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About the Institute for Governance & Sustainable Development (IGSD) 

 

IGSD’s mission is to build resilience by accelerating fast climate mitigation actions to slow near-term 

warming and self-reinforcing climate feedbacks, avoid catastrophic climate and societal tipping points, and 

limit global temperature to 1.5°C—or at least keep this temperature guardrail in sight.   

 

IGSD’s latest research shows that decarbonization alone is insufficient to slow near-term warming to keep 

us below 1.5°C or even the more dangerous 2°C guardrail, and that the fastest and most effective strategy 

is to combine the marathon to zero out carbon dioxide (CO2) emissions from decarbonizing the energy 

system with the sprint to rapidly cut non-CO2 super climate pollutants and protect carbon sinks. The super 

climate pollutants include four short-lived climate pollutants (SLCPs)—methane (CH4), black carbon soot, 

tropospheric ozone (O3), and hydrofluorocarbons (HFCs)—as well as the longer-lived nitrous oxide (N2O). 

 

Combining the fast mitigation sprint with the decarbonization marathon would help address the ethical 

issues of intra- and inter-generational equity by giving societies urgently needed time to adapt to 

unavoidable changes and build resilience. The latest science suggests that the window for exceeding the 

1.5°C guardrail could close as soon as the early 2030s, making this the decisive decade for fast action to 

slow warming. IGSD’s theory of action is anchored in the urgency of responding rapidly and effectively 

in order to avoid irreversible damage to the climate system with catastrophic consequences for all.  

 

The fastest way to reduce near-term warming in the next decade is to cut SLCPs. Because they only last in 

the atmosphere from days to 15 years, reducing them will prevent 90 percent of their predicted warming 

within a decade. Strategies targeting SLCP reductions can avoid four times more warming at 2050 than 

targeting CO2 alone. Reducing HFCs can avoid nearly 0.1 °C of warming by 2050 and up to 0.5 °C by the 

end of the century. The initial phasedown schedule in the Kigali Amendment to the Montreal Protocol will 

capture about 90 percent of this. Parallel efforts to enhance energy efficiency of air conditioners and other 

cooling appliances during the HFC phasedown can double the climate benefits at 2050. Cutting methane 

emissions can avoid nearly 0.3 °C by the 2040s, with the potential for significant avoided warming from 

emerging technologies to remove atmospheric methane faster than the natural cycle. 

 

Combining the fast mitigation sprint with the decarbonization marathon would reduce the rate of global 

warming by half from 2030 to 2050, slow the rate of warming a decade or two earlier than decarbonization 

alone, and make it possible for the world to keep the 1.5°C guardrail in sight. It would also reduce the rate 

of Arctic warming by two-thirds. This would help slow self-reinforcing climate feedbacks in the Arctic, 

and thus avoid or at least delay the cluster of projected tipping points beyond 1.5°C. Reducing climate risks 

and staying withing the limits to adaptation are critical to building resilience. 

 

IGSD approaches to fast mitigation includes science, law and policy, and climate finance. IGSD works at 

the global, regional, national and subnational levels.  

https://www.pnas.org/doi/10.1073/pnas.2123536119
https://www.science.org/doi/10.1126/science.1210026
https://www.science.org/doi/10.1126/science.1210026
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About the Center for Human Rights and Environment (CHRE/CEDHA) 

 

Originally founded in 1999 in Argentina, the Center for Human Rights and Environment (CHRE or 

CEDHA by its Spanish acronym) 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 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 emissions of short-lived climate pollutants such 

as black carbon, HFCs and methane; and to protect glaciers and permafrost environments for their value 

as natural water storage and basin regulators, to avoid their melt impacts on sea level and subsequent 

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 Background Note summarizes the science supporting the need for fast climate mitigation to 

slow warming in the near term (2022–2041). It focuses on the importance of cutting super climate 

pollutants and protecting carbon sinks to slow self-reinforcing feedbacks and avoid tipping points. 

It also explains why winning a fast mitigation sprint to 2030 is critical for addressing the climate 

emergency and how the sprint complements the marathon to decarbonize the economy and achieve 

net-zero emissions by 2050 or earlier. 

