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Forward

Why reduce greenhouse gas emissions?

Climate models predict that the global climate will shift in a number of ways over the next century in
response to continued emissions of greenhouse gases (GHGs). According to the Fifth Assessment Report
(AR5) of the Intergovernmental Panel on Climate Change (IPCC), global mean surface temperature is
likely to rise by 2.0°F to 8.6°F (1.1°C to 4.8°C) by 2100, based on different scenarios in which human-
produced GHGs are either constrained by mid-century or continue to rise. As the ocean warms and the
melting of glaciers and ice sheets accelerates, we are likely to see global average sea levels higher by 12
to 32 inches." Rainfall patterns are likely to change, with some parts of the world becoming wetter and
experiencing more intense and frequent extreme precipitation events, and other parts becoming hotter
and drier. The frequency and duration of heat waves is also very likely to increase. Climate changes are
already clearly observable over the last century based on direct measurements and remote sensing from
satellites, and since the 1950s, many of the observed changes are unprecedented over decades to
millennia. During the 20th century, GHG concentrations in the atmosphere have increased, the oceans
have warmed, global sea levels have risen about 7 to 8 inches, and global average temperatures have
increased by about 1.4°F. The IPCC has concluded that “[w]arming of the climate system is unequivocal,
and since the 1950s, many of the observed changes are unprecedented over decades to millennia.””

Most climate scientists now agree that increases in global concentrations of GHGs, largely attributable
to humans, are the predominant cause of climate change.’ Human activities, such as driving cars,
producing and consuming energy, and clearing forests, are significant contributors to GHG emissions,
which are emitted into the atmosphere at a faster rate than they are absorbed back into the earth’s land
and water masses. The principal source of GHG emissions from human activities is the combustion of
fossil based fuels, including oil, coal, and natural gas.

Climate change may have potentially catastrophic effects on both the natural and human environments
as it disrupts ecosystems and threatens buildings, infrastructure, and human health. Expected shifts in

! IPCC, Summary for Policymakers. In: Climate Change 2013: The Physical Science Basis. Contribution of Working Group | to the
Fifth Assessment Report of the Intergovernmental Panel on Climate Change [Stocker, T.F., D. Quin, G.-K. Plattner, M. Tignor,
S.K. Allen, J. Boschung, A. Nauels, Y. Xia, V. Bex and P.M. Midgley (eds.)]. Cambridge University Press, Cambridge, United
Kingdom and New York, NY, USA. Climate effects are described for scenarios RCP4.5, RCP 6.0, and RCP 8.5

? Ibid.

3 IPCC, Summary for Policymakers. In: Climate Change 2007: The Physical Science Basis. Contribution of Working
Group | to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change [Solomon, S., D. Qin, M.
Manning, Z. Chen, M. Marquis, K.B. Averyt, M.Tignor and H.L. Miller (eds.)]. Cambridge University Press, Cambridge, United
Kingdom and New York, NY, USA. Also, supported by the IPCC Fifth Assessment Report.
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climate may reduce crop yields, increase the risk of invasive species, exacerbate drought conditions, and
threaten endangered species.”

The built environment is also at risk. Human settlements in coastal and low-lying areas are particularly
vulnerable to changes in sea level and to storm and precipitation events. These areas will almost
certainly be at higher risk from flooding as the climate changes. Transportation infrastructure in
particular will be threatened by shifts in the global climate. Changes in temperatures, precipitation, and
water levels threaten to strain asphalt roadways, railroads, airports, and shipping lanes beyond the
design conditions they were built to withstand.

According to the IPCC, limiting climate change will require substantial and sustained reductions of GHG
emissions. Global GHG emissions must be reduced to 50 to 85 percent below year 2000 levels by 2050
to limit warming to 2.0°C to 2.4°C (3.6°F to 4.3°F).” Limiting global warming to approximately 2.0° C is
often considered a level that will minimize many of the worst effects of climate change. An increasing
number of nongovernmental organizations and U.S. States are now calling for this scale of reduction in
emissions. A short term target was identified by President Obama in 2009 when he made a pledge to
reduce U.S. GHG emissions by roughly 17 percent below 2005 levels by 2020 if all major economies
agreed to limit their emissions as well. This target was reaffirmed in the President’s Climate Action Plan
in 2013.°

What greenhouse gases are produced by transportation?

GHGs are heat trapping gases that are released into

the atmosphere from a number of sources. The Transportation Greenhouse Gases
four main gases that comprise transportation GHGs

are carbon dioxide (CO,), various

hydrofluorocarbons (HFCs), nitrous oxide (N,O),

and methane (CH,).

CO,, CH,4, and N,O are all emitted via the
combustion of fuels, while HFCs are the result of

HFCs
leaks and end-of-life disposal from air conditioners / 3%
used to cool people and/or freight. Carbon dioxide (——_CH4
makes up the vast majority of transportation GHGs \ 0.1%
N20
1%

*U.S. EPA. 2013. Climate Change Impacts and Adapting to Climate Change. http://www.epa.gov/climatechange/impacts-
adaptation/.

> IPCC, Contribution of Working Group Il to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change,
2007, B. Metz, O.R. Davidson, P.R. Bosch, R. Dave, L.A. Meyer (eds), Cambridge University Press, Cambridge, United Kingdom
and New York, NY, USA.

® The President’s Climate Action Plan. June 2013.
http://www.whitehouse.gov/sites/default/files/image/president27sclimateactionplan.pdf.
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in the United States, at about 96 percent, weighted by 100-year global warming potential (GWP). CO, is
released into the atmosphere through burning fuels such as gasoline and diesel. HFCs are the second
most important GHG from transportation comprising approximately three percent of GHGs measured in
CO2 equivalent (CO,E). N,O comprises about one percent of GHGs and CH, about a 0.1 percent.’

How do transportation agencies reduce emissions?

