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Foundations of the National Highway System:
Shaping the Federal-Aid Road Act of 1916
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Alan E. Pisarski

The centennial of the Federal-Aid Road Act of 1916 underscores the legislation’s shaping
influence on the federal role in the nation’s highway system. The author traces the
developments that led to depoliticizing the funding process; promoting professionalism
based on data collection, research, testing, and training; and cooperation between the
federal government and the states.
8

Freight Transport in a Low-Carbon World:
Assessing Opportunities for Cutting Emissions
Alan McKinnon

Freight transport has been identified as one of the hardest socioeconomic activities to
decarbonize, the author notes, but several mutually supportive opportunities related to
supply chain structure, modal split, vehicle utilization, energy efficiency, and energy mix
may help move toward reducing carbon emissions per tonne-kilometer worldwide.
16

NEW TRB PUBLICATION
The Highway Capacity Manual, 6th Edition:
A Guide for Multimodal Mobility Analysis

16

Lily A. Elefteriadou

The sixth edition of a transportation classic provides methods and tools for estimating the
performance of traffic operations for cars, trucks, pedestrians, bicyclists, and transit. The
methods address a range of analyst needs with new tools to measure travel time reliability,
evaluate active traffic and demand management, assess designs for intersections and
interchanges, estimate multimodal levels of service, and more.
22 NCHRP REPORT 800
Successful Practices in Geographic Information Systems–Based
Asset Management
Frances Harrison

Although many transportation agencies have applied geographic information systems (GIS)
for asset management, many capabilities are yet unexplored. NCHRP Report 800 provides
resources for sizing up an agency’s capabilities, developing a coherent vision, planning
improvements, and ensuring that GIS technologies are leveraged successfully for the benefit
of the agency.
29

22

NCHRP REPORT 806
Cross-Asset Resource Allocation and the Impact on
Transportation System Performance
Michelle Maggiore and Kevin Ford

NCHRP Report 806 presents a transparent, structured, and repeatable methodology—
along with a prototype tool—that links transportation planning and budgeting with project
selection and programming, applying the principles of decision science to normalize and
compare project benefits across investment categories equably.
34 NCHRP REPORT 792
The Long-Term Performance and Life-Cycle Cost of Stormwater
Best Management Practices
Scott M. Taylor

NCHRP Report 792 provides practical information for state departments of transportation
to improve their highway drainage systems to comply with regulations. The research
describes the performance and whole-life cost of best management practices for stormwater
treatment in a highway environment and offers tools to maintain a high-performing
stormwater program.

COVER: A traffic jam with freight trucks
in rural Qinghai, China. A feature
article starting on page 8 addresses the
challenges of reconciling increases in
freight transportation with worldwide
goals of decreased carbon emissions.
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Container terminal traffic at Port Newark, New Jersey; public agencies are collaborating
with private terminal operators on the East Coast on port access projects to accommodate
the anticipated arrival of larger vessels and the surge in capacity needs.
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Foundations of the National
Highway System
Shaping the Federal-Aid Road Act of 1916
ALAN E. PISARSKI

T

(Photo above:) Conflicts arose
in the development of the
federal-aid program, between
farmers, who needed reliable
rural roads for moving product,
and urbanites, who wanted
scenic roads for Sunday drives.

islative births. The federal
government’s research in
support of National Park and
Forest Service roads informed
and enriched the highway legislation and embedded a factbased, research-supported
program as the centerpiece of
the federal-aid process.
A keystone was the work of
Logan Waller Page, Director
of the Office of Public Roads,
(OPR), then part of the U.S.
Department of Agriculture
(USDA). Page’s appointment
in 1905 fulfilled a Congressional requirement that the OPR
director be “a scientist and
have charge of all scientific and
technical work.”

The magazine Dependable
Highways commemorated the
signing of the Federal-Aid Road
Act by President Woodrow
Wilson on July 11, 1916.

TR NEWS 306 NOVEMBER–DECEMBER 2016

he centennial of the
Federal-Aid Road Act
of 1916 underscores
the legislation’s shaping influence on the federal role in the
nation’s highway system. The
same year also witnessed the
closely related creation of the
National Park System.
These two major federal
activ ities—highways and
national parks—were intertwined long before their leg-

Image: Federal Highway Administration

The author is a transportation consultant in Falls
Church, Virginia; author of
the Commuting in America
series; recipient of TRB’s
Distinguished Lectureship
Award and the W. N. Carey,
Jr., Distinguished Service
Award; and emeritus member of the TRB Standing
Committee on Transportation
History.
This article draws on Mr.
Pisarski’s presentation at
TRB’s 95th Annual Meeting,
January 2016, in a session
celebrating the 100th anniversary of the Federal-Aid Road
Act and the creation of the
National Park Service.
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An auto tour around
Sylvan Lake in
Yellowstone National
Park, 1916. The Office of
Public Roads conducted
early federal road
research and projects in
national parks.

During this early period, Page’s office conducted
the research that culminated in legislation, passed
in 1913, giving OPR the authority to engineer, plan,
design, and construct roads in the federal domain.
Page made OPR a laboratory or testbed for learning
about and analyzing the need and value of roads
and the expertise required for roadway design and
construction. OPR conducted a roads assessment
in Yosemite National Park in California in 1914 and
established a Division of National Parks and Forest
Service.
The federal-aid legislation, however, had a long
gestation preceding these developments. Federal
interest in roads traces back to the creation of the
USDA Office of Road Inquiry in 1893, well before
the automobile era. The dramatic increases in automobiles in the first years of the 20th century spurred
the government to take action and to consider and
work out the many ideas for managing the federal
role—if such a role was appropriate.

Forces at Play
The federal role in post roads, a feature of the U.S.
Constitution, provided the warrant for a program,
but debate continued about the form that the federal
role should take. A U.S. Supreme Court decision
in 1907 settled the matter. Associate Justice David
Josiah Brewer cited authorities and precedents recognizing “the power of Congress to construct interstate highways.” The U.S. Constitution’s focus on
interstate commerce—not on post roads—made the
case successful.
The programmatic role of the federal government
in post roads had begun in the 1890s in West Virginia. A critical development was the Postmaster
General’s finding that postal delivery would not
begin in an area unless the roads were adequate;
this spurred action throughout the country.
In 1906, agreements between the Postmaster
General and USDA allowed local entities to request
assistance from OPR to determine what would be
needed to make a road suitable for postal service.
This stimulated greater capabilities for research and
education within the fledgling OPR.
An early benefit–cost study confirmed that mailmen were far more efficient with better roads. The
study also established that the nation suffered a disadvantage in getting farm products to market. The
cost of moving U.S. farm products came to 21 cents
per ton-mile, compared with the cost in France of
8 cents. The difference was termed a “mud tax” on
American farmers.
Better roads clearly would realize savings in the
marketing of goods, but the centerpiece of the debate
was the improved connectivity of rural America to
education, culture, and social integration. In 1908,
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Mules assist in freeing
an automobile from
the mud near Dumfries,
Virginia, in 1917. An
early study determined
that the cost of moving
farm products to market
on bad roads—or “mud
tax”—was 21 cents per
ton-mile.
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President Theodore Roosevelt’s Commission on
Country Life concluded: “Highways are now imperative not only for the marketing of produce but for
the elevation of the social and intellectual status of
the open country.”

Meeting Challenges
Although the post roads program was popular and
expanded rapidly, with Congress often appropriating more funds than could be utilized, attempts to
establish experimental road programs found limited success. OPR had learned that the states and
local governments had little experience in developing a road improvement program, lacked the data
required, lagged in knowledge of road building, and
were hampered by politics.
In some cases, states had conflicting laws or
legal constraints that inhibited or precluded federal
efforts. In addition, dealing with more than 3,000
counties was an impossible feat for one small agency.
As a result, the focus changed to a state–federal
cooperative process.
In 1910, Director Page helped create the American Association for Highway Improvement at the
Cosmos Club in Washington, D.C., “to harmonize
and correlate all efforts for the improvement of the
public roads to the end that adequate and efficient
systems of road construction, administration, and
maintenance may be adopted in all the states.”
The new understanding was that some aspects of
the localization of road planning and building had
to be overcome. Central to the development of the
federal program was the realization that the needs
for expertise and knowledge were as important as
the funding.

Issues and Conflicts

North Dakota State
Highway Department
workers use a two-man,
horse-drawn Fresno
scraper to cut a path for
a road. Western state
roads in the early 20th
century were far less
connected and less often
centrally managed than
those in the East.
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During this period, the idea of a national program
was constantly raised in Congress, but with widely
varying approaches, including the renting of roads
from the states for postal delivery, direct federal ownership, and federal loans and grants, but these proposals always failed. The federal-aid approach, with
the states and the federal government sharing responsibility for the national road system, finally prevailed
and remains the centerpiece of the program.
Regional issues arose, as they do today. The Eastern states already had some level of road administration and some degree of road system connectivity,
but the Western states lacked connectivity, as well as
the system and ability to administer a program. In
1912, a Congressman noted almost 40 road-related
bills, “all from the great broad states in the South
and West, of large areas, long roads, small populations, and small taxing power.”

In the same year, the new National Highways
Association advocated a “four-fold system” of highway development, featuring a 50,000-mile network
of national highways, more than 40 years before
the creation of the Interstate Highway System. The
proposed network would be constructed and maintained entirely at the expense of the federal government.
In the association’s view, the federal-aid approach
was “getting roads built throughout the nation piecemeal.” The association’s “single aim and purpose”
was to secure from Congress “proper legislation to
establish and maintain a system of national highways.” In 1914, 10 bills were introduced in the Senate and 39 in the House of Representatives without
success; nevertheless, these bills helped hone the
ideas of a national program.
Another conflict was between the supporters of
post roads and proponents of what might be called
the railroad model. Most rural areas favored the post
roads, designed to serve local needs; connectivity
among the roads was not a primary consideration.
In contrast, the railroad model, developed in the
previous century, promoted the building of a large,
connected, high-level system with smaller feeder
routes to be added later.
This conflict expanded with friction between
the farmers, who needed roads to get to market and
to maintain mail delivery, and the prosperous city
dwellers, who wanted what the farmers called “peacock roads” for Sunday drives in new automobiles.
Nevertheless, most of the debates over roads predated the automobile—the first road census in 1904
identified 78,000 autos in the United States; that
figure rose to 2.3 million by 1916.

5
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in 1908; the American Association for Highway
Improvement in 1910; the American Road Builders
Association, now the American Road and Transportation Builders Association, in 1910; the National
Highway Association in 1912; the U.S. Good Roads
Association in 1913; and the American Association
of State Highway Officials, now the American Association of State Highway and Transportation Officials, in 1914.
In 1911, Secretary of Agriculture Walter L.
Fisher, speaking for President William Howard
Taft, addressed the first American Road Congress1
in Richmond, Virginia:

Road associations and
citizens lobbied the
federal government to
maximize the value of
funds spent on road
improvements.

The main question that I am immediately concerned with, that the people of the union are
immediately concerned with, is whether we shall
get a dollar’s result for every dollar we expend
for roads. I pledge that the Department of Agriculture will approach the administration of this
law in that spirit and will cooperate heartily with
you to give the people of the nation full value
for the money which they have pledged under
this act.

Seeking “Value for the Money”
Also influencing the legislation was the rise of road
associations at the beginning of the century, following the model of the League of American Wheelmen, founded in 1880 to address the road needs of
bicyclists. These associations included the American Automobile Association, now known as AAA,
in 1902; the Permanent International Association
of Road Congresses, now the World Road Congress,

Questions and Resolutions

Photo: Library

The legislation that finally prevailed in 1916
responded to the perennial questions that surround
any road program, in ways that still guide U.S. legislation and policy. The questions and responses
included the following:

of
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South Broadway, New
York City, in 1916.
Population size counted
for one-third of the
funding formula in the
federal-aid highway
program.

Who owns the roads? The legislation established the concept of a state-owned, federally aided
system.
u How shall the program be administered? The
act mandated that states establish departments of
roads by 1921 to qualify for federal aid.
u What is the source of revenue? The funding
came from available surplus in the federal general
revenue.
u How shall geographic equity be preserved? The
funding formula was based one-third on area, to meet
the needs of the West; one-third on population, to
recognize the needs of the East; and one-third on
the mileage of post roads, to recognize the federal
interest.
u What is the matching ratio for funding? The
standard ratio was 50:50, state and federal.
u What roads are eligible for support? The 1916
legislation focused on post roads, but this changed
with subsequent legislation.
u

1

Many firsts occurred in this period, accounting for the many
recent centennials; the first World Road Congress was held in
1908 with U.S. participation.

Photo: Library

of

Congress Prints & Photographs Division

American soldiers board
a boat leaving Fort
Slocum, a New York
recruiting station, in
1917. As the United
States entered World
War I, a lack of
connecting highways
impeded the movement
of troops and supplies to
the coasts.

What is the time frame for program duration?
The experimental road experience had established
the value of time for the states. The program tenure
was set at five years.
u What is the political role? The law sharply limited political involvement and focused the program
on a quantitative, science-based process.
u What about other features? The program furthered the relationship with public lands by authorizing $10 million in loans to build access roads in
the National Forests, to be repaid with receipts from
sales of timber.
u

Subsequent Actions

The early emphasis on depoliticizing the process
and emphasizing professionalism based on data collection, research, testing, and training—hallmarks
of the progressive era—remain in effect. Funding
based on a formula instead of on grants further supported the depoliticizing of the process. From the
beginning, the legislation established what might be
called a decentralized centralized system in which
the federal government mandated a central state role.
A December 1917 statement by OPR Director Page
provides an appropriate concluding observation:
When President Wilson signed the Federal-Aid
Road Act on July 11, 1916, he rendered effective a
measure unique in the annals of American legislation. It involved not merely the granting of financial assistance to the states in the building of their
public roads; it went much further and placed on
trial a far-reaching policy of cooperation between
the federal government and each of the 48 states.

After 100 years, that enduring cooperation
remains the core strength of the program.

Acknowledgments
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World War I quickly exposed the weaknesses of
a focus on the post roads and spotlit the need for
a full-scale national system; the nation had been
severely hampered in moving personnel and equipment to the coast. After the war, the damage to roads
from the truck fleets moving cargoes to the coast
further emphasized the need for a well-constructed
interstate system.
Subsequent legislative actions in 1921 and 1926
responded to other weaknesses by including the
needs of cities in the program and by balancing the
proportion of roads eligible for funding. This was
the famous “7 percent solution,” limiting federal aid
to a state to a set of primary and secondary roads
comprising no more than 7 percent of the state’s
road system.

Enduring Strengths
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Freight Transport in a
Low-Carbon World
Assessing Opportunities for Cutting Emissions
ALAN McKINNON

The author is Professor of
Logistics, Kuehne Logistics
University, Hamburg,
Germany.

A traffic jam in rural
Qinghai, China. As
freight transport grows,
particularly in China
or India, so does the
challenge of reducing
global greenhouse
gas emissions from
transportation.

T

he freight transport sector faces a daunting
climate change challenge in the next few
decades. Several recent studies have quantified the scale of this challenge against the baseline
assumption that the increase in average global temperature from 1850 to 2100 must be less than 2°C.
The COP211 agreement in Paris endorsed this environmental objective in December 2015, stipulating
that the temperature rise should be “well below”
2°C.
According to the Intergovernmental Panel on
Climate Change (IPCC), the United Nations body
responsible for analyzing scientific evidence on the
1

21st Conference of the Parties (COP) to the United Nations
Framework Convention on Climate Change, the United
Nations body responsible for climate-related policies; based
in Bonn, Germany.

subject, annual greenhouse gas (GHG) emissions
through 2050 must not exceed 20 billion tonnes of
carbon dioxide equivalents (CO2e) for a 50 percent
or higher chance of staying within the 2°C limit (1).
The IPCC also predicts that transport emissions
on a business-as-usual basis could reach 12 billion
tonnes of CO2e by 2050 (2)—that is, transport would
generate a 60 percent share of all permissible emissions.
For transport to remain at its current share, its
total GHG emissions—6.5 billion tonnes of CO2e
in 2010—would have to drop to 3 billion tonnes
over the next 34 years. This presents a formidable
challenge for planning and managing transport systems. The task will be even harder for freight transport, because its share of total transport emissions
is expected to rise from 42 percent in 2010 to 60
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Container cranes at
the Port of Rotterdam
in the Netherlands.
The European Union
set a target to cut
transportation-based
carbon emissions by
60 percent between
1990 and 2050; in
approximately the
same time period,
freight transportation is
expected to increase by
57 percent.

percent by 2050 (3). Freight transport has been identified as one of the hardest socioeconomic activities
to decarbonize (4).

