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Executive Summary

Black carbon and methane play significant roles as air pollutants and powerful short-lived climate forcers.
Black carbon (soot) is a component of particulate matter that is produced by incomplete combustion of
wood, fossil fuels, and other fuels. Black carbon deposited on snow and ice accelerates melting of these
reflective surfaces and intensifies the effects of global warming. Methane is a greenhouse gas with a
shorter lifetime than carbon dioxide, but a stronger warming impact on the atmosphere.

U.S. black carbon emissions (excluding wildland fire comprised of wildfires and prescribed burning) are
declining, having decreased by 40% between 2011 and 2017. Particulate matter (PMzs) control strategies
have proven successful in reducing black carbon emissions from mobile sources including through
emissions standards for new vehicles and engines and reductions from existing in-use engines. Between
1990 and 2018, total domestic methane emissions decreased by 18 percent and since 2013 methane
emissions decreased by 1.2% For methane, voluntary and regulatory measures are in place that will lead
to further reductions in emissions from several sectors.

Recent U.S. presidential actions! place the climate crisis at the center of U.S. foreign policy, diplomacy,
and natural security. A coordinated, whole-of-government approach will address the climate crisis and put
America on a path to achieve net-zero emissions economy-wide by 2050. More immediately, the United
States is working to develop its nationally determined contribution under the Paris Agreement.

This report comes at the start of a new Administration, and where relevant, notes specific rules or actions
that are under review.

1 See e.g., Executive Order on Tackling the Climate Crisis at Home and Abroad, January 27, 2021:
https://www.whitehouse.gov/briefing-room/presidential-actions/2021/01/27/executive-order-on-tackling-the-
climate-crisis-at-home-and-abroad/



1 Introduction

This report summarizes U.S. emissions of black carbon and methane and steps already being taken to
reduce emissions, including best practices and lessons learned. It is submitted in response to the
Enhanced Black Carbon and Methane Emissions Arctic Council Framework for Action. The first U.S.
National Report on Black Carbon and Methane Emissions was submitted to the Arctic Council in 2015.
This report serves as an update corresponding to U.S. actions as of March 2021 focusing on six sectors
prioritized by the Arctic Council’s Expert Group on Black Carbon and Methane?: diesel-powered mobile
sources; oil/gas methane leakage, venting, and flaring; residential biomass combustion appliances; solid
waste disposal; agriculture; and wildfires.

In addition, it is important to recognize that this report comes at the start of a new Administration, and
Executive Orders from January 2021 have identified new priorities. Where relevant, this report notes
specific rules or actions that are under review. The Executive Order on Tackling the Climate Crisis at
Home and Abroad (EO)? also states:

It is the policy of my Administration that climate considerations shall be an essential element of
United States foreign policy and national security. The United States will work with other
countries and partners, both bilaterally and multilaterally, to put the world on a sustainable
climate pathway. The United States will also move quickly to build resilience, both at home and
abroad, against the impacts of climate change that are already manifest and will continue

to intensify according to current trajectories.

While reducing methane emissions, among other environmental harms from oil and mining, the Biden
Administration aims to improve air and water quality and create economic opportunities. For example, the
EO indicates that actions that curb methane emissions can also create well-paying jobs while restoring
natural assets and revitalizing recreation economies. Substantial reductions of methane emissions from
the oil and gas sector should be achieved as soon as practicable.

Under the Enhanced Black Carbon and Methane Emissions Arctic Council Framework for Action,* the
eight Arctic Nations — including the United States — agreed to develop biennial national reports that
summarize their emissions of black carbon and methane. Emissions data for black carbon and methane
exist from prior submissions under the Convention on Long-Range Transboundary Air Pollution
(CLRTAP) and the United Nations Framework Convention on Climate Change (UNFCCC), respectively.
This report highlights emission reduction actions, best practices and lessons learned, and projects,
relevant for the Arctic, organized by emissions and sector, and supplemented with other information as
relevant.

2 Black carbon emissions

U.S. black carbon emissions (excluding wildland fire and prescribed burning) are declining, having
decreased by more than 20% from 2011 to 2014, and again from 2014 to 2017, for a total of a 40%
reduction over 6 years. More than 70% of the decrease in emissions is due to reductions in the road and
offroad transport sectors, largely through strategies to reduce the emissions from mobile diesel engines. A
number of fine particulate matter (PM.) control strategies have proven successful in reducing black

2Expert Group on Black Carbon and Methane Summary of Progress and Recommendations, 2017:
https://oaarchive.arctic-council.org/handle/11374/1983
3 Executive Order on Tackling the Climate Crisis at Home and Abroad, January 27, 2021:
https://www.whitehouse.gov/briefing-room/presidential-actions/2021/01/27/executive-order-on-tackling-the-
climate-crisis-at-home-and-abroad/
4 https://oaarchive.arctic-council.org/handle/11374/610. The eight Arctic states, which together comprise the Arctic Council,
are: Canada, Denmark, Finland, Iceland, Norway, Russia, Sweden, and the United States.
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carbon emissions from mobile sources. The two principal strategies include: (1) emissions standards for
new vehicles and engines, with emissions reductions occurring as the vehicle and engine fleet turns over
through cleaner replacements, and (2) controls or strategies that reduce emissions from existing in-use
engines, such as diesel retrofits. It is important to note that these strategies are complementary, and can
be employed simultaneously.

In August 2020, the United States submitted emission inventory data, including data for black carbon,
under CLRTAP.® Black carbon accounts for approximately 7 percent of U.S. fine particle emissions.® As
shown in Figure 1, the road transport and offroad sectors contribute the majority of U.S. black carbon
emissions. Detailed emission information can be found in the appendix to this report. While wildland fire
is not included in the emissions totals in this report, the U.S. Environmental Protection Agency (U.S.
EPA) estimates that in 2017, 49,000 metric tons of BC were emitted by wildfires and 24,000 metric tons
of BC were emitted by prescribed fires. While these estimates of fire emissions for 2017 provide some
context for the relative magnitude of fire emissions, it is important to note that there is substantial year-to-
year variability of black carbon emissions from this source sector.
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Figure 1: US BC emissions (metric tons) per year by sector (see annex for details)

5 The U.S. CLRTAP submission is available at: https://www.ceip.at/status-of-reporting-and-review-results/2020-submissions

6 Source: U.S. EPA 2017 National Emission Inventory Modeling Platform v1. Fine particles (PMzs), which are 2.5 micrometers
in diameter or smaller, are produced from all types of combustion, including motor vehicles, power plants, residential wood
burning, wildfires, agricultural burning, and some industrial processes. Black carbon is a component of PMzs.
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3 Methane emissions

