall and by
different modes of transportation? What
types of energy are being consumed? How
much of that energy is from foreign sources?

m How much damage is done to air quality? How
much damage is done to water quality? How
much noise and other pollution are created?

m To what extent are wetlands and other sensi-
tive human and natural environments disrupt-
ed by transportation facilities and activities?

m What are the economic costs of accidents and
environmental damage? Are these costs re-
flected in the prices paid for transportation?

Can We Answer the
Questions of Decisionmakers?

To answer the questions raised by decision-
makers about transportation, it is necessary to
turn a question into a measurable concept, fill the



measure with data, and use models for conditions
that cannot be measured directly or that need to
be forecast. The ability to produce credible and
timely answers to a question varies significantly
by topic, mode, and geographic detail.

» Extent and Use of the
Transportation System

Prior to passage of the Intermodal Surface
Transportation Efficiency Act (ISTEA) of 1991,
the national picture of the transportation system
was limited to very coarse, mode-specific maps
of facilities and estimates of total vehicle activi-
ty by type of vehicle. An integrated, geographi-
cally detailed picture of transportation facilities
and activity across all modes had not been com-
piled since the mid-1970s.

Since 1991, BTS has compiled a fairly exten-
sive picture of the components of the transporta-
tion system and where they are located. The
transportation community is just now beginning
to understand how and where the transportation
system is used. The state of this knowledge can
be divided into four basic layers of information:
facilities, services, flows, and context.

m Facilities data include the location, connec-
tivity, and use of highways, railroads, airports
and air space, ports and waterways, and
pipelines. Good data are available on the
location and connectivity for about 10 per-
cent of the nation’s highways, covering the
Interstates and other major roads, most rail-
roads, all rail transit facilities, all public use
airports, and ports and all navigable water-
ways. Facility-specific use data are available
for railroads, ports and waterways, airports,
and a sample of highways. Data on the use of
specific railroad segments can be estimated.
The location of truck and rail terminals are
known, primarily for those identified by
states when defining intermodal connector
roads to the National Highway System, but
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little is known about the use of those facili-
ties. There is only very coarse information
about the location, connectivity, and use of
pipelines.

Services data include the geographic domains
of carriers and the amount and type of service
provided within those domains. Data on
where commercial airlines and long-distance
water carriers operate and what service they
provide are available. The ownership and
trackage rights of railroads for each part of
the rail network are known, but relatively lit-
tle is known about the levels of service pro-
vided on each segment. The Department of
Transportation is just now beginning to plot
the location of public transit and intercity bus
service. Geographic knowledge of truck and
intercity bus operations is very limited, and
pipeline data are available at best for multi-
state regions.

Flows data include freight, passenger, and
vehicle movements. The CFS covers most
domestic freight activity, but must be supple-
mented by additional information on interna-
tional, farm, and government shipments to
obtain a complete picture. The surface trans-
border part of information on international
movements is provided by BTS through the
Census and Customs Bureaus. The ATS will
provide information on long-distance passen-
ger flows of U.S. households, but will also
require supplements to identify the domestic
travel of foreign visitors. Commercial aircraft
and ship movements are tracked in great
detail, but very little is known about the
origin-destination patterns of motor vehicles.
Context data establish the geographic context
in which transportation exists including:
political boundaries and other major features
that help to physically locate transportation;
the distribution of population and economic
activity that generate transportation activity;
and the distribution of environmental condi-
tions and human activity affected by trans-
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portation. Much of the population and eco-
nomic context is provided by the Decennial
Census of Population and Housing, which
collects a wealth of demographic and eco-
nomic characteristics of residents at a neigh-
borhood scale. Since the decennial census
long form includes questions on place of
work, demographic and economic character-
istics of workers at their place of work can
also be mapped at the neighborhood scale.
This provides the only nationwide source of
information on economic activity below the
county level. Extensive data on land uses and
environmental conditions are available at the
local level, but are not always comparable
from one locality to the next. Definitions of
some environmental conditions, such as wet-
lands, are the subject of extensive debate at
both national and local levels.

There are both individual gaps in geographic
information on the extent and use of transporta-
tion and a lack of consensus on the number of
motor vehicles operated in the United States and
the distance those vehicles operate. Most com-
monly cited motor vehicle statistics on the num-
ber of vehicles and how far they travel are
provided by the states to the Federal Highway
Administration and published in Highway Sta-
tistics. The National Highway Traffic Safety Ad-
ministration uses alternate numbers from R.L.
Polk, Inc. (USDOT NHTSA 1995) The Bureau
of the Census also used R.L. Polk data for the
Truck Inventory and Use Survey (TIUS).
Accurate counts of vehicles by type of vehicle
and valid estimates of their travel are essential
for understanding changes in travel, accident
rates and safety risks, fuel consumption rates,
tax burden, and air pollution emissions and
other environmental concerns.

» Condition and Performance
of the Transportation System

The federal government has produced many
reports on the condition and performance of
highways, public transit, aviation, and water-
ways. Certain aspects of system performance,
such as on-time statistics for airlines, are avail-
able with great geographic and carrier specific-
ity. Extensive work needs to be done, however,
to develop effective measures of mobility, acces-
sibility, and congestion.

» Economic Dimensions
of Transportation

As indicated in chapter 2, remarkably little is
understood about transportation as a consumer of
economic resources. A joint program of BTS and
the Bureau of Economic Analysis to establish a
Transportation Satellite Account will for the first
time provide effective measures of the full scope
of transportation in the economy. The project will
also provide robust answers to questions such as:
what contribution does transportation make to the
cost of specific goods and industries, and how
does that contribution vary over time?

A key element in the Transportation Satellite
Account is business use of motor vehicles and
aircraft not belonging to for-hire motor carriers
or airlines. We know from the TIUS that the total
mileage traveled by commaodity-carrying trucks
is divided roughly equally between trucks
belonging to for-hire motor carriers and trucks
in other businesses. The TIUS links vehicle
activity of trucks, vans, and mini-vans to specif-
ic types of industries. There are no equivalent
data to identify the number of automobiles, sta-



tion wagons, and buses used in either for-hire
transportation or other business use, nor how
much activity can be attributed to each type of
industry. Similarly, there is relatively little infor-
mation about industry-specific use of corporate
aircraft and other forms of general aviation.
Data on motor vehicles can be obtained by
expanding the TIUS to include automobiles, sta-
tion wagons, and buses. Surveys of general avi-
ation by the Federal Aviation Administration
also, in theory, could be expanded to measure
business use of aircraft by type of business. The
resulting data on physical use could then be used
to estimate the economic consumption of motor
vehicles and general aviation that is otherwise
underrepresented in the input-output tables that
describe the structure of the national economy.
While progress is being made on understand-
ing transportation as a consumer of economic
resources, significant uncertainty remains about
transportation as an enabler of economic activi-

ty and a contributor to economic growth. Part 11

of the Transportation Statistics Annual Report

1995 included an extensive review of the current

knowledge and identified areas for further re-

search to answer questions such as:

m How can the output of transportation be mea-
sured in a way that reveals whether inputs of
labor and capital are being used efficiently?
Is it possible to control for changes in the
quality of transportation output when produc-
tivity is measured over time?

m How can the capital stock of transportation
be measured to determine the value of invest-
ments and whether that value is being main-
tained over time?

m How many jobs are created by expenditures
for construction by mode of transportation
and type of project?

m How much does transportation spending con-
tribute to national economic growth? Does
the type of spending matter? Do restrictions
on transportation affect national economic
growth?
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m How much do transportation spending and
regulation affect regional economic growth?
Can growth be channeled in areas of need or
away from areas where growth is not desired?