The transportation sector directly accounts for

roughly 28 percent of total GHG emissions in Transportation GHG Emissions by Source

Light-Duty Medium-
Trucks, 18% and Heavy-
Duty Trucks,
22%

the U.S. It is also a significant source of indirect

emissions through the extraction and refining
of fuel, the manufacture of vehicles, and the
maintenance of supporting infrastructure. In
2011, over 83 percent of direct transportation | mireraft, 8%
emissions came from on-road vehicles. Passenger <hi

Cars, 43% ips and
~_Boats, 3%

\\ Rail, 3%

Other, 4%

Passenger cars and light-duty trucks (which
include pick-up trucks and minivans) together
make up the largest share of transportation
GHG emissions at 61 percent (passenger cars
at 43 percent and light-duty trucks at 18 percent). Medium and heavy-duty trucks, which are largely
used in freight movement, made up 22 percent of transportation GHG emissions.® Consequently,
reducing transportation GHG emissions significantly will require reductions in emissions from on-road
vehicles.

Most analyses have shown that a suite of strategies is necessary to make significant reductions in GHG
emissions from transportation sources. It is important that States and MPOs identify the key drivers of
GHG emissions in their areas and then analyze potential GHG reduction strategies to assess potential
effectiveness in their specific State or regional circumstances.

Transportation GHG reductions can be achieved by implementing strategies in five broad categories:

e Vehicle efficiency,

e Low-carbon fuels,

e Reductions in Vehicle Miles Traveled (VMT),

e Vehicle/systems operations, and

e Construction/maintenance and agency operations.

7 U.S. Environmental Protection Agency, Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2011, 2013.
® U.S. Environmental Protection Agency, Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2011, 2013.
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Vehicle and fuel standards are regulated at the national level, but States also play a role. For instance,
State DOTs and MPOs can influence State policies and take other actions such as education, supporting
low-carbon fuel planning scenarios, and reducing fuel use by public fleets. Agencies can also support
truck stop electrification, and related strategies to reduce vehicle fuel use and promote use of
alternative fuels.

State Departments of Transportation (DOTs) and Metropolitan Planning Organizations (MPOs) can
contribute to reductions in motor vehicle emissions through transportation system investments, such as
multi-modal transportation options that reduce dependence on vehicle travel, and operational
strategies and targeted capacity improvements to reduce recurring and non-recurring congestion. State
and local governments can also implement a range of strategies, including those related to land use
planning, incentives to purchase more energy efficient vehicles, or other pricing mechanisms. Moreover,
agencies can reduce construction/maintenance-related emissions through policies and contracting
requirements that include improving equipment fuel economy, using alternative equipment
technologies and fuels, and using recycled and alternative materials, among others.

The purpose of this handbook is to assist transportation agencies in their efforts to reduce GHG
emissions by integrating GHG emissions into a performance-based planning and programming process.

vi
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1. Introduction

Background

The Nation’s surface transportation system requires significant investment, yet most transportation
agencies are operating with increasingly constrained financial resources. Within this environment, State
Departments of Transportation (DOTs), metropolitan planning organizations (MPOs), transit providers,
and other transportation agencies have increasingly been applying performance-based approaches to
support investment decisionmaking and to prioritize investments. Performance-based planning and
programming (PBPP) is the application of performance management principles to the investment
decisionmaking process, using data and tools to make investment decisions based on their ability to lead
to improved system performance outcomes.

Because a performance-based decisionmaking approach is focused on ensuring that transportation
investment decisions are made based on their ability to address transportation system and societal
goals, PBPP is a cost effective way to make decisions in an environment of limited financial resources. A
performance-based approach to investment decisions improves resource allocation since information
about past and expected future system performance is used to inform the selection of strategies,
projects, and programs. Enabled by improvements in data collection and analysis techniques,
transportation agencies can utilize information on anticipated investment impacts to develop priorities
for funding. The result is increased transparency by providing clearer documentation about the
reasoning for specific transportation spending choices and the impacts of transportation investments.
Such transparency can yield increased public understanding, trust, and involvement.

As the prevalence of performance-based planning and programming grows, many States and regions
across the country have also been recognizing the important role that transportation plays in climate
change, and have begun to consider and/or implement strategies to reduce greenhouse gas (GHG)
emissions. As of 2013, 32 States have developed Climate Change Action Plans, which identify policy
recommendations to reduce GHGs.’

States and regions also have begun to integrate GHG emissions considerations in transportation
planning decisions. Some State departments of transportation (DOTSs), including Maryland and Vermont,
have developed climate action plans focused on transportation emissions reductions. Under California’s
Senate Bill 375 (SB 375), the Sustainable Communities and Climate Protection Act of 2008, every MPO in
the State is required to develop a sustainable communities strategy (SCS) that details its approach for
meeting a regional GHG emission reduction target set by the State’s Air Resources Board (CARB). As a
result of the differing analytical capabilities of different agencies, California’s MPOs have taken various

° U.S. Environmental Protection Agency, State and Local Climate and Energy Program, Climate Climate Action Plan web page,
http://www.epa.gov/statelocalclimate/state/state-examples/action-plans.html, accessed July 10, 2013.
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analytical approaches to modeling transportation-related GHG emissions. New York State Department
of Transportation has developed guidance for each of the MPOs in the State to analyze GHG emissions
as part of the development of their long range transportation plans (LRTPs) and Transportation
Improvement Programs (TIPs). MPOs have also begun to develop goals related to climate change and
sustainability to help guide their plan development, and a number of MPOs have developed forecasts of
transportation GHG emissions and analyses of potential GHG reduction strategies.™

Moving Ahead for Progress in the 21st Century (MAP-21), signed into law in 2012, places increased
emphasis on performance management within the Federal-aid highway program. The MAP-21
establishes a set of national goals, including environmental sustainability."* States and MPOs must
provide for the establishment and use of a performance-based approach to transportation
decisionmaking to support the national goals."

Handbook Purpose

This handbook is intended to serve as a resource for State DOTs and MPOs interested in addressing GHG
emissions through performance-based planning and programming (PBPP). It describes considerations
for selecting relevant GHG performance measures, techniques for evaluating performance, and
approaches for using performance information to support investment choices and enhance decision-
making.

This document builds on a wealth of related resources addressing PBPP, as well as resources focused on
integrating GHG emissions considerations and related analysis in decisionmaking. (See Section 9 for
references to many useful supporting documents.)