Under the Arctic Council Framework, countries are asked to submit summaries of methane emissions
reported under the UNFCCC. The United States” most recent inventory submission to the UNFCCC is the
2020 Inventory of U.S. Emissions and Sinks: 1990-2018.” In 2018, methane was responsible for about 10
percent of U.S. greenhouse gas emissions (not including LULUCF emissions). Between 1990 and 2018,
total domestic methane emissions decreased by 18 percent (7 percent between 2005 and 2018), due
largely to measurable reductions from landfills, natural gas systems, and coal mining. Since 2013,
methane emissions decreased by 1.2%. Figure 2 shows U.S. methane emissions by sector for 1990 to
2018. For methane, the key emissions sectors include agriculture, oil and natural gas, landfills, and coal
mines. Inventories for these sectors continue to be reviewed and improved. In addition, voluntary and
regulatory measures are in place that will lead to further reductions in emissions from several of these
sectors. Detailed emission information can be found in the appendix to this report. Other key trends
include:

e Methane emissions from oil and natural gas systems decreased by 22 percent since 1990, primarily
due to decreasing emissions from the distribution and transmission and storage segments.

o Methane emissions from coal mining decreased 43 percent from 1990-2018 due primarily to a
decrease in coal production.

e Methane emissions from vehicles show a reduction by nearly 400 kt/year since 1990, primarily from
improved vehicle efficiency. This accounts for nearly 10% of total U.S. methane emissions reduction.

e Methane emissions from landfills showed a 38 percent decrease from 1990 to 2018. This decline can
be attributed to a reduction in the amount of decomposable materials placed in municipal solid waste
landfills and an increase in the amount of landfill gas (a large proportion of which is methane)
collected and combusted.

e Methane emissions from manure management and enteric fermentation increased by 66 percent and 8
percent, respectively from 1990 to 2018, due to increasing use of liquid systems for manure
management and increases in livestock population.
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Figure 2. U.S. methane emissions by sector from 1990 through 2018.

7 Data are published online at: https://unfccc.int/process-and-meetings/transparency-and-reporting/reporting-and-review-under-
the-convention/greenhouse-gas-inventories-annex-i-parties/national-inventory-submissions-2019



4 Black carbon: Sector-based plans and projects

4.1 Introduction

Black carbon is not the direct target of existing regulatory programs in the United States, but it has been
reduced through controls aimed at reducing ambient PM2s concentrations or direct particle emissions.
Analysis of relevant regulatory programs suggests that available control technologies and approaches are
projected to continue to reduce black carbon emissions from many key source categories at reasonable
cost. In addition to the climate benefits of reducing black carbon, particularly in northern parts of the
United States, these reductions will result in substantial health benefits through reductions in PM_s.

4.2  Transport/Mobile

A number of PM_ s control strategies have proven successful in reducing black carbon emissions from
mobile sources. The two principal strategies include: (1) emissions standards for new vehicles and
engines, with emissions reductions occurring as the vehicle and engine fleet turns over through cleaner
replacements, and (2) controls or strategies that reduce emissions from existing in-use engines, such as
diesel retrofits. It is important to note that these strategies are complementary and can be employed
simultaneously. The main technology for reducing black carbon emissions from diesel engines is the
catalyzed diesel particulate filter (DPF). Because DPFs are made inoperable by fuels with high sulfur
content, mitigation of mobile source black carbon emissions depends on the availability and widespread
use of low-sulfur fuels. In the United States, regulations require the use of ultra-low sulfur diesel (ULSD)
fuel (15 ppm sulfur) in diesel engines. For more detailed information on topics presented in this section,
please refer to Chapter 8 and Appendices 4-6 of the Report to Congress on Black Carbon® (U.S. EPA,
March 2012).

New Engine Standards

In the United States, stringent PM emissions standards for new mobile source engines were phased in
across different sectors between 2007 and 2020. The estimated costs and benefits for many of these
regulations are shown in Table 1. In most cases, the most stringent standards result in the use of DPFs on
new engines.

The main source of diesel PM has traditionally been heavy-duty on-highway diesel trucks with gross
vehicle weights from 8,501 to 80,000 Ibs. The first standards controlling diesel PM for onroad engines
were standards for visible smoke effective with the 1970 model year followed by increasingly stringent
PM mass standards starting with the 1988 model year. For the 2007 model year, stringent emission
standards of 0.01 g/BHP-hr® became effective for heavy-duty on-highway diesel engines, which
represents over 99% control from a pre-control diesel engine since 1970. To meet these PM standards,
virtually all new on-highway diesel trucks in the United States, beginning with the 2007 model year, have
been equipped with DPFs. These standards are resulting in dramatic reductions in PM and black carbon
from the vehicle sector.

The U.S. EPA’s first PM emission standards for nonroad diesel engines'® began in 1996 and the Tier 4
nonroad standards developed in 2004 are now completely phased in. The U.S. EPA has also implemented
emission standards for newly manufactured locomotive engines built in 2015 and later where roughly 90
percent of PM emissions are reduced. In addition, national emission standards require that older

8 https://www3.epa.gov/airquality/blackcarbon/2012report/fullreport.pdf

9 Grams per brake horsepower/hour — a standard unit for emissions from heavy-duty mobile source engines.

10" The emission standards for nonroad diesel engines referenced here apply to diesel engines used in most construction,
agricultural, industrial and airport equipment.

1 Regulations for Emissions from Locomotives. https://www.epa.gov/requlations-emissions-vehicles-and-engines/regulations-
emissions-locomotives
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locomotives that are remanufactured must be certified to more stringent emission standards than their
prior certification level.

Marine diesel engines with per cylinder displacement less than 30 liters are subject to PM emissions
standards. Engines above 600 kW are subject to the most stringent tier of PM controls that may require
advance emission control technology, beginning with engines built in 2014. There is also a marine
remanufacture program for marine diesel engines at or above 600 kW that requires the use of a certified
remanufacture system when the engine is remanufactured (replacement of cylinder liners either all at once
or within a 5 year period), if such a system is available. Remanufacture systems achieve at least a 25%
reduction in PM emissions. U.S. EPA has certified marine remanufacture systems for several engine
models. There are no national PM standards for very large engines used on ocean-going vessels, although
manufacturers are required to measure and report PM emissions for engines certified by EPA.

For U.S. passenger cars and light-duty trucks, national PM emissions standards of 0.01 g/mile (known as
Tier 2 standards) took effect during 2004-2006. National PM emission standards of 0.003 g/mile (known
as Tier 3 standards) are phasing in for U.S. passenger cars (and light-duty trucks) during the 2017-2025
timeframe. These standards apply to both gasoline and diesel light-duty vehicles, although there are
relatively few diesel passenger cars in the United States.

Table 1. 2030 Annual Benefits and Costs for Six Major Mobile Source Rules (2014$)*?

