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TRB

CRITICAL ISSUES IN
TRANSPORTATION 2018

odern economies and lifestyles would

not be possible without extensive

transportation systems. Yet, even as
vital as they are, such systems mostly escape notice
except when they do not function as expected. As
the third decade of the 21st century approaches,
however, expectations may well be turned upside
down. Changes are coming at transportation from
all directions, including potentially revolutionary
technologies such as drones and automated
vehicles, rapid innovations in urban transportation
services, unreliable funding for infrastructure and
operations, and possible changes in national
policies affecting trade, climate, environmental
protection, and sources of energy. The potential
consequences of these changes could make future
congestion, fuel consumption, and emissions
either markedly better or markedly worse.
Correspondingly, these potential changes could
positively or adversely affect commercial truck, rail,

TRANSPORTATION RESEARCH BOARD
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aviation, and waterborne networks, with significant
implications for the delivery of goods and services,
personal travel, and the economy.

In this edition of Critical Issues in Transportation,
the TRB Executive Committee poses a series of
challenging questions about potential critical
issues that may arise 10 to 20 years into the
future. These questions include interest in the
implications of developing trends that might

not fully manifest until beyond this period.

The intent is to frame high-level questions that
can be addressed during the next 5 to 10 years
through research, policy analysis, and debate

to help society prepare for the potentially
unprecedented changes that lie ahead. The
identified critical issues deserve attention
because of transportation’s central and essential
role in serving individuals and society and the
many consequences it has, both favorable and not
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favorable, for the economy, safety, public health,
and sustainability. The Executive Committee
hopes that this document can serve to sharpen
the collective understanding of transportation and
its ramifications and encourage the analysis and
research that will inform decisions by individual
citizens and officials in both the public and private
sectors. Although the issues have been identified
and documented from a U.S. perspective, many of
the issues are common across developed nations.

Broad forces constantly affect transportation,
including the daily personal travel aspirations of
more than 300 million U.S. citizens, population
growth and migration, economic growth and
contraction, technological and scientific advances,
human-made and natural disruptions, and
changing trade relationships. These larger trends
catalyze corresponding changes in transportation ~ taken by both the forces of change and society’s
demand, passenger and freight flows, service attendant strategies to accommodate them.
preferences, and supply responses. The resulting
transitions are inevitably a time of adjustment
and lively debate about how transportation can,
and should, most effectively evolve to support
the changing social, economic, technological,
environmental, and public policy context in which
it must function.

The issues identified in this document were
generated from discussions by the Executive
Committee and its Subcommittee for Planning
and Policy Review. In addition to the members of
the Executive Committee who made individual
contributions, 23 transportation experts provided
a critical review of the initial list, which led to a

Understanding the broader environment that number of revisions. TRB’s Marine Board and the
drives the demand for transportation, such as chairs of TRB’s standing committees and groups
demographic change and economic growth, must reviewed the revised list for coverage and balance,
be coupled with an appreciation of the goals which led to further changes.

that transportation strives to achieve, such as
providing mobility and access through efficient
system performance, safety, equity, sustainability,
and resilience, and the conditions that drive

Questions about critical issues, italicized in the
text that follows, are grouped under 12 inter-
related topics:

transportation supply, such as financial and energy 1. Transformational Technologies and Services
resources, governance, institutional capacity, and 2. Serving a Growing and Shifting Population
innovation. Opportunities for decision makers 3. Energy and Sustainability
to improve transportation system performance 4. Resilience and Security
across all of these different domains influenced the 5. Safety and Public Health
Executive Committee’s choice of critical issues. 6. Equity
7. Governance
Whereas the Executive Committee frames this 8. System Performance and Asset Management
document around current trends and potentially 9. Funding and Finance
revolutionary technological change ahead, a healthy |5 Go0ds Movement
respect should be maintained about what can be 11. Institutional and Workforce Capacity

known about future developments. Rarely do futures
cooperate with the expectations of their predictors.

12. Research and Innovation

Hence, a particularly important element in Many issues span more than one topic area. For
identifying critical transportation issues is preparing ~ €Xxample, automation of transportation is currently
for the multiple evolutionary paths that may be of great interest in its own right, but can also have

. . . . CRITICAL ISSUES IN TRANSPORTATION 2019
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important consequences for sustainability, system
performance, safety, equity, and goods movement.
Future settlement and development patterns
similarly affect future demand for infrastructure and
energy, impacts on the environment, governance,
and funding. Funding has broad implications for
system performance, safety, goods movement, and
institutional and workforce capacity. Grouping the
issues into the 12 topic areas relies on judgment.
More consequential than grouping the issues,
however, are the choices of issues to address.

The Executive Committee does not claim that

its list of topics and issues is comprehensive.
Transportation is a broad field of human activity
that spans many disciplines and bodies of policy
analysis and research across both the private and
public sectors. No single person, or even group

of people, can claim to be fully cognizant of the
importance, status, and direction of all of the
efforts under way affecting transportation. Rather,
this list highlights what the Executive Committee,
based on extensive consultation and its own
judgment, determines to be the key issues for the
transportation community, writ large, to address
over the next few years. TRB’s Executive Committee
will also draw on this document to select a limited
number of priorities for TRB’s next strategic plan
with the goal of focusing TRB’s research, studies,
and activities on the most important transportation
issues facing the nation.

This document has been independently reviewed
in draft form by individuals chosen for their
diverse perspectives and technical expertise in
accordance with procedures specified by the
National Academies of Sciences, Engineering,

and Medicine’s Report Review Committee. The
purpose of this independent review is to provide
candid and critical comments that will help assure
that the report is balanced, evidence based, and
satisfies institutional standards for objectivity and
responsiveness to the committee’s charge. The
reviewers’ comments and the draft manuscript they
were provided remain confidential to protect the
integrity of the deliberative process.

The Executive Committee appreciates the efforts
of the individuals and groups who assisted in
the preparation of this document and the critical
review performed by 10 independent reviewers.
The assistance that the Executive Committee has

a TRB | TRANSPORTATION RESEARCH E_!OARD . . .
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received has improved this report considerably.
The selection and formulation of the topics and
issues, however, are based on the Executive
Committee’s collective judgment and it assumes
sole responsibility for this document.

Transformational
Technologies and
Services

The potential autonomous operation of vehicles,
vessels, and aircraft has captured the public’s
imagination, and understandably so. Despite a
considerable overdose of hype, automation may
one day revolutionize the movement of people and
goods." It will probably take longer to unfold than
the general media implies, but advances in sensors,
communication and information technologies,
artificial intelligence (Al), and entrepreneurial
business models may be at such an important point
of inflection as to almost guarantee significant
future changes and, hopefully, benefits. Advances
in technology and entrepreneurship have already
brought substantial innovations in service through
ride-, car-, and bike-sharing services? and in the
logistics systems that make e-commerce able to
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provide next day and even same-day delivery of
goods.3 The potential benefits from increased levels
of automation and service innovations include
improved mobility, faster deliveries, fewer crashes,
reduced congestion and emissions, and better
accessibility for the disabled, elderly, young, and
economically disadvantaged.4 But equally possible
are congested city streets and freight corridors,
and more energy consumption and emissions
from ubiquitously operating vehicles, as well as a
sharp divide between those with the resources to
purchase these services and those without them s

Potentially most consequential in terms of
passenger service, cost, and environmental
impact is the combination of shared services,
automation, and electric-drive technologies.®
Creating and building on synergy among these

three major changes enhances the probability of addresses passenger issues. Transformational
achieving the benefits previously listed. Consumer technologies that affect freight are discussed in the
preferences and market pressures will play central Goods Movement section.)

roles in determining which technologies and
services emerge and succeed, but public policies,
if exercised, can also play a key role in encouraging
and directing their commercialization for the
common good. Vitally important questions include

1. The emergence of new transportation services
and connected and automated motor vehicles
(CAVs) raises a variety of questions about
whether and how public policy can steer their

THANSPOATATION RESTARE BOARS

development.” Special Bepart 15
which technologies will prevail in the marketplace a. Fast-growing, app-based services, including
and what their implications will be for service, transportation network companies (TNCs) Between Public

safety, and the environment. (This section primarily

such as Uber and Lyft, are providing o Ny

new options for consumers but are also
contributing to increased travel, congestion,
and emissions in some cities.® What
policies could encourage more riders to take
advantage of pooled ride options to reduce
the number of trips? How can support for
urban area policies, such as congestion
pricing, be developed to manage demand
for congested urban roads by TNCs as well as

The asiona Acdesis

the single-occupant vehicles that account for o i s

the majority of peak .travel? o Between Public and Private Mobility
b. Fully automated vehicles, despite likely Examining the Rise of Technology-Enabled

having a higher cost than conventional Transportation Services

vehicles, might appeal to consumers as

they could spend their time on other tasks

than driving and dispatch their vehicles

for other purposes during the workday.