» Unintended Consequences of
Transportation: Safety, Energy
Use, and the Environment

Chapters 3 and 4 of this report highlight the
current state of knowledge on safety and energy
consumption aspects of transportation, while
Part Il features the environmental consequences
of transportation. A common theme of these
diverse safety, energy, and environmental sub-
jects is the critical need for robust estimates of
the size of the vehicle fleet and the amount of
vehicle travel and ton- and passenger-miles by
mode. Other data needs include:

m Measures of in-use fuel economy by type and
age of highway vehicles. Since the Depart-
ment of Energy’s Residential Transportation
Energy Consumption Survey stopped collect-
ing gasoline diary data, there have been no
statistics on in-use fuel economy.

m The composition of gasoline sold in the
United States (i.e., the proportion of nonpe-
troleum components, especially alcohols,
ethers, and oxygenates, in gasoline).

m A national inventory of land used for trans-
portation infrastructure by type of infrastruc-
ture and type of land (e.g., agricultural lands
and wetlands).

m Methods to assess transportation’s indirect
land-use impacts.

m Some measure of the accuracy of emissions
statistics, and a method of breaking out trans-
portation and nontransportation (e.g., chain
saws and lawnmowers) mobile sources.

m Estimates of noise generation and affected
population on a national scale.

m An assessment of the road dust issue. Are
roads really the major source of fine particu-
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lates? Is road dust the major source of human
exposure to fine particulates? How do the
impacts of road dust vary depending on its
constituents?

m Measures of habitat impacts, such as habitat
fragmentation and destruction, and noise and
pollution impacts, at a national scale.

m National assessments of water quality impacts
of transportation facilities. This would primar-
ily include runoff from roads and other infra-
structure, and groundwater.

The BTS Program for
Meeting Statistical Needs

BTS and its partners are working on a wide
range of data-collection, analysis, and dissemi-
nation activities to help answer the many ques-
tions of decisionmakers. The Bureau’s major
partners include its sister operating administra-
tions in the Department of Transportation; other
federal agencies concerned with transportation,
statistics, and geographic data; and several pri-
vate sector organizations.

The Bureau’s major data-collection efforts to
date are the ATS, the CFS, and the Surface
Transborder Freight Data program. These
efforts, all conducted through the Bureau of the
Census, provide basic data on who and what
moves among domestic origins and destinations
and across the nation’s borders. BTS will update
the ATS and the CFS every five years, and
expand the monthly Surface Transborder Freight
Data program to establish a more complete pic-
ture of the domestic transportation of interna-
tional trade. BTS will also supplement other
parts of the quinquennial Economic Census to
measure the relationships between vehicle activ-
ity and the economy.

BTS is expanding its analytical efforts from
the Transportation Statistics Annual Report to
special studies of transportation activity and of

the relationships between transportation and
the economy. Transportation activity studies
include analyses of the data generated by the
ATS, the CFS, and the Surface Transborder
Freight Data program, in particular to relate
those data to other programs such as the
Nationwide Personal Transportation Survey, the
decennial census, Waterborne Commerce of the
United States, and the Rail Waybill Data. With
respect to the economy, BTS has initiated a joint
effort with the Bureau of Economic Analysis to
establish a Transportation Satellite Account.

Providing the transportation community with
ready access to authoritative and accurate infor-
mation about transportation is a key part of the
Bureau’s mission. Its program is designed to
meet continuing growth in demand for products
and services within an environment of con-
strained resources. In its first three years, BTS
created and distributed over 100,000 CD-ROMs,
printed reports, maps, and other products to a
wide variety of users.

Exploiting the potential of electronic media is
an important BTS strategy for efficiently offer-
ing an expanded range of services and products
to its public and private customer base. For
example, the BTS Internet Home Page
(www.bts.gov) offers ready access to BTS prod-
ucts and transportation information sources.
BTS also makes its information and data from
the Department of Transportation and other fed-
eral agencies available through CD-ROMs. The
recently established Office of Airline Informa-
tion within BTS sped up the process of releasing
quarterly passenger origin-destination data.
Airlines on-time performance data by city-pair
is now widely available to the public through the
Internet.

Demand for the mapping and data integration
capabilities of the Bureau’s Geographic Infor-
mation Systems (GIS) Center is also growing.
The GIS Center will integrate the results of the
Commodity Flow Survey and the American
Travel Survey with facility and service data, and



develop new techniques to represent visually the
complex flows identified in those surveys. The
GIS Center is continuing to expand its data
coordination activities to meet the requirements
of Executive Order 12906, Coordination of
Geographic Data Acquisition and Access: The
National Spatial Data Infrastructure.

The restructuring of some federal transporta-
tion programs have led to reassignment of data-
collection responsibilities to other agencies. The
Office of Airline Statistics in DOT’s Research
and Special Programs Administration is now the
Office of Airline Information in BTS. The Inter-
state Commerce Commission (ICC) was termi-
nated at the end of December 1995. ICC’s
railroad data programs were transferred to a new
DOT entity, the Surface Transportation Board.
Motor carrier registrations and insurance over-
sight were transferred to the Federal Highway
Administration. The quarterly and annual re-
porting of financial and operating data by motor
carriers was transferred to BTS.

Another Commerce Department entity, the
U.S. Travel and Tourism Administration (USTTA),
is scheduled for termination in 1996. USTTA
administered programs to count air passengers
by nationality and measure travel and spending
patterns of foreign visitors to the United States
through an on-board survey during international
flights. Short-term provisions have been made to
continue these programs following termination
of USTTA, but a longer term solution has not
yet been developed.