Climate change presents two challenges, or races, that we must simultaneously run: the race to 

stabilize the climate in the longer term, and the race to slow the rate of warming in the near term to 

reduce the risk of climate extremes that scale with the rate of warming and threaten to accelerate 

feedbacks and trigger a cascade of irreversible tipping points. Cutting super climate pollutants, in 

particular the short-lived climate pollutants—black carbon, methane (CH4), tropospheric ozone, and 

hydrofluorocarbons (HFCs)— can avoid four times more warming at 2050 than CO2 cuts alone can,1 

and reduce projected warming in the Arctic by two-thirds and the rate of global warming by half.2 

Reducing climate risks and staying withing the limits to adaptation are critical to building resilience.3 

A. The window is closing for keeping within a safe climate zone 

• 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 ºC guardrail. 

o The world could hit the 1.5 °C guardrail by the early 2030s due to rising emissions, 

declining particulate air pollution that unmasks existing warming, and natural climate 

variability (Figure 1).4 The probability of exceeding 1.5 °C by 2026 for at least one 

year has doubled since 2020, with a likely-as-not (48%) chance that at least one year 

could be 1.5 °C warmer, according to the World Meteorological Organization.5 

o Today the Earth is trapping twice as much heat as it did in 2005, with loss of 

reflective sea ice and changes in clouds contributing significantly to the extra heat 

the planet is now retaining.6 Climate-driven changes in clouds act as a self-

reinforcing feedback leading to more warming and higher climate sensitivity.7 

o Even at 1.1–1.2 °C of global warming in 2020–2021,8 weather extremes are 

becoming more frequent and more severe.  

 

Figure 1. Projected warming 

 
 

 

 

 

 

 

 

 

 

 

Source: Xu Y., Ramanathan V., & Victor D. (2018) Global warming will happen faster than we 

think, Comment, NATURE 564: 30–32. 

 

http://science.sciencemag.org/content/335/6065/183
https://www.nature.com/articles/d41586-018-07586-5
https://www.nature.com/articles/d41586-018-07586-5
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B. Only a dual assault on CO2 and super climate pollutants, particularly methane, would 

make it possible for the world to keep 1.5 °C in sight and stay below 2 °C 

• The CO2 and SLCP strategies are complementary and not exchangeable. Achieving 2050 

Net Zero CO2 targets is essential for stabilizing the climate by the end of the century due 

to the long lifetime of CO2 in the atmosphere but cannot by itself prevent global 

temperatures from exceeding 1.5 °C above pre-industrial levels, the guardrail beyond 

which the world’s climate is expected to pass irreversible tipping points.  

o The recent AR6 reports confirm that cutting fossil fuel emissions––the main source 

of CO2––by decarbonizing the energy system and shifting to clean energy, in 

isolation, actually makes global warming worse in the short term. This is because 

burning fossil fuels also creates sulfate aerosols, which act to cool the climate. 

These cooling sulfates fall out of the atmosphere fast, while CO2 lasts much longer, 

thus leading to overall warming for the first decade or two.9 

• Reducing SLCPs is the only currently known way to cut the rate of warming in the near-

term, slow self-reinforcing feedbacks, and avoid irreversible tipping points. In addition to 

zeroing out CO2 emissions to curb long-term warming, it’s essential to slow near-term 

warming by reducing short-lived climate pollutants (SLCPs)—methane (CH4), black 

carbon (BC) soot, tropospheric ozone (O3), and hydrofluorocarbons (HFC). (These short-

lived pollutants are often referred to as “super pollutants” because of their potency and 

ability to quickly reduce warming. N2O is also a super pollutant but is not short-lived.) 

C. It’s time to broaden the strategy to avoid climate catastrophe 

• Addressing the near-term climate emergency requires selecting fast mitigation solutions10 that 

provide the most avoided warming in the shortest period of time over the next decade or two; 

slow the self-reinforcing feedbacks and avoid tipping points;11 and protect the most vulnerable 

people and ecosystems12 from heat, drought, flooding, and other extremes that will 

dramatically increase in severity and frequency with every increment of additional warming.13 

o In addition to cutting CO2 and SLCPs, other fast mitigation strategies must be 

employed, including protecting sinks;14 this combined approach is essential for 

achieving near-term and long-term climate targets. 