Automated vehicles operated by commercial

services and optimized with Al could one

day have much lower operating costs than

conventional services, owing to higher asset

use and reduced labor costs. They could

. . . . CRITICAL ISSUES IN TRANSPORTATION 2019 S
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operate almost continuously, and not always
occupied. On the one hand, vehicle miles

of travel, congestion, and emissions could
potentially all be significantly reduced.

On the other hand, automated vehicles
could result in more vehicle trips and allow
commuters to live even farther from where
they work, facilitating additional sprawl,
which could also increase total travel,
congestion levels, and energy consumption.
Which policy options can and should be
exercised to achieve net social benefits from
automated vehicles?

. Federal policy promotes connectivity among

vehicles and with infrastructure (connected
vehicles) that would communicate with one
another at a high bandwidth to enhance
safety.? Even as automakers begin to roll out
connected vehicles, they are also offering
semiautomated vehicles that can take

over the driving task in some applications.
Many companies have promised to begin
offering fully automated vehicles in the near
future. Assuming a likely gradual market
penetration of automated vehicles,™ it

will take several decades before most of
the automotive fleet is fully automated.

As a result, there will be a long time span
during which CAVs operate side by side with
conventional driver-operated vehicles. How
can the public sector foster technological
innovation and steer the transition to CAVs to

improve safety during this transition period?
Which issues will need to be addressed

to reduce risk when semiautomated and
automated vehicles operate in mixed traffic
with drivers of conventional vehicles? How
does society approach managing public
opinion and expectations and regulating
semiautomated and automated technologies
that may sometimes fail but nonetheless
operate more safely than current vehicles?

. Connected vehicles may arrive much sooner

than automation. Their safety benefits will
be enhanced if the public sector invests

in adding sensors and communications
technologies to traffic signals, signs, and
other infrastructure. Public investment

in infrastructure, however, occurs much
more slowly than new technologies

enter the vehicle fleet. Indeed, the auto
industry is forging ahead with CAVs that
will have benefits independent of public
investment in smart infrastructure. How
can the misalignment between investment
by the public and private sectors be
overcome? What should be the highest
priorities for publicly funded connected
vehicle infrastructure improvements? What
are the potential roles for public—private
partnerships in accelerating the pace of
public investment? Another important factor
for connected vehicles to move forward is
resolving the current debate within industry
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over whether the initiative should rely on
existing digital short range communications
(DSRQ) technology or LTE-V2X short range
communications and the forthcoming

5G direct communications evolution. The
alternative to DSRC would require some
reallocation of the 5.9 GHz spectrum
currently set aside for DSRC.*> What is the
complete set of information that policy
makers need to resolve this debate over
communications technology?

2. Other side effects of shared mobility services

raise questions about the need for additional

federal, state, or local policies.B

a. TNCs, as well as shared car, bike, and
electric scooter programs, are expanding
consumer options and affecting existing
modes and services in different ways.

In major cities total automobile use is
increasing, even with TNC pooled-ride
options, at the expense of transit and
nonmotorized modes, even as they provide
“first and last mile connections.” 15

What and where are the opportunities for
demand-responsive, app-based services
to complement or link with conventional
transit services, while also ensuring that
the mobility disadvantaged are adequately
served? (See also the discussion of access
under this report’s Equity topic.)

b. Many jurisdictions regulate TNCs, taxis,
and other “for-hire” services differently
with regard to (a) driver and vehicle safety
and (b) geographic service.*® Although
the regulations applied across different
services may differ, how can and should
this regulation allow competition to play out
with a focus on achieving a consistent set of
outcomes?7

3. As TNCs proliferate and companies experiment

with automated vehicles, a debate has opened
up about the respective safety regulatory roles
of the federal government and the states.*®
What is the appropriate balance of both

state and federal safety regulatory oversight
while enabling private-sector transportation
technology development and innovation?
Automated vehicles are currently being tested
and developed on public roads under a

voluntary federal safety framework with limited
state and local oversight that is providing

little disclosure to the public about the
potential public risks of these tests. How much
information should companies be required to
share with the public about these experiments
and technology development efforts?

. Automation depends on advances in Al,

software, and sensors to substitute for

human operators of transportation systems.
How can we ensure the consistent and safe
performance of Al, software, and sensors

in a diversity of both conventional and
unanticipated situations? How can regulatory
agencies develop expertise in overseeing
performance assessment and safety assurance
of the technologies behind automation? As
automated vehicle use increases reliance on Al,
software, and sensors, all of which can fail, how
will product liability laws need to evolve to serve
the public interest?>®

. Regardless of which transformational

technologies win consumer acceptance, human
beings can be expected to respond in multiple
ways, including unexpected ones. Possible
behavioral responses to transformational
technologies are listed below. Their
implications are explored further in the sections
that follow addressing settlement patterns,
energy consumption and emissions, demand
for infrastructure, and safety.

. . . . CRITICAL ISSUES IN TRANSPORTATION 2019
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Many questions remain about how
transformational technologies will affect
travel behavior in the short term. How much
will consumers value new products and
services and how much will they be willing

to pay for their safety, energy saving, and
emission reduction attributes? How will these
technologies affect the number of trips, modal
preferences, and willingness to pool rides 7>

. Consumer response to services offering

automated vehicles with low operating
costs could reduce the need for automobile
ownership, and thereby, among

other effects, free up space for urban
redevelopment as such a large share of
urban space is devoted to parking.?> How
might transformational technologies affect
auto ownership? Will the other attributes of
auto ownership (flexibility, independence,
status) continue to outweigh the cost
advantages of using other modes? If auto
ownership does diminish, how might
requirements for parking diminish and what
opportunities exist to repurpose on- and off-
street parking for other uses?

. Over the long term, transformational

transportation technologies may affect
where people and businesses choose to
locate, in turn affecting consumption of
space, demand for infrastructure, energy
consumption, and emissions.z Will
transformational technologies encourage
more or less low-density residential and
commercial location?

. In response to some vehicle technologies

introduced to enhance safety, human
beings apparently drive in ways that can
negate some of their benefits; in the case
of antilock brakes, for example, long-term
evidence indicates no reduction in fatal
crashes.? During the long transition period
of simultaneous operation of conventional
and semiautomated and automated vehicles,
how will drivers adapt to the safety features
of semiautomated safety technologies? How
will drivers of conventional vehicles respond
to CAVs that may operate more slowly and
cautiously?

. The general public judges risks and behaves

accordingly differently than experts do

for a wide variety of reasons, such as the
perceived degree of control, voluntary
exposure to risk, and familiarity.?> Society
implicitly recognizes public perceptions

by requiring far less risk from flying on a
commercial flight than driving on a rural
highway. What level of risk will the public
require of automated vehicles? How much
safer will they have to be than conventional
vehicles to gain public acceptance?

Serving a Growing and
Shifting Population

Future population growth in the United States is
expected to average about 1 percent annually,

with increases in highway vehicle miles of travel

of similar magnitude,?® but past trends imply that
this growth will not be even across the country.
Included among these trends are population growth
in several megaregions;? regional migration,
particularly toward the Southeast, Mountain West,
and West Coast; and population declines in rural
areas across the country.?® (More recent counter
trends to growing urbanization in the largest metro
areas may suggest rebounding population growth in
medium size and smaller cities.?)