Institutional uncertainty is not limited to the
future of the Bureau’s partners. All authorizations
for programs under ISTEA—including the core
funding of BTS—expire at the end of fiscal year
1997. Debate about reauthorization is occurring
at a time when federal-state relationships are
being seriously reevaluated. Proposals to transfer
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more functions to states, localities, and the private
sector will not alter the importance of national
data programs, such as those run by BTS, to the
broad transportation community. Indeed, addi-
tional data-collection and analysis programs may
be necessary to serve the informational needs of
state, local, and private sector decisionmakers
more directly. BTS is considering several issues:

m BTS has focused its initial data-collection
efforts on large-scale surveys that provide five-
year benchmarks. What types of indicators and
additional data sources should BTS develop to
track monthly or quarterly changes in trans-
portation and to support short-horizon deci-
sionmaking?

m How can BTS expand its efforts to make fed-
eral data more relevant and useful to state and
local transportation agencies?

m BTS has attempted to serve the transportation
community through a small, Washington-
based staff relying heavily on the Internet.
What other models for the delivery of infor-
mation and related services should be consid-
ered, such as the state data centers sponsored
by the Bureau of the Census?

m How can BTS work with the transportation
and trade communities to develop new tech-
niques and technology to collect, analyze, and
disseminate data?

m How should federal data programs be reorga-
nized as decisionmaking shifts among levels
of government and between the public and
private sectors? How can reporting burdens
on the states, localities, and private sector be
reduced without jeopardizing our ability to
collect and use information needed to articu-
late the importance of transportation?

These questions will be explored through the

reauthorization process in 1997.
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Part I

Transportation and the Environment



CHAPTER S |1 X

ENVIRONMENTAL
IMPACTS OF
TRANSPORTATION

SINCE THE APPLICATION OF STEAM POWER TO SHIPS AND LOCOMO-
TIVES IN THE EARLY 19TH CENTURY, MOTORIZED TRANSPORT HAS
HAD AN INFLUENCE ON NEARLY EVERY ASPECT OF SOCIETY, FROM THE
ORGANIZATION OF ECONOMIC ACTIVITIES, TO THE GEOGRAPHY OF
CITIES, TO THE PATTERNS OF SOCIAL LIFE. ITS IMPORTANCE CAN BE
GAUGED BY THE FACT THAT, AS NOTED IN CHAPTER 2, TRANSPORTA-

tion accounts for about one-ninth of the
U.S. economy measured in terms of

gross domestic product
(GDP). Although trans-
portation is vital to the
U.S. economy and an in-
dispensable part of con-
temporary society, it also
generates undesirable
byproducts that adverse-
ly affect environmental
quality and human
health. Emissions from
transportation vehicles
and the production and
handling of fuels are two
of the leading causes of

air quality problems. Carbon dioxide
(CO,) emissions from transportation-

Environmental policies
have been quite
successful in addressing
some impacts associated
with increased
transportation, while
in other cases the results
have fallen short

of expectations.

117

related combustion of fossil fuels are
increasing the concentration of green-

house gases, which
threatens to alter the
earth’s climate. Motor
vehicles and airplanes
are major sources of un-
desirable noise in metro-
politan areas. Discarded
motor vehicles are a sig-
nificant source of solid
waste. Crude oil and gas-
oline leaks and spills
pollute  water  and
groundwater resources
Moreover, transportation
infrastructure not only

directly uses land, thereby impacting
habitats for flora and fauna, but also
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supports the transformation of rural land to
urban uses, often in the form of urban sprawl.*

Most facets of transportation-related environ-
mental impacts—ifrom air pollution to noise pol-
lution to oil spills—have been addressed by
some type of policy action. Major public policy
responses to transportation-related environmen-
tal problems originated in several laws enacted in
the late 1960s and early 1970s. Many of the poli-

1 In addition to the direct impacts of transportation, “upstream” activities neces-
sary for transportation to take place—including oil field exploration and develop-
ment, petroleum refining and storage, and vehicle manufacturing—can have
significant environmental impacts as well.

cies implementing these laws have been regula-
tory: standards specifying allowable rates of pol-
lution or rules encouraging or requiring the use
of less polluting technologies. Over the years
these laws have been revised and generally
strengthened as transportation activities have
grown and regulations have been reevaluated
(see box 6-1 for a list of transportation-related
environmental laws).

Environmental policies have been quite suc-
cessful in addressing some impacts associated
with increased transportation, while in other

Box 6-1: SeLECTED FEDERAL LAWS ADDRESSING

THE ENVIRONMENTAL IMPACTS OF TRANSPORTATION

Broadly Applicable Laws
Urban Mass Transportation Act of 1964
National Historic Preservation Act of 1966
Department of Transportation Act of 1966
(section 4(f), Preservation of Parklands)
National Environmental Policy Act of 1969
Airport and Airway Development Act of 1970
Federal Aid to Highways Act (various years)
Intermodal Surface Transportation Efficiency
Act of 1991

Air Quality
Clean Air Act (major amendments in 1965,
1970, 1977, and 1990)
Energy Policy Act of 1992

Noise Pollution
Housing and Urban Development Act of 1965
Noise Control Act of 1972
Airport Noise and Capacity Act of 1990
Control and Abatement of Aircraft Noise and
Sonic Boom Act of 1968

Water Quality (including oil spills)
Clean Water Act (major amendments in
1972, 1977, and 1987)
Safe Drinking Water Act
Qil Pollution Act (1990)

Protection of Environmentally Sensitive Areas, Rare
Species, and Wildlife

Fish and Wildlife Coordination Act of 1958

The Wild and Scenic Rivers Act of 1968

The Endangered Species Act of 1973

Marine and Coastal Areas Protection
Ocean Dumping Act and Amendments
(1972, 1982, and 1992, among others)
Coastal Zone Management Act of 1972
The Coastal Wetlands Planning, Protection, and
Restoration Act (1990)
The Nonindigenous Aquatic Species Nuisance
Species Prevention and Control Act (1990)
Shore Protection Act of 1988
Transportation of Materials, including Solid and
Hazardous Waste
Resource Conservation and Recovery Act
of 1976
Superfund Amendments and Reauthorization
Act of 1986
Used Qil Recycling Act of 1980
Hazardous Materials Transportation Act,
as amended
Sanitary Food Transportation Act of 1990
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cases the results have fallen short of expecta-
tions. Measuring success can be complex; the
same body of data can give rise to quite differ-
ent interpretations of environmental progress,
depending on the time period and the environ-
mental indicators selected for examination. In
the case of air pollution, for example, the data
show that, compared with the 1970s, emissions
per vehicle-mile are significantly lower for all
regulated pollutants and total transportation
emissions are down. These reductions, together
with other sectors’ successes, have produced
measurable improvements in metropolitan air
quality. Still, many metropolitan areas fall short
of national air quality standards, and emissions
of some pollutants have increased recently, lead-
ing to concern about whether the clear progress
made in the 1980s will continue.

The lack of clear solutions to environmental
problems has led some to propose a new goal for
transportation: sustainability. The World Com-
mission on Environment and Development has
defined sustainable development as “develop-
ment that meets the needs of the present without
compromising the ability of future generations
to meet their own needs.” Whether a practical,
operational definition of sustainability can be
developed to form the basis of transport-related
environmental policy remains to be seen. The
intent, however, is to protect the environment
and assure adequate resources for society for the
indefinite future. The goal of sustainability has
encouraged the international community to
debate new environmental strategies, including
those that seek to enlist market forces in the
effort to address environmental quality.