Heavy Duty Diesel 2007 $6.1 $94 15
Nonroad Diesel Tier 4 $2.9 $110 40
Locomotive/ Marine $0.8 $13 16
Light Duty Tier 2 $7.8 $37 4.7
Light Duty Tier 3 $1.6 $9.7 6.1
Total $23 $400 17

Mitigation Approaches for In-use Mobile Sources

The Diesel Emissions Reduction Act (DERA) Program and the SmartWay Transport Partnership Program
are the U.S. EPA’s two primary voluntary programs responsible for reducing emissions from in-use diesel
vehicles and equipment. These programs support the testing and deployment of numerous technologies
and strategies to reduce emissions, including black carbon, from in-use diesel engines and can provide
immediate reductions.

Despite the implementation of the emissions standards outlined in the previous section, nearly 10 million
older diesel engines (also referred to as legacy engines) — ones manufactured before the recent standards
took effect — remain in use. The DERA Program addresses these legacy engines chiefly through grants to
eligible entities such as regional, state, local or tribal agencies/consortia, port authorities, or nonprofit
organizations. The U.S. EPA began awarding such grants in 2008 under the Diesel Emissions Reduction
Act (DERA), a grant program created by Congress as part of the Energy Policy Act of 2005 to reduce
diesel emissions from these older engines. DERA projects provide immediate black carbon reductions by
reducing PM emissions from the legacy fleet of diesel engines. U.S. EPA has awarded over 800 grants

12 Note: Numbers drawn from respective Regulatory Impact Analyses. Values have been adjusted from the year in which they
were presented to common year 2014 dollars. Values rounded to two digits; totals may not sum due to rounding.



through 2018, and these grants have retrofitted, repowered (replaced the engine), upgraded or replaced
more than 70,000 vehicles or pieces of equipment. Through the DERA Rebate Program over 500 rebates
have been awarded for the replacement or retrofit of 1,700 vehicles.

The U.S. EPA estimates that total lifetime emission reductions achieved through DERA funding through
2016 include 15,490 metric tons of PM*. These reductions are estimated to provide up to $19 billion in
monetized health benefits nationally. Local diesel emissions reductions in Alaska and other northern
states can also provide the benefit of reducing the black carbon contribution to Arctic warming. In
addition, DERA projects are estimated to reduce approximately 5 million metric tons of CO; during the
lifetime of the affected engines, resulting in substantial climate benefits and saving more than 454 million
gallons of fuel due to idle reduction and more fuel-efficient technologies.

In 2004, the U.S. EPA launched its SmartWay Transport Partnership. SmartWay is an innovative,
voluntary partnership between the U.S. EPA and private industry to reduce fuel use and emissions from
goods transport. SmartWay promotes fuel-saving and emission control technologies; some
technologies—such as idle reduction or newer truck replacements—do both. Because most cargo-
hauling large trucks, locomotives, barges, and other freight vehicles use diesel fuel, and these vehicles
remain in the legacy fleet for decades, reducing fuel use and emissions from goods movement and the
legacy fleet can have a major impact on diesel emissions, including emissions of black carbon.

More than 3,700 companies, both large and small, participate in SmartWay. Through 2020, these
SmartWay partners have saved $41.8 billion dollars by cutting their fuel use by 312 million barrels of oil.
This has in turn led to reductions of 2.6 million short tons of NOy, and 109,000 short tons of PM. In
addition, SmartWay partners saved 133.4 million metric tons of CO; since 2004. SmartWay also gives
partners an option to assess the amount of black carbon they emit using the results for particulate
emissions. Improving supply chain efficiency also helps these companies grow the economy, protect and
generate jobs, cut imports of foreign oil, contribute to U.S. energy security, and be good environmental
stewards.

Considerations Impacting Effectiveness of Regulations

Ultra-low sulfur diesel fuel

In issuing diesel PM regulations for onroad heavy-duty vehicles, nonroad diesels, and commercial marine
(categories 1 and 2) engines and/or locomotives, the U.S. EPA determined that the required emission
standards could only be met through a combination of use of ULSD fuel. ULSD is an important
prerequisite for the application of DPFs in order to preserve catalytic activity of the emission control
system, which is poisoned by sulfur.

“Legacy” fleets

In addition, the transportation-related emission reductions realized as a result of a regulation depend on
the rate of fleet turnover—i.e. the rate at which older vehicles and engines are replaced with new vehicles
that comply with the latest emissions standards. The rate of fleet turnover depends heavily on the type of
vehicle or engine, with onroad engines such as passenger cars and light-duty trucks being replaced more
frequently than some other types of mobile sources, such as nonroad equipment. Efforts to address older
vehicles and engines through voluntary programs and grants or loans to operators to upgrade diesel
engines and controls can have significant positive impacts on overall diesel and related black carbon
emissions.

13 DERA Fourth Report to Congress: Highlights of the Diesel Emissions Reduction Program.
https://www.epa.gov/sites/production/files/2019-07/documents/420r19005.pdf
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4.3 Residential/Domestic

Residential Wood Heaters New Source Performance Standards

The U.S. EPA develops New Source Performance Standards intended to make new residential wood
heaters significantly cleaner. In May 2020, the U.S. EPA finalized standards to limit the amount of
particulate matter (PM) that new wood heaters manufactured and sold in the future can emit. These
standards reflect significantly improved technology to make a range of models cleaner burning and
generally more efficient. The standards ensure that new wood heaters manufactured after the rule took
effect will include only cleaner burning models. The requirements will be phased in over time, giving
manufacturers time to adapt their product lines to develop the best next-generation models to meet these
new standards.

Lower emissions of PMs from new wood heater models will improve air quality and providing
significant public health benefits. In addition, reductions in black carbon from residential sources may
have positive climate benefits, particularly in northern states (including Alaska) where residential sources
make up a greater proportion of black carbon emissions than in the country as a whole. In addition,
consumers purchasing new models will typically benefit from efficiency improvements, which means that
they will use less wood to heat their homes.

U.S. EPA Burn Wise Program

In addition to its regulatory program, the U.S. EPA has conducted extensive education and outreach
related to residential biomass burning. The U.S. EPA’s Burn Wise'* website includes information that
emphasizes the importance of burning the right wood, the right way, in the right wood-burning appliance
to achieve health, safety and air quality goals. One of the biggest opportunities to reduce wood smoke
emissions, including black carbon, lies in the hands of those who burn wood, regardless of the type of
appliance they own. The way wood stoves are operated and what is burned are as important as the type of
stove used. State, local, and tribal governments, and the public have reported to U.S. EPA that even
people who own a U.S.EPA-certified wood stove are often times burning “green” unseasoned wood,
trash, and/or improperly operating their appliance, resulting in high wood smoke emissions. The
information available on the Burn Wise website can help stove users better understand actions they can
take to reduce emissions.!®

4.4 Open biomass burning

A prescribed fire is a fire intentionally ignited in accordance with applicable laws, policies, and
regulations to meet specific objectives. The use of prescribed fire on wildlands can influence the
occurrence, severity, behavior, and effects of catastrophic wildfires, and may help mitigate the
contribution of wildfires to ambient air pollution levels (particularly ozone and PM). Prescribed burning
is a key management practice for reducing risk of uncontrolled wildfire, thus helping limit overall fire-
related emissions of black carbon.