• According to the Intergovernmental Panel on Climate Change (IPCC), keeping the planet 

livable by limiting warming to 1.5 °C with no or limited overshoot requires reducing global 

human-caused methane emissions by 34% in 2030 and 44% in 2040 relative to modelled 

2019 levels, in addition to cutting global CO2 emissions in half in 2030 and by 80% in 

2040, and deep cuts to other SLCPs and nitrous oxide.15 

o AR6 WGIII further finds that “[d]eep GHG [greenhouse gas] emissions reductions 

by 2030 and 2040, particularly reductions of methane emissions, lower peak 

warming, reduce the likelihood of overshooting warming limits and lead to less 

reliance on net negative CO2 emissions that reverse warming in the latter half of 

the century… Due to the short lifetime of CH4 in the atmosphere, projected deep 

reduction of CH4 emissions up until the time of net zero CO2 in modelled mitigation 

pathways effectively reduces peak global warming. (high confidence)”16 

• These findings build on the conclusions of the IPCC’s Special Report on Global Warming 

of 1.5 °C that identified the three strategies that are essential for keeping the planet livable:  

i. reaching net zero CO2 by mid-century; 

ii. making deep cuts to SLCPs super pollutants in the next decades; and 

iii. removing up to 1,000 billion tons of CO2 from the atmosphere by 2100.17  

https://www.ipcc.ch/sr15/
https://www.ipcc.ch/sr15/
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2. Feedbacks and tipping points are key to understanding planetary emergency 

Evidence from feedbacks and tipping points suggests that we are already in a state of planetary 

emergency, where both the risk and urgency of the emergency are acute. The IPCC defines a 

tipping point as “a critical threshold beyond which a system reorganizes, often abruptly and/or 

irreversibly.”18 Earth system models project a cluster of six such abrupt shifts between 1°C and 

1.5°C of warming and another eleven between 1.5 °C and 2 °C,19 as confirmed by two IPCC 

Special Reports.20 A recent assessment finds that exceeding 1.5 °C increases the likelihood of 

triggering or committing to six self-propagating climate tipping points (Figure 2).21 Domino-like 

interactions among these systems are projected to lower thresholds and increase the risk of 

triggering a global cascade of tipping points (Figure 3).22 Additional as-yet-undiscovered tipping 

points are possible due to limitations in current models and exclusion of processes such as those 

related to permafrost and other biogeochemical feedbacks.23 Self-reinforcing feedbacks, including 

the loss of Arctic sea ice, are among the most vulnerable links in the chain of climate protection.24 

Extremes triggered by these feedbacks pose further systemic risks including financial and societal 

collapse. Mapping of projected extreme heat to the Fragile State Index points to significant 

potential for conflict and vulnerability currently excluded from most economic analyses of social 

costs of climate pollution.25 

Figure 2. Abrupt climate changes as global temperatures increase 

Source: Armstrong McKay D. I., Staal A., Abrams J. F., Winkelmann R., Sakschewski B., Loriani 

S., Fetzer I., Cornell S. E., Rockström J., & Lenton T. M. (2022) Exceeding 1.5°C global warming 

could trigger multiple climate tipping points, SCIENCE 377(6611): eabn7950, 1–10, Figure 2.  

• 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….”26 

o Even with a 1.5 °C overshoot where the temperature limit is only temporarily 

breached, some of the impacts will be irreversible, even if warming is reduced.27 

o An April 2022 preprint that analyzes four interacting climate tipping points––the 

Greenland and West Antarctic Ice Sheets, the Atlantic Meridional Overturning 

http://www.science.org/doi/10.1126/science.abn7950
http://www.science.org/doi/10.1126/science.abn7950
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Circulation, and the Amazon rainforest––finds that even temporarily overshooting 

2 °C can increase the risk of crossing these tipping points by up to 72%.28 

• Greenhouse gas concentrations in the atmosphere continue to increase at record rates 

despite the pandemic and economic slowdown.  
o Atmospheric methane concentrations set records in 2020 and 2021 for the fastest 

rate of increase since records started in 1983, and preliminary data shows methane 

exceeding 1,900 parts per billion (ppb) for the first time in September 2021.29 

o Global atmospheric CO2 concentrations reached a new high of 420 parts per million 

(ppm) in April 2022, a 50% increase over pre-industrial levels and 2.5 ppm higher 

than 2020.30 For comparison, the average increase of CO2 was 1.5 ppm/year in the 

1990s.31 

• Weather extremes are already becoming more frequent and more severe. 