This chapter provides a brief overview of
transportation-related environmental impacts. It
also discusses a key concept of environmental
economics, externalities, which is necessary to
understand both existing and potential policy
approaches. Finally, this chapter presents a de-
scription of data needed to monitor the environ-
mental impacts of transportation, particularly in

relation to federal legislation and regulations
affecting the transportation sector.

Transportation-Related
Environmental Impacts

» Air Pollution

Air pollution is the most studied environmental
impact of transportation. Burning of fossil fuels in
internal combustion engines produces a variety
of pollutants, including carbon monoxide (CO),
volatile organic compounds (VOCs), and partic-
ulates. In addition, internal combustion engines
oxidize nitrogen, the principal constituent of air,
thereby producing various oxides of nitrogen.
During transportation, storage, and refueling,
liquid fuels evaporate, further adding to the
amount of hydrocarbon emissions. Impurities
and additives in fuel result in additional particu-
late and gaseous pollution.

Carbon monoxide is readily absorbed into the
bloodstream where it can reduce oxygen deliv-
ery to organs and tissues. Exposure to high lev-
els decreases visual perception, work capacity,
manual dexterity, learning ability, and perfor-
mance of complex tasks. VOCs and nitrogen
oxides (NO,) are the principal precursors to the
formation of ozone. Ozone is the major con-
stituent of smog. It is formed in the lower atmo-
sphere by a photochemical reaction promoted by
heat and sunlight. Ozone in the lower tropo-
sphere contributes to respiratory diseases and
reduced lung function. It also causes foliar dam-
age in crops and trees, leading to annual crop
losses of several billion dollars in the United
States alone. (USEPA 1994)

Particulate matter also contributes to smog. It
consists of dust, dirt, soot, smoke, and liquid
droplets released directly into the air by sources
such as factories, powerplants, fires, and auto-
mobiles. Particulate matter also causes damage
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to materials and soil and is a major cause of vis-
ibility impairment in many parts of the United
States. Particulate matter that is smaller than 10
microns (PM-10) is more likely to be responsi-
ble for adverse health effects. The major effects
of these particulates include aggravation of
existing respiratory and cardiovascular disease,
alterations in the body’ defense systems against
foreign materials, damage to lung tissue, and in
some cases, carcinogenesis. As with most air
pollutants, those most susceptible to adverse
effects include individuals with chronic obstruc-
tive pulmonary or cardiovascular disease, influ-
enza, and asthma, and the elderly and children.

In the United States, lead additives in fuel
have been eliminated with the conversion to
unleaded gasoline. As a result, airborne lead
from the combustion of fuel—once the primary
source of airborne lead particles—is no longer
significant. Leaded gasoline is, however, still
widely used in many developing countries and
has yet to be fully phased out in some devel-
oped countries. Exposure to excessive amounts
of lead can harm both adults and children by
causing damage to the nervous system, gas-
trointestinal tract, and blood-forming tissues.

Some other transportation-related toxic air
pollutants include benzene, polynuclear aromatic
hydrocarbons, formaldehyde, toluene, ammonia,
cyanide, hydrogen sulfide, ethylene, and dioxin.
These emissions can cause varying degrees of
health problems.

In addition to local and regional environmen-
tal impacts, transportation emissions contribute
to international environmental problems. These
include acid rain, global warming, and strato-
spheric ozone depletion. Oxides of nitrogen and
sulfur contribute to acid rain, which can damage
forests and vegetation and adversely affect
aquatic species.

When burned, hydrocarbon fuels produce CO,
and water vapor. Both are greenhouse gases, but
only CO, accumulates in the upper atmosphere
in a way that can affect global climate. Green-

house gases also naturally occur in the earth’s
atmosphere and are essential for the continuation
of life. They are transparent to short-wave radia-
tion from the sun but absorb and trap long-wave
radiation within the atmosphere, which can raise
the average global temperature. Scientists have
established that the amount of heat trapped is
affected by greenhouse gas concentrations, but
are uncertain about the exact degree to which
these gases will affect global temperatures and
precisely what regional climatic changes will
occur. Even a slight increase in the global mean
temperature would alter natural and agricultural
ecosystems by changing the distribution of cli-
matic resources (e.g., patterns of rainfall). In
addition, global warming could cause melting of
polar ice caps, thereby increasing the sea level
and leading to coastal flooding.

Another global environmental problem, strato-
spheric ozone depletion, is influenced by trans-
portation, primarily because of past use of
chlorofluorocarbons (CFCs) in automotive air con-
ditioners. Ozone molecules in the stratosphere act
as a protective shield for life on earth by absorbing
ultraviolet radiation, a known cause of skin cancer.
CFCs destroy ozone molecules, increasing the risk
of such impacts. Now subject to an international
agreement, CFCs are being phased out and
replaced with less damaging compounds.

» Noise

People living near airports, major highways,
railroad tracks, and other transportation facilities
may be exposed to much noise. The impact of
noise depends on the frequency, pitch, loudness,
and duration of the sound. Transportation noise
can be of a short duration, for example backfires,
but is usually persistent. Prolonged exposure to
noise can have a range of health effects, con-
tributing to anxiety, depression, and insomnia.
For most people, transportation noise does not
pose a threat of permanent hearing damage.
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» Water Pollution

The major source of water contamination
from the transportation sector comes from oil
and fuel leaks and spills from a variety of
sources, including tankers, motor vehicles, and
above- and below-ground fuel storage tanks. Oil
spills from tankers can have major impacts on
nearby ecosystems, aquatic species, wildlife,
and birds, but the extent and severity of environ-
mental contamination vary greatly with the loca-
tion and size of the spill. Even a small amount of
petroleum in the groundwater system can conta-
minate large quantities of water.

Runoff from roads, infrastructure construc-
tion, and the deterioration of discarded vehicles
also have an impact on surface and groundwater
quality. The amount and magnitude of highway
runoff depend on traffic characteristics, mainte-
nance activities, and climatic conditions, as well
as the location of the road itself. (USDOT
FHWA 1987) For example, runoff from roads
and parking lots has a higher than normal con-
centration of toxic metals, suspended solids,
and hydrocarbons, which alter the composition
of surface and groundwater. (Hahn and Pfeifer
1994) In northern regions, the application of
road salts in winter is another concern. In-
creased sodium levels in water and surrounding
soils can damage vegetation.

Moreover, transportation infrastructure may
cause changes in the local water table and
drainage patterns by increasing the share of rain-
water that becomes runoff. This, in turn, affects
the soil moisture content of the area, which, in
turn, may alter vegetation and wildlife. Al-
though these effects may be localized, trans-
portation-related construction activities are so
extensive that they cannot be ignored.