Handbook Organization

This Handbook is organized in the following sections, designed to answer key questions that
transportation planners and other stakeholders may have about addressing GHG emissions within a
PBPP approach:

e Section 2: What is Performance-based Planning and Programming?

e Section 3: Key Considerations for Addressing GHGs in a Performance-based Approach
e Section 4: Establishing Goals and Objectives

e Section 5: Selecting Greenhouse Gas Performance Measures

e Section 6: Analyzing Trends and Setting Targets

©ror instance, the Atlanta Regional Commission (ARC), Atlanta’s MPO, performed a forecast of regional GHG emissions
through the year 2030 under several policy and land use scenarios (Atlanta Regional Commission’s PLAN 2040 and associated
documents. Available at: http://www.atlantaregional.com/plan2040/documents--tools).

123 U.5.C. 150(b).

1223 U.s.C. 134(h)(2) and 135(d)(2).
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e Section 7: Identifying Strategies, Analyzing Alternatives, and Developing Investment Priorities
e Section 8: Monitoring, Evaluating, and Reporting on Performance
e Section9: Relevant Resources
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2. What is Performance-based Planning and Programming?

The emphasis on performance measurement and accountability is increasing not only in the
transportation sector, but across all levels of government. In transportation, Performance-based
Planning and Programming (PBPP) refers to the application of performance management principles
within agencies’ planning and programming processes to achieve desired performance goals and
outcomes for the multimodal transportation system." Linking planning and programming within a
performance-based approach supports the selection, funding, and implementation of programs and
projects to achieve desired outcomes. The figure below shows basic elements of a performance-based
planning and programming process. It is important to note that the process is iterative, as investment
decisionmaking is a continuous and cyclical process in which information from implemented projects
helps to inform new cycles of investment decisions.

Performance-Based Planning and Programming

PLANNING
=
4 ,’
w |
= 1
¢ i
= ' 1
S | !
] TL I
< | 1
- | Ana\fysis 1 |
8 i How are we going to get there? : —_ |
- 1
o : E |
=2 i 1 |
[-% 1 1
— i ! |
I
| ) !
I
1 1 |
\ 1
\ / 1
S—
=
Program of Projects Reporting
— Programming Implementation and Evaluation
What will it take? How did we do?

Source: Performance-Based Planning and Programming Guidebook (FHWA, 2013)
PBPP starts with strategic direction (answering the question, “what do we want to achieve?”), and

includes the development of goals and objectives, and associated performance measures. Performance
measures play a critical role both in 1) informing investment decisions by serving as a basis for

3 performance management is the practice of setting goals and objectives; it is an on-going process of selecting measures,
setting targets, and using measures in decisionmaking to achieve desired performance outcomes; and reporting results. See
http://www.fhwa.dot.gov/tpm/about/tpm.cfm for more information.



http://www.fhwa.dot.gov/tpm/about/tpm.cfm

A Performance-Based Approach to Addressing Greenhouse Gas Emissions through Transportation Planning
What is Performance-based Planning and Programming?

comparing alternative investment strategies and policies and 2) tracking progress over time toward
intended outcomes.

Planning analysis (“How are we going to get there?”) relies upon data and analysis tools, along with
public involvement and policy considerations, to develop investment priorities. Agencies identify trends,
and directional outcomes or targets (specific levels of performance desired to be achieved within a
certain timeframe) for each measure to provide a basis for comparing alternative sets of strategies.
Scenario analysis may be used to compare alternative packages of strategies, to consider alternative
funding levels, or to explore what level of funding would be required to achieve a certain level of
performance. The result is a set of investment priorities that can be identified in the Long Range
Transportation Plan (LRTP) and associated planning documents.

Programming (“What will it take?”) involves the selection of specific investments to include in an agency
capital plan and/or in a metropolitan or statewide Transportation Improvement Program (TIP or STIP) to
support attainment of intended trends or targets. An agency may develop a mid-range (e.g., 10 year)
investment plan, and develop project prioritization or selection criteria to select a program of projects.

Implementation and evaluation (“How did we do?”) includes monitoring system performance (gathering
information on actual conditions), evaluation (conducting analysis to understand to the effectiveness of
implemented strategies), and reporting (communicating information about system performance and the
effectiveness of plans and programs).

PBPP involves a range of activities and products undertaken by a transportation agency, working
together with other agencies, stakeholders, and the public, as part of a 3C (continuing, cooperative, and
comprehensive) process. These activities include development of LRTPs, TIPs, and STIPs; other Federally-
required plans and processes (such as Strategic Highway Safety Plans, Congestion Management
Processes, and Asset Management Plans); and other efforts such as corridor, investment, or modal plans
that support investment decisionmaking.

FHWA, the American Association of State Highway and Transportation Officials (AASHTO) and the
Transportation Research Board (TRB) have developed a number of resources on performance-based
planning and programming in recent years, including Guidebooks, White Papers, and Findings from Peer
Exchanges and other research activities. Many of these can be found at:
http://www.fhwa.dot.gov/planning/performance based planning/resources/.

While there is a significant amount of information available to practitioners on performance-based
planning and programming in general, little has been written to help transportation agencies consider
GHG reduction as part of this process. This guidebook can help to meet the needs of communities and
practitioners interested in addressing GHGs through transportation planning. Within this approach,
transportation agencies will typically take the following steps, discussed through sections of this
document:
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e Identify how GHGs relate to key goals and objectives (Section 4).

e Identify and select a GHG performance measure or measures (Section 5) — This is a key issue,
since the selection of a performance measure(s) will form a foundation for understanding
baseline conditions and anticipated trends, establishing targets, analyzing alternative
investment strategies, and ultimately for providing information that supports planning and
project selection decisions.

e Analyze trends and set targets (Section 6) — Conduct planning analysis, including development of
a baseline inventory and forecast of GHG emissions, and identify desired outcomes for GHG
levels to be achieved.

e Analyze alternative investment and policy strategies, and make decisions about investment
priorities that are incorporated into the LRTP. Develop an investment plan and program of
projects for inclusion in the TIP or STIP, using GHG reduction as one factor in helping to prioritize
projects for selection (Section 7).

e Monitor, evaluate, and report on progress toward achieving desired outcomes (Section 8).