o According to AR6 WGI, “[i]t is virtually certain that hot extremes (including 

heatwaves) have become more frequent and more intense across most land regions 

since the 1950s... with high confidence that human-induced climate change is the 

main driver of these changes.”32 

o The record-breaking June 2021 heatwave in the Pacific Northwest (U.S. and 

Canada) would have been virtually impossible absent human-caused climate 

change33 and would have been much less severe to human health.34 The probability 

of such heat waves will increase by up to 200 times by the 2040s, occurring every 

5 to 10 years, given our current emissions trajectory.35 

o In 2053, an “extreme heat belt” affecting over 100 million people is expected to 

form in the central U.S., where temperatures will exceed 125 °F (~52 °C) at least 

once a year, placing it on the “extreme danger level” of the National Weather 

Service’s heat index.36 

o Global warming made the 2019 heatwaves in Western Europe up to 100 times more 

likely.37 As Europe sizzled under another heatwave in 2021, the Mediterranean 

region was evolving into a “wildfire hotspot.”38 

o Heatwaves in Europe are increasing in frequency and intensity faster than most of 

the planet due to a warming climate and changes in the jet stream.39 Climate change 

made the record-breaking 40 °C (104 °F) in the UK at least 10-times more likely.40 

The record-breaking 2022 heatwaves will be considered an “average” summer in 

Europe by 2035, even if current climate commitments are met.41 

o With unprecedented long-duration heatwaves afflicting over a billion people in 

India and Pakistan in 2022, scientists note that “the current climate has changed so 

significantly that the pre-industrial world becomes a poor basis of comparison.”42 

o Night-time fire intensity has increased globally by 7.2% in the last two decades due 

to rising temperatures, causing more intense, longer-lasting, and larger fires.43 

o Catastrophic flooding inundating a third of Pakistan in 2022 was very likely made 

more severe due to climate change increasing rainfall, glacier melt, and extending 

a La Niña event in the Pacific for a rare third year.44 

• The probability of “record-shattering” climate extremes “depends on warming rate, rather 

than the global warming level, and is thus pathway-dependent.”45 

o According to the National Oceanic and Atmospheric Administration, “[t]he seven 

warmest years since 1880 have all occurred since 2014, while the 10 warmest years 

have occurred since 2005.”46 Continued record [GHG] emissions mean that the rate 

of warming could increase from 0.2 °C per decade to 0.25–0.32 °C per decade over 

the next 25 years.47 
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Figure 3. Climate tipping points 

Source: Lenton T. M., Rockstrom J., Gaffney O., Rahmstorf S., Richardson K., Steffen W., & 

Schellnhuber H. J. (2019) Climate tipping points—too risky to bet against, Comment, NATURE, 

575(7784): 592–595.  

A. The Arctic may be the weakest link in safeguarding our climate 

The Arctic is critical for climate stabilization, yet it may be the weakest link in the chain of climate 

protection.48 The Arctic’s sea ice provides a “great white shield” that reflects incoming solar 

radiation safely back to space.49 As the extent of the Arctic’s reflective sea ice continues to shrink, 

the amount of heat going into the darker ocean is increasing, which in turn is causing more ice to 

melt in a self-reinforcing feedback loop.50 The Arctic air temperature is warming at a rate four 

times faster than the global average.51 Only half of the summer Arctic sea ice in September 

remains,52 with the risk that September will be ice-free within 10 to 15 years.53 If all of the Arctic 

sea ice were lost for the sunlit months, it would add the warming equivalent of a trillion tons of 

carbon dioxide, or 25 years of climate emissions at today’s rate.54 The Arctic’s land-based snow 

and ice is also melting and is expected to add a similar amount of warming.55 The intrusion of 

warmer ocean water from both the Atlantic56 and the Pacific57 is also contributing to Arctic 

warming and the melting of the sea ice, intensifying the impacts of late summer cyclones and 

further accelerating sea ice loss.58 

i. A rapidly warming Arctic 

• Arctic air temperature is warming at a rate four times faster than the global average.59 

o Arctic mean surface temperatures may rise by up to 10 °C by the end of the century 

above the 1985–2014 average.60 

o In 2020, Siberia experienced heat extremes that would have been “almost 

impossible” without human-caused global warming, including the first 100 °F 

https://www.nature.com/articles/d41586-019-03595-0
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temperature recorded north of the Arctic Circle, and record-breaking 118 °F ground 

temperature, with similar extremes being observed in the first half of 2021.61 

o The Arctic’s “Last Ice Area,” the Wandel Sea, saw unprecedented sea ice loss in 