» Solid Waste

Solid waste generated from the disposal of
obsolete vehicles, paving and other materials,
and construction adds to landfills, contributes
to air pollutant emissions if incinerated, and
contaminates water systems. Although about
75 percent of the weight of an average car is
recycled (Holt 1993), about 3.5 million tons
from scrapped cars wound up in landfills in
1994. Old tires, lead and acid in batteries, and
pavement add to the waste stream from the
transport sector. Despite recycling successes,
the improper disposal of materials and the
inability to recycle all solid waste remains a
serious problem. In recent years, advances in
lighter weight plastics, ceramics, and compos-
ite materials have shifted the composition of
motor vehicles to a higher nonferrous content.
These advanced materials increase fuel econ-
omy by reducing vehicle weight, but also com-
plicate recycling.

Although more than 80 percent of asphalt is
reclaimed and used in highways and other trans-
portation applications, it is still a significant
source of solid waste. Reclaimed concrete is
used less frequently.

» Land Use and Habitat

Transportation also has a direct effect on the
environment through changes in land use and
habitat. In the United States, paved and unpaved
public roads occupy 25,000 square miles of
land, an area equal to the size of West Virginia.
If off-street parking, garages, carports, and
driveways are included, the land area increases
to 29,000 square miles. (Delucchi 1995) (Be-
cause the U.S. transportation system is highly
developed, relatively little additional land is
converted to new transportation uses each year.)
Transportation infrastructure causes modifica-
tion of vegetation, changes in drainage patterns,
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the creation of microclimates, and changes in
habitat. Indeed, highways, runways, railroad
tracks, and some other transportation infra-
structure often fragment animal habitats by cre-
ating barriers between previously joined areas.
The degree to which habitats are affected de-
pends partly on traffic density. Furthermore,
slight changes in moisture content of an area
can cause the migration or disappearance of
some species from that area. Other species that
are dependent on or interact with these species
may also be affected. In some cases, wetlands
are destroyed by development linked to urban
sources, including transportation.

Indirectly, transportation also contributes to
much more extensive land-use changes. The
availability of inexpensive and efficient trans-
portation promotes the conversion of rural land
into low-density urban use, often termed urban
sprawl. Many people prefer lower population
densities and larger home lots even at the price
of driving longer distances to work and shop.
This preference increases the amount of devel-
oped land, contributing to habitat alteration.
Moreover, the increase in travel often translates
into greater production of residuals. How to
balance the benefits of inexpensive, efficient
mobility and low-density residential living
with its related environmental costs presents a
major challenge.

Environmental Damage:
The Concept of Externalities

Markets have difficulty assigning monetary
values to environmental damage produced by the
byproducts of transportation. These costs are
external to the price of a good or service and thus
are referred to as negative externalities. External
benefits also can be attributed to transportation.
Appendix B discusses both external costs and
benefits in detail.

Although a precise and comprehensive defin-
ition of a negative externality does not exist, it
can be thought of as a cost (such as damage from
air pollution) imposed on society by an activity
(such as motor vehicle use), which does not
affect the price of a good or service. To the extent
that travelers and shippers do not pay for these
consequences, they have little economic incen-
tive to consider them in their decisionmaking. In
theory, if these external costs were routinely and
predictably added to the price of transportation,
the market itself would promote more “efficient”
production and consumption decisions. In that
event, a transportation option that entails rela-
tively little environmental damage could be
offered at a lower price than other options that
entail more environmental damage. But, ordinar-
ily, this will not happen unless some mechanism
exists to force consideration of external costs.

The environmental costs to society of trans-
portation are not trivial but cannot be quantified
precisely. Some forms of environmental dam-
age—effects on scenic resources, for instance—
are very hard to express in economic terms.
National estimates of external costs of transporta-
tion-related air pollution range from 0.03 to 1.05
percent of GDP. For Organization for Economic
Cooperation and Development (OECD) coun-
tries, the costs are estimated at 0.4 percent of
GDP, or 0.1 to 0.3 cents per kilometer (the OECD
estimate includes pollution from all motor vehi-
cles). (Quinet 1989; Sperling and Shakeeh 1995,
112) At the present time, estimates of external
costs of greenhouse emissions are not reliable.

The inability of markets to price these envi-
ronmental effects in the cost of transportation has
been a rationale for government intervention
through environmental policies and standards.
Federal emissions standards for newly manufac-
tured highway vehicles, initially imposed in the
late 1960s and early 1970s, are examples. In
response, vehicle manufacturers designed new
vehicles that pollute less than their predecessors.
In addition, alternative fuels and alternate fuel
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vehicles significantly lower the per-vehicle-mile
rate of emissions. Battery-powered electric vehi-
cles produce no exhaust emissions directly but do
so indirectly, from the powerplants that provide
the electricity needed to charge their batteries.

Figures 6-la—d illustrate the impact on air
pollution externalities and vehicle-miles trav-
eled under four different market situations.
Figure 6-la represents the market situation
when the environment is not a factor. The mar-
ket supply curve (S) represents the cost of an
additional mile of travel at each level of travel,
and the market demand curve (D) shows the
marginal benefit of an additional mile. The mar-
ket demand curve slopes downward, indicating
that the first few miles traveled are extremely
valuable in comparison to the last few.
Conversely, the supply or marginal cost curve
slopes upward, reflecting the fact that resources
must be reallocated from other areas of the
economy in order to produce additional trans-
portation. With each additional unit of trans-
portation output, opportunity costs increase as
fewer other valued goods can be produced. At
the point where the two curves meet, private cost
equals private benefit. The intersection of the
supply and demand curves occurs at price P1
and quantity Q1.

Markets will only produce maximum societal
benefits when private costs and benefits are
equal to social costs and benefits. For this to
occur, transportation-related pollution costs
must be added to the private costs, as illustrated
in figure 6-1b—total social cost (S’) of trans-
portation activities is equal to the sum of the pri-
vate costs plus environmental damage costs.

In theory, when full social costs are consid-
ered (e.g., users pay the actual social cost of
each mile via some artificial pricing structure),
the market system will adjust so that social costs
equal social benefits. As shown in figure 6-1c,
the higher price of transportation would result in
fewer miles traveled, decreasing from quantity

Q1 to quantity Q'.

Creating a price structure to reflect full social
costs, however, is only one way to deal with ex-
ternal costs. As noted earlier, technology plays
an important role in determining the amount of
pollution produced by transportation. In particu-
lar, pollution control technologies strongly
affect the rate of emissions per mile—a key
component of total vehicle emissions.

Although highway vehicle travel increased by
over 100 percent from 1970 to 1994, several
kinds of emissions from highway sources de-
creased significantly. This trend can be attributed
to technological changes required by the previ-
ously mentioned federal emissions standards.
The effect of reductions on pollution rates is to
shift the social cost curve (S”) much closer to the
private cost curve (P”), as shown in figure 6-1d.
Thus, technology makes it possible to reduce
environmental damage and consequently total
social cost (P”), with a smaller decrease in the
quantity of travel (Q”) than shown in figure 6-1c.