Carbon Intensity

Freight Projections
In other parts of the world, the projected growth
in freight movement is much higher, pressing governments and businesses to find ways to decrease
GHG emissions per tonne-kilometer. For example,
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Against this background, governments and companies are trying to cut the carbon intensity of freight
transport operations, although many appear to
underestimate the magnitude of the reductions that
will be required. Moreover, corporations invariably
express the carbon reduction targets for logistics
in terms of carbon intensity, such as grams of CO2e
per tonne-kilometer, but governments express their
objectives for deep cuts in terms of the total amount
of GHG emitted. Nevertheless, meeting these objectives could be almost impossible if current forecasts
of the growth in freight movement become reality.
The European Union (EU) offers an illustrative
example. In 2011, the European Commission set
a target to cut total CO2 emissions from passenger
and freight transport for the 27 EU countries by 60
percent between 1990 and 2050 (5). Making allowance for growth in tonne-kilometers between 1990
and 2010 and the projected increase of 57 percent
in freight transport between 2010 and 2050, the
carbon intensity of freight movement would have to
plunge to approximately one-fifth of its 1990 level to
meet the target (6).

the International Transport Forum (ITF) expects the
rate of increase in total tonne-kilometers between
2010 and 2050 to be three times higher in China and
India than in the EU and North America.
Current projections may exaggerate the future
growth of freight traffic worldwide. Some assume
that the volume of international trade will grow several times faster than the global gross domestic product (GDP), because between 1950 and 2008 trade
increased three times faster than GDP (7). But these
growth rates have converged since 2008, suggesting
that in the longer term the trade–GDP elasticity may
be closer to one to one.
The so-called reshoring of manufacturing activity
from emerging markets back to developed countries,
the relocalization of food supply chains, and the contraction in international flows of fossil fuels could
decouple the growth of trade negatively from that
of global GDP (8). The miniaturization, digitization,
and 3-D printing of products could dematerialize
some of the flows, depressing the demand for freight
transport between and within countries.
Collectively, these developments could reduce
significantly the freight transport intensity of the
global economy, although this appears improbable.
Several other factors are likely to counteract. Implementation of the 2013 Bali Accord to facilitate trade,
along with regional trade agreements, may expand
trade volumes; moreover, the decline in oil prices
has depressed the real cost of international transport. Predicting the net effect of these trends on
freight traffic is difficult.
Whatever the net business-as-usual trend, it is
doubtful that governments will try to dampen the
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Minimizing emissions from freight transport may
not minimize the total life-cycle emissions of the
products. Governments and international organizations need to recognize this in setting carbon-reduction targets for the freight sector.
The decarbonization of other sectors also will
inflate future demand for freight transport. For
example, switching energy-generating capacity from
fossil fuels to renewable fuels and nuclear power
will require the movement of vast amounts of material over long distances. The supply chains for wind
turbines, solar panels, and batteries span the globe.
Once the new low-carbon energy infrastructure is in
place, the movement of fossil fuels will largely disappear, but the changeover may take several decades.

Climate Change Adaptation
A vintage truck delivers
goods to Portland, Oregon,
from a small farm nearby.
Because transportation is
a relatively small part of a
product’s carbon footprint,
localized sourcing for food
and other products does
not always lead to fewer
GHG emissions.
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demand for freight transport to mitigate climate
change. Despite mounting concern about global
warming, political commitment to economic development remains paramount, and the unfettered
movement of goods is considered intrinsic to this
process.

Minimizing Emissions
Forcing a return to more localized sourcing would
not necessarily yield large carbon savings. Many
life-cycle analyses have demonstrated that production activities account for a much larger proportion
of the average product’s carbon footprint than transport (9). Therefore, making or growing products in
locations in which the production-related emissions
are low is preferable, even if this entails long distances to markets.
Photo: Can Pac Swire, Flickr
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Fossil fuels have a robust
energy infrastructure in
North America, but as the
infrastructure for lowcarbon energy sources
develops, the demand for
fossil fuels will fall.

The transport sector will also carry much of the burden of climate change adaptation. Adaptation may
prove to be as great a preoccupation as mitigation
among transport planners, managers, and policy
makers. Current concern is for the climate-proofing of transport infrastructure to withstand more
extreme weather events and sea-level rise.2
Adaptation, however, raises wider issues, including the nature and scale of the material flows
required to strengthen and realign infrastructure,
build up coastal protection, and relocate vulnerable
settlements. These are freight-intensive activities.
Few long-term freight forecasts at the national or
global levels allow for the effects of climate change
adaptation on traffic volumes. Ironically, the movement of materials to protect the built environment
against climate change will increase freight transport emissions, conflicting with mitigation initiatives in the logistics sector.

Decarbonization Parameters
In summary, although future growth in demand for
freight transport may not be as explosive as some
studies suggest, the growth is likely to be robust and
largely justified on the grounds of economic development, cross-sectoral decarbonization, and the
climate-proofing of settlements and infrastructure.
If reducing total tonne-kilometers proves almost
impossible, decarbonization efforts will have to
focus on driving down the average carbon intensity
of freight transport to a fraction of the current level.
2

The Transportation Research Board, the U.S. Department
of Transportation, and the European Commission conducted
a symposium on this topic in Brussels in June 2016 to
promote trans-Atlantic research collaboration. See Conference
Proceedings 53, Transportation Resilience: Adaptation to
Climate Change and Extreme Weather Events, www.trb.org/
Main/Blurbs/175488.aspx.

Photo: Port

of

Long Beach

Multimodal freight
activity at the Port of
Long Beach, California.
Carbon emissions in
the growing freight
sector can be reduced
through initiatives in
five main areas: supply
chain structure, modal
split, vehicle utilization,
energy efficiency, and
energy mix.

Carbon emissions per tonne-kilometer can be
reduced in many mutually supportive ways that can
be classified with respect to five parameters: supply chain structure, modal split, vehicle utilization,
energy efficiency, and energy mix.

Supply Chain Structure

FIGURE 1 Average
carbon intensity of
freight transport modes.
(Source: IPCC, 2014.)
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The supply chain structure determines the amount
of freight movement generated per unit of output.
Cutting the number or length of links in the chain
can reduce the tonne-kilometers for a given amount
of output. The vertical integration of manufacturing
processes and the disintermediation of distribution
channels—for example, the bypassing of wholesalers—removes links from the chain, and localized
sourcing shortens the average length of haul.
When economies develop, distribution channels
tend to become more direct, as multiple retailers—
that is, chain stores—expand their logistical capabilities and receive supplies in bulk from producers.
This trend generally has been beneficial in reducing
carbon emissions. In recent decades, however, many
manufacturing processes have spatially fragmented,
adding value at many different locations. Meanwhile, procurement has become more geographically
extensive, and supply lines have steadily lengthened.
These trends have generally increased carbon intensity. Reversal will require a fundamental change in
business practice.
The centralization of inventory in fewer, larger
distribution centers is another structural trend
that is usually portrayed as increasing the carbon
intensity of logistics. In the past 20 years in Europe,
within the single market, companies have moved

from nationally based to pan-European logistics,
often supplying the whole continent from one or
two distribution centers.
In a low-carbon world, companies may have to
return to more decentralized warehousing. Although
this would reduce transport-related emissions, warehousing emissions per unit of throughput would
likely rise, and the resulting increase in inventory
levels would probably carry a carbon penalty.
A full carbon trade-off analysis is needed, therefore, to determine the net change in emissions for
the logistics operation as a whole. Because transport’s share of a company’s carbon footprint from
logistics is typically 8 to 9 times greater than that
from warehousing, analysis normally reveals a net
savings in emissions; nevertheless, high capital and
inventory costs make warehouse decentralization a
relatively costly mitigation measure.
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Rail cars near Nièvre,
France. Rail’s share of
freight in some countries,
such as France and India,
has declined.

Freight Modal Shift
The average carbon intensity of freight transport
modes varies enormously (Figure 1, page 11). Shifting freight to modes with lower intensities is considered one of the most effective ways to decarbonize
logistics, but the potential for modal shift varies
from country to country. The tactic often involves
reversing a long-term erosion of rail and waterborne
freight tonnage.
In countries such as France and India, the market
share for rail has declined significantly; in contrast,

TABLE 1 Factors Constraining the Loading of Freight Vehicles
Factor

Effect

Market

Demand fluctuations
Uncertainty about transport requirements
Limited storage capacity at destinations
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Geographical imbalances in traffic flow
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Limited use of online load matching
Business practice

Just-in-time replenishment
Poor coordination of purchasing, sales, and logistics
Lack of supply chain visibility
Reluctance to join collaborative load-sharing schemes

Regulation

Vehicle size and weight restrictions
Health and safety rules
Cabotage restrictions

Equipment

Nature of packaging and handling equipment
Incompatibility of vehicles and products for backloading

Infrastructure

Unreliable delivery schedules
Lack of load consolidation facilities

Mexico and the United Kingdom have reversed the
contraction, largely through liberalization and privatization programs. In Germany and the United
States, rail’s share of freight has remained relatively
stable (10, 11).
The European Commission has set an ambitious target of having 30 percent of freight tonnage
traveling 300 km or more move by rail or water by
2030 (5). The capacity of European rail infrastructure will have to increase to handle the growth in
rail tonne-kilometers, along with the accompanying
growth in rail passenger volumes. Infrastructure
expansion makes this a relatively expensive option
for carbon mitigation—and carries a significant carbon penalty.
Comparisons of the GHG impact of the freight
modes are largely confined to direct vehicle emissions. Extending the carbon calculation to include
the construction and maintenance of infrastructure
alters the relative carbon intensity of the modes,
but detailed research is needed to determine the
net effects.

Vehicle Utilization
Capacity
All freight transport modes underutilize carrying
capacity. Improving utilization cuts the number of
vehicle-kilometers required to move a given amount
of freight and would yield energy and CO2 savings.
Efforts to raise vehicle load factors are usually self-financing, making this one of the most cost-effective
ways of cutting carbon emissions.
Nevertheless, quantifying the underused capacity is difficult, because most countries—including
the United States—lack macrolevel statistics (12).
EU data suggest that in 2010, 27 percent of truck-kilometers were empty, and the average weight of consignments on loaded trips reached only 57 percent of
the maximum (13). This can be misleading, however,
because many consignments of low-density products can fill the available space before reaching the
weight limit.
Without volumetric data, assessing the potential
for improving truck utilization is not possible. On
container ships, the average utilization of slots was
estimated to be 74 percent in 2013 (14), and the
International Air Transport Association has reported
that air freighters use only 45 percent of “available
freight tonne capacity” (15).
Table 1 (left) lists the main constraints on the
loading of freight vehicles. Some are difficult to overcome, such as geographical imbalances in traffic
flow. Others can be eased by changes in business
practice, regulation, and technical standards, as well
as by effective use of information technology.

Business Efficiencies
Among business practices, just-in-time ( JIT)
replenishment is frequently blamed for sacrificing
transport efficiency to minimize inventory. Some
environmentalists argue that JIT has no place in a
low-carbon world. JIT, however, is not simply a stock
control system but a business philosophy that cuts
waste and raises productivity across production and
distribution processes. Although JIT may raise the
carbon intensity of delivery operations, the carbon
efficiency gains within factories, warehouses, and
shops may offset the additional emissions.
Logistical collaboration between companies is
another business development that offers carbon
benefits—companies sharing vehicle and warehouse
capacity to improve utilization of these assets. Usually motivated by cost cutting, the practice can yield
impressive environmental benefits. For example, by
a process of “collaborative synchronization,” Nestle and Pepsico were able to cut CO2 emissions per
tonne of product delivered in Benelux 3 by 26 percent
compared with a conventional groupage by a logistical service provider and by 54 percent compared
with each company separately managing the logistics from in-house (16).
Truck Size and Weight
In the regulatory arena, relaxing restrictions on
truck size and weight can yield a net carbon benefit,
Belgium, the Netherlands, and Luxembourg.

Energy Efficiency
Technologies
The energy efficiency of all freight transport modes
has improved dramatically, mainly through advances
in vehicle technology. Energy efficiency—expressed
as energy consumed per vehicle-kilometer—can be
pushed to higher levels. The U.S. supertruck project,
for example, has shown that multiple technologies,

Photo: Oak Ridge National Laboratory

3

even after allowance for effects such as a modal shift
from greener modes or the generation of new traffic.
Experience in countries such as Sweden, Finland,
Australia, Canada, South Africa, and Mexico, and
in some states, confirms that high-capacity vehicles
(HCVs), with lengths exceeding 20 meters and maximum gross weights above 45 tonnes, can cut carbon
emissions per tonne-kilometer (17).
HCVs also offer many cobenefits by lowering
labor requirements, vehicle-kilometers, accident
levels, and pollutant emissions. Offsetting these
benefits are the economic and environmental costs
of the infrastructure modifications to accommodate
the vehicles.
Raising limits on truck carrying capacity is
undoubtedly one of the most controversial ways of
decarbonizing the freight sector. Debates on the subject have been intense on both sides of the Atlantic.
In the longer term, however, HCVs are likely to play
an important role in the deep decarbonization of the
trucking sector.
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A Cummins–Peterbilt
SuperTruck uses
advanced technologies to
increase fuel efficiency.
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The Maersk Triple E class
container ship—a class
named for the design
principles of economy of
scale, energy efficiency,
and environmental
improvement—
incorporates the “slow
steaming” strategy,
which can lower fuel
consumption by more
than one-third.
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including turbocharging, hybridization, aerodynamic profiling, and lightweighting,4 can raise the
mileage per gallon by as much as 115 percent (18).
The challenge is to encourage commercial application of these fuel-saving technologies. In Europe,
particularly in the United Kingdom, high fuel taxes
provide a strong incentive for companies to design,
make, sell, buy, and run more fuel-efficient trucks.5
Japan, China, and the United States have introduced
fuel economy standards for new trucks. The U.S.
policy is expected to yield fuel and CO2 savings of
30 to 45 percent for new articulated trucks between
2010 and 2027 (19).
The maritime sector has adopted a similar
approach. The International Maritime Organization (IMO) now requires all new vessels to have an
Energy Efficiency Design Index based on energy
use and CO2 emissions per capacity-kilometer and
is steadily raising the minimum acceptable index.
This measure could save approximately 260 million
tonnes of CO2 by 2030 and in combination with
another energy efficiency initiative for operating vessels, could improve the fuel efficiency of shipping as
a whole by 40 to 60 percent between 2012 and 2050
(20). The long life span of ships—and of aircraft and
locomotives—constrains the rate at which the average fuel efficiency can be raised, although all three
modes can benefit in the short-to-medium term from
the retrofitting of fuel-saving devices.
4

Turbocharging involves pumping more air into an engine’s
combustion chamber to improve thermal efficiency;
hybridization propels a vehicle by more than one source of
power, typically combining an internal combustion engine
with battery power; aerodynamic profiling streamlines
a vehicle to reduce wind resistance and improve fuel
efficiency; lightweighting reduces the empty weight of
the vehicle to increase carrying capacity and improve fuel
efficiency.
5 In November 2016, diesel fuel was 2.3 times as expensive
in the United Kingdom as it is in the United States.

Operational Changes
Some of the largest energy-efficiency gains in the
freight sector have come from operational changes.
For example, the “slow steaming” of ships—operating at less than design speed—was introduced in
2007, when prices for bunker fuel6 were high and
volumes of trade were plummeting; IMO estimates
that the practice cut average daily fuel consumption by 27 percent between 2007 and 2012 (20).
The latest generation of container ships is designed
to sail at slower speeds, effectively embedding this
carbon-reducing practice into maritime operations.
Many large U.S. road carriers have voluntarily
installed speed governors in their trucks and have
set maximum speeds significantly below legal limits,
primarily to save fuel. The deceleration of freight
services may become more widespread across the
logistics sector as a measure for decarbonization,
reversing the traditional pursuit of ever-faster delivery (21).

Energy Mix
The repowering of logistics operations with low-carbon energy is at an early stage. In most countries,
the carbon content of grid electricity is still relatively high; as a result, electrifying freight operations
confers minimal carbon benefit. Decarbonizing the
generation of electricity will strengthen the environmental case for vehicle electrification.
Countries with electrified rail networks and
extensive battery recharging infrastructures for local
delivery vehicles will then be able to achieve deep
cuts in freight-related emissions. The electrification
of highway lanes with overhead cables and hybrid
diesel–electric trolley trucks, undergoing trial on a
track in Germany, may prove a cost-effective way to
decarbonize long-haul trucking.
The use of low-carbon fuels is likely a more economical route to decarbonizing long-distance road
freight. Low-carbon fuels are the main alternative
energy option for ships, aircraft, and freight trains
operating on nonelectrified networks. The freight
sector makes limited use of fossil-based, low-carbon
fuels, such as compressed or liquefied natural gas,
or of biofuels.
The main use of biofuels is in the trucking industry. In Europe, for example, the percentage of biodiesel blended with conventional diesel fuel has
risen in response to EU and national government
mandates, but only to approximately 5 percent in
2013 (22). Although many truck and engine manufacturers now approve the use of higher-percentage
biodiesel blends, interest in switching to biodiesel
6

Bunker fuel is the heavy, dense oil used in the maritime
sector; also known as heavy fuel oil.