Copyright National Academy of Sciences. All rights reserved.
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Regardless of where it is located, low-density
residential development at the periphery of existing
development continues to grow the fastest.>> Many
future demographic changes (internal migration,
aging population, immigration, and household
size) will influence the demand for transportation.
Yet, where people choose to settle explains much
about the modes they will rely on and the volume of
future travel. These residential settlement patterns,
combined with the commercial development

that tends to follow, have broad implications

for infrastructure demand, travel time, and the
environment.3! As the largest population cohorts,

the preferences of the Baby Boom and Millennial congestion. Solving megaregion transportation
generations will have outsized impacts on future problems that involve both internal and
travel demand. external connectivity will be important

in ensuring their continued vibrancy and
contribution to the national economy. What are
the most cost-effective transportation policies
for improving internal megaregion travel and
ensuring that megaregions are well connected
to the rest of the nation and the world?

7. Although large metropolitan areas continue
to have the highest population growth rates,
growth in small metropolitan areas and
nonmetropolitan counties is rebounding from
losses during the Great Recession, and growth
rates in these small metro areas may once
again exceed those of large metro areas.>> What
are the implications for local and intercity travel
demand and infrastructure investments and
operations if these trends persist? Regardless
of the region of the country, the dominant
share of residential development is occurring
in suburbs and exurbs that are expensive to
serve using traditional public transportation
operations, which have important implications
such as growing demand for road capacity and
increasing auto emissions. What transportation
policies and programs are most cost effective in
mitigating the congestion and environmental
costs of automobile trips in these settings?
What role can new transportation services such
as TNCs play in these areas? What role can land

A ' use policies play in shaping future development

‘ 2 4 and transportation demand?

8. Ifthe rural population shifts previously
described persist, they could have broad
implications for the transportation policies and
programs needed to serve these distinct areas
of the country.

6. Megaregions are emerging as the engines of
the national economy.3? The concentration of
growth into these regions is also resulting in
the worst traffic congestion,? which continues
to grow faster than capacity can be provided.
Much of the traffic growth in megaregions
occurs between urban cores, and most
of these trips are by automobile.3s Long-
distance passenger and freight movements,
concentrated in corridors connecting the
megaregions and the facilities that generate
these trips, are facing more and more

. . . . CRITICAL ISSUES IN TRANSPORTATION 2019 9
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a. How can rural and farm access to services
and markets be sustained as populations
and resources for infrastructure decline and
if competition among freight carriers
for transporting goods decreases? As
populations and tax bases decline, how will
rural highway routes be funded?

b. Access is a particular challenge for the
economically disadvantaged, the elderly,
and the disabled, who lack transit options
and service by TNCs due to low population
densities and an absence of high-speed
Internet service in many rural areas. How
can rural populations be ensured adequate

access to jobs and services? How is that internationally for many years to come. Adverse
access changing? Which policies are needed ~ environmental effects result not only from
to provide adequate rural access? producing, shipping, and combusting energy, but
9. Although many Millennials, the largest also from mining and manufacturing the many
population cohort, are living in center cities, components of vehicles, including the materials
the largest portion are settling in the urban needed for rechargeable batteries.* (The public
periphery or in areas between urban centers health consequences of vehicle emissions are
within megaregions,* making it more difficult discussed in the Safety and Public Health section of
to provide nonautomobile options. Most Baby this report.)

Boomers continue to prefer single-family
homes in the suburbs (about two-thirds) or

in rural areas (more than one-quarter).>” What
are the transportation implications of these
trends among the largest population cohorts?
How can adverse environmental effects from
transportation be minimized?

Critical questions in moving toward sustainability
include determining the most cost-effective
strategies for reducing GHG emissions; accounting
for the full environmental consequences of mining,
producing, and consuming transportation fuels
and vehicle and battery components; deciding on
the appropriate public- and private-sector roles

in facilitating and achieving the conversion to

both battery and hydrogen powered electric-drive
vehicles; and building public and political support

Energy and

SUStainability forimplementing the most effective strategies.
Research challenges include addressing a transition

Drastic reductions in greenhouse gas (GHG) to low-GHG energy sources for transportation that

emissions are needed in the coming decades from is more driven by public good than private benefits,

all sectors to avoid the possibility of catastrophic uncertainty about both future technologies and their

climate change.3® Transportation now accounts for economics, and consumer willingness to pay for

the largest share (28.5%) of U.S. GHG emissions.3® energy efficiency, among other topics.

Moreover, other sectors are reducing carbon
emissions much faster than transportation.4
Transportation may be the most challenging
sector to address because of its requirements for
high-energy density fuels, particularly for aviation,
large ships, and long-haul trucking. Largely for
this reason, even if and when the nation confronts
transportation’s role in climate change, oil and
natural gas will continue to be major sources of
transportation energy in the United States and

10. Transportation in the United States generates
more GHG emissions than any other sector
and its share is growing, largely due to fossil
fuel consumption.4 To make a proportional
contribution to reducing GHGs, however,
reductions from transportation would need to
go beyond the aggressive federal fuel economy
and GHG standards adopted in 2012 (which
themselves are being reconsidered as too

10 TRB | TRANSPORTATION RESEARCH B_OARD . . .
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12.

aggressive at the time of this writing).*> What
are the most cost-effective strategies to stabilize
and ultimately reduce GHG emissions? What

is the role of transportation in achieving this
goal? Other key challenges include reliably
monitoring and confirming progress toward
GHG reduction goals; the potential for public—
private collaboration in achieving reduction
goals; the respective sectoral roles in increasing
energy efficiency and reducing carbon intensity,
reducing motorized travel, and improving
system efficiency; identifying the necessary
policy actions and technological advances; and
managing the transition to automated vehicles
to reduce GHGs rather than increase them.
The price of transportation fuel and motor

fuel taxes and other transportation fees do

not reflect the social and environmental costs
that transportation imposes. Hence, society
cannot depend on market forces alone to
identify and apply environmentally sustainable
energy sources for motor vehicles, aircraft, and
vessels in the coming decades. What are the
most consequential and cost-effective public
policy strategies to move the transportation
sector toward sustainable energy sources while
taking into account the full environmental
consequences from the energy source through
consumption, emissions, and recycling of spent
vehicles and components?

As major industrialized nations impose zero-
and low-emission requirements, automakers
are responding with promises to shift to the
production of electric, plug-in hybrid, and
hydrogen fuel cell vehicles, which raises
questions about the public role in encouraging

Copyright National Academy of Sciences. All rights reserved.

electrification of the fleet and the impact that

growing electricity demand will have on the

energy grid and overall emissions.

a. How can public policy influence consumer
acceptance of electric vehicles ¢ What is
the appropriate public role in facilitating
the distribution and adequate coverage
of hydrogen and battery refueling and
recharging infrastructure? What policies will
work and be most cost effective?

b. What are the implications of the growing
reliance on electrical power in transportation
and how can electrification be managed to
gain the most societal benefit?

i. Using electricity to power transportation
vehicles could reduce GHG emissions,
but the scale of the benefits depends
on the source of energy (coal, gas,
petroleum, nuclear, renewables) that
electric utilities choose or are incentivized
to employ. How can the public sector best
affect these choices?

ii. What will be the impact of growing
demand from transportation on the
electric grid? How can utilities and public
agencies, as needed, encourage the
timing of recharging to maximize benefits
forthe grid and users 7+

c. What is the potential for transportation
infrastructure itself to generate energy
from solar radiation, wind, or other
environmentally sound sources?

13. Sustainability requires that there be long-

term consideration of the implications of
decisions and policies on social, economic,
and environmental systems. Examples include
making decisions based on life-cycle cost
considerations and the long-term vitality of
communities and key natural environmental
systems. How can consideration of long-term
sustainability goals be better incorporated
into public policy debates and decisions about
transportation?

CRITICAL ISSUES IN TRANSPORTATION 2019 n
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Resilience and Security

Recent intense floods, super storms, and hurricanes
have disrupted the lives of millions and caused
hundreds of billions of dollars’ worth of damage.“
Combined with the vulnerability of transportation
facilities to terrorism, these events have made
public and private officials acutely aware of the
need to identify community vulnerabilities and
plan for responses to natural and human-caused
disasters, including near- and long-term climate
change effects on sea level rise, droughts, forest
fires, and heat waves.>°

Communities face differing threats and will need
strategies fitted to their circumstances. Businesses,
shippers, and carriers must anticipate and plan

for supply chain resilience in the face of broad
disruptions. An equally compelling set of questions
addresses the larger challenge of protecting,
modifying, rebuilding, or relocating highly
vulnerable highways, bridges, transit facilities,
railroads, waterways, airports, and ports to make
them more resilient; it may be necessary to add
redundancy where possible and even abandon
some facilities. It is critically important to determine
how to pay for improved resilience in the short term
to save money in the long term.

