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About the Institute for Governance &
Sustainable Development (IGSD)

IGSD’s mission is to promote just and
sustainable societies and to protect the
environment by advancing the understanding,
development, and implementation of effective
and accountable systems of governance for
sustainable development.

As part of its work, IGSD is pursuing “fast-
action” climate mitigation strategies that will
result in significant reductions of climate
emissions to limit temperature increase and other
climate impacts in the near-term. The focus is on
strategies to reduce non-CO; climate pollutants,
protect sinks, and enhance urban albedo with
smart surfaces, as a complement to cuts in CO».
It is essential to reduce both non-CO; pollutants
and COg, as neither alone is sufficient to provide
a safe climate.

IGSD’s fast-action strategies include reducing
emissions of the short-lived climate pollutants—
black carbon, methane, tropospheric ozone, and
hydrofluorocarbons (HFCs). Reducing HFCs
starting with the Kigali Amendment to the
Montreal Protocol has the potential to avoid up to
0.5°C of warming by end of century. Parallel
efforts to enhance energy efficiency of air
conditioners and other cooling appliances during
the phase down of HFCs can double the climate
benefits at 2050, and by 2060 avoid the equivalent
of up to 460 billion tonnes of CO,.

About the Center for Human Rights and
Enviornment (CHRE/CEDHA)

Originally founded in 1999 in Argentina, the
Center for Human Rights and Environment
(CHRE or CEDHA by its Spanish accronym)
aims to build a more harmonious relationship
between the environment and people. Its work
centers on promoting greater access to justice
and to guarantee human rights for victims of
environmental degradation, or due to the non-
sustainable management of natural resources,
and to prevent future violations. To this end,
CHRE fosters the creation of public policy that
promotes inclusive socially and environmentally
sustainable development, through community
participation,  public  interest litigation,
strengthening democratic institutions, and the
capacity building of key actors.

CHRE addresses environmental policy and
human rights impacts in the context of climate
change through numerous advocacy programs
including initiatives to promote fast action
climate mitigation policies to contain and
reverse climate change, to reduce the emission
of short-lived climate pollutants such as black
carbon, HFCs and methane, to protect glaciers
and permafrost environments for their value as
natural water storage and basin regulators, due
to their melt impacts on sea level and its
influence on ocean currents and air streams, as
well as for their global albedo value and for the
many other roles glaciers play in sustaining
planetary ecological equilibrium. CHRE also
fosters corporate accountability and human
rights compliance to address the social and
environmental impacts of key climate polluting
industries such as oil and gas (including
hydraulic fracturing), mining, paper pulp mills
and artisanal brick production.
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1. Introduction and summary

This IGSD background note summarizes the science supporting the need for fast near-term climate
mitigation, including cuts to short-lived climate pollutants and protection of sinks, to slow feedbacks and
tipping points. A 10-year fast mitigation sprint is critical for achieving the 2050 net zero target and
otherwise addressing the climate emergency.

Along the way to achieving the 2050 Net Zero target—or better, a Real Zero target—it is critical
to select a pathway that not only reduces CO2 but that also reduces the short-lived climate
pollutants (SLCPs)—black carbon, methane, tropospheric ozone, and HFC refrigerants—as fast
as possible, along with other fast mitigation strategies, including protection of sinks; this is
essential for achieving near-term and long-term climate targets, including the 2050 Net Zero
target. (SLCPs are often referred to as “super pollutants” because of their potency.)

Speed must become a key goal for selecting climate solutions,' in order to provide the most
avoided warming in the shortest period of time over the next decade or two, to slow the self-
reinforcing feedbacks and avoid tipping points,? and to protect the most vulnerable people and
ecosystems.?

The window for effective mitigation to slow feedbacks and avoid tipping points is shrinking to
perhaps 10 years or less,* including the window to prevent crashing through the 1.5 °C guardrail.’

Figure 1: Projected warming
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Source: Xu Y., Ramanathan V., & Victor D. (2018) Global warming will happen faster than we think,
NATURE, Comment, 564:30-32.

o The world could hit the 1.5 °C guardrail by 2030, due to rising emissions, declining
particulate air pollution that unmasks existing warming, and natural climate variability.°

o In the five years between 2020-2024, the annual global temperature is expected to be at
least 1 °C warmer than the 1850—1900 average (range of 0.91-1.59 °C), with a one-in-
four chance that at least one year could be 1.5 °C warmer, even if only temporarily,
according to the World Meteorological Organization.’



e The three strategies that are essential for keeping the planet safe are: (i) reducing COz, (ii)
reducing short-lived super climate pollutants (SLCPs or super climate pollutants), and (iii)
removing up to 1,000 billion tons of CO2 from the atmosphere by 2100, according to the IPCC’s
Special Report on 1.5 °C.3

e Cutting the SLCPs can avoid three times more warming at 2050 than CO:2 cuts,” reducing
projected warming in the Arctic by two-thirds and the rate of global warming by half. !