Toward Low-Carbon Logistics
Freight transport’s share of 7 to 8 percent of global
GHG emissions could rise substantially in the next
few decades, if the forecasts for freight traffic materialize and little is done to cut its average carbon
intensity. At a global level, the traditional relationships between freight volumes, trade, and GDP may
weaken, but climate change mitigation and adaptation efforts may impose new demands on the freight
sector, making absolute reductions in its total emissions more difficult.
Diverse and mutually-reinforcing opportunities
are emerging, however, to cut the carbon intensity
of freight transport operations, and many of these
are self-financing. Harvesting this low-hanging fruit
across the five areas of freight decarbonization may
not deliver the required level of GHG savings but
should get governments and businesses onto a path
to truly low-carbon logistics by 2050.
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has waned because of uncertainty about the life-cycle GHG impacts and the effects on food supplies
and land use.
Biogas made from food and agricultural waste
has one of the lowest life-cycle GHG emissions and
land use impacts, but the supply is limited in many
countries, the refueling infrastructure is sparse, the
costs per unit of energy are relatively high, and the
freight sector is not likely to be a priority user. In
the maritime sector, IMO envisions a relatively slow
switch from conventional bunker fuel to liquefied
natural gas, possibly reaching one-quarter of all fuel
used by 2050 (20).
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A Collaboration
of Experts
The HCM 6th Edition
(HC M6) of fers pract it ioners and researchers
an extensive set of analysis
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The Highway Capacity
Manual, 6th Edition,
consists of a boxed set
of three printed volumes
in looseleaf binders, plus
a fourth volume online.
To order, contact the
TRB Bookstore, http://
www.trb.org/Finance/
Bookstore.aspx, or go
to https://www.mytrb.
org/Store/Product.
aspx?ID=8313.

T

he first edition of the Highway Capacity
Manual (HCM), published in 1950, aimed
to provide “a practical guide by which the
engineer, having determined the essential facts, can
design a new highway or revamp an old one with
assurance that the resulting actual capacity will be
as calculated” (1). The 1965 edition introduced the
concept of levels of service (LOS) based on a selected
performance measure, such as traffic speed or density (2).
As highways became more and more congested,
the understanding of traffic operations evolved,
along with the needs of the practicing transportation professional. Evaluating congested operations,
considering multiple modes and their interactions,
and obtaining a variety of performance measures
and tools, including simulation, became increasingly important.
As a result, the HCM has evolved. The Trans
portation Research Board’s (TRB’s) Highway
Capacity and Quality of Ser v ice
Committee—the body that governs
the publication of the HCM—therefore
decided to add a subtitle to the latest,
sixth edition: A Guide for Multimodal
Mobility Analysis. Moreover, instead
of attaching a year to the title, as
was done with the HCM editions of
2000 and 2010, the committee decided to attach a version number to each
chapter, indicating the edition and
revision, to allow for
more frequent updates
of individual chapters as
new research becomes
available.

Photo: Eric Robitaille,
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Multiple transportation modes and their interactions
were a major focus in updates and revisions to the
Highway Capacity Manual (HCM).

tools (3) incorporating the most recent research findings on the operational analysis of traffic. Highway
Capacity and Quality of Service Committee
members, who reviewed the
research and the tools, constitute a wide cross section of
transportation professionals in
the United States and abroad,
representing the public sector,
the private sector, and academia.
Approximately 200 experts—
committee and subcommittee
members, as well as external evaluators—reviewed the HCM6, generating a total of 3,331 comments on
the drafts developed by the contractor, Kittelson & Associates, Inc. The
committee vetted the comments and
worked with the contractor over
three years to revise and finalize
the document. The appropriate subcommittees and the
full committee formally voted
to accept each chapter before finalizing and approving the HCM6 for publication.

Scope of the HCM6

FIGURE 1 The four
dimensions of mobility
and the HCM.

Improving mobility is an essential aspect of transportation engineering. The HCM6 identifies four
general dimensions of mobility (Figure 1, right):
Capacity: the amount of traffic that can be processed—for example, the capacity of a freeway in
vehicles per hour per lane;
u Quality of travel: the performance of a facility
as a function of the demand and of the facility’s
design—for example, the expected operating speed
under prevailing conditions;
u Quantity of travel: the magnitude of traffic—
for example, vehicle miles traveled (VMT) or vehicle
hours traveled (VHT) within a region and a specified time period, including measures of demand, an
input to the HCM6 methods; and
u Accessibility: the availability of access—for
example, the availability of transit within a region.
u

Performance Measures
Transportation professionals often need multiple
performance measures to evaluate a particular facility’s operational performance. Performance measures
that represent a single dimension of mobility may
not provide a full picture; often two or more dimensions are necessary for a more complete evaluation
of operational performance for a particular study.
For example, a study of the mobility provided by
a bikeway facility may require data on the level of
utilization, the expected LOS, the expected LOS of
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HCM6 focuses on evaluating the capacity and
quality of service of various facilities and modes and
uses quantity-related data—namely, demand—as
an input. LOS is one of the best-known measures of
the quality of service; nevertheless, HCM6 provides
tools for estimating additional performance measures for a variety of modes and facilities. The user
also can apply a performance measure estimate by

itself, without assigning a LOS letter to the result—
LOS is intended primarily for communicating about
operations to nontechnical audiences.
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Harbor Boulevard
in Orange County,
California, in the mid1960s. The 1965 edition
of the HCM introduced
the concept of levels
of service, and HCM6
offers tools for additional
performance measures.

17

for estimating various performance measures for the
type of facility and the modes of travel addressed.

Tools, Methods, and Resources

FIGURE 2 Illustration of
a travel time distribution
obtained with the HCM6,
along with pertinent
performance measures.
(Source: HCM6, Chapter
11, Exhibit 11-3.)

Elementary school
students and Virginia
Department of Transportation engineers tour a
new pedestrian bridge
over I-264 in Portsmouth.
HCM6 includes tools to
assess pedestrian facilities
and other designs for
nonautomobile modes.

In one of its most significant enhancements, the
HCM6 provides estimates of travel time reliability
for freeway systems and for urban street facilities.
Travel time reliability relates to the distribution of
travel times over an extended period—for example, one year, instead of evaluating a single analysis
period, such as the design hour.
This approach allows for a more comprehensive
evaluation of system utilization and performance
by considering multiple scenarios that could occur
throughout the year, involving incident management, snow clearance, ramp metering and other
advanced traffic management, congestion pricing,
and work zone lane closures.

the urban street parallel to the facility, and the connectivity of bicycle paths within the study area.
Transportation professionals may need to evaluate other aspects of a system, such as the financial
or environmental; these are outside the scope of
the HCM6. Nonetheless, the HCM6 may include
performance measures—for example, capacity or
travel time estimates—that can serve as inputs to
these other types of analysis. Default values that
the HCM6 provides for various analysis inputs also
may be useful for analyses that do not require a
high level of detail.
Chapter 1 provides additional information on
the purpose, scope, and intended uses of the
HCM6. Each methodological chapter—Chapters 10
through 15 on uninterrupted flow and Chapters 16
through 24 on interrupted flow—provides methods
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Operational Effects
The HCM6 presents tools for evaluating the operational effects of various policies and strategies and
for conducting a detailed scenario analysis to identify the most effective strategies. Two new chapters
relate to travel time reliability: Chapter 11, Freeway
Reliability Analysis, and Chapter 17, Urban Street
Reliability and Active Traffic and Demand Management (ATDM). These chapters describe the methods
and tools for obtaining various metrics related to
travel time reliability for freeways and urban streets.
Figure 2 (above, left) illustrates a travel time distribution from an HCM6 analysis, along with several
measures obtained.
ATDM is the dynamic management and control
of traffic along transportation facilities. Chapter
37, ATDM: Supplemental, provides an overview of
ATDM strategies and guidance on analyzing the
operational effects. Chapters 11, Freeway Reliability
Analysis, and 17, Urban Street Reliability and
ATDM, provide methodologies for evaluating the
effects of various strategies—notably ramp metering, managed lanes, and incident management.
Nonautomobile Modes
In response to the increasing need to estimate the
performance measures for pedestrian, bicycle, and
transit facilities, as well as the interactions with
vehicles, the HCM6 provides tools and methods for
the assessments. Chapters 16 through 23 include
methods for assessing nonautomobile modes and
their interactions with vehicular traffic, and Chapter
24 supplies methods for analyzing off-street pedestrian and transit facilities. Figure 3 (page 19) offers
an illustrative example of the relationship between
pedestrian volume, effective path width, and average

FIGURE 3 Illustrative
example relating
pedestrian volume
with (a) effective path
width and (b) average
pedestrian speed in
average pedestrian
space.

(a) Effective Path Width

(b) Average Pedestrian Speed

pedestrian speed on the average space for off-street
pedestrian facilities.
Chapter 15 describes a methodology for evaluating bicycle operations on multilane and two-lane
highways; a recent article on multimodal analysis
in the HCM6 presents additional information on
this topic (4). TRB’s Transit Cooperative Research
Program Report 100, Transit Capacity and Quality of
Service Manual, 2nd Edition,1 focuses on the evaluation of transit facilities (5); the HCM6 considers
the effects of transit along urban streets within a
multimodal analysis framework.

The HCM6 tools generally can be used for quick
evaluations and comparisons of multiple scenarios.
The analyst can screen the scenarios and select a
reasonable number before applying more costly
approaches, such as simulation.
Chapter 7 provides guidance for interpreting the
results from HCM6 and alternative tools, including
sources of uncertainty, the importance of precise
definitions in computing performance measures
with alternative tools, and comparing the HCM6
results with those from alternative methods. Figure
5 (page 20) illustrates the relationship between the
HCM6 analyses and alternative tools for corridor
and areawide studies.

Intersections and Interchanges
Methods for the analysis of interchange ramp terminals and alternative intersections are included in
Chapter 23. In addition to the operational and planning-level tools for diamond, partial cloverleaf, and
single-point urban interchanges—included in the
previous edition of the HCM—this chapter covers
methods for the analysis of diverging diamond interchanges (Figure 4, right), which are gaining in use,
as well as analysis methods for evaluating restricted
crossing U-turn intersections, median U-turn intersections, and displaced left-turn intersections.

1

www.trb.org/Main/Blurbs/153590.aspx.
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Alternative Tools
HCM6 recognizes the need to work with alternative
tools on an operational analysis, describes the limitations of each methodology, and offers guidance
on the use of simulation and other tools in conjunction with an HCM analysis. In addition, Chapter 6,
HCM and Alternative Analysis Tools, explores cases
for using alternative tools and simulation to supply
additional performance measures not available from
HCM6 methods or to analyze highway designs not
addressed within the HCM performance measurement framework.

FIGURE 4 Standard
phasing scheme at a
signalized diverging
diamond interchange.
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FIGURE 5 HCM6
analyses and alternative
tools. (O-D = origin–
destination.)

Photo: Daniel Oines, Flickr

Tools to evaluate alternative intersections, such as
median intersections, are
provided in Chapter 23 of
HCM6.

Planning Analyses
For users interested in planning and preliminary
analysis, the companion Planning and Preliminary
Engineering Applications Guide to the HCM (6) provides tools for high- and medium-level analyses
when the available data are limited. Typical applications include studies of large areas, studies with
horizon years well into the future, and statewide
performance monitoring. These types of analyses
require simpler methods because of the large number of facilities and can tolerate results that are less
precise because of uncertainties in future traffic forecasts or in facility design, or because large-scale data

collection is not feasible.
HCM6 still provides methods for the more traditional analysis of uninterrupted facilities, such
as freeways, multilane highways, and two-lane
highways, and for interrupted facilities, such as
urban streets, interchanges, signalized intersections, unsignalized intersections, and roundabouts.

HCM6 Applications
In addition to the LOS and capacity analysis tools,
the HCM6 offers resources for a variety of studies.
Because the methods are based on data from across
the United States, analysts can apply the HCM6 values as default values in many other tools. For example, travel demand models can use the capacity and
speed estimates; designs can apply the queue length
estimates; evaluations of the operational effects of
policy decisions can use the travel time reliability
estimates; and evaluations of the impacts of urban
street modifications on a bicycle facility can employ
the bicycle LOS estimates.
In general, HCM6 provides tools for operational
analysis, design analysis, and planning and preliminary engineering analysis.
Operational analysis requires the most accurate input information—as well as the greatest
amount. This type of analysis often evaluates alternative designs, such as the spacing and location of
bus stops, changes in signal timing or lane channelization, or the addition or drop of a freeway lane.
The HCM6 tools for operational analysis often can
be the most cost-effective and practical for evaluating a series of alternatives without resorting to more
data-intensive approaches.
u Design analysis focuses on the physical
characteristics required for a facility to achieve a
desired operational performance. The level of detail
for the input data is similar to that for an opera-
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How to Get Involved

Methods and Tools
The Highway Capacity Manual, 6th Edition: A Guide
for Multimodal Mobility Analysis provides a wealth of
methods and tools for estimating performance measures in assessing the quality of traffic operations for
2

http://sites.kittelson.com/HCQS.
3 Select Rosters/Email Groups, and click on “Become a
Friend.”

passenger cars, trucks, pedestrians, bicyclists, and
transit passengers. The methods address a range of
analyst needs related to the availability and accuracy
of input data, including operational analysis, design,
planning, and preliminary engineering analysis.
The HCM6 provides new tools to estimate
travel time reliability, evaluate the impacts of
ATDM, assess alternative designs for intersections
and interchanges, and estimate multimodal LOS,
among others. The Highway Capacity and Quality
of Service Committee welcomes participation and
input from all transportation professionals, because
broad involvement is essential for the continued
success of the HCM.

HCM6 resources can be
applied to estimates of
queue length, travel
time reliability, and other
operational, design, and
planning analyses.
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As noted, the TRB Highway Capacity and Quality
of Service Committee guided development of the
HCM6. The committee and its subcommittees
include representatives from state departments of
transportation, local agencies, consulting firms,
universities, and the Federal Highway Administration (FHWA). The committee meets twice a year to
review ongoing research and make decisions about
changes to the HCM: in January during the TRB
Annual Meeting in Washington, D.C., and in the
summer at various locations around the country or
internationally.
The summer meeting often invites the local
chapter of the Institute of Transportation Engineers
to discuss topics of mutual interest. All transportation professionals are welcome to participate
in committee activities, to provide feedback on
HCM methods, and to suggest modifications and
additions. The committee also addresses questions
about HCM6 applications, clarifications, and errata.
More information on committee activities and
upcoming events is available on the committee
website.2 The website contains links for joining the
contact list.3 The committee relies on the expertise
of professionals around the country for feedback, to
ensure that HCM6 remains relevant and addresses
the needs of stakeholders.

Photo: SounderBruce, Flickr

tional analysis. A design analysis typically focuses
on the required number of lanes, the lane widths,
the grades, and the sidewalk.
u A planning and preliminary engineering
analysis does not require the detailed information
of an operational analysis. The HCM6 provides a
variety of default values to approximate operational
performance or design characteristics. The results
may not be as accurate, but this type of analysis
stands as a practical solution when data are unavailable and data collection is not feasible. HCM6 also
includes generalized service-volume tables, which
provide the maximum number of units of traffic
that a facility can carry at a given LOS, under a set
of assumed conditions. Planning and preliminary
engineering analysis tools often are used to evaluate
initial conceptual designs and alternatives.
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A project map at a public
meeting on North Carolina DOT’s state transportation improvement
program. Geographic
information systems (GIS)
offer many applications
for transportation agency
asset management programs by incorporating a
variety of valuable data
into maps.

T

he value of geographic information systems
(GIS) for transportation asset management
(TAM) is clear. With GIS, agencies can access
information about assets and related work activities
from a map view, which supplies an integrated picture to inform planning and management.
Although many transportation agencies have
applied GIS for asset management, many capabilities are yet unexplored. To build awareness of additional opportunities and to accelerate progress, the
National Cooperative Highway Research Program
(NCHRP) initiated Project 08-87 in 2012. NCHRP
Report 800, Successful Practices in GIS-Based Asset
Management, presents the project’s findings in an
executive guide and an implementation guide for
transportation agencies to improve their GIS capabilities in support of asset management (1).

The Context
State departments of transportation (DOTs) have
been collecting and maintaining geographically referenced data for decades and have employed increasingly sophisticated GIS technologies since the early
1980s. Early GIS technologies required dedicated
workstations and specialist operators, but today,
desktop web browsers and mobile devices access
GIS capabilities embedded in multiple applications.
In 1989, the American Association of State Highway and Transportation Officials (AASHTO) published a summary report from one of the first annual
symposia on GIS for transportation (GIS-T), noting
that “activities such as managing the infrastructure,
planning for changes in the infrastructure, scheduling projects and constructing new facilities...can
benefit from GIS technology” (2).