12 TRB | TRANSPORTATION RESEARCH BOARD

14. Terrorist strikes worldwide continue to
demonstrate the vulnerability of transportation
facilities where masses of people gather.>
Aviation has developed layers of security to
protect against terrorism, albeit at a high cost.
Other modes are more open and vulnerable—
including airports, rail and transit stations, and
seagoing vessels (piracy). Improved analysis of
trade-offs between security and the efficiency
of freight and passenger movement is needed
to inform policy makers. How can strategies
appropriate for each mode be developed to apply
layers of security without excessively impeding
the movements of passengers and goods?>

15. The development of robust risk assessment
and management methods for vulnerable
assets and policies and designs for extreme
events is an important next step in preparing
for resilience.3 What kinds of decision-making
tools can best help transportation agencies
make appropriate decisions about climate
change and terrorism in a risk-management
framework? How can risk management
approaches be incorporated into transportation
planning and decision making? How can results
from climate models be translated into changes
in design standards for severe weather events?

16. Proposals to adapt, operate, and strengthen
infrastructure to be more resilient raise a
number of key questions.>
a. Which policies, programs, research topics,

and investments can and should be
undertaken to adapt existing transportation
facilities and systems to rising sea levels,
stronger storm surges, more frequent
flooding, and other powerful and damaging
weather extremes?

b. How can the experiences of communities
and states that are beginning to adapt and
change be best evaluated and shared?

c. Inlight of the inability to be precise about
the scale and timing of future impacts, how
can funding policies, designs, and standards
be modified to build in flexibility to allow for
needed adaptation, including the rebuilding
of more resilient infrastructure after it is
damaged or destroyed?

d. What evidence would convince policy makers
and the public of the need to incur the extra,
near-term costs of adaptive management?

Copyright National Academy of Sciences. All rights reserved.
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e. What are feasible strategies for defending
or retreating from the highest-risk areas and
avoiding continued investment in the most
vulnerable ones?

17. Drones used for transportation—large and
small—raise questions about their use by
terrorists or for illegal purposes such as
smuggling drugs or the delivery of explosive
devices to areas with large numbers of
people. The aviation and defense sectors are
working on drone detection and interdiction
technologies. How can security forces most
effectively mitigate the security risk from
drones?

18. Partially automated and, eventually, fully
automated vehicles, vessels, and aircraft
and smart infrastructure remain vulnerable to
hackers in ways that threaten safety and public
confidence. How can and should cybersecurity
for these systems be made as robust as
possible?® What capabilities will public
agencies need to verify whether cybersecurity
is being managed effectively? Cybersecurity
concerns for transportation extend far beyond
automation. Myriad public and private systems
for managing flows of vehicles, accounting
records with personal information, and
other systems are vulnerable to hacking and
ransomware. What are best practices, how
can they be shared, and what role should the
public sector play in overseeing and enhancing
cybersecurity?

19. All transport modes are highly dependent

on the Global Positioning System (GPS) for

guidance and navigation,> but there is no

national or regional backup should GPS
systems fail for a period of time. Systems across
all modes that rely on GPS are also vulnerable
to “spoofing” that threatens guidance systems.

How can these vulnerabilities be overcome or

managed effectively?

20. As a result of more severe massive storms

and threats of terrorist attacks, large-scale

evacuations will become more common. The

transportation system, however, is incapable of
evacuating entire metropolitan areas on short
notice. What strategies are needed for better
preparation, response, communication, and

Sheltering in place on a regional scale?

Copyright National Academy of Sciences. All rights reserved.

Safety and Public Health

The economy and lifestyles of U.S. citizens depend
on transportation, but they exact a large toll in the
form of deaths and injuries to travelers, suffering by
their loved ones, and adverse health effects from
transportation operations and emissions. Media
depictions of catastrophic airline and train crashes
garner the most attention, but 95% of transportation
fatalities,>® roughly 35,000 to 40,000 annually,

and most transportation emissions harmful to
public health, result from routine highway travel
that receives little public notice. Despite ongoing
improvements to vehicles and infrastructure that
have reduced injury risk, many highway casualties
nonetheless result from predictable causes that can
be reduced by using proven strategies.> Although
highway safety remains a primary safety focus,

new risks are emerging from rapidly expanding
transportation and recreational applications for
drones, and potential terrorist applications of
drones as well.

Major challenges that need greater insight are how
to overcome barriers to the use of the safest road
and vehicle designs, adopt proven techniques for
reducing alcohol- and drug-impaired operations

Designing Safety Regulations
for High-Hazard Industries

Designing Safety Regulations for
High-Hazard Industries
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and speeding, and implement effective policies to
manage operator fatigue across all transportation
modes. Additional important questions include
how to reduce distractions to operators and
pedestrians and incorporate semiautonomous
driving technologies in ways that reduce rather
than increase risk. The public health consequences
of transportation emissions and noise and the
consequences of chronic fatigue in 24-hour
operations also demand greater understanding and
action. Once a world leader in highway safety, the
United States has become a laggard: accordingly,
thousands, if not millions, are injured every year

in crashes that could have been avoided. Averting
these tragedies makes it all the more important

to understand the most effective highway safety
strategies being employed in other nations, as well
as in the safest U.S. jurisdictions, and building
popular and political support to implement them.é°

21. The public and private sectors have made great
strides in protecting vehicle occupants from
highway crashes. How can we accelerate the
adoption of crash protection measures that
have been proven effective, such as air bags,
energy-absorbing materials, and safety belt
use and helmet laws, as well as the adoption
of the safest road designs? What transferable
lessons can be learned from those states and
localities that have been successful in reducing
deaths and injuries through implementing
safety countermeasures that work? How can
we reverse the sharp decline in highway traffic
safety enforcement in some jurisdictions?

22. Many driver warnings and semiautomated
features being added to motor vehicles today
provide the opportunity to avoid crashes,®
but some may also increase unintended
overreliance on technologies.® How can
semiautomated driving, which requires driver
vigilance even when relying on the vehicle to
steer and brake, be most effectively regulated
to address the risks of increased distraction
and inattentiveness?%3 As ever more technology
is available and used by transportation
operators, how do we reduce the death and
injury resulting from related distractions,®
such as cellphone use by both vehicle
operators and pedestrians,® or from erosion of
operator skills as reliance on semiautomation
grows? What are the net safety benefits of
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semiautomated technologies even if they do
increase distraction-related crashes?
Transportation’s role in public health

is widespread, including the effects of
emissions,® noise,* and urban heat
islands;®8 the spread of infectious diseases;®
and fatigue, stress, and chronic disease
among transportation operators.” Access

to public health facilities, particularly for

the disabled, elderly, and economically
disadvantaged, continues to be a challenge.
How can we develop a deeper appreciation
and management of public health outcomes
related to transportation and promote healthier
approaches?

Pollution is a leading cause of disease

and premature death, with the majority of
pollution-related deaths attributed to local
air pollution.” People living or working near
roadway environments or near ports, rail
yards, airports, and other transportation
facilities appear to be at an increased risk
from motor vehicle emissions.”? This increased
risk disproportionately affects lower-income
groups and minorities. Which mitigation
measures can be justified and implemented
and which need more research to reduce
health risks for those living near major
transportation emission sources?

—
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25. Operator fatigue is an ongoing major safety
concern and a source of incidents and
accidents in all modes of transportation.”s What
are the most effective regulatory, management,
and technological approaches to detecting and
managing fatigue? How can proven strategies
gain more widespread application? What
evidence would inform policy makers about the
benefits of additional appropriate requirements
for transportation operators to reduce the risk to
their workers and the public?