2. Feedbacks and tipping points are key to the planetary emergency

Evidence from feedbacks and tipping points suggests that we are already in a state of planectary
emergency, where both the risk and urgency of the emergency are acute. Six tipping points are projected
to occur between the current 1 °C of warming and the 1.5 °C of warming expected in the next 10 years,
with another 11 tipping points projected between 1.5 °C and 2 °C.!!

e Self-reinforcing feedbacks, including the loss of Arctic sea ice, are among the most vulnerable
links in the chain of climate protection.!?

Figure 2: Climate tipping points
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3. Shrinking Arctic shield

Over the past several decades the Arctic air temperature has been warming at three times the global
average according to NOAA and NASA,"® and up to four times the global average for the area above
70°N, '* with even greater warming over the Arctic ocean.!> As a result, the extent of Arctic sea ice—a
white shield reflecting incoming solar radiating safely back to space— is shrinking. '



From 1994 to 2017, the Arctic lost 7.6 trillion tons of sea ice, contributing to over a quarter of
global ice loss in that period.!”

o “The rate of [global] ice loss has risen by 57 % since the 1990s — from 0.8 to 1.2 trillion
tonnes per year.... Even though Earth's cryosphere has absorbed only a small fraction of
the global energy imbalance [3.2 + 0.3%] it has lost a staggering 28 trillion tonnes of ice
between 1994 and 2017.... [T]here can be little doubt that the vast majority of Earth's ice
loss is a direct consequence of climate warming.” '3

“The Arctic is rapidly warming and experiencing tremendous changes in sea ice....!

o The 14 Septembers with the least Arctic sea ice extent have all been in the last 14 years;
on September 15, 2020, the Arctic sea ice reached its annual minimum as the second
lowest extent in the satellite record.?’

o Through late October 2020, the Arctic sea ice had not yet begun freezing in the Laptev
Sea, an area known as the “birthplace of ice” for the Arctic Ocean.?!

The Arctic could become nearly ice-free in late summer during the September minimum extent
within a decade or two, further reducing its heat-reflecting ability.?

o Conditions free of sea ice over multiple summer months likely occurred during the last
interglacial period, providing further independent support for predictions of ice-free
conditions in late summer by 2035.%3

o Arctic summer sea ice in the seas surrounding the central Arctic Ocean—the ‘“‘shelf
seas”—will likely vanish during the late summer shortly after mid-century, with the
Barents Sea seeing ice-free conditions in winter before the end of the century.?*
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Figure 3: Monthly sea ice extent anomalies
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Graph” (last accessed 6 October 2020) (“This graph shows monthly ice extent anomalies plotted as a time
series of percent difference between the extent for the month in question and the mean for that month based
on the January 1981 to December 2010 data. The anomaly data points are plotted as plus signs and the trend
line is plotted with a dashed grey line.”).



In the extreme case when all Arctic sea ice is lost for all sunlit months, climate forcing equivalent
to one trillion tons of CO2 would be added to the climate system—on top of the forcing from the
2.4 trillion tons of CO2 added in the 270 years since the Industrial Revolution—, and this would
advance warming by 25 years.?

o This additional warming would be the equivalent of adding 56 ppm of CO22° to the current
COz2 concentration, which reached a seasonal peak of 417 ppm in May 2020.%7

o The added forcing in the Arctic would be 21 W/m?; averaged globally would equal 0.71
W/m? of global forcing,?® compared to the 1.83 W/m? added by anthropogenic emissions
of COz since the Industrial Revolution.?’

If all of the cloud cover over the Arctic dissipates along with the loss of all sea ice, the added
Arctic warming could be three times as much—the equivalent of three trillion tons of COz; in
contrast, if clouds increase to create completely overcast skies over the Arctic, the warming
would still add the equivalent of 500 billion tons of COz2 to the atmosphere.>°

Further jeopardizing the future of summer sea ice is the loss of the strong, very old (>4 years old)
multi-year Arctic sea ice, which comprised only 4.4% of the Arctic Ocean in March 2020; young,
first-year ice—which is thinner, more fragile, and more susceptible to decline—now comprises
most of the ice pack.!

o Less sea ice in the Arctic Ocean allows ocean waves to grow larger, allowing for an
acceleration of ice breakup and retreat.3? Arctic warming also leads to a greater number
of cyclones and to more intense cyclones,** which contribute to Arctic sea ice decline.?*

o Declining Arctic sea ice has created an environment where more of the warmer Atlantic
Ocean water enters the Arctic Ocean, which can further reduce sea ice thickness.?’

Figure 4: Late Winter Sea Ice in Arctic
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(upper left) and 11-17 March 2020 (upper right). Bottom: Sea ice age percentage within the Arctic Ocean for the
week of 11-18 March 1985-2020. Data are from NSIDC (Tschudi et al. 2019, 2020).”).




4. Permafrost emissions of COz2, CH4, and N20

The accelerated Arctic warming risks triggering another self-reinforcing feedback—permafrost thaw36—
which would further amplify warming by releasing CO» and methane (CHa4),37 as well as nitrous oxide
(N20), which also destroys stratospheric ozone.3®

e Of'the approximately 15 million square kilometers of permafrost,3® 3.4 million square kilometers
have already thawed; and with warming of 1.5 °C approaching, another 4.8 million square
kilometers could thaw.%°

o Abrupt thaw “will probably occur in <20% of the permafrost zone but could affect half
of permafrost carbon,” and “models considering only gradual permafrost thaw are
substantially underestimating carbon emissions.”*!

o The amount of carbon stored in permafrost is nearly twice what is already in the
atmosphere—1,700 Gt carbon in permafrost versus 850 Gt carbon in the atmosphere.*?