The climate impact of wildland fires in the continental U.S. — both wildfires and prescribed burns — can
vary substantially depending on timing and location. The ability of black carbon from fires from the
continental US to be transported to the Arctic exists throughout the year, but with strong gradients by
region (i.e., much lower west of the Rocky Mountains) and season (i.e., more than twice as high in winter
versus summer when less burning occurs).’*  While there is potential for transport between the
continental U.S. and the Arctic during the spring season, when deposition of black carbon on Arctic snow

14 http://www.epa.gov/burnwise/
15 Additional strategies for reducing wood smoke see can be found at www.epa.gov/burnwise/strategies.html|
16 http://www.firescience.gov/projects/10-5-02-1/project/10-S-02-1 final report.pdf.
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has the greatest ability to affect the Arctic radiative balance, the potential for transport changes
throughout the season and location of the burning as different weather patterns move across the country.
The Pacific Northwest Research Station’s AirFire Team maintains a daily series pf operational smoke
impact model runs showing potential air mass transport potential to the Arctic.t’

4.4.1 Federal plans and projects

Fuels management

The United States Department of Agriculture (USDA) Forest Service’s fuels management program goal is
to reduce the risks of wildland fire to people, communities, and natural resources while restoring forest
and rangeland ecosystems to closely match their historical structure, function, diversity, and dynamics.
Fuels treatments accomplish these goals by removing or modifying wildland vegetation to reduce the
potential for severe wildfires, increase controllability of wildfires, lessen the post-fire damage, and limit
the spread or proliferation of invasive species and diseases. These efforts to treat fuels also reduce the
fuels available: (1) during a wildfire in turn decreasing emissions and (2) when driven by a wildfire. As
compared to prescribed fires, wildfires disperse emissions high into the atmosphere where lengthy
residence time and long-range transport, including potentially to Arctic regions, can occur. Treatments are
accomplished using prescribed fire (intentionally setting fires to destroy excessive brush, shrubs, and trees
under controlled conditions), mechanical thinning, herbicides, grazing, or combinations of these and other
methods. Treatments are increasingly focused on the expanding wildland/urban interface areas. Fuels
management improves the health and resilience of forests and rangelands, contributes to community
adaptation to fire, and improves the ability to safely and appropriately respond to wildfire. In 2018, the
agency treated more than 3.4 million acres to reduce wildfire risk. More recently 2.9 million acres and
2.6 million acres were treated to reduce wildfire risk in 2019 and 2020, respectively.

Wildfire management

In 2015, the USDA and Department of Interior finalized the National Cohesive Wildland Fire
Management Strategy which recognizes and responds to the challenge of wildfire in the United

States. Three key goals are to support healthier, resilient ecosystems that provide many benefits to
society, including clean water, scenic and recreational values, wood products, and biodiversity; to be
committed to safer, more fire-resilient communities; and to respond safely and effectively to wildfire. All
of the strategies will help the United States to move effectively to reduce wildfire emissions. Since
completion in 2015 of the Strategy, three Regional Strategy Committees have been formed to coordinate
projects and efforts to meet the goals. Increasing the use of fuels treatments including use of prescribed
fire is a specific effort of all three Committees. Progress and successes are shared every two years in a
National Cohesive Strategy Workshop.

The USDA Natural Resources Conservation Service (NRCS) provides direct technical and financial
assistance for prescribed burning on nearly one-half million acres of private land each year. This
assistance has a multiplying effect by leading to millions of additional acres of prescribed burning on
private land annually. Other NRCS forest and range-related practices such as forest stand improvement
also can significantly reduce wildfire potential and severity, thereby greatly reducing black carbon
emissions.

Smoke management

The Interagency Wildland Fire Air Quality Response Program?®, led by the U.S. Forest Service (USFS),
provides active smoke projections for wildfires and a cache of emergency deployable smoke monitors for
fine particulate. These smoke model products and monitor data are assessed by specially trained on

17 https://tools.airfire.org/websky/v1#status
18 This program was recognized by the S.47 John D. Dingell, Jr Conservation, Management, and Recreation Act as passed by
Congress and signed by the President in March 2019.
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wildfire incident Air Resource Advisors to provide smoke outlooks for areas that are impacted by
smoke®®. The forecasted smoke impacts help reduce exposure of the public and at-risk groups. The Act
also required that USFS and other agencies develop a system for predicting where wildfires are likely to
start to facilitate adequate preparation and resources are available to address the level of wildfire risk. The
summer of 2019 also saw the release of Wildfire Smoke: A Guide for Public Health Officials?°, a multi-
agency and state-Federal partnership (USFS, EPA, CDC and California Air Resources Board) product
that clearly notes public health effects of wildfire smoke and provides mitigation strategies.

Both USFS and the Natural Resources Conservation Service published the Basic Smoke Management
Practices Tech Note, October 2011, which describes approaches to minimizing emissions and impacts of
prescribed burning in the United States?!. EPA codified the Practices in recent Clean Air Act rules and
guidance which can be found in various locations in the Federal Register. These practices have utility for
open burning of natural ecosystems as well as many agricultural systems where fire is needed and

used. Both agencies and Department of Interior agencies and bureaus have adopted the practices in
policy to help mitigate the air quality effects of needed prescribed fire operations. The USDA Forest
Service leads the National Wildfire Coordinating Group’s Smoke Committee which published Smoke
Management Guide for Prescribed Fire PMS 420-3 in 2020 which reflects the state of the science and
policies around smoke management?2,

4.4.2 Research contributions

Soil and fire

The Forest Service has also been involved in research into the smolder potential of critical surface organic
layers of certain soils.?® When dry and thus available for consumption in a fire, these layers can contribute
significantly to emissions which can cause serious local health effects® as well as transport potential,
including to the Arctic. The work has reinforced the importance of timing prescribed fires in these areas
in order to minimize consumption of these layers and the serious challenge of wildfires which consume
these layers. Research is continuing, including through use of remote sensing tools to assess the sampled
potential of the deep surface fuels found in some areas of the Southeast, Northeast and upper-Midwest.