Integrating GHGs into PBPP does not mean that all projects will reduce GHG emissions, or that the
selected set of investments and policies will be the alternative that minimizes GHG emissions. It should,
however, provide an informed basis for investment decisionmaking to support environmental
sustainability and allow a more rigorous consideration of both tradeoffs and co-benefits of GHG
emissions reduction in relation to other goals.
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3. Key Considerations for Addressing GHGs in a Performance-
based Approach

Key Attributes of GHG Emissions

Climate change is an issue of growing concern, and methods to assess and address the issue are evolving
rapidly. Many States and MPOs have set aggressive GHG reduction targets and transportation agencies
have a role to play in meeting this challenge. Increased interest from policy makers and planners at all
levels of government demonstrates that there is growing awareness of the challenges of climate change.
This section discusses four key attributes of GHG emissions that should be considered by agencies as
they seek to address this issue in transportation planning and programming.

GHG Emissions are Global, Not Local

The severity of climate change is determined by the total concentration of GHG emissions in the earth’s
atmosphere. Though scientists have broadly projected the level of global change that we can expect to
see with different levels of emissions, it is less certain how this change will affect different areas of the
globe. Moreover, the impacts experienced locally will not necessarily be in proportion with the amount
of emissions that a city, metro area, or State produces. This means that the scope of emissions (in terms
of the geographic area where emissions are generated, the source of the emissions) is a key concern to
address when selecting GHG performance measures. It also means that GHG reduction efforts are often
driven by the aim of increasing the collective impact of overlapping efforts at the local, State, national
levels to reduce global emissions.

GHG Emissions are Cumulative

Unlike criteria pollutants, which stay in the atmosphere for a relatively limited time, many GHG
emissions remain in the atmosphere for decades and even centuries. Even if human-produced GHG
emissions were to dramatically decline, some climate change would occur over the coming years due to
the increased concentration of emissions that is already in the atmosphere. This means that
transportation agencies’ efforts to address GHG emissions often take place in the context of larger-scale
and longer-term efforts to address climate change. It also means that the time horizon of a
transportation plan will have a substantial effect on how different GHG reduction strategies perform
under different measures. As we discuss below, transportation planning decisions typically have a much
greater effect on GHG emissions over the long term than over the short term. Though the cumulative
impact of emissions can be challenging to analyze and address in the context of performance
measurement, it is important to consider when thinking about actions to achieve emissions reductions.
It should be noted that while it is critical for agencies to plan for GHG reductions on a long time-scale,
this should occur in conjunction with efforts to meet short term reduction targets as well which can
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make a down payment on GHG reductions. This can make the larger long term reductions required more
manageable. Smaller reductions that are taken early will have cumulative impacts over time.

Exogenous Factors Significantly Impact Transportation-related GHG Emissions

In developing GHG reduction targets and in tracking progress, it is important to recognize the important
role of exogenous factors — those not under the direct control of State and local agencies — including
Federal policies in affecting transportation GHG emissions. Some key factors that affect GHG emissions
include:

e Population and economic growth — Population and economic growth are key drivers of GHG
emissions from on-road sources, and depending upon the performance measures used, their
effects may outweigh those of transportation investments and policies. For instance, short-run
economic conditions, such as a recession, may reduce commuting activity, and therefore drive
down GHG emissions.

e fuel prices — Fuel prices are largely driven by global market forces. They are highly variable in
the short-term and highly uncertain in the long-term; yet they have important implications for
GHG emissions. Low fuel prices may tend to encourage increased driving and use of less fuel
efficient vehicles, and therefore increased GHG emissions, while high fuel prices may encourage
the opposite.

e (Clean vehicle and fuels policies and technologies — Vehicle technology improvements, driven by
increasingly stringent motor vehicle emissions standards, have been the dominant source of
reductions in vehicle emissions since the 1970s. Moving forward, Federal fuel economy
standards will have a large effect on GHG emissions, as will market factors that affect the cost
and availability of more efficient vehicles. In comparison with these policies and factors, States
and regions generally have limited ability to require or incentivize consumers to use more
efficient vehicles. It should be noted that California is different than other States in the legal
authority it has to regulate vehicle technology and air emissions. To the extent that California
adopts more stringent rules for vehicle technologies, other States may follow its lead by
adopting its standards.

Consequently, while transportation investments and strategies play an important role in addressing GHG
emissions, other factors may have a larger absolute impact on emissions, particularly in the short-term.
For example, in California, the Air Resources Board estimates that regional transportation and land use
policies to meet GHG reduction targets will be responsible for about one-sixth of the GHG reductions
associated with standards for light-duty vehicle efficiency and low carbon fuels through 2020."*
However, the Board also emphasizes that transportation and land use planning will play a more central

1 california Air Resources Board, Greenhouse Gas Reductions from Ongoing, Adopted and Foreseeable Scoping Plan Measures,
Available at: http://www.arb.ca.gov/cc/inventory/data/tables/reductions from scoping plan_measures 2010-10-28.pdf.
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role in reducing GHG emissions between 2020 and 2050 due to the long-term benefits of these
strategies.” A study by the National Research Council on the effects of compact development also noted
that the benefits of compact development increase over time, illustrating on the one hand the longevity
of the built environment and, on the other, the cumulative effect of land use changes.'

Many other transportation outcomes that are commonly measured in plans and programming
documents are affected by exogenous factors. For instance, safety (traffic fatalities and injuries) is
affected not only by roadway design and operations, but also by driver behavior and vehicle
technologies. Similarly, traffic congestion is affected not only by investments in the transportation
system but also by land use, fuel prices, and economic activities.

As with these examples, a transportation agency may focus on GHG emissions as a key performance
measure in its planning and programming -- even emissions that are beyond its direct control — because
GHG emissions are directly related to an outcome with significant impacts on society, climate change.
Moreover, the transportation planning process offers a forum to bring together the public, key partners,
and stakeholders in developing coordinated solutions.

GHG Emissions are Not Directly Measured

Another challenge associated with using GHG emissions as a performance measure is that GHG
emissions cannot be monitored in a literal sense, the way it is possible to monitor some other outcomes
such as the number of fatal crashes or metrics related to pavement and bridge conditions. GHG
emissions have to be modeled or calculated using emissions factors. This approach is not unique to
GHGs, since estimation and modeling are typically conducted for some metrics, such as traffic
congestion measures (e.g., hours of delay experience by travelers) and measures of accessibility to
transit (e.g., share of households within % mile of transit). However, it is important to recognize that the
available tools and assumptions that transportation agencies make when estimating GHG emissions
have important implications for the results.