Figure 4: Changes in permafiost
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Source: Chadburn S. E., Burke E. J., Cox P. M., Friedlingstein P., Hugelius G., & Westermann S. (2017)
An observation-based constraint on permafiost loss as a function of global warming, NAT. CLIM. CHANGE
7(5):340-344 (“Figure 4 | Changes in spatial patterns of permafrost under future stabilization scenarios.
a,b, The shaded areas show estimated historical permafrost distribution (1960—1990), and contours show
the plausible range of zonal boundaries under 1.5 C stabilization (a) and under 2 C stabilization (b).”).

o Reduced Arctic snow cover leads to increased risk of black carbon-emitting wildfires*3,

and drier surfaces combined with fires and thawing can increase carbon emissions
40%.44



5. Methane from Arctic Shelf

There also is a risk—though probably unlikely—that methane will be emitted from the shallow seabed
of the East Siberian Arctic Shelf as the Arctic ocean warms,* which would speed up other global
warming impacts.*®

Measurements in October 2020 by an international expedition on board a Russian research vessel
are showing elevated methane release from the Arctic Shelf, according to a story by Jonathan
Watts in The Guardian, 'Sleeping giant' Arctic methane deposits starting to release, scientists
find (27 October 2020). The story quotes Swedish scientist Orjan Gustafsson of Stockholm
University, stating that the “East Siberian slope methane hydrate system has been perturbed and
the process will be ongoing.”

According to an earlier isotopic analysis of methane from an Antarctic ice core record, up to 27%
of methane emissions during the last deglaciation may have come from old carbon reservoirs of
permafrost and hydrates; while this “serves only as a partial analog to current anthropogenic
warming,” the authors stated that it is “unlikely” that today’s anthropogenic warming will release
the carbon in these old reservoirs.*’

6. Increasing melt rate of Greenland Ice Sheet

Other tipping points and feedbacks exist between 1.5 °C and 2 °C,*® as confirmed by two of the most

recent IPCC Special Reports from October 20184 and September 2019.3°

Currently, the best estimate of the threshold for irreversible melting of the Greenland Ice Sheet
is 1.6 °C; and while it may take several millennia to see the full extent of the sea-level rise—
which would contribute 57 meters if all of Greenland melted—the “timescale of melt depends
strongly on the magnitude and duration of the temperature overshoot.”>!

o Inthe past two decades, the melt rate across Greenland increased 250-575%>3% and the ice
discharge from the Greenland Ice Sheet substantially increased; this will likely persist in
the coming years.>

The “evidence from tipping points alone suggests that we are in a state of planetary emergency:
both the risk and urgency of the situation are acute....”>*

7. Persistence of ocean warming

Compounding the risk from self-reinforcing feedbacks and tipping points, warming will continue well
after emissions stop; about 93% of the energy imbalance accumulates in the oceans as increased heat,>
and this will return to the atmosphere on a timescale of decades to centuries after emissions stop.>¢

8. Limited role of CO: mitigation for near-term cooling

Cutting CO2 emissions by shifting from fossil fuels to clean energy is essential to do as fast as possible,
but doing so will reduce co-emitted cooling aerosols along with CO2, offsetting climate benefits and
even producing initial warming over the first decade or more.>’

These reflective particles are emitted during combustion of fossil fuels and currently “mask”
warming of about 0.51 °C; and while the accumulated COz2 in the atmosphere will continue to
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cause warming for decades to centuries, the cooling aerosols will fall out of the atmosphere
within days to months un-masking more of the existing warming.>?

e Fast cuts to CO2 could avoid 0.1 °C of warming by 2050 and up to 1.6 °C by 2100,% not
accounting for warming due to the unmasking.®’

o This would require CO2 emissions to peak in 2030 and decline by 5.5% per year until
carbon neutrality is reached around 20602070, after which emissions level off.%!

o If CO2 emissions were to peak in 2020 (this year) and decline at 5.5% per year until
carbon neutrality is reached around mid-century then level off, this extreme scenario
could avoid 0.3 °C of warming by 2050 and up to 1.9 °C by 2100, although unmasking of
the cooling aerosol would still lead to net warming in the near term.%?

o A separate study found near-term warming within the next two decades of 0.02-0.1 °C
due to cuts to fossil fuel CO2 emissions and associated reductions in cooling aerosols.®

Figure 5: Climate temperature response to reductions in emissions
of CO2, SLCPs, or both
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9. Maximum role for mitigating short-lived super climate pollutants

Aggressive mitigation of short-lived climate pollutants (SLCPs)—methane, tropospheric ozone, black
carbon, and hydrofluorocarbons (HFCs)—is critical for near-term and long-term climate protection.
These SLCPs also are known as “super climate pollutants.”