» Internalizing Environmental Effects

Increasingly, U.S. environmental policy en-
tails a mix of market incentives, regulations, and
other measures such as information programs.
Although all of the measures have the potential
to reduce the quantity of residuals produced,
thus helping to reduce the cost of environmental
damage, each has drawbacks that need to be
considered. (US Congress OTA 1995)

Regulatory policies have been the most wide-
ly applied approach for addressing environmen-
tal problems. Examples include motor vehicle
emissions standards, aircraft engine noise stan-
dards, and oxygenated fuel requirements.

Regulatory measures sometimes lack flexibil-
ity, however, and may also be costly to adminis-
ter and enforce. Automotive emissions standards,
for example, apply equal per-mile emissions
rates to an entire class of new vehicles (e.g., gas-
oline passenger cars and diesel light trucks)
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FIGURE 6-1A: PRICE AND QUANTITY OF TRANSPORTATION

WHEN ENVIRONMENTAL COSTS ARE NOT A FACTOR

Price

S Marginal private cost
Market (does not include cost of environmental damage)

solution

PL |----mmmmmmmm e

D Marginal private benefit

Quantity of travel Q1

NOTE: Intersection of S and D indicates the market solution at which marginal private cost equals marginal private benefit.

FicUurRe 6-1B: CosT CURVE S’ REPRESENTING

BoTH PRIVATE CoST AND COST OF ENVIRONMENTAL DAMAGE

S' Marginal social cost
(includes both private

Price cost and cost of
\ environmental damage)
>y " — P2
g,?ﬁﬁgnmemm S Marginal private cost
damage (does not include cost of
not reflected ~ | environmental damage)
Total social in the private
cost at costof ;
quantity Q1 transportation [—Plj--------------/---2
when the !
priceof = — !
transportation X
does not Private cost X
R pu— I . .
g}g?ggfthe | D Marginal private
environmental X benefit
damage )
I
I
L L 1

Q1

Quantity of transportation

NOTE: The difference between S and S’ at quantity Q1 represents the costs of the environmental damage of transportation
consumed at quantity Q1.
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FIGURE 6-1c: MARKET SoLuTioN WHEN COSTS OF

ENVIRONMENTAL DAMAGE ARE INTERNALIZED

S' Marginal social cost

Price (includes both private
\ cost and cost of
P2 A environmental damage)

— P S Marginal private cost
(does not include cost of
H environmental damage)
e RS SCEEEEEEEE R RS '

Total social cost

at quantity Q'

when the price —|
of transportation
includes the cost
of environmental
damage

D Marginal private
benefit

Q' Q1
Quantity of transportation
NOTE: The intersection of D and S’ is a generalized representation of the price of transporation that would result

if all environmental damage costs were internalized so that users actually paid for this damage. Less transportation
results from this change in price.

FIGURE 6-1D: MARKET SoLuTIoN WHEN IMPROVED

TeECHNOLOGY DECREASES THE RATE OF ENVIRONMENTAL DAMAGE

S' Marginal social cost
/ (includes both private cost and

Price P2 \ cost of environmental damage)
g Marginal social cost with
improved technology
H (includes both private cost and
Resulting social cost — P ‘ cost of environmental damage)
when price of trans- : . .
portation reflects the i Marginal private cost
cost of environmental { (does not include cost of
damage and improved I P" - F - - - ‘ environmental damage)
technology is not used pLb-- T P _:_ J

Resulting social cost
when price of trans-

)
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Q' Q" Q1

Quantity of travel

NOTE: The intersection of D and S" is a generalized representation of the price and quantity of transportation that might result if
technological improvements are used to reduce the rate at which a given amount of travel generates pollution. Transportation’s
price would be higher and its quantity lower than when the costs of environmental damage are not included in the price of trans-
poration (intersection of D and S). But the social costs associated with a given amount of environmental damage would be lower,
and would result in less descrease in travel, than if environmental costs are internalized without the use of improved technology
(intersection of D and S').
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despite the cost differentials for achieving emis-
sions reduction. In addition, standards apply to
emissions measured by fixed procedures under
specified laboratory conditions. If real-world
conditions are not accurately reflected in the
measurement methods, real-world performance
is likely to fall short of the regulatory goal. This
has become a concern with the federal automo-
tive emissions standards (see chapter 8).

A variety of market-based incentives exist or
have been proposed to internalize environmental
costs. Some, such as emissions trading or bank-
ing, assign property rights to environmental
resources. These rights can be bought, sold, trad-
ed, or otherwise used by their owner. In theory,
emissions trading could help to eliminate ex-
ploitation of the environment beyond its effi-
cient use, because the market will account for
environmental costs in arriving at the quantity
and means of producing transportation services.

In a few cases, assigning property rights for
pollution or other residuals already has been
used to address environmental externalities in
transportation. In the 1970s and 1980s, for
example, the Environmental Protection Agency
(EPA) authorized credits to refiners for lead
removal in gasoline that exceeded a prescribed
phase-down schedule. Under this program, cred-
its could be banked or traded with other refiners.
EPA estimates that without the program it would
have cost refiners an additional $226 million to
phase out lead. Fee rebate systems also have
been used or proposed to assure proper disposal
of batteries, tires, and other solid waste. In addi-
tion, a regional clean air incentives market
(RECLAIM) was set up in the Los Angeles area
in 1994, which includes emissions trading for
NO, and sulfur dioxide. Although primarily ori-
ented toward stationary sources, RECLAIM
includes credits for reducing emissions by
scrapping old automobiles.

Pollution charges or taxes have also been
proposed, and, in some cases, used to address
environmental externalities. In theory, a charge

or tax equal to the cost of damage would elim-
inate the difference between societal and pri-
vate costs.

Devising an optimal tax or charge is often
very difficult, however. The tax must be levied
directly on the residual’s damage in order to elic-
it the correct responses, including behavior
modification and technological innovation. Tax-
ing only vehicle-miles driven is unlikely to pro-
duce the desired results, because differences in
emissions rates due to differences in technology
and driving styles would be unaffected. More-
over, it is difficult to devise a tax that reflects the
environmental damage produced by residuals,
and not just their quantity. For example, hydro-
carbon and nitrogen oxide emissions are more
troublesome when weather conditions favor
ozone formation (hot, sunny days when the air is
stagnant). A fuel tax would differ from the vehi-
cle-miles-traveled tax in that it would also pro-
vide an incentive to increase vehicle fuel
economy. As discussed above, however, there
are conceptual drawbacks to taxes on surrogates.

Many states employ pollution charges or
taxes of one sort or another. Their use at the fed-
eral level is limited, although there are exam-
ples, such as a provision in the 1990 Clean Air
Act Amendments that levied a per-pound charge
on CFC use, depending on ozone depletion im-
pacts and other pollution charges.