Fuel consumption can serve as a proxy for tailpipe GHG emissions, since fuel sales are tracked at the
State level, and CO, is emitted in direct proportion to fuel consumption, with differences in emissions
rates based on different types of fuel (e.g., motor gasoline, diesel, compressed natural gas). In fact,
State-level on-road GHG emissions have often been calculated based on fuel sales in multi-sector GHG

' california Air Resources Board, Climate Change Proposed Scoping Plan, Appendix C: Sector Overviews and Emission
Reduction Strategies, page C-80, available at: http://www.arb.ca.gov/cc/scopingplan/document/appendix1.pdf

'® National Research Cou ncil, Driving and the Built Environment: The Effects of Compact Development on Motorized Travel,
Energy use, and CO, Emissions. Washington, D.C.: Transportation Research Board Special Report 298, 2009. Available at
http://cta.ornl.gov/cta/Publications/Reports/Reducing GHG from transportation%5b1%5d.pdf. This study estimated CO,
reductions of 1.3 to 11.0 percent compared to a baseline in 2050 due to more compact development. The broad range is
based on different assumptions associated with the share of new and replacement development that is compact and the
reductions in VMT in compact development areas.



http://www.arb.ca.gov/cc/scopingplan/document/appendix1.pdf
http://cta.ornl.gov/cta/Publications/Reports/Reducing_GHG_from_transportation%5b1%5d.pdf

A Performance-Based Approach to Addressing Greenhouse Gas Emissions through Transportation Planning
Key Considerations for Addressing GHGs in a Performance-based Approach

inventories, since emissions of carbon dioxide (CO,), the primary GHG, are directly related to fuel
consumption, and because fuel sales data are typically readily available. However, fuel sales may not
correspond exactly with travel within a particular State, especially in instances where drivers commonly
travel between States (e.g., New York, New Jersey, Connecticut). These boundary issues are particularly
important when examining emissions in smaller geographies, such as metropolitan areas.” In addition,
non-road use of motor fuels means that there may be some discrepancies between fuel sold and fuel
used by motor vehicles. In these cases, GHG emissions can be calculated by collecting data on vehicle
miles traveled (VMT) and operating conditions and then using an emissions model, such as EPA’s Motor
Vehicle Emission Simulator Model (MOVES ) — or California’s Emissions Factors (EMFAC) model — to
estimate emissions.

As a result, transportation agencies’ GHG analysis will likely be shaped by the tools and data that are
available, the extent to which these tools and data capture different strategies that agencies may
undertake to reduce emissions, and the need for consistency with the analytical methods used in
evaluating GHG emissions under overlapping climate policies. Some States and MPOs have invested in
creating new tools or enhancing models to expand the analytical capabilities available to analyze
policies. For instance, Oregon DOT developed the GreenSTEP model to analyze a broad range of GHG
reduction strategies that could not be addressed in traditional travel models.

Policy Implications

The four factors described above demonstrate that there is no single measure that “best” addresses
GHG emissions within a PBPP approach, nor is there a single correct way to calculate a given measure.
Instead, several different factors can collectively shape transportation agencies’ choices regarding GHG
performance measures and how GHG emissions are integrated into decisionmaking, including:

e The GHG reduction strategies that are under consideration by transportation agencies;

e The geography and travel characteristics of the area under consideration (e.g., city,
metropolitan area, or State);

e Consistency with other local, State, and national climate policies;

e The extent to which agencies collaborate with stakeholders to identify additional opportunities
to reduce GHG emissions;

o The effect of Federal policies and other exogenous factors on GHG emissions;

e The time horizon of the planning process; and

e Available tools and data.

7 Road based VMT in small geography analyses can also have inherent errors if the GHG is related to the population or
economy (per capita and per GDP metrics) and there are significant volumes of external trips or pass through traffic.
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It is important that transportation agencies understand how these factors affect their options when
selecting a GHG performance measure(s), and understand the limitations associated with various
approaches. In the following sections of this guidebook, we describe different choices that
transportation agencies face when selecting GHG performance measures, as well as how the factors

listed above can shape agencies’ options.
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4. Establishing Goals and Objectives

Developing goals and objectives is a fundamental part of any successful planning effort, and this is

especially true for performance-based planning and programming. Goals and objectives provide

strategic direction for investment and policy decisions, and consequently play a critical role in guiding

the selection of performance measures and investment priorities. Regional, State, and national goals

associated with sustainability, climate change, and related community outcomes can be a primary

motivation for including GHGs within a performance-based approach to transportation planning and

programming. For a more detailed discussion of establishing goals and objectives in a performance-

based planning and programming process, see the FHWA/FTA Performance Based Planning and

Programming Guidebook."

State and Regional Climate
Change Mitigation Goals and
Policies

Scientific evidence makes clear that the buildup of
greenhouse gases in the atmosphere is causing
the Earth's climate to change in ways that affect
our weather, oceans, snow, ice, and ecosystems.
Human activities contribute to climate change
through the release of heat-trapping GHGs.
Climate change has substantial impacts on our
transportation systems and on society as a whole.
For example, warmer temperatures increase the
frequency, intensity, and duration of heat waves,
which can pose health risks, particularly for young
children and the elderly. Rising sea levels threaten
coastal communities and ecosystems. An increase
in the frequency and intensity of extreme weather
events, such as heat waves, droughts, and floods,
can harm transportation systems and cause costly

California’s Sustainable Communities and
Climate Protection Act of 2008

In 2006, California’s legislature passed, and the
Governor signed, The Global Warming Solutions Act,
Assembly Bill 32 (“AB 32”), which called on the State’s
Air Resources Board (ARB or CARB) to prepare and
approve a plan for achieving ambitious and cost-
effective GHG emissions reductions, establish an
emission limit for 2020, adopt a regulation requiring
the mandatory reporting of GHG emissions, identify
“early action” measures that could be taken to reduce
emissions, and establish a cap-and-trade program.