Smoke management

Wildfires typically consume greater amounts of fuel with little opportunity for smoke management: these
pollutants are lofted higher into the atmosphere where longevity and higher wind speeds provide more
opportunity for long-range transport than for a prescribed fire. To gain a better understanding of the
Arctic impacts from both prescribed fire and catastrophic wildfire in the continental United States, the
Forest Service conducted an assessment of the potential for black carbon and other emissions from these
sources to be transported into the Arctic based on transport patterns in the atmosphere.?® The analysis
concluded that it is possible for black carbon from fires in the contiguous United States to be transported
to the Arctic throughout the year, but with strong gradients based on initial plume height (i.e. higher
lofting provides more opportunity to reach the Arctic), source region (i.e., lower latitudes and areas west
of the Rocky Mountains show fewer opportunities) and season (i.e., summer transport is limited

19 Lahm, P., Larkin, N. (2020). The interagency wildland fire air quality response program. EM Magazine. Air & Waste
Management Association. https://pubs.awma.org/flip/EM-June-2020/lahm.pdf

20 https://www.airnow.gov/wildfire-smoke-guide-publications/

21 http://www.nrcs.usda.gov/Internet/FSE_ DOCUMENTS/stelprdb1046311.pdf

22 https://www.nwcg.gov/publications/420-3

23 Readon J. and Curcio G. M. 2014. Joint Fire Science Program Final Report: Smoldering Combustion Limits of Organic Soils in
the North Carolina.

24 Rappold A.G., and Others 2011. “Peat Bog Wildfire Smoke Exposure in Rural North Carolina is Associated with
Cardiopulmonary Emergency Department Visits Assessed through Syndromic Surveillance.” Environmental Health
Perspectives Oct 1, 2011; 119(20): 1415-1420.

25 http://www.firescience.gov/projects/10-S-02-1/project/10-S-02-1 final report.pdf
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compared with winter). There is transport potential during the spring season, when deposition of black
carbon on Arctic snow has the greatest ability to affect the Arctic radiative balance. For any given
location, however, the ability to transport black carbon to the Arctic varies on a daily or weekly basis as
large-scale weather systems move across country, with particular days showing little ability for emissions
to reach the Arctic.

4.3 Internationally-relevant work

a) Black Carbon Deposition on U.S. Snow Pack

The U.S. Forest Service participated in a Washington State University project?, completed in 2015, on
domestic black carbon deposition on U.S. snowpack excluding the Alaskan Arctic. It was found that non-
wildland fire sources dominated annual total black carbon deposition rates to western US glacial area. The
monthly contributions during summer from wildfires and during fall and winter from prescribed fires can
be significant based on the analysis of data and modelling for 2011.

b) Emissions and Transport from Agricultural Burning and Forest Fires

The U.S. Forest Service’s Rocky Mountain Research Station prepared improved emissions inventories
from wildland fire and conducted full photochemical modeling in conjunction with University of
California Los Angeles.?’?

The U.S. Forest Service’s Pacific Northwest Research Station examined the capability of prevailing
atmospheric patterns to transport black carbon to the Arctic from Eurasia, and created an almanac and
forecast product to indicate good times to burn to mitigate Arctic impacts from black carbon.

Through its long-standing cooperative relationship with the Russian Federal Forestry Agency’s Aerial
Forest Fire Center, the Forest Service has undertaken joint trainings on fire suppression techniques and
improving efforts to protect communities and property from wildfire.

¢) Reduction of Black Carbon in the Russian Arctic

The U.S. Forest Service project focused on reducing black carbon emissions from biomass combustion.
The U.S. Forest Service and USDA’s Agricultural Research Service and Foreign Agriculture Service
worked with Russian partners to quantify black carbon emissions from agricultural burning and forest
fires in Russia, to model transport of black carbon from these sources to the arctic, and to develop tools
and identify feasible mitigation options to reduce black carbon emissions from these sources.

5 Methane

Since the early 1990s, the United States has developed numerous voluntary programs and regulatory
policies to reduce domestic methane emissions from large anthropogenic sources.

51 Oil & Natural Gas

About 27 percent of U.S. methane emissions in 2018 came from the production, processing, transmission,
storage and distribution of oil and natural gas.

26 https://www.firescience.gov/JFSP_advanced search results detail.cfm?jdbid=%24%26Z34V0%20%20%0A

Final report is here: https://www.firescience.gov/projects/11-1-5-13/project/11-1-5-13 final report.pdf

27 Hao, W.M., A. Petkov, B.L. Nordgren, R.P. Silverstein, R. Corley, S.P. Urbanski, N. Evangeliou, Y. Blakanski, and B. Kinder.
“Daily black carbon emissions from fires in Northern Eurasia”, Atmos. Chem. Phys., in preparation

28 Evangeliou, N., Y. Blakanski, W.M. Hao, A. Petkov, B.L. Nordgren, R.P. Silverstein, S. Eckhardt, A. Stohl, and S.P. Urbanski.
“Wildfires in Eurasia affect the budget of black carbon in the Arctic. A 12-year retrospective synopsis (2002-2013)”, Atmos.
Chem. Phys., in preparation.
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2016 New Source Performance Standards

In May of 2016, U.S. EPA finalized three rules that together address methane, VOC, and other air
pollution emissions from new, reconstructed and modified oil and gas sources. In August 2020, U.S. EPA
finalized rules that include amendments that rescind some methane standards and reduce the requirements
for reporting and recordkeeping. In January 2021, the Executive Order on “Protecting Public Health and
the Environment and Restoring Science to Tackle the Climate Crisis” tasks U.S. EPA with reviewing
these amendments and as well as considering proposing new regulations to establish comprehensive
standards of performance and emission guidelines for methane and volatile organic compound emissions
from existing operations in the oil and gas sector, including the exploration and production, transmission,
processing, and storage segments.

Natural Gas STAR and Methane Challenge Programs

The Natural Gas STAR Program is a flexible, voluntary partnership that encourages oil and natural gas
companies—~both domestically and abroad—to adopt cost-effective technologies and practices that
improve operational efficiency and reduce emissions of methane. Working with industry partners, the
program has developed numerous Lessons Learned Studies® for recommended technologies and practices
within the oil and gas sectors that provide technical guidance and outline the economic and environmental
benefits of adoption. These technologies and practices have resulted in cumulative domestic methane
emissions reductions of over 1634 Bcf from 1993 to 2018. These methane emissions reductions have
cross-cutting benefits on domestic energy supply, industrial efficiency, revenue generation, and
greenhouse gas emissions reductions. The 2018 emission reductions alone (over 130 Bcf) achieved
through the program are equivalent to the additional revenue of approximately $392 million in natural gas
sales (assuming an average natural gas price of $3.00 per thousand cubic feet).

U.S. EPA launched an expanded voluntary effort, the Natural Gas STAR Methane Challenge Program, in
2016. The Methane Challenge program provides a framework for partner companies to undertake and be
recognized for ambitious, quantifiable commitments to implement voluntary activities to achieve methane
emission reductions, including from existing methane sources. Partner companies report an extensive data
set on methane emissions and voluntary reductions across their operations annually and U.S. EPA
publishes these data on its website. Methane Challenge partners reported reducing methane emissions by
approximately 1 MMTCO.e¢ in calendar year 2017.

Natural Gas Modernization Initiative
The United States Department of Energy (DOE)’s Natural Gas Modernization Initiative®® includes a series
of efforts designed to help cost-effectively reduce methane emissions from natural gas systems.