26. New technologies are emerging that could
introduce new sources of risk.

a. The use of unmanned aircraft systems (UASs),
also known as drones, is growing rapidly—
the use of recreational UASs is expected to
triple by 2021 to as many as 3.5 million units
and the use of commercial UASs may grow
10-fold to reach more than 400,000 units.”s
Meanwhile, sightings of nearby UASs by
commercial pilots and near misses are also
growing. How can the risk to the traveling
public be most effectively managed as these
new technologies proliferate?

b. Short-haul, low-altitude passenger aviation
trips by battery-powered aircraft may become
viable’® and could reduce congestion on
urban streets and highways, but they also
raise a number of questions about how low-

altitude air space would be managed.”” How
could such aircraft be regulated? How could
airspace be most effectively managed to
avoid conflicts between such passenger trips
and low-altitude drones? What public-sector
infrastructure would be needed and how
could it be paid for?

c. Large freight drones that operate in the air
and on the sea may emerge and lower the
costs of freight transportation. For these
technologies to advance, however, they
would have to be managed to avoid conflicts
with other aircraft and vessels. How could
aviation drones be safely and efficiently
integrated into managed airspace? How
could maritime drones, autonomous vessels,
and manned vessels coexist and be safely
managed in existing traffic lanes?

27. As transportation systems become more

28.

complex and confront risks that are hard to
estimate, it becomes increasingly difficult for
safety regulators to write simple and effective
rules to ensure safety. How can regulators and
industry be incentivized to strengthen their
safety management systems and safety cultures
in ways that will encourage firms to achieve
safety levels beyond what can be realized
through compliance with existing rules and
standards?7®

Marijuana legalization and growing opioid
addiction may increase drug-related deaths and
injuries in transportation. Early evidence from
the first states to legalize marijuana shows an
increased number of vehicle crashes compared
with states that have not legalized it.”> The
effects of marijuana on driving performance

are much more difficult to discern, measure,
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and enforce than those of alcohol.®° What
might expanded legalization of marijuana and
increased opioid abuse mean for impaired
driving in the years ahead and for appropriate
safety responses? How do other legal and illegal
drugs affect driving performance and which
drugs should drivers be tested for following
incidents and crashes?

29. Despite long-term trends in reduced death
and injury rates in highway transportation due
to improved vehicles and infrastructure, the
United States is experiencing rapid growth in
pedestrian and cyclist deaths (a 46% increase
in pedestrian deaths since 2009)®* and is falling
behind the safety level being achieved in other
industrialized democracies. Which strategies
would be most effective in reducing the growing
number of pedestrian and cyclist deaths and
injuries?

Equity

The United States is a prosperous nation, but

its benefits are not equally shared. More than

40 million citizens live below the poverty line,

23 million of whom are working-age adults.®? An
estimated 9% of households lack an automobile,®3
and this percentage grows to 21% in households
earning below $25,000.84 Being employed without
an automobile is manageable in some central

16
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cities with good public transportation and taxi
and ride-sharing services, but can be a genuine
hardship in places where access to jobs requires
a personal vehicle.® Transportation equity has
many dimensions, including affordable access to
transportation for workers to reach job sites and
for the aged and disabled to reach health care
facilities, family members, and services. Yet, a
different equity dimension exists with regard to
the disproportionate impact that transportation
operations and emissions have on low-income and
minority neighborhoods (also discussed in the
previous section).

Nearly 17.5 million workers live in households that
lack cars or have more workers in the household
than vehicles.® Nearly 40 million Americans have
some form of disability, almost 16 million of whom
are age 35 to 64.57 All of these equity issues are
compounded in suburban areas with limited public
transportation and rural areas that lack public
transportation entirely. Moreover, the population is
aging: the 49 million citizens currently over age 65
(15% of the population) will increase to 73 million
(21% of the population) by 2030.%8

These problems are not new, but they are particularly
hard to solve and evolving technology and services
may create new barriers to the disabled and
economically disadvantaged. Access to employment,
health care, and services can be expanded through
transportation policies and programs, but strategies
need to be affordable and effective, which are
significant challenges in sparsely populated

areas. Ensuring that the negative consequences of
expanding transportation networks and operations
do not fall disproportionately on low-income and
minority neighborhoods is an ongoing challenge that
is rarely fully met.
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30. Many new transportation services, such as
TNCs, car sharing, and bike sharing, depend
on user access to smartphones and credit
cards, yet 23% of adults (57 million people)
lack smartphones® and 7% of households (9
million people) lack bank accounts and credit
cards.?° How can people without bank accounts,
credit cards, or smartphones gain access to new
transportation services? Which transportation
services and technologies, including automated
vehicles, TNCs, and enhanced transit services,
are best suited for maintaining independent
living for the disabled and older travelers who
do not drive?* How can the addition of new
barriers be avoided and the utility be maximized
of technological innovations for older and
disabled travelers? Many local jurisdictions in
the past have mandated that taxi operators
provide accessible vehicles for the disabled,
as well as trained drivers to operate them, and
some have added surcharges on taxis and,
more recently, TNC trips, to generate revenues
for this service.#? In light of the decline in taxi
service since the advent of TNCs, what are better
ways for local jurisdictions to fund and provide
transportation services for the disabled?3

31. The number of people in poverty in suburban
areas now exceeds that of cities.?4 Low-
density suburbs are difficult to serve well
by transit. How does transportation access
affect economic opportunities and outcomes
for the economically disadvantaged? Which
transportation technologies and policy
interventions would be most effective and
affordable for enhancing access to employment
opportunities, health care, shopping, and
education? Which transportation policies
would be most successful and cost effective

in addressing the growth of low-income
populations in suburban and exurban areas?

32. As transportation facilities are expanded and
improved to serve a growing population and
economy, how can we best ensure that minority
and low-income communities receive adequate
service and that any adverse effects from new
facilities or expanded operations do not fall
disproportionately on them?

33. As general revenues and sales taxes replace
user fees, it raises basic questions because
(1) sales taxes are more regressive than fuel
taxes and (2) the funding for transportation
services becomes disconnected from its use.ss
What are the implications for both fairness
and efficiency resulting from this trend?

What are the full consequences of alternative
funding mechanisms for transportation to the
accessibility of those with the least resources?
How can the inequities of existing user fees be
ameliorated?

34. As financially strapped public transportation
agencies increasingly turn to public—private
partnerships to provide new infrastructure,
which typically requires some form of toll or
charge to repay private investors, what are the
equity implications for low-income highway
users?

Governance

Layers of institutional complexity confound the
creation of efficient transportation networks and
intermodal connections in ways that even the most
creative minds struggle to resolve. Devolution of
federal responsibilities and funding to state and
local governments in recent years has compounded
the difficulties in overcoming institutional inertia
due to weakening federal incentives and leadership
in addressing multi-state problems.

Transportation infrastructure and services in

the United States have long been provided or
regulated at multiple levels of government,
including municipalities, cities, counties, special
districts, regional planning organizations, states,
and federal agencies, each of which has a role in
planning, funding, and managing some aspect of
transportation infrastructure. Many transportation
functions such as public transit, airports,
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waterways, and ports are also planned for, or
provided, through thousands of special authorities.
Added to this mix is the interdependence of the
public and private sectors as private trucks, aircraft,
barges, and ships use public infrastructure for the
movement of people and freight and the growing
dependence on private companies to finance, build,
manage, and maintain public infrastructure.

The transportation systems that support
metropolitan areas and megaregions typically span
myriad jurisdictional lines, raising questions about
which level of government should be responsible
for, and what aspects of, network planning,
funding, and management are appropriate for these
evolving and increasingly important geographies.
As metropolitan areas grow into megaregions
spanning multiple states, questions arise about
institutional reform, as well as models of successful
cross-agency cooperation,®® that facilitate

the establishment of integrated and efficient
transportation networks. The dependence of private
carriers on public infrastructure raises important
questions about the appropriate regulations to
ensure that private carriers pay their fair share, have
a level playing field for competition, and serve the
public interest.

35. States and local governments are assuming
greater responsibility for transportation services
and infrastructure in response to a declining
federal role and reduced funding support. How
does this shift in the federal role and support
affect state and local commitment to facilitating
interstate and international commerce? How

36.

37

is devolution affecting net infrastructure
investment across all levels of government?
Cross-border coordination among states in
planning and policy making is a major gap,
particularly with regard to freight movements.
Metropolitan areas that host major ocean

ports and airports that serve international and
interstate commerce bear the brunt of local
noise and traffic caused by these facilities.
What best practices can be put in place to
ensure effective and equitable treatment of
these cross-border externalities?