In 2008, the Legislature passed, and the Governor
signed, the Sustainable Communities and Climate
Protection Act, more commonly known as “SB 375,”
which called on the ARB to develop emission
reduction targets for cars and light trucks. The law
also requires California’s MPOs to prepare Sustainable
Communities Strategies (SCSs) that demonstrate how
each region will meet these emission reduction
targets. SCS’s are land use and transportation plans
that are expected to address regional housing needs
as well as more traditional GHG reduction
approaches. The SCSs under SB 375 must also meet all
the Federal requirements for a long range
transportation plan. The SCS components were added
to existing Federal and State requirements. The bill
aims to foster the implementation of “bottom-up”
solutions for addressing GHG emissions.

'8 \While the terms goals and objectives are often used interchangeably, the PBPP guidebook defines a goal as a broad
statement that described a desired end state, and an objective as a specific, measurable statement that supports
achievement of a goal. An objective may address a focus area under a broad goal (e.g., an objective could address GHG
reduction under a broad goal of sustainability), with the specific measure defined outside of the objective statement, or the
objective could be defined specifically to include a measure and target (discussed further in the next two sections). See
http://www.fhwa.dot.gov/planning/performance based planning/pbpp guidebook/index.cfm.
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disruptions to society.” According to the IPCC, global GHG emissions must be reduced to 50 to 85
percent below year 2000 levels by 2050 to limit these adverse effects of global warming.”

As noted earlier, thirty-two States and many regions have already developed climate action plans, and
through those have identified transportation-related GHG emissions reduction as a desired outcome.
Moreover, several States have passed laws or have had Executive Orders that call for GHG reduction.
Although climate change action plans typically have not been integrated with transportation plans and
programs, State and regional goals for GHG reduction may lead to a transportation planning goal or
objective that addresses climate change. While in some cases State laws may influence the adoption and
implementation of GHG goals and objectives, input from the community may also provide grassroots
support for their adoption. For instance, the Delaware Valley Regional Planning Commission (PA-NJ) has
set a specific target for reducing greenhouse gas emissions by 50% by 2035.*

As an example within the transportation planning process, the Mid-America Regional Council, the MPO
for the Kansas City metropolitan area, adopted its LRTP, called Transportation Outlook 2040, in June
2010. An extensive public outreach process was utilized in the development of a regional vision
statement and nine goals to serve as a foundation for the plan’s content, identification of performance
measures, and project evaluation and prioritization. The selected goals include several that have been
used in the past — system performance, system condition, safety and security, accessibility, and
economic vitality — as well as new goal areas, including one focused on climate change/energy use. The
selected climate change/energy use goal is to: “Decrease the use of fossil fuels through reduced travel

demand, technology advancements and a transition to renewable energy sources.”?

Supporting Related Community Outcomes

Protecting and enhancing the natural environment is an end in and of itself, but it can also be a means
to achieving other broad goals such as supporting sustainable land use patterns, encouraging walking
and biking, increasing household incomes by reducing energy costs, and boosting employment through
the implementation of investments in energy efficiency. A number of MPOs discuss climate change as an
issue in their long range transportation plans, addressing various reasons to care about climate
change.” These include regional concerns about the consequences of climate change, such as increases
in severe weather, sea level rise, air pollution, and public health impacts.

% Eor more information, see: U.S. Environmental Protection Agency, “Climate Change Science” web page at:
http://www.epa.gov/climatechange/science/.

20 IPCC, 2007. Contribution of Working Groups I, | and Ill to the Fourth Assessment Report of the Intergovernmental Panel on
Climate Change. Chapter 5, Section 5.4. Available at: http://www.ipcc.ch/publications_and data/ar4/syr/en/mains5-4.html.

! Delaware Valley Regional Planning Commission, Connections — The Regional Plan for a Sustainable Future. Public Comment
Document, 2009.

2 Mid-America Regional Council, Transportation Outlook 2040, available at: http://www.marc.org/transportation/Irtp.htm.

2 FHWA, “Climate Change — Model Language in Transportation Plans.” Prepared by ICF International, 2010.
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For instance, the Baltimore Metropolitan Council notes in its LRTP, called Plan It 2035, which was
adopted in November 2011, that GHG emissions and climate change are an environmental concern for
multiple reasons: “[IJncreased runoff and rainfall events from climate change could affect the
[Chesapeake] Bay through increased erosion and sediment loads. Higher peak stormwater flows also
would mean greater amounts of nutrients transported downstream, degrading water quality.
Additionally, climate change will likely cause a decline in biodiversity of plants and animals in the forests
of Maryland. Increasing summer temperature will likely cause higher ozone levels and more frequent
exceedances of the Federal ozone air quality standard. Sea level rise will also require costly mitigation
measures to protect the region’s transportation infrastructure from higher water and damage caused by

storm surges.”**

A number of State DOTs and MPOs also emphasize sustainability, and policies that support GHG
reduction, such as managing travel demand, ensuring multimodal options, and optimizing system
performance before adding new highway capacity. For instance, the Delaware LRTP, Moving the First
State Forward, which was adopted in 2010, focuses on developing “smart transportation systems
consistent with the State’s smart growth strategies.” These strategies seek to guide growth to areas that
are most prepared to accept it in terms of infrastructure and thoughtful planning; preserve farmland
and open space; promote infill and redevelopment; facilitate attractive, affordable housing; and protect
quality of life while slowing sprawl. Consequently, the Plan includes goals related to economic vitality,
safety, accessibility and mobility, multi-modal transportation, efficiency and effectiveness, and
environmental stewardship, including integrated land use and transportation and “responsible energy
consumption”.”

The Grand Valley Metropolitan Council, MPO for the Grand Rapids, Michigan, metropolitan area,
includes within its 2035 LRTP, adopted in March 2011, a vision to “Establish a sustainable multimodal
transportation system for the mobility and accessibility of people, goods, and services; it will provide an
integrated system that is safe, environmentally sound, socially equitable, economically viable, and
developed through cooperation and collaboration.” The Plan includes a goal to “Strengthen the link
between transportation and land use policies to encourage people and businesses and to live and work
in a manner that reduces dependence on single occupancy vehicles.” Under its environmental goal, the
plan includes an objective to “Prioritize transportation projects which reduce the frequency and length
of trips, minimize the energy resources consumed for transportation, and promote a sustainable

transportation system.”*®

%% Baltimore Metropolitan Council, Plan It 2035, Chapter 2, available at: http://www.baltometro.org/plans/final-plan-it-2035.