To help reduce the cost of detecting natural gas leaks, the U.S. DOE hosts the leading U.S. government
effort to advance methane-sensing technologies through the Advanced Research Projects Agency-Energy
(ARPA-E) MONITOR (Methane Observation Networks with Innovative Technology to Obtain
Reductions) program. This $30 million program*® provides funding for 11 new projects that are each
developing low-cost, highly sensitive systems that detect and measure methane associated with the
production and transportation of oil and natural gas. Additional research efforts supported by U.S. DOE
include two projects to measure and model methane emissions from the Marcellus region in
Pennsylvania, an active area for unconventional natural gas development in the United States.

The Federal Energy Regulatory Commission’s Cost Recovery for Natural Gas Facilities Modernization®!
allows interstate natural gas pipelines to use surcharges to recover costs for capital expenditures to

2 http://energy.gov/epsa/natural-gas-infrastructure-modernization
30 http://arpa-e.energy.gov/?g=news-item/department-energy-announces-22-new-projects-enable-emissions-reductions-and-

improve-energy
31 http://www.ferc.gov/media/news-releases/2015/2015-2/04-16-15-G-1.asp#.Vbk63PIViko
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modernize pipeline system infrastructure, resulting in enhanced system reliability, safety, and methane
emissions reductions.

In conjunction with the National Association of Regulatory Utility Commissioners, the U.S. DOE
supports the Natural Gas Infrastructure Modernization Partnership, which provides technical assistance to
states on model regulatory practices to enhance distribution pipeline reliability and cost-effective methane
control technologies to mitigate methane emissions.

In addition to these activities, U.S. DOE’s midstream natural gas infrastructure research and development
program focuses on enhancing the effectiveness of natural gas and supply and delivery infrastructure.
U.S. DOE is committed to developing advanced, cost effective technologies to enhance pipeline
reliability and security and improve operational efficiencies of pipelines, storage facilities, and
compressor stations, as well as to communicating results to industry and external stakeholders.

Reduced Methane Emissions from Pipelines

The U.S. DOT’s Pipeline and Hazardous Materials Safety Administration is developing a suite of new
regulations to require pipeline operators to extend their programs to detect and repair pipeline defects, and
to increase use of automatic shut-off valves for retail customers primarily to ensure public safety. These
regulations, when promulgated, will also reduce leakage from pipelines and also reduce the frequency and
severity of methane loss and uncontrolled combustion from accidents.

Measurement of Maritime Black Carbon Emissions and Diesel Fuel Alternatives

In 2015, the U.S. Maritime Administration (MARAD) partnered with the International Council on Clean
Transportation to conduct further research on black carbon emissions from marine engines and mitigation
methods to reduce those emissions. The project includes bench and in-situ emissions testing and
determination of black carbon emission factors. MARAD is also actively evaluating the potential of
alternative fuels and technologies for marine propulsion. Among that work has been a study of the total
fuel cycle analysis for liquified natural gas compared to conventional fuels and a study of methane slip
and release from bunkering activities and during ship operations. In addition, MARAD continues to work
with the maritime industry and with other Federal agencies to assess various emissions control
technologies for ships and alternative fuels and technologies such a bio-diesel and fuel cells.

5.2  Solid waste (Landfills)

About 14.1 percent of U.S. methane emissions in 2017 resulted from anaerobic decay in municipal solid
waste (MSW) landfills.

Performance Standards and Emission Guidelines

In 2016, U.S. EPA finalized two rules updating both the U.S. EPA’s 1996 New Source Performance
Standards for new and modified landfills and the 1996 guidelines for existing landfills in order to reduce
emissions of methane-rich landfill gas. In 2017, the agency announced that several issues in these rules
would be reconsidered in consultation with states and stakeholders. In August 2019, EPA issued actions
related to timing and implementation of the 2016 emission guidelines for existing landfills. In January
2021, the Executive Order on “Protecting Public Health and the Environment and Restoring Science to
Tackle the Climate Crisis” tasks EPA with reviewing the August 2019 actions.

Landfill Methane Outreach Program

The U.S. EPA’s Landfill Methane Outreach Program (LMOP) reduces methane emissions at MSW
landfills by supporting the voluntary recovery and use of landfill gas for energy. LMOP focuses its efforts
on smaller landfills that are not required to collect their landfill gas, as well as larger landfills that collect
their gas but flare it rather than use it as an energy source.

As of 2017, there were 607 operational landfill gas energy projects in the United States, of which LMOP
assisted more than 542. In 2017, the program’s efforts reduced methane emissions from landfills and
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avoided CO emissions totaling approximately 42.7 MMT CO.e. Nearly 665 LMOP-assisted landfill gas
energy projects have collectively reduced and avoided over 469 MMT CO.e since the program began in
1994,

5.3  Agriculture (Livestock Manure Management)

The U.S. EPA’s AgSTAR Program (AgSTAR) is a voluntary technical assistance and outreach program
designed to reduce methane emissions from livestock waste management operations by promoting the use
of biogas recovery systems in the livestock and organics sectors. The program also partners with state and
federal government agencies, universities, and non-governmental organizations to encourage policies and
projects that further methane emissions avoidance and mitigation. AgSTAR encourages methane
mitigation activities by providing a variety of tools and resources to aid stakeholders in the
implementation of anaerobic digestion systems, as well as conducting outreach and educational events for
stakeholders.

AgSTAR estimates that biogas recovery systems are technically feasible at over 8,000 large dairy and hog
operations. These farms could potentially generate nearly 16 million megawatt-hours (MWh) of energy
per year and displace about 2,010 megawatts (MWs) of fossil fuel-fired generation.

As of 2019, there are 254 operational anaerobic digester projects in the U.S. which have reduced methane
emissions by 4.59 MMT CO2e over traditional manure management practices. Since 2000, anaerobic
digester projects in the U.S. have collectively reduced and avoided 44.2 MMT CO2e.

54 International programs

The United States provides leadership and technical expertise guiding the work of two international
methane emission reduction efforts: the Global Methane Initiative (GMI) and the Climate & Clean Air
Coalition (CCAC). GMI is an international public-private partnership focused on reducing barriers to the
recovery and use of methane in several key sectors: agriculture (manure management), coal mining, oil &
gas systems, municipal solid waste, and municipal wastewater systems. The CCAC is comprised of more
than 100 state and non-state partners focused on reducing short-lived climate pollutants, including black
carbon, hydrofluorocarbons, and methane, with a methane focus on agriculture, oil & gas and municipal
solid waste. With funding and technical support from the U.S. EPA and the Department of State, GMI
and CCAC provide technical assessments of emission reduction opportunities, information sharing and
capacity building on methane emissions management, and meetings and workshops. These efforts have
resulted in the implementation of more than 1,100 methane mitigation projects from 2005 through 2018
and reduced methane emissions by nearly 370 million tonnes of CO; equivalent (MMTCO2e), including
more than 39 MMTCO2e in 2018. Since 2005, GMI efforts have also identified additional possible
mitigation projects with an estimated cumulative potential to reduce another 504 MMTCO-€.
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6 Annexes

Annex 1: Actions related to the 2019 Summary Report Recommendations
Annex 2: Black carbon emissions tables
Annex 3: Methane emissions table

Annex 1: Actions related to each of the recommendations from the 2019 Summary Report.