Participants at the symposium reviewed early
examples of state DOT GIS applications for pavement
management and road inventory and discussed GIS
implementation—the data, software, standards, and
training. Recognizing that implementation would
not be quick or easy, participants emphasized the
importance of educating CEOs to ensure continued
support until “the system gets into full operation.”
Fast forward 23 years to 2012—the title of the
25th GIS-T symposium was “From Mainframe to
Mainstream: 25 Years of Progress,” in reference to
“GIS-T’s evolution from a backend visualization tool
to utilization throughout transportation business
processes.” By the time of this symposium, many
DOTs had built a spatial data foundation and had
implemented GIS tools to integrate a variety of data
with location as a common denominator.
At the symposium, several agencies showcased
capabilities for collecting field asset data and creating maps that contained asset and project information. Nevertheless, the presentations offered limited
evidence that GIS had been truly embedded within
key asset management decision making processes.
One reason for this may have been the lack of a
clear vision for applying the technology. The symposium’s summary report indicated that “defining asset
management and determining...GIS-T’s role in achieving asset management goals [are] still emerging” (3).
In addition, asset management presents challenges in integrating data and processes across
several organizational units. In a survey preceding
the symposium, states rated asset management and
enterprise data integration as having the highest
potential benefit and the greatest cost and difficulty
in implementation.

Massachusetts DOT
maintains an interactive
online map showing
frequent crash locations.
GIS layers allow users to
see different clusters by
mode, intersection, and
more.

strategies for effectively applying GIS technologies
in TAM.

Business-Centric Approach
The guidance in NCHRP Report 800 is organized
around five core asset management business processes (see Figure 1, below). The executive guide
focuses on ways that GIS adds value within each
process.

FIGURE 1 Asset
management business
processes.

Project Objectives
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NCHRP undertook Project 08-87 in recognition of
the potential for integrating GIS technology within
asset management business processes, beyond data
collection and the display of asset conditions on
maps. The project sought greater clarity on the uses
of GIS to enhance asset management decision making—and to help agencies understand the benefits
of a commitment to implement and sustain improvements in capabilities.
The project’s objectives were to develop guidance for DOTs and other transportation agencies
to enhance their asset management capabilities
through the adoption of GIS technologies. The guidance would present senior DOT leaders with the
business case for investing in GIS technologies and
would supply practitioners with information about
lessons learned from current practice, approaches to
evaluating the benefits from GIS technologies, and

23

Maturing GIS Capabilities
The implementation guide distinguishes three
essential GIS capabilities for each of the asset management business processes: information integration, analysis, and communication (Table 1, page
25) and defines a path for implementation maturity
in each area:
Information integration brings multiple types
of information into a common platform to meet a
variety of needs. The progression is from the separate management of spatial data for each asset by
individual business units to the integration of spatially referenced asset inventory and project data
throughout the agency, with capabilities for integrating new spatial data as needed.
u

FIGURE 2 Using GIS to
identify needs and work
candidates.

For example, in the process, Identify Needs and
Work Candidates, GIS can bring together a range of
data for a location, such as asset condition, crash
history, traffic, or core samples. Agency staff can
use these data to diagnose the root causes of poor
performance and can assign an appropriate treatment that takes into account the full range of site
characteristics.
The implementation guide offers a series of tools
for assessing GIS capabilities, evaluating potential
improvements, and addressing the barriers to implementation. Figure 2 (above) illustrates a vision for
a needs-and-work identification capability. Figure
3 (below) lists the potential spatial data layers to
consider in the scoping and prioritization of projects
to address needs.

Usage

Safety

Function

Environment

History

Plans

No. of Lanes

Serious Injury
&
Fatality
Rate

Functional
Class

Land Use

Emergency
Maintenance
Requests

Future
Developments

5-Year
Maintenance
Expenditures

Programmed
Projects
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Divided or
Undivided
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AADT
Truck Traffic

FIGURE 3 Data layers
for scoping and
prioritization of projects
to address needs. (AADT
= annual average daily
traffic; usRAP = U.S. Road
Assessment Program;
NHS = National Highway
System; ROW = right-ofway.)

An Iowa DOT video uses GIS to inform residents in
a project study area about what to do and what
to expect. Spatially enabled data can aid state
agencies’ communication efforts.

Freight
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Soils
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Evacuation
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Links
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Habitats
Mitigation
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TABLE 1 GIS Capabilities for Transportation Asset Management
Capability

Goal

Information
integration

Collect, assemble, and combine data for asset management, leveraging location
referencing standards and spatial technologies
Maximize use of the data for multiple purposes—collect once, use multiple times

Analysis

Use spatial and temporal analysis capabilities to understand trends and
relationships that would be difficult to discern without a spatial view
Gain insights that lead to better decisions in support of agency goals and priorities

Communication

Create spatial data views that facilitate understanding of asset conditions,
risks, needs, and strategies
Actively use GIS to communicate information within the agency
and with external stakeholders

Analysis involves querying and processing the
spatial information to discern patterns and provide
insights, such as identifying locations that have
higher-than-average maintenance costs and poor
pavement condition. The progression is from an
ad hoc analysis that meets needs as they arise to a
routine use of spatial and temporal analysis for decision making, embedded within the decision support
applications and processes.
u Communication involves the preparation of
information displays to help internal and external
audiences understand asset conditions, needs, and
strategies. The progression is from limited, on-request mapping to a comprehensive, established
program that disseminates information to multiple
audiences via multiple platforms.

Improving Capabilities

As agencies make progress in these areas, their
store of spatially enabled data becomes more comprehensive and their use of the data becomes more
automated and embedded into daily decision making and communication.

The implementation guide provides a step-by-step
process for examining the potential return-on-investment (ROI) from GIS-TAM improvements.
Improvements may include a range of actions, such
as new data collection, foundational work on linear

u

The guide recognizes several paths to improving GIS
capabilities for asset management. Some agencies
will want to establish a comprehensive plan as part
of a TAM plan covering all of the business processes
for multiple assets, to create a vision for the use of
GIS, and to identify a phased set of initiatives to
advance capabilities. Other agencies may proceed
incrementally, focusing on low-cost actions to leverage current data and GIS tools.
A third option is to target a priority area to achieve
a noticeable improvement—for example, producing
real-time information on snowplow operations or
providing a mobile app that shows plans for road
resurfacing.

Making the Case

Benefit

Goal

Efficiency

Reduce staff time needed for data manipulation and analysis by
− Speeding integration of data from different sources, using spatial overlays and
automated partitioning and aggregation of linearly referenced data
− Providing a platform for collaboration with a common view of information
across multiple work units, eliminating need to duplicate data integration tasks

Effectiveness

Identify and scope candidate projects that extend asset life, improve safety,
minimize traffic disruption, and reduce risks of adverse environmental impacts by
− Integrating data to identify root causes of poor performance
− Integrating data to facilitate consideration of safety and environmental factors
in determining maintenance and rehabilitation needs
− Using spatial views of asset needs to identify opportunities for efficient
packaging of work
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TABLE 2 Example Benefits from GIS Improvements Supporting Asset Management: Identifying Needs and
Work Candidates
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Photo: Seattle DOT

Efficiency Benefits
The efficiency benefits associated with GIS-TAM initiatives may include staff time savings—for example,
Reduced fieldwork, through online tools that
provide access to information;
u Reduced need for efforts to compile special
data, with faster access to, and analysis of, the information required for special studies in response to
internal and external requests;
u Automation of manual tasks, including the
preparation and loading of data; and
u Streamlined business processes for work
orders, inspections, work recording, and managing
external work requests, eliminating paper and the
reentry of data.
u

Effectiveness Benefits
Seattle DOT’s central
asset data repository
integrates with GIS to
facilitate reporting and
analysis for such assets as
crosswalks.

referencing, or specialized application development
and integration.
One of the most important and challenging steps
in this process is assessing the potential benefits
of an improvement. GIS capabilities can improve
both efficiency—that is, doing things right—and
effectiveness—that is, doing the right things. Table
2 (page 25) describes the potential benefits of integrating GIS capabilities into one of the asset management business processes, Identifying Needs and
Work Candidates.

The effectiveness benefits from GIS improvements
are realized when the decisions based on the new
capabilities result in lower risks, reduced lifecycle costs for assets, and improved customer
service—for example,
Safety—improved consideration of safety in
project scoping and prioritization may decrease
fatalities, injuries, and property-damage crashes;
u Asset treatment selection—improved ability
to identify and prioritize optimal points of intervenu

Photo: U.S. Army Corps
of
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Engineers
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The U.S. Army Corps of
Engineers uses a portable
levee inspection system,
which features a GISequipped tablet that
records the locations
of features and any
anomalies on the
structure.

Photo: Ned Ahren, King County DOT

King County Inter
national Airport
and Boeing Field in
Washington State. The
airport management
system has integrated GIS
capabilities.

tion for preventive and restorative maintenance may
improve the utilization of resources and may reduce
the failure risks for critical assets;
u Construction costs—improved information
for project scoping can avoid delays and the change
orders associated with the discovery of new information after a project is under way; and
u Project coordination—improved information
that helps avoid conflicts across projects or maintenance activities can lead to cost savings from combining projects and to reductions in lane closures
and the associated costs to users.

Return on Investment
Several studies of the benefits and costs of GIS
improvements have documented a positive ROI:

A combination of quantitative and qualitative
analysis can make the best case for GIS improvements in support of asset management. A presentation conveying an understanding of the costs that
can be anticipated, along with an estimate of potential savings, can be complemented by a persuasive
description of the benefits to the agency from the
new capabilities.

Judicious Investments

u

I

mproving GIS capabilities requires investments in software, data, and
staff time, as well as changes to current work processes and roles.…It
is important to keep in mind, however, that benefits from these initial
major investments will continue to accrue over an extended time period.
Many agencies already have these investments behind them, and are
ready to leverage them to provide business value.
Technology advances over the past few years have lowered the costs of
obtaining location-referenced asset data and deploying GIS applications.
Agencies making judicious investments in high-value GIS improvements
can recoup the costs of these investments through gains in efficiency and
decision-making capabilities.
Source: NCHRP Project 800 Final Report, Annex A: Executive Guide
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A study of Florida DOT’s GIS implementation found a positive net benefit after three years.
Documented benefits included cost savings in data
collection, storage, analysis, and output, through
increased productivity, the integration of data, and
reductions in redundancy (4).
u A 2012 Washington State King County DOT
study quantified the ROI from GIS through cost savings and productivity gains. The study estimated
$18.8 million in benefits for 2010—$7.3 million in
cost savings and $11.5 million in enhanced productivity (5).
u A 2011 study quantified the benefit–cost of
statewide multilevel linear referencing systems at
Iowa DOT and Caltrans, or California DOT. The

study found a five-year breakeven point with an
overall benefit–cost ratio of 21.4 to 1. Total potential savings for a state with a 25,000-mile road network were valued at $12.6 million. Cost savings were
achieved through reduced staff hours and improved
efficiencies (6).
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7. Coordinated data collection across the
agency. A coordinated, consistent approach across
business units for the collection of field data on asset
inventory, condition, and related work can achieve
economies of scale and spread the cost of investments in new technologies across multiple data collection efforts.

Vision and Coordination
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FIGURE 4 Ingredients
for success.
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NCHRP Report 800,
Successful Practices
in GIS-Based Asset
Management, is available
from the TRB online
bookstore, https://
www.mytrb.org/Store/
Product.aspx?ID=7596;
to view the book
online, go to www.
trb.org/Publications/
Blurbs/172204.aspx.

Ingredients for Success
The implementation guide synthesizes the essential conditions for using GIS successfully for more
integrated, spatially enabled decision making about
asset management. These conditions require agencies to address common technical and organizational implementation challenges (Figure 4, above)
and include the following:
1. Management commitment and organizational alignment. The appreciation of agency executives and division managers for a spatial approach
to asset management can benefit the agency.
2. Accessible GIS tools and expertise. Access to
GIS tools and expertise within the individual work
units involved in TAM facilitates use of GIS within
the daily workflow.
3. Well-defined and proactive data management
and stewardship. Roles and responsibilities for the
quality assurance and updating of spatially referenced data sets should be established, along with
protocols for sharing data sets and incorporating
them into map layers.
4. Accurate and complete foundational geospatial data. Accurate and complete base maps and
linear referencing provide the foundation for data
integration and analysis.
5. Spatially integrated data sets. Standards and
practices that ensure consistent spatial referencing
across agency data sets can facilitate integration for
mapping and analysis.
6. Management systems linked with GIS. The
various asset management systems should be integrated with the GIS data repositories and analysis
tools.

With the transition from monolithic, specialized
systems to more modular, service-oriented architectures, GIS capabilities are becoming integral
to the agency information systems that are within
easy reach of the staff responsible for asset management. Leveraging GIS capabilities for TAM, however,
requires vision and coordination.
The main barriers to progress are often organizational, not technical. Transportation agency GIS and
information technology staff can catalyze progress
by working with asset management staff to increase
understanding of what current tools can do.
NCHRP Report 800 provides resources for sizing
up an agency’s capabilities, developing a coherent
vision, planning improvements, and ensuring that
GIS technologies are leveraged successfully for the
benefit of the agency. Any enterprisewide initiative
for data and information systems requires the coordination and adjustment of current systems and
processes; this can be a challenge in the context
of multiple agency initiatives and competition for
resources. Nevertheless, application of GIS capabilities within TAM business processes will continue
to advance as managers recognize the value of these
capabilities and provide the leadership and coordination to move their agencies forward.
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Cross-Asset Resource Allocation and
the Impact on Transportation
System Performance
MICHELLE MAGGIORE AND KEVIN FORD

Transportation corridors
in the city of Richmond,
Virginia. NCHRP Report
806 provides a framework
for allocating resources
across projects and modes
to obtain optimal system
performance.

T

ransportation agencies face a common
conundrum—they are often charged with
analyzing the performance outcomes of
investments across different projects, but they lack
the tools, methods, and models for the analysis.
Moreover, these same tools and methods could help
agencies in selecting the best portfolio of projects
to yield the greatest improvement in transportation
system performance.
Technical challenges and institutional barriers
often separate the process of defining performance
measures and setting performance targets from the
process of developing budgets and allocating funds.
National Cooperative Highway Research Program
(NCHRP) Report 806, Cross-Asset Resource Allocation
and the Impacts on System Performance, addresses this
gap.

The report provides an implementable framework
for cross-asset resource allocation and a prototype
tool for cross-asset investment planning and budgeting. The methodology links transportation planning
and budgeting with project selection and programming. The research recommends analyzing the performance outcomes of a portfolio of transportation
projects before developing budgets by investment
type.

Achieving Systemwide Targets
The transportation industry increasingly is applying
performance measures and asset management. State
departments of transportation (DOTs), metropolitan
planning organizations, transit agencies, and other
regional transportation planning and service providers seek to invest in projects to achieve performance
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Photo: Seattle DOT

Seawall construction in
Seattle, Washington.
Performance-based
decision making often
occurs in the context of
a single transportation
asset.

targets and to meet public needs for the multimodal
transportation system.
Performance-based planning and programming
integrates performance and asset management to
make objective, data-driven decisions to improve
the performance of the transportation system. Progress toward meeting performance goals, however,
depends on the projects selected and implemented.
Historically, the linkage between agency strategic goals, performance outcomes, and actual
investments has not been strong. In addition, the
trade-offs between two or more investment types
often do not receive consideration.
Performance-based decision making almost
always occurs in the context of an asset—for exam

ple, a decision to use a bridge management system
or a pavement management system. Cross-asset
resource allocation, however, can help to achieve
systemwide performance targets.
Performance-based planning should involve forecasting the impacts that projects will have on the
performance of the transportation system. Predictive models can prioritize and select transportation
projects so that the expected performance of one
portfolio of transportation projects can be compared
with another. Performance-based planning then can
align agency goals with investments, to improve
accountability in decision making and to achieve
the desired outcomes through project selection and
implementation.
Additional analysis is needed across project alternatives, to compare the benefits of dissimilar criteria in a way that is objective and meaningful. This
reveals what can be called the marginal rate of substitution—that is, the rate at which a decision maker
is ready to give up one unit of one performance criterion in exchange for a unit of another, dissimilar
performance criterion. In this way, decision makers
can barter one performance criterion for another.
With this approach, the allocation of resources is an
output of the project selection process instead of an
input into the process.

Agency Hurdles
An in-depth review of the state of the practice for
NCHRP Report 806 revealed the hurdles for state
DOTs in considering cross-asset resource allocation.
A lack of tools, methods, and models is a common
hurdle, but barriers to implementation of a cross-as-
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An Arizona DOT public
hearing on a proposed
traffic interchange.
Public goals for
transportation projects
may differ from agency
goals but must be taken
into consideration.

The tool prototype
home page.

set approach go beyond the technical, and include
the following:

Report 806 Framework
The cross-asset resource allocation framework
described in NCHRP Report 806 overcomes these
hurdles. Under the framework, transportation agencies can consider both cross-asset and siloed project
prioritization while encouraging an inclusive process for developing goals and improving the links
between planning and programming.