% Delaware Department of Transportation, Moving the First State Forward: Delaware Long Range Transportation Plan, 2010,
available at: http://www.deldot.gov/information/pubs forms/delrtp/delrtp 102510.pdf.

?® Grand Valley Metropolitan Council, 2035 Long Range Transportation Plan, Chapter 3, available at:
http://www.gvmc.org/transportation/longrangeplan.shtml.
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National Environmental Sustainability Goal

Sustainability goals at the national level have been driven by both legislative action and executive
initiatives. President Obama has established a target to reduce total U.S. greenhouse gas emissions by
about 17 percent below 2005 levels by 2020.”’

The MAP-21 establishes seven national goal areas; one of these is “Environmental sustainability: To
enhance the performance of the transportation system while protecting and enhancing the natural
environment.” [Section 1203, or 23 USC 150(b)]

Although State DOTs and MPOs are not required to use a consistent national environmental
sustainability performance measure, they will be expected to use a performance-based approach to
decisionmaking that supports the national goals. The MAP-21 requires that the metropolitan and
statewide transportation planning process “shall provide for the establishment and use of a
performance-based approach to transportation decisionmaking to support the national goals” [23 USC
134(h)(2)(A) and 23 USC 135(d)(2)(A)].

The environmental sustainability goal area could include many different focus areas or objectives,
including minimizing water runoff from transportation facilities, increasing habitat restoration,
encouraging the use of low-emission transportation options, such as walking, bicycling, taking public
transit, or using low-emission vehicles. Given the potentially severe impacts associated with climate
change, States and MPOs may choose to consider GHG emissions as a measure of environmental
sustainability. GHG emissions have been identified by some States as a promising measure to track
agency performance in the area of environmental stewardship.? It addresses a key component of
sustainability — “meeting the needs of the present without compromising the ability of future

generations to meet their own needs.””

%’ The President’s Climate Action Plan. June 2013.
http://www.whitehouse.gov/sites/default/files/image/president27sclimateactionplan.pdf.

?® See NCHRP 20-24(37), “Technical Guidance for Deploying National Level Performance Measurements.” Prepared by
Cambridge Systematics, 2011. See page 3-30.

2 Common definition of sustainability, derived from the “Brundtland definition” in the World Commission on Environment and
Development, Our Common Future (New York: Oxford University Press, 1987).
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5. Selecting Greenhouse Gas Performance Measures

Transportation agencies face numerous options when selecting a GHG performance measure or
measures. This section describes several of the choices that transportation agencies face when selecting
a GHG performance measure(s) and discusses how local context, overlapping climate and sustainability
policies, tools, modeling and data availability, and other factors can shape transportation agencies’
choices. It then discusses the pros and cons of specific commonly-used GHG performance measures.

It is important to note that a GHG measure should be carefully chosen to support public policies for GHG
mitigation. The selection of a measure is not merely a technical issue, but rather is closely related to the
type of vision that a State or region has developed for transportation sustainability. Ultimately the
performance measure selected should assist an agency or area in implementing its vision.

A number of States have policies in place that establish transportation-related GHG reduction targets,
and in some cases, specify performance measures and methodologies. Though this report outlines
general considerations, the consistency of the measure with State-level policies, initiatives and
community priorities should be considered carefully by transportation agencies.

Key Issues in Defining a GHG Performance Measure

The options that transportation agencies face when selecting GHG performance measures can be
summarized by three questions:

1. Which emissions should we measure?
2. How should we measure these emissions?
3. How should we express the results?

Answering each of these questions will require agencies to consider how the policies that they need to
implement can be supported by these measures. Below we summarize the options that transportation
agencies face within the categories represented by each of the above questions.

Which Emissions are Measured

The first step in selecting a GHG measure (and correspondingly conducting most GHG analyses) is to
establish the scope of the analysis, including which types of GHG emissions will be measured, which
sources will be covered, and whether to account for tailpipe or life-cycle emissions.
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Which GHGs to Include

Carbon dioxide (CO,) is the most prevalent GHG and accounts for roughly 95 percent of transportation
GHGs based on global warming potential.*® As such, the number of tons or pounds of CO, emitted is a
reasonable stand-alone indicator of GHG emissions. However, transportation emits several other GHGs,
such as methane (CH,) and nitrous oxide (N,0), so agencies can also measure multiple GHGs. Some
gases have a stronger effect on climate change than others; the relative strength of a given GHG's effect
on the climate is commonly referred to as its global warming potential (GWP). When measuring multiple
GHGs, agencies typically state results in tons of carbon dioxide equivalent (tCO,Eq. or tCO,e), a unit that
accounts for differences in GWP. This can be slightly more complex than just measuring CO, emissions,
but many emissions models make it easy to measure multiple GHGs in tCO,Eq.

The choice of which GHGs are included generally does not affect the responsiveness of a performance
measure to different strategies to reduce transportation-sector GHG emissions, except in the context of
choices between different advanced vehicle technologies that typically occur outside of the
transportation planning and programming process. Consistency with other agencies’ policies and
accounting methods is typically the driving factor in determining which GHGs to include in a
transportation analysis.

Which Transportation Sources are Included
Transportation agencies face several choices when determining which vehicles and sources should be
included in an analysis of GHG emissions:

e Light-duty vehicle GHG emissions accounts largely for emissions from passenger vehicles, as
opposed to commercial travel.

e Total on-road GHG emissions accounts for the emissions produced by both passenger and
freight vehicles. This is a more comprehensive approach than the measure above, and will
capture the benefits of strategies to improve the efficiency of freight movement. This measure
is also consistent with the scope of analysis for conformity with air quality goals, and addresses
heavy-duty trucks, which in particular are a significant contributor to on-road GHG emissions.

e Total transportation GHG emissions accounts for GHG emissions from all transportation
sources, potentially including rail, transit, and ferries in addition to on-road vehicles. This is the
most comprehensive approach, and will capture the benefits of some GHG reduction strategies
that other measures will ignore, such as strategies to increase the efficiency of transit vehicles.
However, it is also more complicated to calculate than the two measures described above, since
this measure not only requires agencies to account for more diverse sources, but also
potentially to develop emissions factors for transit vehicles such as railcars that are not covered
by on-road mobile source emissions models.