e (Cutting SLCPs is the only plausible way to limit warming due to unmasking of cooling aerosols
over the next 20 years:

o “In fact, given that the net effect of the fossil-fuel phase-out on temperature is minimal
during the first 20 years (Fig. 3), reducing those other [non-fossil] emissions is the only
plausible way in which to decrease warming during that period.”%*

e In contrast to the limited amount of warming reduced at 2050 by cutting COz, fast cuts to SLCPs
could avoid up to 0.6 °C of warming by 2050, and up to 1.2 °C by 2100,% which would reduce
projected warming in the Arctic by two-thirds and the rate of global warming by half.5

o The IPCC’s Special Report on Global Warming of 1.5 °C concludes that cutting SLCPs
is essential for staying below 1.5 °C.%7
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Similarly, the warning of the climate emergency issued in November 2019 from 11,000

scientists also emphasizes the importance of cutting SLCPs:
“We need to promptly reduce the emissions of short-lived climate pollutants,
including methane (figure 2b), black carbon (soot), and hydrofluorocarbons
(HFCs). Doing this could slow climate feedback loops and potentially reduce the
short-term warming trend by more than 50% over the next few decades while saving
millions of lives and increasing crop yields due to reduced air pollution (Shindell
etal. 2017%). The 2016 Kigali amendment to phase down HFCs is welcomed. ®°

HFCs are now being phased down under the Montreal Protocol’s Kigali Amendment, with the
potential to avoid up to 0.5 °C of warming by 2100.7°

o

O

The initial phasedown schedule of the Kigali Amendment avoids about 90% of the
potential, or up to 0.44 °C.

More mitigation is available from a faster phasedown schedule, from collecting and
destroying HFCs at end of product life, recycling and destroying HFC “banks” embedded
in products and equipment, early replacement of older inefficient cooling equipment
using HFC refrigerants, and reducing refrigerant leaks through better design,
manufacturing, and servicing.”!

The Kigali Amendment also requires Parties to destroy HFC-23, a by-product of the
production of HCFC-22, to the extent practicable, and this will provide additional
mitigation not included in the 0.5 °C calculation.”?

Improving energy efficiency of cooling equipment during the HFC phasedown can more
than double the climate benefits in CO2ze by reducing emissions from the power plants
that provide the electricity to run the equipment.’?

Black carbon and tropospheric ozone are local air pollutants and typically addressed under
national or regional air pollution laws, as well as through the voluntary programs of the Climate
and Clean Air Coalition to Reduce Short-Lived Climate Pollutants (CCAC).”

o

o

Cutting black carbon and tropospheric ozone can save up to 2.4 million lives every year,
and increase annual crop production by more than 50 million tons, worth US $4-33 billion
a year, as calculated in 2011.7°

California has cut black carbon emissions by 90% under its air pollution laws and
provides a model for other jurisdictions.”®

The Arctic is nearly five times more sensitive to black carbon emitted in the Arctic region than
from similar emissions in the mid-latitudes.”” In the Arctic, black carbon not only warms the
atmosphere but also facilitates additional warming by darkening the snow and ice and reducing
albedo, or reflectivity, allowing the darker surface to absorb extra solar radiation and cause
further melting.”®

O

O

Heavy-Fuel Oil (HFO) used in shipping is a significant source of black carbon, and the
International Maritime Organization (IMO) has drafted a proposal to ban it in the Arctic
beginning in July 2024 for some ships, with waivers and exemptions for others until July
2029.7 (HFO has been banned in the Antarctic since 2011.3%)

If the HFO ban had been in effect in the Arctic in 2019, as currently drafted, it would
have banned only 16% of HFO used in the Arctic, and reduced only 5% of the black
carbon.’!

However, if the Arctic ban were imposed without the waivers or exemptions, black
carbon emissions could have been reduced by 30%.%?

Is is possible to reduce 70% of global black carbon emissions by 2030%3, including by
implementing the following measures:
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o

Reducing on-road and off-road diesel emissions by mandating diesel particulate filters
while eliminating diesel and other high-emitting vehicles and shifting to clean forms of
transportation.4

Eliminating flaring, while shifting to clean energy.®’

Switching to clean cooking and heating methods.%¢

Banning heavy fuel oil in the Arctic and establishing black carbon emission standards for
vessels by amending Annex VI of the International Convention for the Prevention of
Pollution from Ships (MARPOL).%’

Eusuring fast ratification of the Gothenburg Protocol and the 2012 amendment that
includes controls for black carbon.?®

Methane is increasingly being addressed under local and national laws, as well as under voluntary
programs. At a global level, reducing methane emissions associated with human activity by 50%
over the next 30 years could mitigate global temperature change by 0.18 °C by 2050.%° From
2040-2070, methane mitigation could avoid up to 0.27 °C of warming, according to a
forthcoming methane assessment by the CCAC.