Getting Technical
Cross-asset resource allocation is a multiobjective
optimization problem, and the methodology presented in NCHRP Report 806 involves a multiobjective decision analysis (MODA). A MODA achieves a
mathematical solution that maximizes the overall
score of a portfolio under the given budget or performance constraints.
The optimal cross-asset resource allocation is
developed as the ratio of the programmed project
costs of individual management systems to the total
program cost. This formulation is often termed a
“knapsack problem”—that is, the objective is to fit
within a constrained space a set of objects that in
combination produce the greatest value.
The framework applies decision science techniques to score projects equably, based on the anticipated benefits, risks, and other identified business
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Agency and institutional barriers. Strategic
direction is needed within the planning and programming process, to focus on goals for the transportation system. Performance-based decisions
largely are made within the silos—or limited contexts—of assets, not across investment types.
u Political pressures and mandates. Along with
competing priorities across jurisdictional levels,
political pressures can take the form of legislation,
budgetary constraints, funding eligibility, and earmarked projects.
u Stakeholder values and needs. Consideration
should be given to public goals, which may not
always encompass the goals and objectives of the
agency, despite a general overlap, and may require
the addition of goals.
u

The framework accommodates mandated projects and program expenditures, as well as dedicated—or project-specific—funding sources. The
tool prototype showcases the results of the framework with dashboard-like displays that can communicate with stakeholders, the public, and elected
officials by showing the minimum budgets needed
to meet performance targets, among other critical
trade-offs (see Figure 1, page 32).
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FIGURE 1 Framework
components developed
for NCHRP Report 806.

factors in terms of their relative importance to the
decision makers. Priorities then screen feasible projects, which can be ranked on their expected value.
The ranked projects then can be selected in
accordance with performance and resource constraints; the sum of the projects selected within each
investment category is expressed as a ratio of the
total available budget. Finally, a trade-off analysis
can show outcomes under varying constraints and
can lead to the selection of a portfolio of projects that
best achieves system performance goals.

MODA Components
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The MODA decision science application has five primary components: weight, scale, score, prioritizing,
and optimizing and conducting trade-offs.
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NCHRP Report 806, Guide
to Cross-Asset Resource
Allocation and the
Impact on Transportation
System Performance, is
available from the TRB
online bookstore, https://
www.mytrb.org/Store/
Product.aspx?ID=7683;
to view the book
online, go to www.
trb.org/Publications/
Blurbs/172356.aspx.

Weight
The NCHRP Report 806 research incorporated
agency and stakeholder preferences through a survey. Participants in the decision process were asked
to weigh the relative importance of one performance
criterion against another. An analytic hierarchy process (AHP) was applied to reflect the importance of
performance outcomes to the combined preferences
of decision makers and stakeholders.
AHP combines complex mathematics with simple
user inputs by focusing the assessment of priorities
on a more manageable scale. This award-winning
approach to decision making has had wide application and has been validated in multiple industries,
including government, engineering, and commercial
research and development.
To determine the relative importance of performance criteria, decision makers were asked to identify which criterion is more important than another
and by how much on a scale of 1, equally important, to 9, extremely more important. Each qualitative comparison is input into a matrix, and the

reciprocal is used for the reverse comparison. The
intended weights of each performance criterion can
be gleaned with mathematical applications.1
Scale
Scaling is a leveling technique that converts criteria that have different units of measurement into
a normalized format for comparison. The process
translates the proverbial “apples and oranges” onto
a rating scale that reflects the benefit of a project
compared against a do-nothing approach.
The framework uses data-driven inputs to translate a project’s raw value on a priority scale of 0, or
minimum, to 1, or maximum, for each c riterion.2 In
defining the scale, points of inflection—or qualitative points—can be integrated to capture the relative
satisfaction for different ranges of raw values. This
allows agencies to include factors that are not intrinsically monetary into the prioritization of projects.
Score
To compare projects, a representative score can
combine an agency’s weighting and scaling preferences. Higher scores indicate the relative importance
of pursuing a project. Various methods for scoring
projects have been recommended in the literature,
including the weighted sum, the multiplicative utility function, the benefit–cost ratio, and the goal programming methods.
The NCHRP Report 806 framework applies the
weighted sum method. Each alternative’s rating by
criteria is multiplied by the respective weight and
summed. This assigns each alternative an overall
value or priority score from 0, for lowest, to 1, highest.
1

Technically, the eigenvector of the matrix is calculated to
reflect user weights.
2 Often referred to as value or utility scales, with the
normalized value representing the rater’s level of satisfaction
with the outcome.

Photo: Washington State DOT

Roundabouts flank the
I-5–SR-11 interchange in
Burlington, Washington.
The NCHRP Report 806
framework can help
transportation agencies
prioritize projects and
optimize performance.

Trade-Off Analysis
Trade-offs are intrinsically related to multiobjective
optimization—they work to balance competing
objectives that involve the sacrifice of one objective for the sake of another. Trade-off analysis can
inform the decision-making process by evaluating
the impacts of various investment levels, policies,
and strategies on the portfolio performance, as well
as the extent to which one performance criterion can
be bartered for another. When linked to multiobjective optimization, trade-off analyses inform decision

makers of the consequences—that is, the gains and
losses—in moving from one feasible Pareto optimal
solution to the next.3
Trade-off analyses using the framework and tool
prototype include comparisons of project alternatives and programs, as well as assessments of the
sensitivity of outcomes to varying investment levels
and agency weights. These analyses are critical for
scenario planning and for understanding the benefits
of one portfolio of transportation projects compared
with another.

The Tool Prototype
The tool applies the technical details of the framework’s methodology to produce a single time period
proof-of-concept. The tool’s built-in decision science
and optimization applications provide the basic
analysis for implementing the framework in an easyto-use Excel interface.
Decision science—which develops a value
matrix—creates a transparent, structured, and
repeatable method for normalizing and comparing
project benefits across investment categories equably. The process weights all projects with respect
to priorities, converts project benefits with respect
to various performance metrics into dimensionless units for ready comparisons, expresses project
benefits in terms of their relative importance, and
prioritizes or optimizes the project set to select the
most projects that are cost-beneficial with respect to
budget and performance constraints.
The NCHRP Report 806 framework and tool prototype are available on the TRB website at http://
www.trb.org/main/blurbs/172356.aspx.
3

The Pareto frontier is the range of feasible solutions that
produce an optimal outcome.
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Prioritizing
Prioritized lists of projects then can be developed
and used in evaluating the scores for reasonableness
in comparison with intended weights and scaling
functions. By sorting projects or project bundles by
score, experts also can start screening for the potential of inclusion in a financially constrained program. For instance, a minimum score can be set for
projects to be considered for programming—such as
a benefit–cost ratio greater than 1.
In the framework, users can visualize a 1-to-n list
that ranks projects by score. The optimal selection of
projects from a prioritized list can be determined initially with quantitative techniques. The decision can
be restated as a multiobjective optimization problem, and a mathematical solution can be achieved
that maximizes the portfolio score yet accounts for
budget or performance target constraints.
Users who are simply selecting one project can
stop at the prioritizing step and choose the project
with the highest score, assuming they want to use the
full budget. Users selecting multiple projects or funding allocations across pools, however, should use the
more sophisticated MODA analytical approach.
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T

he typical state department of transportation (DOT) stormwater program has become
relatively sophisticated in the past decade
in response to the complex National Pollutant
D ischarge Elimination System (NPDES) permits
and the implementation of the Clean Water Act’s
total maximum daily load (TMDL) program. The
challenge for the DOT stormwater practitioner is to
deliver water quality improvements within an infrastructure framework that does not easily accommodate them.
The designs of highway drainage systems and
right-of-ways had focused on public safety. State
DOT professionals now are tasked with improving the performance of these drainage systems by
addressing the water quality of highway runoff and
reducing the impacts of peak flow and runoff volume.
National Cooperative Highway Research Program
(NCHRP) Report 792, The Long-Term Performance
and Life-Cycle Cost of Stormwater Best Management
Practices, provides the state DOT practitioner with

the tools to make the needed improvements to the
highway drainage system in compliance with the
NPDES permit. The research provides practical
information on the performance and whole-life cost
of best management practices (BMPs) for stormwater
treatment in a highway environment. The research
provides a set of user-friendly tools to help state
DOTs maintain a high-performing stormwater program that supports the agency’s mission.

Tapping into Resources
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State DOTs need information on the cost and performance of BMPs to make basic infrastructure
decisions and to budget for long-term operations
and maintenance. The NCHRP research eliminates
the issues of climate and other differences that have
prevented the transfer of BMP cost and performance
data between state DOTs.
NCHRP Report 792 presents information in a
tool format to facilitate application. The spreadsheet
tool provides performance information by BMP type
and by stormwater constituent and can estimate the
whole-life cost for site-specific applications.
A comprehensive literature review informed the
development of the report and the spreadsheet tool.
In addition, a supplemental survey of state DOTs,
the Federal Highway Administration, and the U.S.
Environmental Protection Agency (EPA) obtained
information on BMP costs, performance, and operation and maintenance, as available, in all 50 states.
The research drew on BMP performance information from the International BMP Database, the
Federal Highway Research Database, and other
long-term performance assessments. A relatively
sophisticated method applied the BMP performance
information to assess load reduction via infiltration,
and the EPA Stormwater Management Model supplied rainfall, imperviousness, and soil conditions
from across the United States. The pollutant removal
performance data for each BMP were paired with
cost data for capital, operation and maintenance,
and reconstruction to yield life-cycle costs.

A BMP field maintenance guide, called the Maintenance Indicator Document, drew on state DOT
user experience to describe maintenance tasks, frequencies, and inspection protocols. The capital and
the operation and maintenance costs were placed
in the spreadsheet by BMP type to complement the
performance data.

Spreadsheet Tool
The spreadsheet tool gives the following information:
Pollutant removal in relation to life-cycle cost
data, by BMP type and by constituent;
u Operation and maintenance costs, equipment,
and expected service life, by BMP; and
u Optional design parameters, by BMP type.
u

The spreadsheet tool offers an efficient method
for the practitioner to implement the study findings.
Each BMP type has its own spreadsheet. The format
allows the practitioner to assess a variety of what-if
scenarios to optimize the project’s environmental
performance and minimize the life-cycle cost of the
selected BMP.

BMP Maintenance
addresses performance and safety; aesthetic maintenance also contributes to performance but aims for
the public acceptance of stormwater facilities. The
level and frequency of maintenance are important
variables in computing whole-life cost.
State DOTs can use the frequency of required
maintenance, estimated for the three rainfall categories, as a starting point, to be refined with local
practice. Table 1 (below) provides an example of the
maintenance work items, frequency, and cost for a
sand filter.

A GIS map by Minnesota
DOT shows stormwater
BMPs and pond types.

TABLE 1 Sand Filter Maintenance Cost Items and Frequency
Maintenance Frequency
Maintenance Task

High

Medium

Low

Cost

General inspection, reporting,
information management

Annually

Annually

Annually

$260/event

Vegetation management for
aesthetics

3 times
per year

2 times
per year

Once per
year

$320/event

Sand removal

Every 3
years

Every 5
years

Every 10
years

$3,700/event

Intermittent or corrective
maintenance

Every 2
years

Every 5
years

Every 10
years

$1,280/event

Sediment removal

Every 10
years

Every 20
years

Every 50
years

$3,800/event

Trash and debris
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BMPs must be maintained to function as designed.
Empirical information about maintenance requirements for BMPs is limited, especially about the
maintenance frequency for treatment BMPs in a
highway setting. NCHRP Report 792 fills this information gap with long-term BMP maintenance and
inspection guidance based on a review and compilation of prototype scale studies conducted by DOTs
throughout the United States.
The study reviewed maintenance records for
sites across the country and undertook field visits
to determine if the protocols were successful. The
assessments addressed maintenance needs and
performance and calibrated the initially established
inspection, maintenance, and operation protocols
beyond the original construction period.
Maintenance requirements for BMPs can be site
specific, based on aesthetics and on the volume
of runoff treated. Accordingly, the runoff volume
treated was assumed to be proportional to the need
for maintenance. Three rainfall categories, based on
depth, were determined for the United States and
were correlated with low, medium, and high maintenance of the BMP.
Detailed maintenance checklists were developed
for each BMP with information from available studies by state DOTs. Maintenance tasks were classified
as aesthetic or functional. Functional maintenance
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The spreadsheet tool rapidly compares BMPs on
the performance and cost for specific constituents:
total zinc, total lead, total copper, total nitrogen,
total phosphorus, nitrate, total Kjeldahl nitrogen,
dissolved phosphorus, total suspended solids, and
bacteria.
Load reduction is an important component of the
operation of most nonproprietary BMPs. Load reduction occurs with planned and incidental infiltration
and to a lesser extent with evapotranspiration, if
plants are present.
BMO performance studies often focus on reducing concentrations or on achievable effluent concentrations without considering the overall reduction
in pollutant load. The spreadsheet tool incorporates
an estimate for annual load reduction. For some
BMPs, such as dry extended detention basins, volume reduction may be at least as important as the
concentration reductions from sedimentation for
smaller storm events.
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Stormwater bioretention
BMPs on Grange Avenue
in Milwaukee, Wisconsin,
were constructed as part
of the city’s green streets
program.
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Long-Term Performance

Performance Estimates

The long-term performance of the selected BMPs
was developed with data from the International
BMP Database (1) and from a Water Environment
Research Foundation project (2), as well as from
other long-term assessment study data from the literature review.
The research team performed regression analyses
on data from the International BMP database with
paired influent and effluent composite samples. The
spreadsheet tool uses the analysis to predict effluent
quality from each BMP, based on the influent concentration. The tool uses a default for the water quality of the influent runoff that is an average of values
from the Highway Research Database maintained by
the U.S. Geological Service.

The research team used EPA’s Stormwater Management Model, a continuous hydrologic simulation,
to estimate the infiltration performance by various
BMPs and design configurations. The International
BMP Database includes a few studies with reliable
volumetric data that verified influent and effluent
loads for individual storms. Spreadsheet tools were
developed for swales, filter strips, dry extended
detention basins, bioretention, wet ponds, sand filters, and permeable friction course overlay.
The tool returns general estimates of BMP performance in terms of reductions in unit load by region
and accounts for volume losses and concentration
reductions. The estimates of unit load reduction
allow the user to assess and compare the long-term
performance of BMP technologies.
Expected influent concentrations for selected
regions were developed for the constituents in accordance with annual average daily traffic. Users also
can specify local influent water quality data in the
tool. Figure 1 (left) shows a graphical output for
bioretention, including the relative contributions of
runoff, evapotranspiration, infiltration, and effluent.
The performance estimates do not include dissolved metals, which are not universally measured.
The dissolved portion of a metal is important in relation to toxicity, but the form of metals can vary in
the environment because of water characteristics
and chemistry; nevertheless, total metals are most
often used as the standard assessment measure of
BMP performance. Figure 2 (page 37) shows a typical output from the tool for pollutant concentration
reduction.

n Runoff bypassed
n ET reduction
n Infiltration
reduction
n BMP effluent

FIGURE 1 Volume reduction from bioretention:
percentage of annual runoff volume discharged and
removed. (ET = evapotranspiration.)

Whole-Life Costs

Nonstructural BMPs
Nonstructural BMPs play an important role for a
state DOT’s stormwater program in complying with
the requirements of the NPDES permit. The research
team used available data and information to evaluate several nonstructural control measures. In some
instances, best professional judgment was needed
for a triple bottom-line performance analysis. The
evaluation applied three criteria:
1. The effectiveness in avoiding or removing pollutants and the efficiency of the BMP—its poten-

tial for reducing pollutant loads or for changing the
behavior or understanding of target populations;
2. The cost of implementation; and
3. The social and institutional impacts of implementation.

Implementing a
nonstructural BMP can
reduce the pollutant
loads in stormwater.

Photo: Sam T, Flickr

The evaluation facilitates decision making for
sustainable stormwater management and quantifies—when possible—the benefit from a nonstructural BMP. This allows the stormwater manager to
prioritize the implementation of treatment measures
and nonstructural controls. The research included
the following nonstructural measures:

FIGURE 2 Typical
spreadsheet tool output
for a swale.
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A Water Environment Research Foundation project
developed whole-life cost models for the selected
BMPs, including those for wet ponds, swales,
porous pavement, and extended detention basins.
The NCHRP project updated the models with actual
costs of construction, maintenance activities, and
resources.
The whole-life cost models included capital, longterm operation and maintenance, and reconstruction. The user can specify the level of maintenance
to reflect the local rainfall depth, as well as locally
accepted or preferred maintenance practices. The
user can define the maintenance tasks, select the
equipment, and choose unit costs or can use the
default values.
The practitioner can compare the whole-life cost
for categories of BMPs suitable for particular situations—such as linear systems for roadways or endof-pipe facilities—to identify the most cost-effective
system or BMP. The user also can specify the design
life, providing for recapitalization at a specified
interval. Values for discounts, inflation, and location
are among the input variables.
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TABLE 2 Street Sweeping Triple Bottom-Line
Assessment
Element
Cost per mile

Assessment
$40

Effectiveness
Bacteria

Low

Nutrients

Low

Sediment

Low–Medium

Trash

Medium

Metals

Low

Social or institutional impacts

Low

Sustainability rating

Moderate

Municipal separate storm sewer system (MS4)
cleaning;
u Sweeping;
u Irrigation runoff reduction;
u Use of fertilizers, pesticides, and integrated
pest management;
u Trash pickup;
u Elimination of groundwater inflow to the MS4;
u Slope and channel stabilization;
u Education and outreach;
u Enforcement and inspection to prevent illicit
u

connections and illegal discharges; and
u Training for DOT employees.