*U.s. Environmental Protection Agency, Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2011, 2013.
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In addition to choosing between one of the three measures described above to describe GHG emissions
related to usage of the transportation network, transportation agencies may choose to account for
construction and maintenance GHG emissions. Though the amount of GHG emissions due to
construction and maintenance of the transportation system is generally much smaller than the amount
of emissions due to use of the system, transportation agencies have the potential to directly influence
these emissions through procurement policies and contracting requirements. On-road emissions models
do not typically account for construction and maintenance GHG emissions, but tools are available and
are being developed to help agencies account for these emissions.

Greater Buffalo Niagara Regional Transportation Council (GBNRTC) Energy and GHG Analysis

Based on guidance from New York State DOT (NYSDOT), MPOs in New York State have been analyzing
construction and maintenance related emissions associated with their LRTPs and TIPs. In 2007, GBNRTC
completed an energy and GHG analysis of its 2030 Long Range Transportation Plan. In addition to estimating
GHG emissions from vehicles, GBNRTC also estimated the “indirect” GHG emissions associated with construction
of transportation infrastructure. GBNRTC's analysis included GHG emissions from construction equipment,
transportation of materials, and production and extraction of materials. GBNRTC used procedures specified by
NYSDOT to estimate the energy used by construction on a per lane-mile or per track-mile basis, and then
converted this energy consumption to GHG emissions.

Source: Greater Buffalo Niagara Regional Transportation Council (GBNRTC), Energy and Greenhouse Gas Analysis For the Greater Buffalo
Niagara Regional Transportation Council (GBNRTC) 2008-2012 TIP and 2030 Long Range Transportation Plan, July 2007, Available at:
http://www.gbnrtc.org/index.php/resources/publications/reports/

Two key factors commonly play a role in transportation agencies’ choice of which sources to include in
GHG performance measures:

e Agency interest in developing policies related to GHG emissions from different sources. While
including more sources is more comprehensive, it often requires more effort. Transportation
agencies may choose to invest this effort only if it will offer additional insight on the relative
effectiveness of different GHG reduction strategies; otherwise they typically use simpler
measures in order to avoid analyzing emissions that are outside of their control. For example,
passenger travel is more closely tied to regional or State transportation planning decisions (e.g.,
land use coordination, transit service, demand management, etc.) than freight travel, which
often is primarily determined by broader economic factors and involves more interstate and
interregional travel, so some transportation agencies choose to limit analysis to light-duty GHG
emissions. However, if a transportation plan contains strategies to reduce freight emissions
through corridor management or other measures, more comprehensive measures will be
necessary to capture the resulting GHG reductions.

e Consistency with regional emissions analysis. Regional emissions analysis to meet Clean Air Act
requirements in non-attainment and maintenance areas must consider both heavy- and light-
duty vehicles. For areas that violate the National Ambient Air Quality Standards (NAAQS), this
makes it easier for MPOs to account for GHG emissions from all on-road vehicles if they are
analyzing GHG emissions alongside other criteria pollutants.
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Addressing Life-Cycle Emissions

Transportation agencies typically focus on tailpipe GHG emissions, which are the emissions that are
produced by vehicles as they combust fuel, because the analysis of tailpipe emissions is simpler to
conduct and because it mirrors the approach that agencies typically use to assess criteria pollutant
emissions. However, since GHGs are global pollutants that have the same impact on the climate
regardless of where they come from, it can also be beneficial to estimate life-cycle emissions, which
account for emissions associated with the production, transport, and disposal of transportation fuels,
and potentially also emissions generated by vehicle production, maintenance and disposal. A life-cycle
analysis will better account for strategies that involve shifting fuels, such as encouraging adoption of
hybrid passenger vehicles or using biodiesel in transit vehicles. However, a comprehensive life-cycle
analysis can also require much more effort and a greater number of assumptions on a transportation
agency’s part than a tailpipe analysis. An agency can pursue a mixed approach, using tailpipe GHG
emissions as a primary performance measure and estimating life-cycle GHG reduction factors for
strategies or projects that primarily impact life-cycle emissions. For instance, Oregon and California have
guantified the impact of implementing a low carbon fuel standard. Since this approach does not result in
an “apples-to-apples” comparison, it merits extra caution when interpreting results. Nevertheless, it can
be helpful to understand the full life-cycle emissions impacts of investments.

How Emissions are Measured

One of the key challenges of selecting GHG performance measures is selecting measures that reflect the
impact of transportation agency investments. In particular, it can be challenging to attribute global
emissions to a particular State or region, or to attribute cumulative emissions that remain in the
atmosphere for decades or more to a plan with a limited time horizon.*" As a result, it is important for
agencies to consider how emissions are measured at the outset when selecting GHG performance
measures in order to ensure that GHG analysis is responsive to agency goals. This section broadly
outlines key methodological considerations; Section 6 discusses GHG analysis methods further.

Geographic Scope of Analysis

The fact that GHG emissions are global, not local, pollutants means that transportation agencies should
consider the source of emissions when analyzing GHG performance measures. A geographic analysis
accounts for GHG emissions due to all vehicle travel that takes place within the boundaries of a region
or State. This includes internal trips that begin and end within these boundaries, interregional or
interstate trips, and trips that pass through the region or State. This approach is consistent with the
approach used in transportation conformity for criteria pollutants. However, a geographic analysis may
undercount GHG emissions due to trips that may be influenced by a region’s policies or investments
(i.e., interregional or interstate trips that begin or end at a point near the edges of the region or State)

*! Different GHGs can remain in the atmosphere for different amounts of time, ranging from a few years to over a thousand
years.
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or count emissions from trips that are largely beyond an agency’s influence (i.e., pass-through trips).
Alternately, a trip-end analysis accounts for GHG emissions due to vehicle trips that begin or end within
the boundaries of a region or State. Typically, a trip-end approach counts all GHG emissions from
internal trips and half of the emissions fr