@)
@)

California’s target is to reduce methane emissions by 40% by 2030.%°
The U.S. Climate Alliance aims to reduce methane emissions across all sectors by 40—
50% by 2030,°! which includes reducing emissions from the energy sector by 40-45% by
2025, from the waste sector by 40-50% by 2030,” and from the agricultural sector
where emissions can be reduced 30% from enteric fermentation®* and up to 70% from
manure management by 2030.%
In the North America Climate, Clean Energy, and Environment Partnership signed in
2016, the United States, Canada and Mexico agreed to reduce methane emissions from
the oil and gas sector by 40-45% by 2025 and committed to develop and implement
federal regulations to reduce emissions from existing new sources in the oil and gas sector
as well as to develop and implement national methane reduction strategies for key sectors,
including oil and gas, agriculture, and waste and food management as soon as possible.”®
The current European Union climate target is to reduce all greenhouse gas emissions by
40% compared to 1990 levels by 2030, with a proposal to increase this target to 55%.°7
This will require 35-37% methane emission reductions by 2030 compared to 2005
levels.”® The EU plans to review all relevant environmental and climate legislation
bearing on methane emissions, including the Effort Sharing Regulation which sets out
binding anthropogenic methane reductions for Member States,” and the National
Emissions Reduction Commitments Directive. %
=  According to a report commissioned by the European Union on global trends in
methane emissions,“[r]elative to the year 2010, the most stringent emission
scenarios (i.e. MTFR or a 2° scenario) lead to a COze emission reduction of 2.4
to 3.7 Gt annually in 2030 and 2.9 to 5.1 Gt in 2050...,” and this would close 15—
33% of the emission gap identified in the 2017 UNEP Emissions Gap Report.'°!
The CCAC calculates for the oil and gas sector that “Absolute reduction target of at least
45% reduction in methane emissions by 2025 and 60% to 75% by 2030...are realistic and
achievable targets ....”10?
The Clean Air Task Force states that available technology can reduce oil and gas methane
emissions by 75%; additionally, 50% of all sector methane emissions reduction are
possible at no net cost.'%?

Specific measures to reduce methane emissions include:
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o Strengthening methane mitigation policies by implementing readily available
technologies, laws, and governance structures to their fullest and considering ways to
expand methane mitigation through other available avenues.!%

o Addressing leaks!% and reducing venting'% in the oil and gas sector. The Clean Air Task
Force states that prohibiting venting of natural gas can reduce emission by 95%.'%7

o Eliminating flaring from oil and gas operations, while shifting to clean energy.!%®

o Improving feeding and manure management on farms. In the United States, this could cut
emissions from manure by as much as 70% and emissions from enteric fermentation by
30%.1%

o Upgrading solid waste and wastewater treatment.!''°

o Reducing food waste, diverting organic waste from landfills, and improving landfill
management, which could reduce landfill emissions in the United States by 50% by
2030.M11

e While not an SLCP, long-lived nitrous oxide (N20) is the most significant anthropogenic ozone
depleting greenhouse gas not yet controlled by the Montreal Protocol.!'? Through mandatory
control measures, the Montreal Protocol could spur adoption of technologies to reduce N20O
emissions, which are contributing the equivalent of about 10% of today’s CO2 warming.'!?

o Controlling nitrous oxide (N20) emissions could provide climate mitigation of about 1.67
GtCO2e GWP100 by 2050 with 0.94 GtCOze from agriculture and about 0.6 GtCOze from
industry in 2050.!'* In the industrial sector, abatement technology has been available and
utilized by manufacturers in developed countries since the 1990s.!'5 Moreover, only five
countries produce 86% of industrial N2O: China, the United States, Singapore, Egypt, and
Russia.!!6

o In the agriculture sector, several solutions have been found to be cost-effective in
reducing N20 emissions from agricultural processes: precision farming using variable
rate technology (VRT) and nitrogen inhibitors that suppress the microbial activity that
produces N20. Studies have found that use of VRT can increase yield by 1-10%, while
saving approximately 4%-37% of nitrogen fertilization.!!” Another solution, the SOP
(Save Our Planet)'!® product line, stimulates nitrogen-uptake in crops and inhibits GHG
emissions from manure.'"”

o Other strategies are being proposed for removing methane and other non-CO2 greenhouse
gases from the atmosphere.!?°

10. Importance of protecting forests and other sinks

Halting the destruction of our forests and other carbon sinks so they continue to store vast quantities of
carbon and do not turn into sources of CO: provides critical fast mitigation, while also saving
biodiversity.!?!

e Already, 17% of the Amazon forest has been destroyed, and there is an expected tipping point
when 20 to 40% is lost.!??

e With increased deforestation, including from fires, greater disturbances, and higher temperatures,
there is a point at which the Amazon rainforest would be difficult to reestablish.'?}

Under current warming trends, the global land sink, which now mitigates ~30% of carbon emissions,
could be cut by half as early as 2040, as increasing temperatures reduce photosynthesis and speed up
respiration,'?* calling into question the national pledges under the Paris Accord, which rely heavily on
land uptake of carbon to meet mitigation goals.!?
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Effective ways to protect forests, peatlands, and other sinks include:

e Promoting forest protection and proforestation to allow existing forests to achieve their full
ecological potential. !¢

e Preserving existing peatlands and restoring degraded peatlands.