Current Data Needs

Prior to the 1970s, few laws required environ-
mental impact assessments or standards for envi-
ronmentally safe levels of residuals. Today, more
than 20 laws have provisions that address many
environmental impacts from transportation.
Measures range from broadly applied legislation,
such as the National Environmental Policy Act or
the Endangered Species Act, to measures that tar-
get transportation-related environmental impacts,
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such as the Clean Air Act and Amendments and
the Noise Control Act of 1972 (see table 6-1). To
be effective in this complex environment, accu-
rate and comprehensive sources of data and infor-
mation on the environmental impacts of
transportation are needed. Moreover, data need to
be understandable and available to the public. To
this end some have suggested the development of
a series of performance indicators for environ-
mental quality. (President’s Council on Sustain-
able Development 1996)

A good deal of progress in data collection and
dissemination has been made over the past 25
years, particularly in the realm of air quality. A
nationwide air monitoring system records daily
variations in air quality. Moreover, through the
Travel Model Improvement Program, the Depart-
ment of Transportation (DOT), EPA, and the
Department of Energy are working to improve
travel forecasting procedures in order to respond
to environmental and other concerns. (USDOT
USEPA USDOE 1996) To advance our under-
standing of air quality, EPA recently has taken
steps to improve its estimation of motor vehicle
emissions in real-world conditions.

DOT and EPA are charged with preparing tri-
ennial reports on air quality-related transportation
programs, called for by Section 108(f)(3) of the
Clean Air Act. The studies assess existing state
and local programs, including adequacy of fund-
ing, and the extent to which DOT air quality-
related transportation programs comply with and
meet goals of the Clean Air Act. The first report
was issued in 1993 (USDOT and USEPA 1993);
the second is expected in 1996.

Unfortunately, other aspects of environmental
quality are less well documented. Until recently,
EPA’s inventory of toxic emissions focused on
manufacturing, making it of little use for under-
standing transportation emissions. Data is even
scantier, in general, for transportation-related
impacts on surface and groundwater resources,
animal habitats, and land use. For instance, the
nationwide effects of groundwater contaminants

from highway runoff—including oil, antifreeze,
and salt—are largely unknown. And more needs
to be known about the interactions between
transportation and land use, particularly in terms
of what is dubbed the “costs of sprawl.” Impacts
of transportation on biodiversity are also poorly
understood.

Finally, a weakness of environmental data is
that it does not show the real impact of the pol-
lutants produced by transportation. To what
extent does transportation pollution damage
human health? What are the effects of trans-
portation pollution on crop yields? How and to
what extent do transportation activities affect
ecosystems? These are difficult questions, but
they must be answered in order to assess the
actual environmental impact resulting from
transportation.

Such an effort will likely be an important part
of developing indicators of progress toward sus-
tainability. Proponents of such an approach have
proposed goals of sustainability like the conser-
vation of nature, stewardship of natural re-
sources, and health and the environment. One
indicator of the conservation of nature might be
the amount of wetlands and other habitat loss.
Resource stewardship indicators might reflect
measures of materials consumption, waste
reduction (including recycling), energy effici-
ency, and renewable resources. Indicators of
progress on health and the environment might
include estimates of the number of people living
with unhealthy air and water.

The environment is only part of the sustain-
able development equation. The other equally
critical component is to encourage development
that meets the needs of current and future gen-
erations. Hence, some argue that ways need to
be found to weigh the unintended consequences
of transportation against its benefits. These
include not only environmental damage but
fatalities and injuries from crashes. For this rea-
son some are now proposing a full-cost account-
ing in order to measure the full social costs and
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benefits of transportation (see appendix B).
Clearly, this places an even greater emphasis on
the ability to collect data on the wide range of
transportation impacts. Moreover, full-cost
accounting raises difficult issues with regard to
costing things such as ecosystem damage, the
destruction of species, and people’s lives. Yet,
such an enterprise, while difficult and expen-
sive, promises to help distribute resources in the
most productive and efficient possible way.
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CHAPTER SEVEN

ENVIRONMENTAL
TRENDS AND THE U.S.
TRANSPORTATION

SYSTEM

LTHOUGH THE ENVIRONMENTAL IMPACTS OF TRANSPORTATION
ACONTINUE TO BE VERY LARGE, THE UNITED STATES HAS MADE
MUCH PROGRESS IN THE LAST 25 YEARS IN REDUCING SOME IMPACTS
FAR BELOW WHAT THEY OTHERWISE WOULD HAVE BEEN HAD PAST
TRENDS BEEN ALLOWED TO CONTINUE UNABATED. THE PROGRESS IS
MOST DRAMATIC FOR AIR POLLUTANTS FROM HIGHWAY VEHICLES THAT

are regulated by the federal Clean Air
Act (CAA)and its amendments: the
concentration of some of
these pollutants in urban
areas today is much less

greater detail in chapter 9, the United
States continues to be the world’s largest
producer of greenhouse
gas (GHG) emissions.
Transportation’s share of

As travel and traffic
continue to grow, it

than it was in 1970, de- becomes increasingly U.S. GHG emissions has
spite a doubling in vehi- important to understand grown over the last quar-
cle-miles traveled (vmt). ) ter century. (Carbon diox-
Much of the improve- and monitor the ide (CO,), the major GHG
ment is a result of con- relationships between of concern, is an unavoid-

trols on motor vehicle
emissions.
Some emissions from

transportation, however, have recently in-
creased. Moreover, as is discussed in

transportation and
the environment

129

able byproduct of fossil
fuel combustion.)
The transportation sec-

tor also has significant impacts on water
quality and many other aspects of envi-
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ronmental quality, such as noise, alteration of
habitat for plants and animals, and solid waste
generation. Furthermore, transportation affects
land use and shapes development patterns in
complex ways. As discussed in chapter 6, mea-
sures and trend data for transportation and air
pollution are far more complete than for other
aspects of environmental quality.

This chapter analyzes data on transportation
and the environment and discusses trends, infor-
mation needs, and areas for further research.
The analysis covers five areas: 1) air pollution;
2) water and groundwater contamination;
3) noise; 4) solid waste; and 5) land use and
habitat modifications. Upstream activities asso-
ciated with transportation, such as vehicle man-
ufacturing, petroleum extraction and processing,
construction of transportation infrastructure,
and other processes needed for transportation to
take place, have significant environmental
impacts, but are not treated in detail here.

Air Pollution Trends

The most conspicuous environmental impact
of transportation is its impact on air quality,
largely due to burning and evaporation of fossil
fuels. Recent and long-term trends for several
kinds of air pollution are discussed in the sec-
tions that follow.