August 2020 primarily due to abnormal weather patterns and warmth from the 

exposed ocean surfaces.62 Summer sea ice in this area north of Greenland was 

thought to be more resilient and expected to persist decades longer than the rest of 

the Arctic,63 providing a refuge for the region’s ice-dependent flora and fauna.64 

o Between 1991–2020, surface air temperature in the Barents Sea area experienced 

record high annual warming of up to 2.7 °C per decade, with the Northern Barents 

Sea area warming at a rate 5–7 times the global warming averages.65 During the 

warmer autumn season, the Northern Barents Sea area reached accelerated warming 

of up to 4.0 °C per decade between 2001–2020.66 

• Only half of the summer Arctic sea ice in September remains,67 with the risk that September 

will be ice-free within 10 to 15 years.68 If all the Arctic sea ice were lost for the sunlit 

months, it would add the warming equivalent of a trillion tons of carbon dioxide.69 

o Arctic sea ice reaches its minimum extent, or coverage, every September. Between 

1982–2020, the September minimum extent has decreased significantly, reducing 

at a rate of 13% per decade.70 In addition to extent, the thickness and volume of 

Arctic sea ice have also decreased. During the September minimums of 1982–2020: 

▪ Arctic sea ice extent decreased by 44% (from 7.6 million km2 in 1982 to 4.3 

million km2 in 2020).71 This is equivalent to a third of the entire U.S., 

including non-contiguous states and territories.72 

▪ Arctic sea ice thickness decreased by 48%.73 

▪ Arctic sea ice volume decreased by 72%.74 

▪ The 16 Septembers with the least Arctic sea ice extent have all been in the 

last 16 years; on 15 September 2020, the Arctic sea ice reached the second 

lowest extent in the satellite record.75 18 September 2022 is tied for 10th 

lowest ice minimum on record, while 16 September 2021 was the 12th 

lowest at the time with one of the lowest recorded levels of multi-year ice.76 

o The viability of the summer sea ice is further jeopardized by the loss of the strong, 

very old (>4 years old) 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 about 70% of the ice pack.77 Between 

1985–2018, multiyear Arctic sea ice has reduced by 95%.78 

• Land-based snow and ice in the Arctic is also melting and is expected to add a similar 

amount of warming. According to Dr. Peter Wadhams:79 

o The loss of reflective land-based snow and ice is “of the same magnitude as the sea 

ice negative anomaly during the same period, and the change in albedo is roughly 

the same between snow-covered land and snow-free tundra as it is between sea ice 

and open water.” 

o “[T]he similarity of the magnitudes means that snowline retreat and sea ice retreat 

are each adding about the same amount to global warming.” 

• Glaciers and ice sheets around the world are disappearing with serious implications for the 

climate, sea level rise, and water security. 

o Between the periods of 1992–1999 and 2010–2019, the rate of glacier and ice sheet 

loss increased by a factor of four, and along with glacier mass loss, was the majority 

contributor to sea level rise between 2006–2018.80 
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o A study that combined satellite observations with numerical models found that, 

between 1994 and 2017, glaciers and ice sheets have lost 28 trillion tonnes of ice.81 

(One trillion tonnes of ice is equivalent to a cube of ice taller than Mount Everest.82) 

According to the authors of the study, “there can be little doubt that the vast 

majority of Earth’s ice loss is a direct consequence of climate warming.”83 

 
Figure 4. Monthly sea ice extent anomalies 

 
 

 
 

 

Source: National Snow and Ice Data Center, Sea Ice Index, “Monthly Sea Ice Extent Anomaly 

Graph” (last visited 10 May 2022) (“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 2021 data. The anomaly data points are plotted as 

plus signs and the trend line is plotted with a dashed grey line.”). 

ii. Amplification of Arctic warming and sea ice loss––feedbacks and impacts 

• Arctic sea ice is declining at an accelerating rate. 