e Restoring coastal ‘blue carbon’ ecosystems.!?8

127

11. Conclusion

The IPCC’s Special Report on 1.5 °C presents the three essential strategies for keeping the planet
relatively safe: reducing CO2, reducing SLCPs, and removing up to 1,000 billion tons of CO: from the
atmosphere by 2100.'%°

e Cutting SLCPs is the only known strategy that can slow warming and feedbacks in time to avoid
catastrophic and perhaps existential impacts'3® from Hothouse Earth,!3! other than perhaps solar
radiation management, which could cause unknown and potentially unmanageable side effects.
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amount of litter that can act as fire fuel (22).... This analysis shows a generally negative relation between burned area and
P/PET, meaning that more arid regions have stronger fire activity.”); and EPA (2012) Report to Congress on Black Carbon,
EPA-450/R-12-001.
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comes with an average global price tag of $60 trillion in the absence of mitigating action — a figure comparable to the size
of the world economy in 2012 (about $70 trillion). The total cost of Arctic change will be much higher... The methane pulse
will bring forward by 15-35 years the average date at which the global mean temperature rise exceeds 2°C above pre-
industrial levels — to 2035 for the business-as-usual scenario and to 2040 for the low-emissions case (see 'Arctic methane').
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net present value of global climate-change impacts is $82 trillion without the methane release; with the pulse, an extra $37
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methane has half the impact of a 50 Gt pulse. The economic consequences will be distributed around the globe, but the
modelling shows that about 80% of them will occur in the poorer economies of Africa, Asia and South America. ... The full
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systems may accumulate to lead to the exceedance of thresholds for particular systems. The emphasis in this section is on the
identification of regional tipping points and their sensitivity to 1.5°C and 2°C of global warming, whereas tipping points in
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state is possible, though for sufficiently high initial temperature anomalies, total loss of the ice sheet becomes irreversible.
Crossing the threshold alone does not imply rapid melting (for temperatures near the threshold, complete melting takes tens
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represent a commitment to ~6 m of sea-level rise from the Greenland Ice Sheet. The rate of ice sheet mass loss is, however,
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change that could persist for millennia, particularly for levels of warming near the threshold [Applegate et al., 2015].”). If
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are unabated and warming rises to 5 °C, Greenland could contribute 6 cm of sea-level rise by 2050 and 23 cm by 2100. See
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find a higher sensitivity of extreme events to acrosol reductions, per degree of surface warming, in particular over the major
aerosol emission regions. ... “Plain Language Summary. To keep within 1.5 or 2° of global warming, we need massive
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Emissions, 1 (“At a global level, reducing methane emissions associated with human (anthropogenic) activity by 50% over
the next 30 years could reduce global temperature change by 0.18 degrees Celsius by 2050.”)
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Resources Board as the state agency charged with monitoring and regulating sources of emissions of greenhouse gases. The
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emissions level in 1990 to be achieved by 2020. The state board is also required to complete a comprehensive strategy to
reduce emissions of short-lived climate pollutants, as defined, in the state. This bill would require the state board, no later
than January 1, 2018, to approve and begin implementing that comprehensive strategy to reduce emissions of short-lived
climate pollutants to achieve a reduction in methane by 40%, hydrofluorocarbon gases by 40%, and anthropogenic black
carbon by 50% below 2013 levels by 2030, as specified. The bill also would establish specified targets for reducing organic
waste in landfills.”).

%1 United States Climate Alliance (2018) From SLCP Challenge to Action: A roadmap for reducing short-lived climate
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the commitment by the U.S., Canada, and Mexico to implement federal regulations on new and existing sources in the oil
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See Canada, Mexico, & United States of America (2016) Leaders’ Statement on a North American Climate, Clean Energy,
and Environment Partnership, 2 (“Today, Mexico will join Canada and the United States in committing to reduce their
methane emissions from the oil and gas sector — the world’s largest methane source —40% to 45% by 2025, towards achieving
the greenhouse gas targets in our nationally determined contributions. To achieve this goal, the three countries commit to
develop and implement federal regulations to reduce emissions from existing and new sources in the oil and gas sector as
soon as possible. We also commit to develop and implement national methane reduction strategies for key sectors such as oil
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pollutants to meet the goals of the Paris Agreement, 15 (“Significant opportunities for reducing methane emissions from
landfills and capturing value can be seized by reducing food loss and waste, diverting organic waste to beneficial uses, and
improving landfill management. These and other actions collectively could reduce methane emissions from waste by an
estimated 40-50 percent by 2030 (Appendix A). Such efforts could add value in our states by reducing emissions of volatile
organic compounds and toxic air contaminants from landfills, recovering healthy food for human consumption in food
insecure communities, supporting healthy soils and agriculture, generating clean energy and displacing fossil fuel
consumption, and providing economic opportunities across these diverse sectors. Many of these benefits will accrue in low-
income and disadvantaged communities.”).