» Criteria Air Pollutants

The Clean Air Act of 1970 called for estab-
lishment of National Ambient Air Quality
Standards (NAAQS) to help protect the public
health and welfare from known or anticipated
effects of air pollutants. (Box 8-1 in chapter 8
discusses the NAAQS.) Under the law, and its
subsequent amendments, the U.S. Environmen-
tal Protection Agency (EPA) set primary and

secondary ambient air quality standards for six
air pollutants, known as criteria pollutants.
These criteria pollutants are carbon monoxide
(CO), ozone (0O,), nitrogen dioxide (NO,), air-
borne particulate matter of less than 10 microns
in size (PM-10), lead, and sulfur dioxide (SO,).
The effects of these pollutants vary, but can
include respiratory and cardiopulmonary prob-
lems, acid rain, decreased crop yield, defoliation
of plants, and decreased visibility, as is dis-
cussed in chapter 6.

To assess national criteria pollution trends, two
kinds of data are useful: 1) monitoring data about
ambient concentrations of criteria pollutants in
the atmosphere; and 2) estimates of total nation-
wide emissions from different classes of maobile
and stationary pollution sources (see box 7-1.)

Monitoring data from 4,000 sites across the
United States show decreases in the average con-
centrations of all six criteria pollutants in the
1985 through 1994 period. Decreases in ambient
concentrations averaged 28 percent for CO, 12
percent for O, 86 percent for lead, 9 percent for
NO,, 20 percent for PM-10, and 25 percent for
SO,. (USEPA 1995a)

The national average concentrations of two
criteria pollutants increased between 1993 and
1994, however. In 1994, CO concentrations in-
creased 2 percent and the composite average for
NO, increased 5 percent over 1993 levels. (Lead
and sulfur dioxide concentrations continued to
decrease, while PM-10 concentrations did not
change.) Furthermore, over 62 million people
still lived in counties that had not attained or met
the NAAQS for at least one criteria pollutant in
1994. Clearly, pollution problems remain.
(USEPA 1995a)

Transportation vehicles are major sources of
several criteria emissions. They account for
most emissions from mobile sources, which in-
clude road vehicles and a diverse mix of mobile
nonroad sources and equipment (see box 7-2). In
1994, mobile sources (including both road and
nonroad sources) accounted for 78 percent of all
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Box 7-1: MEASURING AIR QUALITY AND VEHICLE EMISSIONS TRENDS

The U.S. Environmental Protection Agency (EPA) monitors ambient air quality trends at 4,000 sites nationwide.
Numerous samples are collected at each site throughout the year. Not all pollutants are measured at a site and
different air quality indicators are used to characterize each pollutant to determine compliance with air quality
standards aimed at protecting public health. The carbon monoxide standard specifies one-hour and eight-hour
concentration levels; for an area to attain the standard, these averages could be exceeded only once a year. The
ozone standard specifies a maximum daily one-hour average concentration to be met or bettered every day of the
year. The lead standard is a maximum quarterly average. The nitrogen dioxide standard is an annual arithmetic
mean. For PM-10 and sulfur dioxide, the standards specify average concentrations for the short term (24 hours
or less) and long term (annual average).

EPA ranks each pollutant by the 5th, 10th, 25th, 50th, 75th, 90th, and 95th percentiles. The arithmetic aver-
age for all sites is reported. Arithmetic averages are reported for sites categorized by location as rural, urban, and
suburban. Finally, the areas failing to meet at least one pollutant standard are listed together with an indication of
which standards were not attained. These measures do not fully describe the air quality of the United States or
even that of a particular site. With so many sites and observations around the country, however, they give a use-
ful indication of national air quality trends.

EPA also prepares annual nationwide estimates of emissions of key pollutants from stationary and mobile
sources. Mobile sources include eight categories of on-road vehicles and major categories of nonroad trans-
portation vehicles (e.g., aircraft, boats, and locomotives), and mobile equipment such as lawnmowers and con-
struction equipment. To estimate emissions from on-road vehicles, EPA makes use of several kinds of data, such
as Federal Highway Administration data on vehicle-miles traveled, state-level temperature data, and data from the
Federal Test Procedure (FTP), which also is used to certify compliance of newly manufactured vehicles with fed-
eral emissions standards. Emissions estimates have been prepared for every year from 1970 through the present.
EPA sometimes revises its prior estimates of emissions as understanding and information about factors affecting
emissions grows. Recent research suggests that emissions estimates based on FTP assumptions have underes-
timated real-world emissions. This issue is discussed in detail in box 8-2 in chapter 8.

SOURCES: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards, National Air Quality and Emissions Trends Report,
1994, EPA 454/R-95-014 (Research Triangle Park, NC: October 1995); and U.S. Environmental Protection Agency, Office of Air Quality Planning and
Standards, National Air Pollutant Emission Trends, 1990—1994, EPA-454/R-95-011 (Research Triangle Park, NC: October 1995).

CO emissions, 45 percent of all nitrogen oxides
NOx emissions, and 37 percent of all hydrocar-
bon (HC) or volatile organic compounds (VOC)
emissions. The latter three classes of substances
contribute to the formation of ground-level
ozone, another criteria pollutant present in smog
(see figure 7-1). Although mobile sources still
accounted for 32 percent of 1994 lead emissions,
vehicular lead emissions are now less than 1 per-
cent of their 1970 levels because lead has been
eliminated from motor gasoline. Mobile sources
account for less than 3 percent of SO, emissions.

Highway vehicle travel accounts for most cri-
teria pollution from the transportation sector. On-
road vehicles produced 62 percent of all CO
emissions, 32 percent of all NOy emissions, and
26 percent of all VOC emissions in 1994.
Between 1970 and 1994, the highway vehicle
fleet grew 80 percent, and annual vehicle-miles
traveled nationwide doubled. (USDOT BTS
1995, table 5, 33, 41) Technological changes re-
sulting from the CAA, however, have controlled
highway vehicle emissions to a substantial degree
(see figure 7-2). In part because of the control of
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Box 7-2: TRANSPORTATION’S SHARE OF MOBILE SOURCE POLLUTION

The U.S. Environmental Protection Agency (EPA)
divides air pollution sources into stationary sources
and mobile sources. Mobile sources are further divid-
ed into on-road sources and nonroad sources. EPA
prepares emissions estimates each year for the fol-
lowing mobile sources:

On-road mobile sources:
Light-duty gas vehicles and motorcycles
Light-duty gas trucks
Heavy-duty gas vehicles
Light-duty diesel vehicles
Light-duty diesel trucks
Heavy-duty diesel trucks

Nonroad mobile sources:
Aircraft
Marine vessels (includes estimates for coal,
diesel, and residual oil)
Railroads
Other nonroad gasoline and diesel sources,
including:
recreation
construction
industrial
lawn and garden
farm
light commerecial
logging
airport service
recreational marine vessels (gasoline only)
other (gasoline only)

All emissions from on-road sources, aircraft,
marine vessels, and railroads can be attributed to
transportation. Some other nonroad emissions (such
as from airport services and recreational marine ves-