This Annex lists recommendations from the Expert Group on Black Carbon and Methane 2019 Summary
Report and U.S. activities are listed in the grey shaded text.

Mobile and stationary diesel-powered sources: The priority area concerning diesel engines has been
expanded to cover stationary diesel engines, as these are important local sources of black carbon
emissions in remote communities in the Arctic. Relevant recommendations to address emissions from
these installations have been developed, including the switch to renewable energy sources.

Table Al: Status of recommended 2019 actions related to the reduction of emissions from diesel engines.

Recommendation 1a: Reduce emissions from new diesel vehicles and engines by adopting and
implementing world-class particulate matter exhaust emission standards and ensuring wide-spread
availability of ultra-low sulphur fuels.

New heavy-duty, on-highway diesel engines have met 0.01 g/BHP-hr PM standards since 2007. Tier 4
standards for non-road diesel equipment/vehicles are completely phased in. The latest locomotive
engine standards may result in diesel particulate filter installation. Also, national emission standards
require that older locomotives that are remanufactured must be certified to more stringent emission
standards than their prior certification level. For U.S. passenger cars and light-duty trucks, the national
PM emission standard of 0.003 g/mile (known as Tier 3 standards) will take effect for between 2017 and
2025.

Recommendation 1b: Reduce emissions from legacy diesel vehicles and engines by adopting targeted
policies and programs.

Efforts to address older vehicles and engines through voluntary programs and grants or loans to
operators to upgrade diesel engines and controls continue have significant positive impacts on overall
diesel and related black carbon emissions.

Recommendation 1c: Reduce black carbon by stimulating the shift to alternative vehicle technologies
and modes of transportation, and through efficiency measures.

Recommendation 1d: Develop, as appropriate, and report on measures and best practices to reduce
particulate matter and black carbon emissions from shipping.

Marine diesel engines with per cylinder displacement less than 30 liters are subject to PM emissions
standards. Engines above 600 kW are subject to the most stringent tier of PM controls that may require
advance emission control technology, beginning with engines built in 2014.

Recommendation 1e: Reduce emissions from stationary diesel engines by adopting targeted policies and
programs, including shift to new technologies and improved efficiency.

Voluntary emissions reduction programs, such as grants and rebates, can be used to upgrade legacy
diesel engines (including stationary engines like generators). U.S. federal emission requirements for
stationary engines are covered by the New Source Performance Standards (NSPS) for stationary spark
ignition and compression ignition internal combustion engines. Most new stationary diesel engines

are required to meet the Tier 1-4 emission standards for mobile non-road engines sources, which results
in PM reductions.

Oil and gas: The oil and gas sector is an important emitter of black carbon, in particular due to flaring.
Methane is emitted in venting and from leaks. The recommendations underscore the actions already being
taken in many parts of the oil and gas sector.
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Table A2: Status of recommended 2019 actions related to the reduction of emissions from the oil and gas
sector.

Recommendation 2a: Adopt and implement oil and gas methane emission reduction strategies.

Recommendation 2b: Encourage the adoption of best practices in reducing routine flaring and in
improving gas capture.

Recommendation 2c: Urge firms to engage in international and domestic voluntary methane and black
carbon emission reduction activities, including the implementation of methane management strategies.

The U.S. promotes voluntary domestic programs to achieve methane reductions, including the Natural
Gas STAR, Methane Challenge, and the Landfill Methane Outreach Program. The U.S. also hosts the
secretariat for the Global Methane Initiative and serves as co-chair for the Global Methane Initiative
Biogas and Coal Subcommittees.

Recommendation 2d: Promote targeted and cost-effective measures at large methane emission sources,
where relevant.

Residential combustion: Residential combustion contributes to local air pollution and adverse health
effects. The recommendations underline the importance of the renewal of technologies and addressing
fuels used to heat residences.

Table A3: Status of recommended 2019 actions related to the reduction of emissions from residential
combustion.

Recommendation 3a: Reduce emissions from new solid fuel combustion appliances by accelerating
deployment of cleaner and more efficient heating sources and by promoting proper operation and
maintenance of appliances, including storage and treatment of fuels.

In 2020, the U.S. developed emission standards for new wood burning appliances that reduce emissions
of PM and black carbon. Also, the Burn Wise program promotes best practices for the use of wood
burning appliances, including storage and treatment of fuels.

Recommendation 3b: Reduce emissions from legacy solid fuel combustion appliances by accelerating
replacement with cleaner and more efficient new heating sources and promoting proper operation and
maintenance of appliances, including storage and treatment of fuels.

Recommendation 3c: Reduce emissions by promoting enhanced energy efficiency in residential
dwellings reducing the need for heating, especially in buildings heated with oil or solid fuels.

Solid waste: Many countries have made substantial progress in reducing emissions from solid waste
treatment. The recommendations note that Arctic conditions may require specific designs for the waste
treatment to deliver desired results.

Table A4: Status of recommended 2019 actions related to the reduction of emissions from solid waste.

Recommendation 4a: Avoid methane emissions by preventing food waste and the landfilling of organic
waste. Improve resource efficiencies as appropriate for Arctic conditions, including new ways of reusing
organic material based on more efficient sorting of waste, composting and biogas production.

Recommendation 4b: Adopt regulations or incentives for landfill gas capture and control.

Recommendation 4c: Promote best practices for waste management in northern and remote
communities.

Agriculture and animal husbandry: Emissions from food production and consumption depend on the
specific conditions of agriculture and animal husbandry. The recommendations identify approaches that
can be part of actions tackling methane emissions and black carbon emissions form the agricultural sector.
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Changing agricultural practices to reduce open burning of agricultural waste is for health reasons a matter
of high priority in countries where this is still common practice.

Table A5: Status of recommended 2019 actions related to the reduction of emissions from agriculture and
animal husbandry.

Recommendation 5a: Promote food consumption patterns that utilize Arctic food chains sustainably and
efficiently, support the preservation of carbon sinks, and minimize life-cycle emissions of methane.

Recommendation 5b: Promote work on possibilities to reduce emissions of enteric methane under Arctic
conditions, in co-operation with relevant organizations.

Recommendation 5c: Develop agricultural policies and practices to reduce open burning of agricultural
waste. Encourage studies and piloting of innovative solutions that reduce the need for open burning.

Management of wildfires: Wildfires cause annually significant losses of natural resources and property
in the Arctic and beyond. The recommendations reflect that management and mitigation of wildfires
demand multiple actions that vary depending on specific regional circumstances such as ecosystem
health, climate and weather patterns, access to wildfire sites, and proximity of people and infrastructure.