%% United States Climate Alliance (2018) From SLCP Challenge to Action: A roadmap for reducing short-lived climate
pollutants to meet the goals of the Paris Agreement, 13 (“Actions to improve manure management and to reduce methane
from enteric fermentation have the potential to significantly reduce agricultural methane emissions across U.S. Climate
Alliance states . . . . Promising technologies are also emerging that may cut methane emissions from enteric fermentation by
30 percent or more (Appendix A). Developing strategies that work for farmers and surrounding communities can significantly
reduce methane emissions, increase and diversify farm revenues, and support water quality and other environmental
benefits.”). See also Ross E. G., et al. (2020) Effect of SOP "STAR COW" on Enteric Gaseous Emissions and Dairy Cattle
Performance, SUSTAINABILITY 12(24): 1-12, 1 ( “The aim of this study was to investigate the efficacy of the commercial
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pollutants to meet the goals of the Paris Agreement, 13 (“Actions to improve manure management and to reduce methane
from enteric fermentation have the potential to significantly reduce agricultural methane emissions across U.S. Climate
Alliance states. Improving manure storage and handling, composting manure, utilizing pasture-based systems, or installing
anaerobic digesters significantly reduces methane from manure management on dairy, swine, and other livestock operations.
These practices may reduce methane from manure management by as much as 70 percent in U.S. Climate Alliance states
(Appendix A) and can help improve soil quality and fertility, reduce water use and increase water quality, reduce odors, and
decrease the need for synthetic fertilizers and associated greenhouse gas emissions . . . . Developing strategies that work for
farmers and surrounding communities can significantly reduce methane emissions, increase and diversify farm revenues, and
support water quality and other environmental benefits.”). See also Borgonovo F., et al. (2019) Improving the Sustainability
of Dairy Slurry with a Commercial Additive Treatment, SUSTAINABILITY 11(18):1-14, 8 (claiming that additives treating
liquid manure of dairy cows, made from agricultural gypsum processed with proprietary technology [SOP LAGOON],
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reducing CH4 and COs. “N,0O, CO,, and CH4 emissions, from the treated slurry, were respectively 100%, 22.9% and 21.5%
lower than the control at T4 [Day 4] when the emission peaks were recorded.”).
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Environment Partnership (29 June 2016) (“Today, Mexico will join Canada and the United States in committing to reduce
their methane emissions from the oil and gas sector — the world’s largest industrial methane source — 40% to 45% by 2025,
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and gas sector as soon as possible. We also commit to develop and implement national methane reduction strategies for key
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a Climate Neutral Future for the Benefit of our People, 2 (“The present Communication therefore: 1. Presents an EU-wide,
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Parliament, the Council, the European Economic and Social Committee, and the Committee of the Regions on an EU Strategy
to _Reduce Methane Emissions, 2 (“Nevertheless, the 2030 climate target plan’s impact assessment found methane will
continue to be the EU’s dominant non-CO; greenhouse7. It concluded that stepping up the level of ambition for reductions
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Parliament, the Council, the European Economic and Social Committee, and the Committee of the Regions on an EU Strategy
to Reduce Methane Emissions, 7 (“The Commission will also review the National Emission Reduction Commitments (NEC)
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an emission increase of 1.6 to 3.6 Gt COze in 2030 (3.1 to 8.6 Gt in 2050). The UNEP Emission Gap Report 2017 (UNEP

2017) indicates that, in order to meet the year 2100 2° target, by 2030, additionally to the NDCs 11 to 13.5 GtCO,e emission
reductions have to be achieved. The stringent emission control scenarios in our analysis foresee a reduction of -2 to -4 GtCO.e
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under non-ambitious CH4 mitigation scenarios, the total mitigation effort needed for reducing emissions of other GHGs would
increase by 2 to 4Gt COze.”).

102 Climate & Clean Air Coalition (CCAC), 4 Global Alliance to Significantly Reduce Methane Emissions in the Oil and Gas
Sector by 2030 (last accessed 05 February 2021) (“Absolute reduction target of at least 45% reduction in methane emissions
by 2025 and 60% to 75% by 2030 . . . are realistic and achievable targets, especially in a sector where technology and
financing are largely available, and innovation supports even larger reductions . . . . Reductions across the oil and gas industry
in line with the Global Methane Alliance could reduce global emissions by 6 gigatons CO»e by 2030. According to the UNEP
Emissions Gap Report 2019, this would achieve between 20%-50% of the emissions required to limit climate warming to 2-
degrees.”). See also Nisbet E. G., et al. (2020) Methane Mitigation: Methods to Reduce Emissions, on the Path to the Paris
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103 Clean Air Task Force (CATF), Oil and Gas Mitigation Program (last visited 5 February 2021) (“Compared to other climate
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term Climate Protection and Clean Air Benefits: Actions for Controlling Short-Lived Climate Forcers, x (“About 50 per cent
of both methane and black carbon emission reductions can be achieved through measures that result in net cost savings (as a
global average) over their technical lifetime. The savings occur when initial investments are offset by subsequent cost savings
from, for example, reduced fuel use or utilization of recovered methane. A further third of the total methane emission
reduction could be addressed at relatively moderate costs.”).