Major bottlenecks to traffic flows spanning
modes and jurisdictions are well known, but are
particularly hard problems to solve. The Chicago
Region Environmental and Transportation
Efficiency (CREATE) program is an example of a
$30 billion-plus list of projects, far from funded,
that involve rail systems, highways, public
transportation, and multiple private carriers and
public jurisdictions.” The New York/New Jersey
Gateway program,®® a critical node on the most
heavily trafficked passenger rail corridor in the
country, is another example of an unfunded,
high-cost local project that affects travel across
multiple states. How can financial, institutional,
and competitive barriers be overcome to reduce
nationally significant bottlenecks at large-scale,
complex transportation facilities?

Hundreds of metropolitan planning
organizations exist, but many are too limited

in scope and scale to take on multimodal
planning for transportation at the metropolitan-
wide or megaregion scale.?® As metropolitan

TRANSPORTATION RESEARCH BOARD
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areas and megaregions grow in significance
and as sources of economic prosperity, what is
the appropriate institutional form for making
transportation investments at this scale given
the many and complex jurisdictions and state
interests?°° What institutional reforms are
needed to serve the public more effectively and
efficiently and how can these determinations

be made? In light of the considerable
experimentation going on, how can jurisdictions
best learn from each other about effective
strategies for meeting their regions’ multimodal
transportation needs?

38. Mobility as a Service could provide real-time,
traveler-specific information on travel options,
thereby making both travelers better off (by
allowing them to select their preferred mode
of travel based on time, price, and trip time
uncertainty) and society better off (by allowing
travelers to consider shared driving options,
thus increasing the use of modes with lower
public and private costs).*** The concept of
bundling mobility services into subscription
programs has garnered global attention
and traction, but requires solving barriers to
integrated fare payments, data sharing and
developing, and supporting a common mobile
application that provides consumers with a
fair and integrated perspective on all of their
travel options. What are the appropriate public
and private roles in providing Mobility as a
Service by leading, supporting, or at least not
inhibiting the development and deployment of
such options? How can institutional and modal
funding barriers be overcome and partnerships
be built across levels of government and
between the public and private sectors? Is the
concept of regional transportation agencies as
coordinators of mobility services and service
contracts an institutional model worthy of
consideration going forward?

39. Transformational technologies and alternate
infrastructure funding strategies have intriguing
implications for existing transportation
institutions. If highways become more
automated and are funded through direct user
charges, for example, what are the appropriate
institutions for operating and managing these
systems most efficiently and safely, particularly
for networks that span multiple jurisdictions?

40. TNCs, and potentially CAVs, generate massive
amounts of data about trips, thereby providing
cities that have successfully negotiated access
to such information with improved awareness
about services offered, safety, and network
performance. Negotiated agreements and
sophisticated data-sharing arrangements
are needed to protect the competitiveness of
the companies while also providing a boon
to cities and regions trying to better manage
their transportation systems.*? Data from
other infrastructure and service providers can
enhance overall infrastructure performance in
“smart cities” by, for example, sharing real-
time traffic flows with police, fire, and other
emergency responders.:3 Who should have
access to anonymized data on items such as trip
patterns and volumes,** and who should be
responsible for analyzing them? How can these
data be kept secure to protect personal privacy
and proprietary information? How can data
from transportation be integrated with data
from other sectors to improve city and regional
public services? How can unconventional data
sources about travel and risk exposure be used
to analyze safety risks?

System Performance
and Asset Management

Although an imperfect estimate, highway
congestion may have cost the nation as much as
$300 billion in 2016—$1,400 for every motorist.*s
The trucking industry estimates its cost of highway
congestion at $74.5 billion in the same year.x¢
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Flight delays add at least another $30 billion.*”
Although these costs may be overstated, ever-
growing congestion indicates that the demand for
transportation infrastructure is outpacing supply
and imposing high costs on society. Limited
opportunities and high costs to expand facilities

in already congested areas will result in a greater
emphasis on maximizing the performance of the
existing transportation network. As travel volumes
continue to grow and funding remains highly
constrained, state and local agencies are struggling
to add capacity and maintain the performance and
condition of the nation’s infrastructure, the value of
which is in the trillions of dollars.*®

As part of squeezing more performance out

of existing assets, transportation officials are
struggling to maintain the assets’ physical condition
for as long as possible. Much better estimates are
needed for the life-cycle performance of materials,
infrastructure designs, and deployment strategies
to develop better predictive models to guide
decision making. If analyses can account for local
conditions, traffic, materials, and weather, such
information could help maintenance managers
extend the expected life and life-cycle performance
for highways, bridges, rail lines, ports, waterways,
and airports. Ongoing improvements in material
performance, construction, and maintenance are all
essential for improving the life-cycle performance
of new and existing assets. Equally important are
questions about how public officials can place

TRANSPORTATION RESEARCH BOARD
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greater priority on managing existing assets before
choosing to expand them or build new ones.

41. Technological innovation may make it possible
to move CAVs through existing networks
more efficiently at much shorter headways
on narrowed lanes without harming safety,
possibly even improving it. Pricing road use,
as applied in new urban express lanes, is
providing some congestion relief as well as
new funding for alternative modes. In the
shorter term, corridor-level performance can
be enhanced through the use of technologies
that improve communication between
vehicles and infrastructure and provide
better information for travelers about system
performance. How can officials responsible for
public infrastructure improve the performance
of the existing system of roads, public transit,
airports, waterways, and ports? What types
of tactics, data, vendor contracts, and tools
will help? Would institutional reforms, such as
transferring air traffic control to an independent
public corporation or placing more highway
and transit assets and operations under private
management, enhance system performance?
42. Continued population growth in megaregions
and urban areas promises continued growth
in travel. Adding capacity to all modes of
transportation in growing urban areas faces
many constraints, such as the high cost
of developed land, protections against
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environmental damage, and neighborhood
opposition. How much can shared
transportation services, personal bicycles,
and electric scooters substitute for growth in
single-occupant auto trips, many of which are
less than three miles? How can new capacity
be added, where justified, while incorporating
expected benefits from technology, pricing,
and other strategies, and also responding to
environmental concerns of additional road
capacity and traffic?

43. With constrained budgets, public officials must
always weigh trade-offs between investing in
new facilities and providing adequate funding
for the maintenance of existing facilities.

How can support be developed at the federal,
state, and local levels to give greater weight
to investing in system preservation and
maintenance? How can decision makers be
convinced to invest in longer-lasting facilities
and systems when initial costs may be higher,
even though life-cycle costs are lower?

44. Advanced materials and construction techniques
and improved maintenance strategies are
needed to cost-effectively enhance infrastructure
performance over its full life cycle. How can
such innovations be developed, proven, and
moved into practice more quickly? Which
areas of research and analysis on materials,
construction, and maintenance have the most
promise to improve life-cycle infrastructure
performance and how can that performance
best be demonstrated? Part of the challenge is
overcoming the inherent caution of infrastructure
managers responsible for assets with long
service lives, who are hesitant to use new
materials and techniques without extensive
field testing. What are the barriers to and
opportunities for moving promising approaches
into practice more quickly through certification or
warranties based on accelerated testing done by
third parties?

Funding and Finance

For generations, user-fee funding has provided

a steady and, at times, ample source of funding
for highways, bridges, airports, ports, and public
transportation,*® but this reliable mechanism has
become imperiled by an aversion to raising taxes

of any kind at the federal level. User-fee funding
has many efficiency, efficacy, and equity merits,
but despite the majority of the public supporting
paying motor fuel taxes if the funds are dedicated
to maintaining roads and highways,™° elected
federal officials have been reluctant to raise these
taxes to account for inflation, declining revenues as
fuel economy improves, and growing demand. The
unwillingness to increase federal motor fuel taxes
has caused Congress to increase reliance on general
tax revenues to support surface transportation and
to shift more responsibility for highways, including
those serving interstate transportation, to the
states. Congress has resisted airport owner and
operator requests to increase passenger facility
charges to expand terminal and gate capacity and
enhance competition. Shortfalls in revenue from
aviation ticket taxes constrain budgets for air traffic
control.** Inland marine transport moves low-cost
shipments of bulk products and helps sustain
agricultural exports, yet user-fee revenues to the
Inland Waterways Trust Fund are well below the
levels required to sustain and operate the system.?