Table A6: Status of recommended 2019 actions related to the reduction of emissions from wildfires.

Recommendation 6a: Build and maintain international mutual aid and resource exchange arrangements
amongst Arctic nations that have specialized experience in wildfire management, suppression, and
monitoring.

The United States has bilateral agreements with Canada and several other countries for fire management
support and exchanges. The United States will continue to engage in appropriate Arctic Council
working groups to help develop cooperative cross-border wildland fire agreements

Recommendation 6b: Develop region-specific public education campaigns on wildfire prevention and
safety.

The USFS continues to lead efforts in wildfire prevention and participates in international forums such
as the International Wildland Fire Conference held in Brazil in 2019 to share messages, experience and
tools with the worldwide fire community faced with increasing wildfire risks.

Recommendation 6¢: Develop and implement regionally appropriate forest management practices that
reduce the risk of severe wildfires.

-The USFS and many partner agencies at the federal, state, tribal, and local levels and with private land
owners are working to reduce wildfire risk across the US through fuels management programs, grants
and actions.

- The National Cohesive Wildland Fire Management Strategy and its regional program coordination
efforts continue to build on all facets of the Strategy including increasing use of prescribed fire and
removal of barriers to appropriate forest management practices to reduce wildfire risk.

Recommendation 6d: Use the best available science to develop prediction models that can be used to
examine fire risks at daily to decadal scales, to support drafting of prevention and emergency response
plans

-The John D. Dingell, Jr. Conservation, Management, and Recreation Act (“2019 Dingell Act”) requires
the USFS to establish and maintain a system to predict the locations of future wildfires for fire-prone
areas in the United States. Progress on this task at the USFS Rocky Mountain Research Station is
underway to assist in meeting this objective.

-There are significant health and safety risks posed by wildfire smoke to the public and firefighters
which is acknowledged in the 2019 Dingell Act. The USFS led Interagency Wildland Fire Air Quality
Response Program has worked with EPA to develop and launched in 2020 the Fire and Smoke Map,
https://fire.airnow.gov/ to help address this significant risk of wildfire and communicate effectively with
the public about the risks posed by wildfire smoke.
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Annex 2: Black carbon emission tables

Table 1: U.S. black carbon emissions (metric tons) as calculated in the National Emission Inventory.

Sector 2011 2014 2017
A_PublicPower 16900 8460 5500
B_Industry 25900 13700 12500
C_OtherStationaryComb 26800 21200 23000
D_Fugitive 0 0.085 0.117
E_Solvents 100 52.2 57.0
F_RoadTransport 98500 65000 40600
G_Shipping 13700 11700 9400
H_Auviation 5100 6500 2850
|_Offroad 95200 77900 58600
J_Waste 17000 22200 19400
L_AgriOther 14100 16300 13300
Total 313000 243000 185000

Black carbon emissions are calculated every three years as part of the U.S. EPA’s National Emission
Inventory. For some sectors, the methods or data sources are improved to reflect advancements in the
understanding of emission processes or new techniques for collecting activity data. For data reported as
part of the 2017 emission inventory, there were improvements to the activity patterns for use of
residential wood stoves based on updated survey data, changes to the emission profiles to better reflect
the combustion characteristics of wildfire, agricultural and prescribed burning, and corrections to errors
attributing excess black carbon to solvents and agricultural dust. For many cases, there are not
comparable data available to incorporate these updates to the methods and re-calculate the emissions from
previous years. Accordingly, some of the changes in reported values for these sectors, from 2017 relative
to 2014, reflect a combination of changes in methods and changes in emission activities.

The tables below include emissions for years other than the official National Emission Inventory32. Note
that there is larger uncertainty for these years. For the purposes of calculating progress towards the
collective goal, for years 2012, 2013, 2015, and 2016, the emissions for each sector have been linearly
interpolated. For years after 2017, a projected annual percentage change has been used to estimate future
emissions. The annual percentage change is calculated from projections for the year 2023 and 2028%. For
the years 2017 to 2023, the emissions are adjusted by applying an annual change of -4.3% and for the
years 2023 to 2025 the annual change is -2.5%. It is important to note that wildfire emissions can vary by
large amounts from year to year.

Table 2: sector-level black carbon emissions, metric tons. The years 2011, 2014, and 2017 are calculated from the U.S. EPA’s
National Emission Inventory (NEI). Years that are not part of the NEI (2012, 2013, 2015, and 2016) are estimated using linear
interpolation.

2011 2012 2013 2014 2015 2016 2017
A_PublicPower 16900 14100 11300 8460 7470 6490 5500
B_Industry 25900 21800 17800 13700 13300 12900 12500
C_OtherStationaryComb 26800 24900 23100 21200 21800 22400 23000

32 https://www.epa.gov/air-emissions-inventories/national-emissions-inventory-nei
33 https://www.epa.gov/air-emissions-modeling/2016v1-platform
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D_Fugitive
E_Solvents
F_RoadTransport
G_Shipping
H_Auviation
|_Offroad
J_Waste
L_AgriOther
Total

0

100
98500
13700
5100
95200
17000
14100
313000

0.0283
84.1
87300
13000
5570
89400
18700
14800
290000

0.0567 0.085

68.1 52.2
76200 65000
12400 11700

6030 6500
83700 77900
20500 22200
15600 16300

266000 243000

0.0957
53.8
56900
10900
5280
71500
21300
15300
224000

0.106
55.4
48700
10200
4070
65000
20300
14300
204000

0.117
57
40600
9400
2850
58600
19400
13300
185000

Table 3: total black carbon emissions (thousands of metric tons) and estimation approach

Year Black carbon emissions (kt) Method
2011 313 NEI 2011
2012 290 interpolation
2013 266 interpolation
2014 243 NEI 2014
2015 224 interpolation
2016 204 interpolation
2017 185 NEI 2017
2018 177 projection
2019 169 projection
2020 162 projection
2021 155 projection
2022 148 projection
2023 142 projection
2024 138 projection
2025 135 projection
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Annex 3: Methane emission table

Methane

emissions (kt) 1990 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018
Energy 14449 11680 11832 11379 10978 11148 11023 10772 10158 10292 10156
Industrial

Processes 12 4 3 3 4 4 6 9 11 11 13
Agriculture 8705 9553 9824 9589 9570 9373 9371 9639 9813 9938 10119
LULUCF 176 352 261 271 507 254 382 645 292 610 610
Waste 7811 5945 5635 5279 5321 5173 5160 5120 4988 4971 5089
Other NA NA NA NA NA NA NA NA NA NA NA
Total (without

LULUCF) 30976 27182 27293 26251 25873 25698 25560 25539 24970 25212 25378
Total 31152 27535 27555 26521 26380 25953 25942 26185 25262 25822 25988
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