104 Jackson R. B., et al. (2020) Increasing anthropogenic methane emissions arise equally from agricultural and fossil fuel
sources, ENV’T RSCH. LETT. 15(071002):1-7, 6 (“Increased emissions from both the agriculture and waste sector and tgg




fossil fuel sector are likely the dominant cause of this global increase (figures 1 and 4), highlighting the need for stronger
mitigation in both areas. Our analysis also highlights emission increases in agriculture, waste, and fossil fuel sectors from
southern and southeastern Asia, including China, as well as increases in the fossil fuel sector in the United States (figure 4).
In contrast, Europe is the only continent in which methane emissions appear to be decreasing. While changes in the sink of
methane from atmospheric or soil uptake remains possible (Turner ef al 2019), atmospheric chemistry and land-surface
models suggest the timescales for sink responses are too slow to explain most of the increased methane in the atmosphere in
recent years. Climate policies overall, where present for methane mitigation, have yet to alter substantially the global
emissions trajectory to date.”).

105 Clean Air Task Force (CATF), Oil and Gas Mitigation Program (last visited 5 February 2021) (“Fortunately, most leaks
are straightforward to repair (and fixing leaks is paid for by the value of the gas that is saved by repairing them). Further,
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dehydrator venting as sources of the “biggest mitigation opportunities.”).

107 Clean Air Task Force (CATF), Oil and Gas Mitigation Program (last visited 5 February 2021) (“Venting is even more
harmful than flaring, since methane warms the climate so powerfully, and VOC and toxic pollutants are released unabated.
Venting of this gas should be prohibited in all cases as an absolutely unnecessary source of harmful air pollution. There are
numerous lowcost (and usually profitable) ways to utilize natural gas from oil wells. Flaring should be a last resort: only in
the most extreme cases should oil producers be allowed to flare gas, and it should be strictly a temporary measure. Rules
prohibiting venting of natural gas can easily reduce emissions by 95 percent.”).

108 Clean Air Task Force (CATF), Oil and Gas Mitigation Program (last visited 5 February 2021) (“Operators often vent and
flare natural gas at oil wells. This waste occurs when oil producers, driven by the rush to sell oil, simply dispose of the gas
from producing oil wells instead of building infrastructure (such as pipelines) to capture gas as soon as production begins.
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seen in sales records for individual wells available from state regulators.) While a substantial portion of this gas is flared
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powerfully, and VOC and toxic pollutants are released unabated. Venting of this gas should be prohibited in all cases as an
absolutely unnecessary source of harmful air pollution. There are numerous lowcost (and usually profitable) ways to utilize
natural gas from oil wells. Flaring should be a last resort: only in the most extreme cases should oil producers be allowed to
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199 United States Climate Alliance, (2018) From SLCP Challenge to Action: A roadmap for reducing short-lived climate
pollutants to meet the goals of the Paris Agreement, 13 (“Actions to improve manure management and to reduce methane
from enteric fermentation have the potential to significantly reduce agricultural methane emissions across U.S. Climate
Alliance states. Improving manure storage and handling, composting manure, utilizing pasture-based systems, or installing
anaerobic digesters significantly reduces methane from manure management on dairy, swine, and other livestock operations.
These practices may reduce methane from manure management by as much as 70 percent in U.S. Climate Alliance states
(Appendix A) and can help improve soil quality and fertility, reduce water use and increase water quality, reduce odors, and
decrease the need for synthetic fertilizers and associated greenhouse gas emissions. Promising technologies are also emergigg




that may cut methane emissions from enteric fermentation by 30 percent or more (Appendix A). Developing strategies that
work for farmers and surrounding communities can significantly reduce methane emissions, increase and diversify farm
revenues, and support water quality and other environmental benefits.”). See also Hoglund-Isaksson L, et al. (2020) Technical
potentials and costs for reducing global anthropogenic methane emissions in the 2050 timeframe—results from the GAINS
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plant and the time farmers spend carefully attending to and maintaining the process (for details see section 3.3.1.3 in Hoglund-
Isaksson et al 2018).””) and Borgonovo F., et al. (2019) Improving the sustainability of dairy slurry with a commercial additive
treatment, SUSTAINABILITY 11(4988): 1-14, 8 (“N,O, CO,, and CH4 emissions, from the treated slurry, were respectively
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"1 United States Climate Alliance (2018) From SLCP Challenge to Action: A roadmap for reducing short-lived climate
pollutants to meet the goals of the Paris Agreement, 15 (“Significant opportunities for reducing methane emissions from
landfills and capturing value can be seized by reducing food loss and waste, diverting organic waste to beneficial uses, and
improving landfill management. These and other actions collectively could reduce methane emissions from waste by an
estimated 40-50 percent by 2030 (Appendix A). Such efforts could add value in our states by reducing emissions of volatile
organic compounds and toxic air contaminants from landfills, recovering healthy food for human consumption in food
insecure communities, supporting healthy soils and agriculture, generating clean energy and displacing fossil fuel
consumption, and providing economic opportunities across these diverse sectors. Many of these benefits will accrue in low-
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to warming from long-lived greenhouse gases such as CO, and N>O.”). Klaus Lackner critiqued the Jackson et al. article in
a published response, arguing that implementing zeolite mechanisms to facilitate CH4 removal is not practical. Lackner noted
CH4 removal faces the challenge of extreme dilution in the atmosphere, so “the amount of air that would need to be moved
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and biodiverse terrestrial ecosystems, with additional benefits to society and the economy. ... The recent /.5 Degree Warming
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