Optimizing the Mix
The nonstructural BMP analysis completes the
stormwater quality toolkit and provides the practitioner with a comprehensive set of cost-effective,
high-performing nonstructural and treatment BMPs
compatible with the highway environment.
The practitioner can use the nonstructural
assessments to refine a performance estimate for the
stormwater program as a whole. The research team
identified the key variables that influence the effectiveness of the nonstructural BMPs, so that DOTs
can optimize the mix of nonstructural and treatment
practices in a stormwater program.
Table 2 (left) provides an example application of
a triple bottom-line analysis for street sweeping. The
assessment considers the managed variables that
can greatly influence the effectiveness, depending
on the method and timing of the implementation.

Project Benefits
Stormwater BMPs should have the lowest possible
whole-life cost, be effective in mitigating the pollutants of concern, and include requirements for
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University of California,
Davis, students install
plantings in a swale
along Arboretum Drive.

maintenance and inspection that are compatible
with the highway environment. This NCHRP project has provided two products to assist state DOTs
in implementing a stormwater program: a guidance
document on BMP performance and maintenance
and a companion spreadsheet tool for assessment
and evaluation.
The spreadsheet tool allows the comparison
of treatment controls and nonstructural controls,
assisting the program manager in optimizing performance while minimizing whole-life cost. The
tool facilitates comparisons of BMP technologies
or treatments and provides information about nonstructural BMP performance and cost, so that the
DOT stormwater program manager can develop a
strategic approach for TMDL and NPDES compliance, as well as select the technology appropriate
to each project.
The spreadsheet tool estimates the whole-life cost
and the performance, inspection, and maintenance
and operation requirements. The tool can assess
compliance scenarios on a what-if basis, to refine
BMP selection for both performance and whole-life
cost. Inspection and maintenance requirements are
shown by BMP type.
The tool provides options for results by geographic region, as well as factors for cost escalation
based on the Engineering News Record index, which
adjusts for inflation or deflation from year to year.
The tool output can support planning and design.

Selecting BMPs

Stormwater management has changed in the past 30
years from controlling sediment and erosion to controlling mass and targeted pollutants through BMP
strategies that address modification to receiving
waters. In the next 20 years, TMDL implementation
will become a primary issue for state DOTs. Emerging BMPs, such as permeable friction course and
biofiltration and biorentention, are important tools
that state DOT practitioners should explore. NCHRP
Report 792 provides state DOTs with a systematic
method to optimize strategies and with a selection
tool that will confirm compliance and document the
whole-life cost.

Minnesota DOT’s
HydInfra database
compiles inventory,
inspection, and
maintenance data—
gathered using GIS
tools and GPS field
inspections—on
drainage systems and
water quality features,
such as ditches.
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This research helps solve several issues for DOTs
in selecting BMPs. When named a stakeholder in
TMDL, a DOT must retrofit facilities to achieve
the required load reductions (3–5). In many states,
stormwater permits require the implementation of
stormwater BMPs on new projects or on projects
involving substantial modifications to an impervious surface. The information in NCHRP Report 792
will help in complying with NPDES permit requirements.
The implementation of nonstructural programs
or activities is also important in achieving a costeffective stormwater program. The report develops
performance estimates for nonstructural BMPs,
using a triple bottom-line analysis to assist in quantifying the benefits of the entire BMP program.
Regulations are changing rapidly. Achieving
multiple objectives—such as runoff volume control,
hydromodification control, and retrofitting green
infrastructure—are highly desirable. The acceptable types of BMPs therefore are evolving to provide
infiltration, volume capture and use, flow-duration
control, and biofiltration.

Primary Issue
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Kay Fitzpatrick
Texas A&M Transportation Institute
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arly in her career, Kay Fitzpatrick discovered she
wanted to identify improvements to the transportation
network that could better serve society. Her diverse
portfolio of projects includes meeting the needs of pedestrians, designing intersections, improving the safety of rural
roads, and designing freeways and managed lane facilities.
An internationally recognized expert in roadway geometric
design, roadway safety, traffic control devices, and the design
and operation of pedestrian facilities, Fitzpatrick has conducted research that is now part of the American Association
of State Highway and Transportation Officials’ (AASHTO’s) A
Policy on Geometric Design of Highways and Streets and the Federal Highway Administration’s (FHWA’s) Manual on Uniform
Traffic Control Devices (MUTCD). She also developed design
criteria for high-speed roadways for the Texas Department of
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to update national documents to ensure widespread implementation of research findings. For example, the MUTCD is
at the fingertips of most traffic engineers and any change to
that document can ensure consideration of the treatment.”
Another successful example of published research implementation is the pedestrian hybrid beacon, Fitzpatrick adds.
She led several studies examining the beacon’s effectiveness,
sponsored by the Transit Cooperative Research Program,
the National Cooperative Highway Research Program, and
FHWA. Her presentations to a national committee helped to
bring the HAWK beacon—as it was then known—onto the
national stage and influenced the development of text that
was later included in the MUTCD. Before 2009, the pedestrian hybrid beacon could only be seen in Arizona. Now more
than 43 states have installed the device.
“There are many tools available within the
transportation profession, and as a researcher
I have been able to question and improve those
tools. I have been able to ask the ‘why’ questions
“Develop a research approach
and have been able to identify answers,” Fitzpatthat will result in a product
rick observes.
Fitzpatrick joined the Standing Committee on
that is usable and that will
Operational Effects of Geometrics in 1994. She
provide improved procedures
currently chairs this committee and is a member
or conditions.”
of the Operations Section. Fitzpatrick also has
served on the Operations and Preservation Group
executive board. She is a friend to the standing
committees on Geometric Design, on Pedestrians,
Transportation. This research resulted in a new chapter of the
and on Managed Lanes and has helped to develop and review
agency’s Roadway Design Manual.
several TRB publications on roadway operating speed and
“Transportation touches everyone—moving from place to
sight distance. She also has played a major role in coordinatplace or needing goods that are moved from place to place
ing all four past Urban Street Symposia, which began in 1999,
is an essential part of our everyday life,” Fitzpatrick muses.
and is chair of the 2017 Urban Street Symposium.
“The opportunity to have a positive effect—to help improve
“Being open to new ideas and new approaches can allow
that fundamental part of society—always has interested
us to look at a problem in a different way, perhaps in a way
me.” These improvements have included a left-turn lane that
that will allow us to implement the changes needed to reach
decreases crash risk and a pedestrian traffic control device
an acceptable solution,” Fitzpatrick notes. She advises other
treatment that efficiently provides a safe interval to cross the
researchers to “develop a research approach that will result
street on foot.
in a product that is usable and that will provide improved
After graduating with bachelor’s and master’s degrees in
procedures or conditions.”
civil engineering from Texas A&M University, Fitzpatrick
Fitzpatrick has received many TRB paper awards for pubworked for several years as a consultant. She received her PhD
lications in the Transportation Research Record: Journal of the
from Pennsylvania State University in 1989 and returned to
Transportation Research Board: the Fred Burggraf Award for
Texas to work at Texas A&M Transportation Institute (TTI)
outstanding paper by a young researcher in 1995; the Patrias an assistant research engineer. She now is senior research
cia Waller Award for best paper on safety and system users
engineer in TTI’s Roadway Design Program.
in 2010; and two D. Grant Mickle Awards for outstanding
Fitzpatrick encourages associates and students to ask
papers on operations and preservation, in 2012 and 2015.
how their research findings can or would be used. “Research
She received the Texas A&M Regents Fellow Service Award
reports certainly document the research methodology and
in 2015 for her commitment and contributions to the state
the findings from a study,” she notes. “However, it is essential
of Texas.
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Edward Strocko
Bureau of Transportation Statistics

A

s director of the Office of Spatial Analysis and Visualization (OSAV), Edward Strocko guides the development of geospatial information and visualization tools
for government agencies, transportation providers, and the
public. Part of the U.S. Department of Transportation (DOT)
Bureau of Transportation Statistics (BTS), OSAV is the source
of spatial and network analyses to inform policy decisions,
the National Transportation Atlas Database (NTAD), and the
transportation layer of the National Spatial Data Infrastructure. Strocko seeks to deploy high-quality cartography and
innovative web applications to develop and enhance these
products.
“Each day as I work with my team to undertake transportation research, I ask myself and the team to consider
three elements as we define our success: collaboration, rele-
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online; a dynamic publication cycle will make updated data
available throughout the year, Strocko notes.
Another recent project was a joint effort among BTS, the
U.S. DOT Office of the Chief Information Officer, and the
Federal Transit Administration to develop the National Transit Map, which will combine General Transit Feed Specification data submitted by transit agencies into a national,
openly available, machine-readable map of fixed-guideway
and fixed-route transit service in the United States. The map
serves researchers and allows for additional research opportunities to understand the extent, performance, and benefits
of transit systems nationwide.
“Currently I am working with our chief cartographer on
development of the next-generation National Transportation
Infrastructure Map,” Strocko comments. The double-sided
wall map portraying the transportation
infrastructure of the United States—as
well as thematic maps exploring transportation statistics—will be released at the
“In the increasingly complex
2017 TRB Annual Meeting. He also is mantransportation landscape,
aging the development of an interactive
web-based mapping tool and dashboard for
multidisciplinary research teams
visualizing, analyzing, and better underare needed to solve problems and
standing transportation accessibility and
find solutions effectively.”
connectivity.
Before joining BTS, Strocko was a transportation specialist and team leader at the
Federal Highway Administration. There, he
vance, and good work,” Strocko comments. “In the increasworked on all aspects of freight and transportation planning,
ingly complex transportation landscape, multidisciplinary
from programming, outreach, and technology transfer to data
research teams are needed to solve problems and find solucompilation and integration to policy, regulation, laws, stantions effectively.” A cross section of disciplines, as well as
dards, and guidance. He also had worked as multimodal
a diversity of backgrounds and life experiences on staff, is
studies manager at Maryland DOT, managing updates and
crucial to tackling a problem from multiple angles, he notes.
revisions to the state’s transportation plan; designing and
“Relevance is more than being good stewards of limited
implementing multimodal transportation studies and proresearch funds—it is about focus and linking our work to an
grams; and managing transportation projects. He received a
organization’s strategic goals,” Strocko observes. “It is about
bachelor’s degree in psychology from Loyola College in Balknowing the appropriate role of our research: taking calcutimore, Maryland, and a master’s degree in community planlated risks when the marketplace is unwilling or unable to
ning from the University of Maryland School of Architecture.
do so; and feeling the pride and sense of worth in helping to
Strocko joined the TRB Standing Committee on Performove our transportation system forward.” Good work leads
mance Management in 2005, and served on many technical
to a product that supports the community, he adds.
panels for the National Cooperative Freight Research ProEarlier this year, Strocko oversaw the migration and modgram, National Cooperative Highway Research Program, and
ernization of the BTS geographic information system web
second Strategic Highway Research Program. He cochaired
infrastructure to Microsoft Azure Cloud. This allowed for the
the Standing Committee on Freight Transportation Planning
creation of a map and geospatial app gallery and for BTS to
and Logistics and served on the executive board of the Freight
offer an open data catalog and wide data distribution, along
Group from 2010 to 2016. He is a current member of the TRB
with increased mapping functionality, such as faster renderTask Force on Development of Freight Fluidity Performance
ing speeds, symbology editing, and feature extraction. This
Measures and is cochair of the Federal Committee on Statisyear, the 2016 edition of the NTAD was released exclusively
tical Methodology’s Geospatial Interest Group.
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Automated Vehicles Symposium Convenes
Researchers, Industry
K AT H E R I N E A . K O R T U M

T

of

Transportation

he annual Automated Vehicles Symposium
(AVS) assembled its largest gathering yet of
professionals and experts from government,
academia, and industry, July 19–21 in San Francisco, California. The symposium has grown by hundreds of attendees each year. In 2016, nearly one in
five attendees was international, with 25 countries
represented.
Jointly sponsored by the Association for
Unmanned Vehicle Systems International and the
Transportation Research Board, the AVS served as
a platform for discussions among the research and
automated driving industry communities. Interactive breakout sessions, networking forums, exhibits,
and speaker presentations addressed ethical considerations related to automated vehicles, public
perceptions of the technology, technical and legal
challenges, international initiatives in the field, the
cybersecurity of automated vehicles, and interactions with urban planning.
The symposium provided a forum for participants
and speakers to address many of the questions facing the industry: when will fully automated vehicles
be available in the United States? How will implementation vary between passenger cars, commercial
vehicles, and transit vehicles? What are the legal
and data security barriers that must be resolved for
deployment? How must road authorities and local

Photo: U.S. Department

The author is Senior
Program Officer, Studies
and Special Programs
Division, Transportation
Research Board.

Cybersecurity of connected and automated vehicles
was a topic of presentations at the Automated
Vehicles Symposium.

governments adapt to this emerging trend? How is
the federal government participating?
Speakers included U.S. Secretary of Transportation Anthony Foxx; Mark Rosekind, National
Highway Traffic Safety Administrator; Colm Boran,
Ford Motor Company; Kristin Kolodge, J.D. Power
and Associates; Reuben Sarkar, U.S. Department of
Energy; Maarten Sierhuis, Nissan Research Center;
Sarah Hunter, X (formerly GoogleX); and Hajime
Amano, ITS Japan.
The 2017 Automated Vehicles Symposium is July
11–13 at the Hilton San Francisco Union Square.
For more information, see www.automatedvehicles
symposium.org.

COOPERATIVE RESEARCH PROGRAMS NEWS
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Recent research has shown that wet-weather crashes are influenced
by the macrotexture of the pavement surface. The availability of
these data in pavement management systems would help highway
agencies assess the adequacy of pavement surface macrotexture and
determine if corrective actions are required. Research is needed
to identify the factors that influence texture measurement and to
develop improved methods addressing these factors.
Virginia Tech University has received a $500,000, 36-month contract [National Cooperative Highway Research Program (NCHRP)
Project 10-98, FY 2016] to develop recommended protocols for
network-level macrotexture measurement test methods, equipment
specifications, and data quality assurance.
For more information, contact Amir N. Hanna, TRB, 202-334-1432,
ahanna@nas.edu.

Photo: Julie Falk, Flickr

Protocols for Network-Level
Macrotexture Measurement

Pavement surface texture is a significant factor in the performance
of vehicles in wet weather.

TRB HIGHLIGHTS
IN MEMORIAM

W

orld-renowned authority on atmospheric chemistry and
climate change, National Academy of Sciences (NAS)
President Emeritus Ralph J. Cicerone died November 5
at his home in New Jersey. He was 73.
Cicerone served as the 21st president of the National Academy of
Sciences from 2005 to June 2016, and was known as a strong advocate for independent scientific advice to inform government decision
making and public discourse. His tenure saw the restoration and renovation of the historic NAS building across from the National Mall,
the creation of a $500 million Gulf Research Program following the
Deepwater Horizon disaster, two visits to NAS by President Barack
Obama, and many influential studies on global climate change.
An atmospheric scientist whose research helped shape science
and environmental policy, Cicerone earned a bachelor’s degree in
electrical engineering from the Massachusetts Institute of Technology
and M.S. and Ph.D. degrees in electrical engineering from the University of Illinois at Urbana–Champaign. In 2001, he led a key climate
change study requested by President George W. Bush.

In 2011, under Cicerone’s leadership,
NAS issued America’s Climate Choices, a
comprehensive set of reports that called for
action on reducing greenhouse gas emissions and identified strategies to help the
nation and the world adapt to a changing
climate. NAS and the Royal Society of the
United Kingdom jointly produced Climate Ralph J. Cicerone,
Change: Evidence and Causes in 2015. Cice- then National Academy of Sciences
rone’s other initiatives included increasing
President, delivered
the number of women, minorities, and the Chairman’s Lunyounger scientists elected to NAS member- cheon address at
ship; public calls to maintain integrity and TRB’s 85th Annual
transparency in research; and vocal support Meeting in 2006.
of science and science education.
Before becoming president of NAS, Cicerone served as chancellor of the University of California, Irvine, from 1998 to 2005. He is
survived by his wife, daughter, and two grandchildren.

Photo: Risdon Photography

Ralph J. Cicerone, 1943–2016

COOPERATIVE RESEARCH PROGRAMS NEWS (continued)
Proposed Guidelines for Performance-Based
Seismic Bridge Design

Use of 0.7-in. Diameter Strands in Precast,
Pretensioned Girders
Long-span bridges are often used in environmentally sensitive terrains, water crossings, and in locations with traffic and geometric
restrictions. Bridges with long-span, precast, pretensioned girders
are easier and faster to construct, cost less, and are durable. The
use of 0.7-in.-diameter strands would help bridge designers extend
the spans of the girder shapes, but AASHTO bridge design and
construction specifications do not address use of these strands.