Motor fuel taxes have been the principal user

fee providing federal support for highways and
transit, but they are becoming less reliable as

fuel economy improves.’s As a result of revenue
shortfalls, jurisdictions are turning to less efficient
and less equitable sources, such as sales taxes.'
Highway, transit, airport, and port officials are also
increasingly reliant on public—private partnerships
that depend on tolls or future government funding
from a source, as well as profit for investors. Tolls,
the ultimate user fee, encourage efficient system
use, but they are not always feasible for low-traffic
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the Interstate Highway System
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network links, and they also raise equity concerns.
Charging for highway use by the mile can be done
efficiently and accurately because of advances in
technology, and might one day be a replacement
for motor fuel taxes, but the practice raises privacy
concerns that must be resolved.s The U.S. economy
cannot function without its transportation networks,
but paying for the public infrastructure it depends
on raises many vexing questions and vigorous
debate, and so far there is no consensus on how to
proceed at the national level.

45. Given declining federal support and the
growing share of capital funding by states and
local governments, what can be done to better
articulate the rationale for federal funding
for transportation systems and services and
how can the federal share be determined for
facilities serving interstate travel and other
different contexts in which it might apply? What
are the most cost-effective, cost-beneficial, and
equitable ways to pay for the federal share of
transportation?

46. The majority of the public has consistently
supported an increase in the motor fuel taxes
if the funds are dedicated to maintenance.”®
The motor carrier industry voiced support in
early 2018 for a 20 cent increase in motor
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47.

fuel taxes to help fund the highway system,™”
as did the U.S. Chamber of Commerce."8

AAA has also endorsed a fuel tax increase to
pay for highways.®> Most states have raised
their motor fuel taxes since 1993, the last

time that federal fuel taxes were raised for
transportation.’> How can political support be
found for raising the federal motor fuel taxes
or introducing alternative user fees to provide
public infrastructure that serves interstate
travel? What are the consequences of the trend
away from user-fee funding and how can states
and the nation as a whole steer toward more
efficient, effective, sustainable, and equitable
forms of user-fee funding for transportation
services and systems in the future? How can
funding be sustained for modes such as public
transportation and inland waterways that
cannot rely wholly on user fees?

The merits of motor fuel taxes as the main
source of user fees weakens as vehicles
become more fuel efficient and some
alternatively fueled vehicles pay no fees at all
for highway use. As vehicle energy efficiency
improves, resulting in less fuel tax revenue,
and as alternatively fueled vehicles become
more common, further depleting revenue,

how can states and the federal government
respond? Can user fees be expanded and
extended? Can other, more promising funding
approaches be pursued? Mileage-based user
fees (MBUFs) could serve as a replacement
for, or supplement to, the fuel taxes relied

on for highway infrastructure,?* and multiple
pilot programs of this concept are under way
around the country. In concept, MBUFs could
be adjusted to charge premiums for driving

on congested roads during high-demand time
periods and base fees on vehicle fuel economy.
Barriers to feasibility include concerns about
the cybersecurity of billing records showing the
details of trips and administrative costs that
exceed those of motor fuel taxes. What version
of an MBUF best protects privacy, allocates
resources according to demand, minimizes
administrative expenses, and could gain public
and political acceptance?
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Goods Movement

Our economy and lifestyles depend on an efficient
system for moving freight, both domestically and
internationally, and adequate public infrastructure
for the private carriers that must rely on it. After
completing the Interstate Highway System,
expanding airports and ports in response to
improved aviation and marine technologies,

and deregulating the freight sector, the United
States had a logistics and freight infrastructure
system without parallel. More recently, however,
rankings of U.S. logistics and freight infrastructure
systems show the United States lagging behind its
trading partners.’?2 Freight movement is expected
to continue to grow dramatically in the coming
decades to serve an expanding population and
growing economy.’s Without a resolution to funding
shortfalls for public infrastructure,2+ however,
additional freight movements will increasingly
contribute to bottlenecks and capacity problems.
Growing expectations about the rapid delivery of
goods ordered online and the need to solve the
complexities and costs of urban freight movements,
especially the “last mile” problem, are particularly
acute topics for the freight sector. Also pressing in
light of labor shortages, especially in trucking, is
whether, how, and how quickly greater automation
of freight movements can be accomplished safely
and cost effectively.’> A growing public policy
challenge is how to reduce the freight sector’s large
share of carbon emissions through technology,
alternative fuels, and overall improvements in
efficiency.

Private companies deliver the goods that the public
demands, but other than freight rail and pipelines,
which are almost exclusively private, other freight
modes depend on public infrastructure—roads

and highways, airports and airways, and ports,
channels, and waterways. Determining whether
private carriers are paying their fair share for

public infrastructure and the costs they impose,

as well as whether existing regulations provide

for a level playing field for modal competition, are
important and never-ending sources of debate

and controversy. Determining what the public

role should be in helping private carriers make
transformational changes in goods delivery through
new technologies and services, and how private

carriers can do so safely and while reducing
environmental harm, have become new sources of
concern and debate.

48. Growth in demand for goods movement in
excess of infrastructure supply will create
impediments to the efficient flow of goods
to producers and consumers. Automation
in freight may move ahead faster than in
passenger transportation because of private
incentives and competitive pressures and may
increase throughput on existing corridors.
Freight railroads and pipeline owners can be
expected to continue to invest in capacity in
response to market signals. The ability of the
public sector to expand capacity as freight
demand grows is less clear, particularly in
densely developed urban areas. How can
society provide adequate capacity for the
anticipated volume of future freight in the most
cost effective and responsive way? How might
freight demand change in the future from such
varied influences as fundamental changes in
trade policies to innovations in manufacturing
such as three-dimensional (3D) printing72¢ To
the extent that automation can provide greater
service on existing highway corridors, how
can regulators at the federal and state levels
respond most effectively to the potential that
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49.

50.

automated technology offers while protecting
the public from additional risk? How can policy
makers ensure that any public infrastructure
required for the automation of long-distance
trucks does not provide indirect subsidies to
motor carriers at the expense of other private
freight modes?

Electrification of freight movements through
improved batteries and fuel cells can potentially
play a significant role in reduced emissions,

as can shifting urban freight deliveries to
nighttime hours.*> Also important for reducing
emissions are continued improvements in
overall freight efficiency to maximize asset
utilization and reduce empty backhauls.

What policies and strategies can make freight
equipment and vehicles less polluting and less
reliant on fossil fuels? How much additional
emissions reduction could be achieved through
automation?

Trucking, rail, aviation, and maritime
companies are experiencing labor shortages
that are projected to continue into the future as
the wave of Baby Boomer retirements passes
through the economy. What is the potential

for automation to ameliorate these worker
shortages®® and reduce the high occupational
disability rate in long-haul trucking? How
quickly can automation occur? (Dislocation of
transportation workers because of automation
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is discussed in the Institutional and Workforce
Capacity section that follows.)

. The overall efficiency of freight movement can

also be enhanced through technology and
innovative business practices. However, a lack
of data and quantitative measures hampers

the management of supply chain performance
and resiliency. How can public agencies partner
with the private sector to use proprietary data

to pinpoint critical infrastructure bottlenecks

to efficient freight flows that the public sector
could address? Efficiency gains can also be
achieved through such varied approaches as
regulations that provide for strong intra- and
intermodal competition as well as continued
improvements in freight logistics systems. What
are the potential logistics efficiency gains over
the next decade from strategies such as the
“Uberization” of the last mile of deliveries; Al
applications; blockchain distributed ledgers;
and increased robotics and automation of
warehousing 72

. Transformational changes in goods delivery may

place new burdens on public infrastructure.

a. The growing public expectation of same-
day delivery in urban areas could further
increase the number of small freight delivery
vehicles in operation and thereby increase
congestion and emissions, but goods
ordered electronically may also be reducing
consumer shopping trips by personal
vehicle. What are the net effects on traffic
and emissions of increased e-commerce? If
overall trips and emissions are increasing,
how can and should the public sector
manage this problem?

b. Delivery vehicles themselves may transform
from package trucks and vans to drones that
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fly packages to suburban and rural areas
and robots that operate on urban streets
and sidewalks. How can policy makers
anticipate, monitor, plan for, and regulate
such potentially revolutionary changes?