Proposed New AASHTO Load Rating
Provisions for Implements of Husbandry
The size, geometry, and weight of farm equipment—or implements
of husbandry (IoH)—have increased significantly to meet the needs
of the modern agricultural industry. Although intended primarily
for use on the farm or in the field, IoH frequently travel on roads
and bridges—and these implements are far larger and heavier than
normal, legal vehicles. Research is needed to help bridge owners
and engineers develop load ratings for bridges that carry IoH to
improve safety and durability.
E&T Consulting Engineers have received a $550,000, 36-month
contract (NCHRP Project 12-110, FY 2016) to propose new IoH load
rating provisions for the AASHTO Manual for Bridge Evaluation and
related revisions to the AASHTO LRFD Bridge Design Specifications
and to develop a set of protocols to evaluate IoH in various configurations.
For more information, contact Waseem Dekelbab, TRB, 202-3341409, wdekelbab@nas.edu.
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A bridge may have different operational requirements depending
on its postearthquake functions—for example, providing access
to emergency vehicles. This suggests a higher performance objective than the basic levels included in the American Association
of State Highway and Transportation Officials (AASHTO) seismic
bridge design codes. Research is needed to help bridge owners and
designers to define enhanced seismic performance objectives and
to design bridges to meet the objectives.
Modjeski & Masters, Inc., has received a $300,000, 30-month
contract (NCHRP Project 12-106, FY 2016) to develop proposed
AASHTO guidelines for performance-based seismic bridge design
and proposed revisions to the AASHTO Guide Specifications for Load
and Resistance Factor Design (LRFD) Seismic Bridge Design.
For more information, contact Waseem Dekelbab, TRB, 202-3341409, wdekelbab@nas.edu.

The University of Cincinnati has received a $550,000, 42-month
contract (NCHRP Project 12-109, FY 2017) to develop proposed
modifications to AASHTO design specifications, as well as guidelines for precast, pretensioned girder fabrication with 0.7-in. diameter strands and for the handling, shipping, and construction of
long-span girders.
For more information, contact Waseem Dekelbab, TRB, 202-3341409, wdekelbab@nas.edu.
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The Kumbh Mela Experiment
Measuring and Understanding the Dynamics of Mankind’s Largest Crowd
ASHISH VERMA

I

courtesy

Ashish Verma

ndia’s large religious events pose a major challenge—managing superdense pedestrian movements within a limited area. Kumbh Mela is a
mass Hindu pilgrimage that gathers believers to
bathe in a sacred river. An estimated 100 million
people participated in the 2013 pilgrimage in Allahabad, and approximately 75 million undertook the
2016 pilgrimage in Ujjain. Kumbh Mela is considered the largest peaceful gathering in the world.
The safe mobility of pedestrians and crowd management during the pilgrimage has been a matter of
concern for organizers and for government authorities. The problem is compounded by a lack of reliable,
real-time data to track the movement of pedestrians
and pedestrian density in designated areas. To gain
a fundamental understanding of pedestrian dynamics in mass gatherings and to use that knowledge
to increase safety at these events, researchers have
initiated a major international collaborative research
project, the Kumbh Mela Experiment (KME).
The aim of the KME is to use big data and the
Internet of Things (IoT) to understand crowd dynamics in mass gatherings and to develop crowd management solutions, with particular focus on crowd risk.
Funded jointly by India’s Department of Electronics
and Information Technology and the Netherlands

Photo

Verma is Associate
Professor, Transportation
Engineering, Department
of Civil Engineering,
Indian Institute of Science
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Approximately 75 million people visited Kumbh
Mela in Ujjain, India, in April and May 2016. The
hightest estimated number of pilgrims in a single
24-hour period was 12.5 million, on May 21.

Organization for Scientific Research, the three-year
project will deliver the core components of a crowd
management solution, including the design and
Photo: Seba Della
and
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The 2013 Kumbh Mela
pilgrimage in Allahabad,
India, drew about 100
million people.

NEWS BRIEFS

building of personnel devices for tracking movement
and the development of advanced computational
models for predicting crowd evolution. A living simulation, fusing data from sources such as personal
devices, video cameras, smartphones, and drones
can be used to create models that can run on an
advanced computer infrastructure capable of providing a priori planning as well as real-time reactive
decision making.
Data for the project were collected at the 2016
Kumbh Mela, which took place from April 22 to
May 21 in Ujjain, by an Indo-Dutch Collaborative
Research Camp on approximately 27,000 square feet
of farmland in the pilgrimage area. A core team of 45
researchers from India, the Netherlands, Russia, and
Singapore (see box) worked in the research camp on
17 experiments, with approximately 120 internship
students from engineering, management, and planning institutes across India.
Primary data sources included 540 wearable
tracking devices, 3,000 wearable lanyard devices,
GoPro cameras, drones, a questionnaire survey,
and more. The secondary data sources included
police closed-circuit television (CCTV) cameras and

Trucking Industry Considers Effects
of Autonomous Vehicles

embers of the Kumbh Mela research team include Ashish Verma and
Soumyendu Raha, Indian Institute of Science Bangalore; Peter Sloot,
M. H. Less, and W. M. van Dolen, University of Amsterdam, Netherlands;
Bharat Lohani and Partha Chakroborty, Indian Institute of Technology
Kanpur; Meghna Verma, M.S. Ramaiah Institute of Management, India;
Erik de Romph and Serge Hoogendoorn, Delft University of Technology,
Netherlands; Maarten van Steen, University of Twente, Netherlands; Arjan
Egges, Utrecht University, Netherlands; Dirk Helbing, Swiss Federal Institute of Technology, Zurich; Wentong Cai, Nanyang Technological University, Singapore; Alexander Boukhanovsky, ITMO University, Russia; Sirisha
Voruganti, Tech Mahindra; W. Hazeleger, Netherlands eScience Center;
Herman Tuininga, Salland Electronics; Paul Melis, SURFsara; Vipul Singh,
Aarav Unmanned Systems Pvt. Ltd.; and Srinivas Padmanabhuni, TaraH
Technologies.

drones and CCTV cameras at the Mahakal Temple.
The research camp comprised a control center, project and meeting rooms, a gallery for visitors, a briefing area, dormitories, and other facilities.
For more information on the ongoing project, visit
www.the-kumbh-mela-experiment.com.

include addressing the current driver shortage and
improving driver retention by making over-the-road
driving more attractive: offering higher productivity, less time away from home, and additional logistics tasks. According to the research, fewer drivers
may be needed, drivers could be less sedentary, and
driver distraction would be eliminated when the AT
is in autonomous mode.
To view a copy of the report, “Identifying Autonomous Vehicle Technology Impacts on the Trucking Industry,” visit www.atri-online.org.

Implementing Rail Crossing
Safety Research
The Minnesota Department of Transportation
(DOT) has used conventional methods, which rely
on recent crash numbers, to prioritize rail crossing
upgrades. Although data show that more than 50
percent of crossings with injury crashes had experienced no previous crashes, Minnesota DOT sought a
way to prioritize grade crossing safety improvements
by identifying likely crash sites instead of addressing
sites at which crashes had already occurred.
Researchers studied rail crossing crashes in Minnesota from 2004 to 2013. Analysis showed that
vehicle–train collisions are rare; only 9 percent of
crossings experienced crashes and only 1 percent
experienced fatal crashes. At passive warning cross-
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Autonomous vehicle technology offers potential benefits and raises challenges for the trucking industry,
affecting such issues as hours of service, the driver
shortage, and driver health and wellness, according
to an analysis from the American Transportation
Research Institute (ATRI). Any major regulatory and
business model changes, however, will require federal leadership and significant input from the trucking industry. The ATRI research also documents
potential public-sector impediments to autonomous
truck (AT) deployment, such as poor infrastructure
quality and legal uncertainties.
Automated vehicle technology is in the early
stages of development, and assessing the value and
return on investment of ATs is difficult, the report
acknowledges; nevertheless, two main advantages
of ATs are increased productivity and safety. With
changes to federal motor carrier safety regulations,
over-the-road drivers could operate in a team environment with ATs—the automated system could
operate the vehicle on Interstates, allowing the
driver to rest, and the driver could take over on secondary roadways, for example. Fewer crashes related
to human error could save the trucking industry
billions of dollars annually, the report notes.
Other potential industry changes from ATs

M

Kumbh Mela Experiment Researchers
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lights were slightly more effective than stop signs
alone, and stop signs were slightly more effective
than yield signs.
Researchers then identified 10 key risk factors
at grade crossings where fatal-plus-injury crashes
occurred; for example, roadway speeds of at least 45
mph at crossings and a short distance to the nearest
alternative crossing—suggesting that drivers sometimes may attempt to outrace trains to the crossing.
Eight percent of crossings feature at least seven of
the 10 risk factors and could be prioritized for such
safety measures as consolidating redundant crossings and installing medians that discourage gate
crossing, according to Minnesota DOT. The agency
used a list of the prioritized crossings to create a rail
crossing upgrade plan for Fiscal Year 2018.
To view the full report, go to www.mndot.gov/
research/TS/2016/201625.pdf.

Photo: Marko V, Flickr

for one full year;
u Sixteen European towns with a population of
more than 50,000— nine in the United Kingdom, six
in Germany, and one in Norway— experienced zero
road deaths in 5 years; and
u There were no child fatalities from bicycle
crashes in Sweden in 2008.

Gates and flashing lights
are an effective deterrent
to gate-crossing,
according to Minnesota
DOT research.

ings, 83 percent of fatal crashes involved motorists
not stopping; more than 80 percent of vehicles that
crossed railroad grades did so at active crossings—
and half of fatal crashes involved motorists driving
around or through gates.
According to Minnesota DOT, gates were the
most effective crash-prevention feature. Flashing

INTERNATIONAL NEWS

ITF offers guidance for localities in reducing road
deaths and outlines four principles for policy and
design in a “Safe System” approach:
People make mistakes that lead to crashes.
The human body has a known, limited ability to
withstand impact forces.
u Those who use, design, build, and operate the
system share the responsibility for safety.
u All parts of the traffic system must be strengthened to multiply the protective effects and to ensure
that when one part fails, the others will provide protection.
u
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Espoo, Finland, is one
of nearly 90 European
cities that went a full
year without any road
fatalities.

Road Safety Study Wins
International Award
A road safety study supported by the Organisation for
Economic Co-operation and Development’s International Transport Forum (ITF) won the 2017 Special
Award of the Prince Michael of Kent International
Road Safety Awards program. The study, “Zero Road
Deaths and Serious Injuries: Leading a Paradigm
Shift in Road Safety,” surveyed countries that have
implemented “Vision Zero,” a long-term objective to
eliminate fatal road crashes.
According to the ITF report,
Eighty-eight European cities with a population
of more than 100,000— for example, Nottingham,
United Kingdom; Aix-la-Chapelle (Aachen), Germany;
and Espoo, Finland— have not had any road fatalities
u

The report’s recommendations include creating
new ways to achieve zero road deaths, instead of
working incrementally; fostering a sense of urgency;
establishing shared responsibility for road safety;
and supporting goals with concrete operational targets and milestones.
For more information on the report, contact Michael
Kloth, +33 (0)6-27-21-47-41, or michael.kloth@itfoecd.org. More information on the awards can be found
at www.roadsafetyawards.com.

C A L E N D A R
TRB Meetings
14–18

January
7

TransportationCamp DC
2017*
Arlington, Virginia

8–12

TRB 96th Annual Meeting
Washington, D.C.
www.trb.org/AnnualMeeting

February
2–3

Planning for Shifting Trade
Workshop*
Tampa, Florida

14–18

17–18

21–24

20–23

10th International
Conference on Managing
Fatigue in Transportation*
San Diego, California

12–15

April

11th International Bridge
and Structures Management
Conference
Mesa, Arizona

8–10

5th International Conference
on Roundabouts
Green Bay, Wisconsin

15–19

GeoMEast International
Conference: Innovative
Infrastructure
Geotechnology*
Sharm El-Sheikh, Egypt

16–18

International Bridge, Tunnel,
and Turnpike Association–
TRB Joint Symposium on
Managed Lanes and
All-Electronic Tolling*
Dallas, Texas

27–28

8th International
Visualization in
Transportation Symposium:
Visualization in Action
Washington, D.C.

5th Urban Street Symposium*
Raleigh, North Carolina

14–17

1st International Roadside
Safety Conference: Safer
Roads, Saving Lives, Saving
Money
San Francisco, California
Workshop on Future Highway
Capacity Manual Updates
Minneapolis, Minnesota

24–26

22nd International
Symposium on Transportation
and Traffic Theory*
Evanston, Illinois

28–30

10th International
Conference on the Bearing
Capacity of Roads, Railways,
and Airfields*
Athens, Greece

July 30– Automated Vehicles
Aug. 2 Symposium 2017*
California
August
22–25

16th Biennial Asilomar
Conference on Transportation
and Energy*
Pacific Grove, California

September
6–8

Transit GIS Conference*
Washington, D.C.

Additional information on TRB meetings, including calls for abstracts, meeting registration, and hotel reservations, is available at www.TRB.org/
calendar, or e-mail TRBMeetings@nas.edu.
*TRB is cosponsor of the meeting.
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Innovations in Freight Data
Workshop
Irvine, California

Automated Vehicles
Symposium 2017*
San Francisco, California

International Conference on
Transportation Infrastructure
and Materials*
Qingdao, China

9–12

25–27

11–13

3rd North American
Symposium on Landslides*
Roanoke, Virginia

Geotechnical Frontiers 2017*
Orlando, Florida

International Congress on
Transport Infrastructure and
Systems*
Rome, Italy

International Conference on
Ecology and Transportation*
Salt Lake City, Utah

3rd International Symposium
on Transportation Soil
Engineering in Cold Regions
Qinghai, China

4–8

12–15

July
6–7

June

March

10–12

16th TRB National
Transportation Planning
Applications Conference
Raleigh, North Carolina
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BOOK
SHELF
Miles and Miles of
Texas
Carol Dawson and
Roger Allen Polson.
Texas A&M University
Press, 2016; 368 pp.;
$39.95; 978-1-62349456-8.
With a foreword by
Texas musician Willie
Nelson and nearly 250
photographs, this book
outlines 100 years of the Texas Highway Department
(now the Texas Department of Transportation). First
created in 1917—when fewer than 200,000 cars
traveled on less than 1,000 miles of paved roads—
the agency now manages more than 80,000 miles
of roads that accommodate more than 25 million
vehicles.
The titles in this section are not TRB publications.
To order, contact the publisher listed.

Exploring Data and
Metrics of Value at the
Intersection of Health
Care and Transportation:
Proceedings of a
Workshop
National Academies of
Sciences, Engineering, and
Medicine, Health and Medicine Division; Transportation
Research Board; Board on
Population Health and Public
Health Practice. National Academies Press, 2016; 268
pp.; $60; 978-0-30944-935-9.
Evidence from the public health sector demonstrates that health care is only one of the determinants of health—so are genes, behavior, social
factors, and the built environment. This volume
summarizes a joint workshop in June 2016, held by
the National Academies of Sciences, Engineering,
and Medicine, to explore partnerships, data, and
measurement at the intersection of the health care
and transportation sectors.
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Application of Remote Real-Time Monitoring to
Offshore Oil and Gas Operations
Special Report 322
This policy study provides advice to the U.S.
Department of the Interior Bureau of Safety and
Environmental Enforcement on the use of remote
real-time monitoring to improve the safety and
reduce the environmental risks of offshore oil and
gas operations.
2016; 117 pp.; TRB affiliates, $30.75; nonaffiliates,
$41. Subscriber categories: policy, data and information
technology, energy.
Transportation Asset Management: Summary of
the 11th National Conference
Conference Proceedings on the Web 20
Highlighted in this volume are advancements and
improvements in state, regional, metropolitan, and
local transportation asset management programs,
with information on innovative approaches used by
transit and other modes, as presented at the Transportation Asset Management Conference in July
2016.
2016; 20 pp.; available at www.trb.org/Publications/
Blurbs/175417.aspx.

Guide for the Preservation of Highway Tunnel
Systems
NCHRP Report 816
This volume offers guidance on asset management for prioritizing highway tunnel preservation
actions and incorporating and communicating capital funding needs.
2015; 138 pp.; TRB affiliates, $50.25; nonaffiliates,
$67. Subscriber categories: bridges and other structures,
maintenance and preservation.
Validation of Guidelines for Evaluating the
Moisture Susceptibility of Warm-Mix Asphalt
(WMA) Technologies
NCHRP Report 817
Validated guidelines are proposed for identifying potential moisture susceptibility in WMA, corroborating the moisture susceptibility thresholds
described in NCHRP Report 763, Evaluation of the
Moisture Susceptibility of WMA Technologies.
2016; 44 pp.; TRB affiliates, $34.50; nonaffiliates,
$46. Subscriber categories: construction, materials,
pavement.

BOOK
SHELF

TRB PUBLICATIONS (continued)
Transportation Research
E-Circulars
E-Circulars comprise committee reports,
interim research findings, and problem
statements on timely topics. Recent circulars
include the following:
n International Experience and Perspective of Pavement Texture Measurements and
Evaluation (December 2016)
n Roadside Safety Design and Devices:
International Workshop (November 2016)
n International Practice in Highway Access
Management: A Primer (November 2016)
n 13th National Light Rail and Streetcar Conference: Transforming Urban Areas
(November 2016)
n The Future Locomotive: How to Manage What You Have Today with a View to the
Future (August 2016)

n Transformational Technologies in Transportation: State of the Activities (May 2016)
n Advancing Freight Fluidity Performance
Measures: Summary of a Workshop (May
2016)
n Trends and Issues in Marine Transportation and the Environment (April 2016)

n Taxonomy and Terms for Stakeholders
in Senior Mobility (July 2016)

n Commodity Flow Survey Workshop
(March 2016)

n Multimobility and Sharing Economy:
Shaping the Future Market Through Policy
and Research (July 2016)

n Surface Transportation System Resilience to Climate Change and Extreme
Weather Events (March 2016)

n Integrating Asphalt Mixture Design,
Structural Design, and Construction Quality
Control (July 2016)

For more information on E-Circulars,
visit www.trb.org/Publications/Pubs
TransportationResearchCirculars.aspx.

Public Perception of Mileage-Based User Fees
NCHRP Synthesis 487
Examined are proposals to replace the current

motor fuel tax with a road-usage charge assessed on
vehicle miles traveled, or a mileage-based user fee,
and public opinion on the charge.
2015; 151 pp.; TRB affiliates, $50.25; nonaffiliates,
$67. Subscriber categories: economics; finance; highways; operations and traffic management.
Roundabout Practices
NCHRP Synthesis 488
This report summarizes roundabout policies,
guidance, and practices used by state departments
of transportation as of 2015.
2016; 81 pp.; TRB affiliates, $43.50; nonaffiliates,
58. Subscriber categories: highways, operations and
traffic management.
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Comparing the Volumetric and Mechanical
Properties of Laboratory and Field Specimens of
Asphalt Concrete
NCHRP Report 818
This report proposes practices for evaluating the
causes and magnitude of the variability in specimen
types tested in asphalt paving quality control and
assurance.
2016; 90 pp.; TRB affiliates, $45.75; nonaffiliates,
$61. Subscriber categories: construction, materials,
pavements.
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TRB PUBLICATIONS (continued)
Expanding Bridge Service Life Through FieldWelded Repair and Retrofits
NCHRP Synthesis 489
This synthesis documents practices associated
with field-welded repairs used by bridge owners.
2016; 65 pp.; TRB affiliates, $38.25; nonaffiliates,
$51. Subscriber categories: bridges and other structures, highways, maintenance and preservation.
Practice of Rumble Strips and Rumble Stripes
NCHRP Synthesis 490
This report explores variations in state highway
agency practices in the design and placing of rumble strips and stripes and describes the installation,
maintenance, the perceived benefits, the communication of benefits, and other key issues.
2016; 52 pp.; TRB affiliates, $36; nonaffiliates,
$48. Subscriber categories: construction, highways,
materials, pavements.
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LED Airfield Lighting System Operation and
Maintenance
ACRP Report 148
This report provides guidance for operating and
maintaining LED airfield ground lighting systems:
taxi guidance signs, elevated light fixtures, and
in-pavement light fixtures.
2015; 90 pp.; TRB affiliates, $45.75; nonaffiliates,
$61. Subscriber category: aviation.

50

$61. Subscriber categories: aviation, environment,
planning and forecasting.
Combining Mixed-Use Flight Operations Safely
at Airports
ACRP Synthesis 74
Documented in this report are practices that
safely accommodate mixed-use aeronautical activity at airports.
2015; 155 pp.; TRB affiliates, $53.25; nonaffiliates, $71. Subscriber categories: aviation, security and
emergencies.
Linking Transit Agencies and Land Use
Decision Making: Guidebook for Transit
Agencies
TCRP Report 182
This report examines the interrelationships
between transit and land use to explore their
effects on compact development and the potential
for reducing greenhouse gas emissions. An Excelbased calculator is included with the report, to estimate the land use benefits of current or planned
transit projects.
2016; 137 pp.; TRB affiliates, $15; nonaffiliates,
$25. Subscriber categories: administration and management, maintenance and preservation, public transportation.

Improving Ground Support Equipment
Operational Data for Airport Emissions
Modeling
ACRP Report 149
This update to the data set assists in modeling
emissions from ground support equipment fleets
and activity servicing passenger and cargo aircraft.
2015; 152 pp.; TRB affiliates, $53.25; nonaffiliates,
$71. Subscriber categories: aviation, environment,
vehicles and equipment.

Transit Agency Practices in Interacting with
People Who Are Homeless
TCRP Synthesis 121
Effective practices in interactions between transit industry professionals and the homeless are
presented. A literature review summarizes policies
and practices used in both the transit and library
communities, because libraries often serve as safe
havens for people who are homeless.
2016; 88 pp. TRB affiliates, $15; nonaffiliates, $20.
Subscriber categories: policy, public transportation,
society.

NextGen for Airports, Volume 1:
Understanding the Airport’s Role in
Performance-Based Navigation: Resource
Guide
ACRP Report 150
This resource guide, the first volume in a series,
provides comprehensive information on performance-based navigation and how implementation
affects airport operations. Also included are lessons learned and best practices derived from case
study findings.
2016; 155 pp.; TRB affiliates, $45.75; nonaffiliates,

Developing Multistate Institutions to
Implement Intercity Passenger Rail Programs
NCRRP Report 5
This report presents models of multistate institutional arrangements for planning, developing,
and operating intercity passenger rail networks
and services.
2016; 134 pp.; TRB affiliates, $50.25; nonaffiliates,
$67. Subscriber categories: administration and management, passenger transportation, railroads.
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Data and Methods to Understand Travel
Transportation Research Record 2526
Shock wave boundary identification using
cloud-based probe data, the design and implementation of a smartphone-based travel survey, and a
survey integrated with a multimodal trip planner
tool are some of the topics explored in this volume.
2015; 152 pp.; TRB affiliates, $53.25; nonaffiliates, $71. Subscriber categories: data and information
technology, planning and forecasting, operations and
traffic management.
Traffic Monitoring: Automobiles, Trucks,
Bicycles, and Pedestrians
Transportation Research Record 2527
Authors present research on a flexible and
robust method for the imputation of missing loop
detector data, the determination and application
of standard k-factors for bicycle traffic, and a database for active transportation infrastructure and
volume.
2015; 116 pp.; TRB affiliates, $48; nonaffiliates,
$64. Subscriber categories: data and information technology, operations and traffic management, pedestrians and bicyclists.
Information Technology, Geospatial
Information, and Advanced Computing
Transportation Research Record 2528
Explored in this volume are such topics as optimizing the locations of police facilities, enhancing
traffic incident detection by using spatial point pattern analysis on social media, and an approach for
abstracting transportation routing maps.
2015; 136 pp.; TRB affiliates, $50.25; nonaffiliates, $67. Subscriber categories: data and information
technology, planning and forecasting, operations and
traffic management.

Socioeconomics, Sustainability, Health and
Human Factors
Transportation Research Record 2531
Income effects on the I-85 Express Lanes in
Atlanta, Georgia; user acceptance and willingness to
pay for connected vehicle technologies; and reducing
gender-based violence in public transportation are
among the subjects presented in this volume.
2015; 194 pp.; TRB affiliates, $59.25; nonaffiliates,
$79. Subscriber categories: society, economics, policy.
Systems Resilience and Climate Change
Transportation Research Record 2532
Multimodal transit connectivity for flexibility in
extreme events, unmanned aircraft systems used
for disaster management, and barriers to the implementation of climate adaptation frameworks by state
departments of transportation are some of the topics
explored in this volume.
2015; 173 pp.; TRB affiliates, $57.75; nonaffiliates,
$77. Subscriber categories: security and emergencies,
policy.
Public Transportation, Volumes 1–6
Transportation Research Records 2533–2538
In these six volumes, authors present research on
such topics as the effects of multimodal operations
on urban roadways, improving veterans’ mobility
in small urban and rural areas, determinants of
train service costs in metro operations, the effects
of transit quality of service characteristics on daily
bus ridership, a comparison of constrained and ad
The TRR Online website provides electronic access
to the full text of more than 15,000 peer-reviewed
papers that have been published as part of the
Transportation Research Record: Journal of the
Transportation Research Board (TRR) series since
1996. The site includes the latest in search technologies and is updated as new TRR papers become
available. To explore TRR Online, visit www.TRB.
org/TRROnline.
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Managing Performance and Assets; Freight
Data and Visualization
Transportation Research Record 2529
A utility-based methodological framework for
the valuation of road infrastructure, an approach
to classifying freight data elements across multiple data sources, and algorithms to convert large
streams of truck GPS data into truck trips are
among the topics examined in this volume.
2015; 84 pp.; TRB affiliates, $43.50; nonaffiliates,
$58. Subscriber categories: data and information technology, operations and traffic management, planning
and forecasting.

Revenue, Finance, Pricing, and Economics
Transportation Research Record 2530
Authors present research on optimization models
for public transit operations under subsidies and regulation, the distribution of the value of time via multiclass traffic assignment, and using empirical data
to find the best measure of travel time reliability.
2015; 132 pp.; TRB affiliates, $50.25; nonaffiliates,
$67. Subscriber categories: finance, economics, policy.
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hoc demand-responsive transportation systems, the
impact of crime statistics on travel mode choice, and
ridership response to incremental bus rapid transit
upgrades in North America.
2015; Vol. 1: 164 pp.; TRB affiliates, $53.25; nonaffiliates, $71; Vol. 2: 124 pp.; TRB affiliates, $48;
nonaffiliates, $64; Vol. 3: 132 pp.; TRB affiliates,
$50.25; nonaffiliates, $67; Vol. 4: 116 pp.; TRB affiliates, $48; nonaffiliates, $64; Vol. 5: 184 pp.; TRB
affiliates, $57.75; nonaffiliates, $77; Vol. 6: 109 pp.;
TRB affiliates, $48; nonaffiliates, $64. Subscriber categories: Vol. 1, public transportation, planning and
forecasting; Vol. 2, public transportation, rail, terminals and facilities; Vols. 3 and 6, public transportation, data and information technology, planning and
forecasting; Vol. 4, public transportation, passenger
transportation, data and information technology; Vol.
5, public transportation, planning and forecasting,
administration and management.

Public Transportation, Volumes 1–6
Transportation Research Records 2539–2544
Public transportation topics, from an integrated
analysis system for a rural national transit database
to streetcar resurgence in the United States to a
spatiotemporal pattern analysis of taxi trips in New
York City, are explored in these volumes.
2016; Vol. 1: 196 pp.; TRB affiliates, $66.75; nonaffiliates, $89; Vol. 2: 144 pp.; TRB affiliates, $54; nonaffiliates, $72; Vol. 3: 99 pp.; TRB affiliates, $49.50;
nonaffiliates, $66; Vol. 4: 136 pp.; TRB affiliates,
$57; nonaffiliates, $76; Vol. 5: 184 pp.; TRB affiliates,
$57.75; nonaffiliates, $85; Vol. 6: 160 pp.; TRB affiliates, $60.75; nonaffiliates, $81. Subscriber category:
public transportation.
To order the TRB titles described in Bookshelf, visit
the TRB online bookstore, www.TRB.org/bookstore,
or contact the Business Office at 202-334-3213.

Just released!

Access Management
Application Guidelines
Companion Volume to the Access
Management Manual, Second Edition
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As the roadway infrastructure in the United States
continues to age, transportation professionals are
tasked with optimizing facilities and the configurations of
facilities in a way that will address the needs of the
community without adversely compromising access to the
system.
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Access Management Application Guidelines (AMAG)
focuses on the applications of access management
concepts and provides research-based guidelines on
access management and procedures for their applications.
The AMAG is a how-to tool for continuing the evolution of
access management applications in the United States and
for providing direction to the efforts. The volume addresses
general access management concepts; policy-related
development and implementation of access management
programs; design of access elements, such as local access
driveway design, corridor design, site design, and turn
lanes; other access management considerations; and more.

Order your copy
today from the TRB
Online Bookstore,

https://www.mytrb.org/
Store/Product.aspx?ID=
8375.
If you don’t already
have it, order the
Access Management
Manual,
Second Edition,
at the same time! For
more information, e-mail
TRBSales@nas.edu.

INFORMATION FOR CONTRIBUTORS TO

TR NEWS
TR News welcomes the submission of manuscripts for
possible publication in the categories listed below. All
manuscripts submitted are subject to review by the Editorial Board and other reviewers to determine suitability
for TR News; authors will be advised of acceptance of articles with or without revision. All manuscripts accepted
for publication are subject to editing for conciseness and
appropriate language and style. Authors receive a copy
of the edited manuscript for review. Original artwork is
returned only on request.

ate; however, no endorsement by TRB is implied when
such information appears. Foreign news articles should
describe projects or methods that have universal instead
of local application.

FEATURES are timely articles of interest to transportation professionals, including administrators, planners,
researchers, and practitioners in government, academia,
and industry. Articles are encouraged on innovations and
state-of-the-art practices pertaining to transportation
research and development in all modes (highways and
bridges, public transit, aviation, rail, marine, and others, such as pipelines, bicycles, pedestrians, etc.) and in
all subject areas (planning and administration, design,
materials and construction, facility maintenance, traffic
control, safety, security, logistics, geology, law, environmental concerns, energy, etc.). Manuscripts should be
no longer than 3,000 words (12 double-spaced, typed
pages). Authors also should provide charts or tables and
high-quality photographic images with corresponding
captions (see Submission Requirements). Prospective
authors are encouraged to submit a summary or outline
of a proposed article for preliminary review.

BOOKSHELF announces publications in the transportation field. Abstracts (100 to 200 words) should include
title, author, publisher, address at which publication may
be obtained, number of pages, price, and ISBN. Publishers are invited to submit copies of new publications for
announcement.

RESEARCH PAYS OFF highlights research projects, studies, demonstrations, and improved methods or processes
that provide innovative, cost-effective solutions to important
transportation-related problems in all modes, whether
they pertain to improved transport of people and goods
or provision of better facilities and equipment that permits such transport. Articles should describe cases in
which the application of project findings has resulted in
benefits to transportation agencies or to the public, or in
which substantial benefits are expected. Articles (approximately 750 to 1,000 words) should delineate the problem,
research, and benefits, and be accompanied by one or two
illustrations that may improve a reader’s understanding
of the article.
NEWS BRIEFS are short (100- to 750-word) items of
interest and usually are not attributed to an author.
They may be either text or photographs or a combination of both. Line drawings, charts, or tables may be
used where appropriate. Articles may be related to construction, administration, planning, design, operations,
maintenance, research, legal matters, or applications of
special interest. Articles involving brand names or names
of manufacturers may be determined to be inappropri-

POINT OF VIEW is an occasional series of authored
opinions on current transportation issues. Articles (1,000
to 2,000 words) may be submitted with appropriate,
high-quality illustrations, and are subject to review and
editing.

LETTERS provide readers with the opportunity to comment on the information and views expressed in published articles, TRB activities, or transportation matters in
general. All letters must be signed and contain constructive comments. Letters may be edited for style and space
considerations.
SUBMISSION REQUIREMENTS: Manuscripts submitted
for possible publication in TR News and any correspondence
on editorial matters should be sent to the Director, Publications Office, Transportation Research Board, 500 Fifth
Street, NW, W
 ashington, DC 20001, telephone 202-3342972, or e-mail jawan@nas.edu.
u All manuscripts should be supplied in 12-point
type, double-spaced, in Microsoft Word, on a CD or as
an e-mail attachment.
u Submit original artwork if possible. Glossy,
high-quality black-and-white photog raphs, color photographs, and slides are acceptable. Digital continuous-tone
images must be submitted as TIFF or JPEG files and must
be at least 3 in. by 5 in. with a resolution of 300 dpi. A
caption should be supplied for each graphic element.
u Use the units of measurement from the research
described and provide conversions in parentheses, as
appropriate. The International System of Units (SI), the
updated version of the metric system, is preferred. In the
text, the SI units should be followed, when appropriate,
by the U.S. customary equivalent units in parentheses.
In figures and tables, the base unit conversions should be
provided in a footnote.
Note: Authors are responsible for the authenticity of
their articles and for obtaining written permissions from
publishers or persons who own the copyright to any previously published or copyrighted material used in the
articles.

New Edition of a Transportation Classic!

Highway Capacity Manual, 6th Edition
A Guide for Multimodal Mobility Analysis

O

rder your copy of the revised and updated
Highway Capacity Manual, 6th Edition: A Guide
for Multimodal Mobility Analysis (HCM6) today. The
four-volume HCM6 is available in electronic format
online or as a three-volume, slipcased set with
Volume 4: Applications Guide online.
HCM6 is a fundamental reference on the
concepts, performance measures, and
analysis techniques for evaluating the
multimodal operation of streets,
highways, freeways, and off-street
pathways.
HCM6 incorporates the latest research on highway
more information, visit www.trb.org/hcm6
capacity and quality of service, including active traffic For
—or purchase at https://www.mytrb.org/Store/
and demand management and travel time reliability.
Product.aspx?ID=8313
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