53. Trucks in the United States dominate
freight logistics costs®° and move almost
three-quarters of the value of domestic and
international freight and about 60 percent of
the total tonnage.* The enormity of the trucking
industry has pervasive influences on national
economic efficiency, modal competition, safety,
and the environment. Regulation of the size and
weight of trucks may seem to be a mundane
subject, but it becomes vitally important
when commercial interests press regularly
for increased truck sizes and weights at both
the state and national levels. Past analyses of
proposed changes in truck size and weight have
foundered due to lack of both data and robust
technical tools for estimating their impacts.=?
What evidence will inform decisions by public
officials to make the substantial investments
in the tools, models, and data required to
understand the ramifications of changes in
truck size and weight regulations?

54. Ocean carriers continue to exert formidable
pressure on seaports and trade corridors to
keep pace with the economies of scale realized
by megavessels that carry 20,000 containers or
more. These vessels require deeper channels,
more efficient port terminals, and hinterland
intermodal capacity and connectivity to
accommodate short-term surges in demand,
which in turn demands massive infrastructure
funding. To what degree is this sustainable
and what should the public sector’s role be in
reacting to these pressures from world trade
and shipping?

55. Despite the need to move away from fossil
fuels, until more sustainable options are
widely available, the nation will continue
to rely on fossil fuel sources, particularly
domestically produced petroleum and natural
gas. Moving petroleum by truck, as well as
moving commodities to support fracking, can
do major damage to parts of the transportation
system that are aging or inadequate from a
structural or a capacity standpoint to handle the
movements of these heavy products. Moving

petroleum by rail raises many concerns to those
communities exposed to such traffic. How can
these issues be planned for and addressed?
How can expanded domestic energy production
be distributed to consumers in a manner that
best serves the public interest?33

Institutional and
Workforce Capacity

The ability of transportation agencies to address
the challenges highlighted in this report depends
heavily on the capabilities of their workforces.
Local and state transportation agency staff are
struggling to address transformational changes and
disruptions, but often without adequate financial
and technical resources to meet their needs.
Transportation funding for local and state agencies
has been tightly constrained in most jurisdictions
for more than a decade. Moreover, as transportation
systems become more technologically complex,
the future workforce will need higher skill levels in
fields such as information technology (IT), as well
as diverse disciplinary perspectives, to address
increasingly complex social and environmental
issues.

The challenge for all levels of government is how to
attract, train, and retain enough people with a broad
and diverse set of needed skills when the wages
offered cannot match those of the private sector.34
As agencies increasingly rely on private providers,
another problem to address is how to ensure that
public agency staff have the requisite skills to
manage contractors. These familiar challenges are
becoming increasingly difficult to address given
the pace of technological change and the scale of
climate change.

56. Agencies at all levels are being pressed to
address the challenges of growing and shifting
population and transportation demand, rapid
technological change, and climate change.
Even as the problems become more complex,
the institutions themselves lack the resources
and technical capacity to address them. A lack
of expertise and skill is most acute in local
governments, which rarely have the savvy to
negotiate with TNCs, the expertise to address
the ramifications of climate change, or simply
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the time to manage the more complex systems
required for the infrastructure to support
connected vehicles (local governments are
responsible for roughly 80% of the traffic signal
infrastructure required for such systemss). How
can local institutional capacity be enhanced to
address these tremendous challenges?
Funding shortfalls, the retirement of highly
experienced Baby Boomers and other staffing
reductions, and the inability to offer the

wages demanded by high-skill workers are
placing increasing pressure on government
agencies to develop and retain a highly capable
workforce. They are increasingly turning to
private providers for transportation goods and
services and high-skill support services such

as IT. Contracting for services from the private
sector, however, requires a new and broader set
of managerial and evaluative skills for public-
sector transportation planners, engineers, and
managers. How do we ensure that the public
sector has the expertise and skills to negotiate
contracts and oversee contractors in ways

that best serve the public interest? Regulatory
workforces in agencies responsible for public
safety and environmental protection will need
to be as educated, trained, and skilled as their
industry counterparts in order to understand
the implications of new technologies and
services and to avoid undue economic losses in
protecting safety and the environment. How can
public officials be better prepared and retained
to regulate, and provide oversight of, private
providers of transportation vehicles and services?

26 TRB | TRANSPORTATION RESEARCH BOARD

58. Given the growing, shifting, and increasingly
diverse population of the United States,
the perspectives of a variety of racial and
ethnic communities are needed to inform
transportation planning and decision making at
all levels. How can we best attract more students
and professionals from underrepresented racial
and ethnic groups to transportation?

59. The tremendous innovations resulting from
the broader application of IT and automation
will also be disruptive to the workforce. What
are the likely impacts of transformational
technologies on transportation-related jobs
over time¢® and how can displaced workers
best be assisted in finding meaningful and
rewarding work? What are the workforce
challenges associated with the nascent phases
of the adoption of automation in freight
transportation? How will the skills of pre-,
post-, and phased-automation workforces
be maintained on parallel tracks in the
intermediate term?

Research and Innovation

Innovation has been the hallmark of the

United States since its founding, driven by an
entrepreneurial spirit and openness to disruptive
change. Public investments in basic research have
long been recognized as providing substantial
economic returns.’> These investments, coupled
with public investments in applied research and
human capital development, intellectual property
protections, venture capital, and more, have created
a virtuous cycle of innovation that has driven the
U.S. economy forward for generations.’® Examples
abound today of transformative transportation
technologies and business models that build on
decades of public investments in basic research
that lead to breakthroughs in electronics, IT,
sensors, Al, and other areas.

Public ownership and management of
transportation infrastructure have a different

set of incentives than those that drive private-
sector innovation; these public-sector incentives
inhibit risk taking and reward caution.®® Even so,
steady incremental gains in infrastructure design,
construction, operation, and management—
identified through applied research funded by
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public agencies—have provided great benefits to
the public over time. Public investment in research
and human capital development has yielded many
benefits and has never been as important as it is
today, but whether and how it can be sustained
remain open questions.

60. The remarkable degree of innovation in
transportation and efforts to meet the great
challenges of disruptive technological changes
and climate change are resulting in myriad
natural experiments across the country. How
can these experiences be carefully evaluated
and results disseminated to allow for broader
social learning and improved service delivery?
As noted above, many of the consequences
of continued innovation and automation of
transportation depend heavily on how people
will respond and adapt to these changes,
which is not always predictable. As important
as human behavior is to understanding
transportation and its side effects, however,
only a very small share of transportation data
gathering and research and development
funding addresses human behavior in
transportation in a rigorous or systematic
fashion. Given its importance, how can greater
priority be placed on data gathering and studies
of travel behavior and to the public’s short-
and long-term responses to transformational
technologies?

61. Accelerating private product development and
deployment cycles is posing new challenges.
Witness the deployment of pilot autonomous
vehicles into the field using machine learning
to improve service and safety more rapidly
and effectively than could be achieved in a
lab, as well as the sweeping disruption of
urban taxi markets by TNCs. Cities and states,
however, are allowing experiments to go
forward on public roads, potentially exposing
their populations to risks to which they have
not consented.° What does the accelerating
change in transportation product development
and deployment portend for society more
generally and the traditional research enterprise
more specifically?

62. Growing demands on the transportation system
and declining investments in public-sector
research and development are coupled with
the challenges of managing the explosion of

63.

private-sector innovations in transportation
amid the strong disincentives for risk taking in
the public sector. How can we build and sustain
a culture of innovation in public-sector airport,
highway, port, and transit infrastructure and
operations; accelerate the pace of research to
keep up with technological change; and move
proven innovations into practice, codes, and
standards more quickly?

With all of the innovations and changes taking
place, and despite the many challenges,
transportation has never been a more
important or exciting field of employment

and inquiry. Transportation educators and
researchers at the undergraduate and graduate
levels play an essential role in attracting and
training the next generation of professionals.
Public agencies and private companies turn

to such individuals for insight and guidance,
particularly in these times of deep uncertainty.
However, declining public research support
makes it more challenging to sustain faculty
positions in transportation and keep college
and university programs on the cutting edge of
knowledge. How can we foster the development
and retention of the teachers and researchers
needed to improve society’s understanding

of transportation and its ramifications and
attract and develop future generations of
transportation professionals?
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