o The rate of decline in Arctic sea ice thickness from 2002 to 2018 may be 

underestimated by 60–100% in four of the seven marginal seas, according to a 

recent study using “snow data with more realistic variability and trends.”84 

o Warmer oceans are also accelerating sea ice loss, with warmer Atlantic85 and 

Pacific86 water transporting “unprecedented quantities of heat” into the Arctic 

Ocean, further reducing sea ice thickness. The warmer, saltier waters from the 

Atlantic Ocean are increasingly entering the Arctic in a process called 

“Atlantification of Arctic Ocean”87 that is propagating northward. The strength of 

this warming is likely underestimated in CMIP6 models.88 

o In the Northern Barents Sea, winter sea ice loss due to warmer waters transporting 

heat from the Atlantic Ocean is more pronounced, and as the waters become 

warmer and saltier, ocean stratification weakens, further preventing the formation 

of sea ice.89 

o Less sea ice in the Arctic Ocean allows ocean waves to grow larger, allowing for 

an acceleration of ice breakup and retreat,90 which is further exacerbated by late 

summer cyclones that continue to break up ice.91 

https://nsidc.org/data/seaice_index/
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o The winter of 2020/21 was characterized by exceptionally high wind forcing that 

resulted in the record loss of the Arctic’s multi-year ice driven into the Beaufort 

Sea,92 “where ice increasingly can’t survive the summer.”93 
o Arctic warming also leads to a greater number of cyclones and to more intense 

cyclones,94 which further exacerbate Arctic sea ice decline and vice-versa.95 

 

Figure 5. Late winter sea ice in the Arctic 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Perovich D., Meier W., Tschudi M., Hendricks S., Petty A. A., Divine D., Farrell S., Gerlan 

S., Haas C., Kaleschke L., Pavlova O., Ricker R., Tian-Kunze X., Webster M., & Wood K. (2020) 

Sea Ice, in ARCTIC REPORT CARD 2020, Thoman R. L., Richter-Menge J., & Druckenmiller M. L. 

(eds.), National Oceanic and Atmospheric Administration, 49 (“Fig. 3. Late winter sea ice age 

coverage map for the week of 12-18 March 1985 (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).”). 

iii. We are perilously close to losing our Arctic climate control 

• The Arctic could become nearly sea ice-free in September within 10–15 years, further 

reducing its heat-reflecting ability.96 

o Ice-free conditions over multiple summer months likely occurred during the last 

interglacial period, providing further support for predictions of ice-free conditions 

in late summer by 2035.97 

o The Barents Sea and Greenland Sea could become ice-free year-round by the end 

of the century under high emissions scenarios.98 

• In the extreme case when all Arctic sea ice is lost for the sunlit months, as could happen as 

early as mid-century,99 it would be the warming equivalent to one trillion tons of CO2—on 

top of the forcing from the 2.4 trillion tons of CO2 added in the 270 years since the 

Industrial Revolution—, advancing warming by 25 years.100 

https://arctic.noaa.gov/Report-Card/Report-Card-2020/ArtMID/7975/ArticleID/891/Sea-Ice
https://arctic.noaa.gov/Portals/7/ArcticReportCard/Documents/ArcticReportCard_full_report2020.pdf
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o This additional warming would be the equivalent of adding 56 ppm of CO2 to the 

current CO2 concentration.101 

o The added forcing in the Arctic would be 21 W/m2; averaged globally this would 

equal 0.71 W/m2 of global forcing,102 compared to the 2.16 W/m2 added by 

anthropogenic emissions of CO2 since the Industrial Revolution.103 

o 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 CO2; in contrast, even if clouds increase to create completely 

overcast skies over the Arctic, the warming would still add the equivalent of 500 

billion tons of CO2 to the atmosphere.104 

• Additional factors contribute to further snow and ice loss in the Arctic. 

o Reduced Arctic snow cover is increasing risk of wildfires, which emit black carbon, 

another super climate pollutant, while destroying sinks and emitting CO2;105 

wildfires and permafrost thawing can “act together to expose and transfer 

permafrost C to the atmosphere very rapidly.”106 

o The warming Arctic is also experiencing three-times more lightning in the last 

decade,107 sparking more fires and threatening to accelerate permafrost thaw.108 

Boreal fires which smolder in organic soils and remerge after months, called 

“zombie fires” or “overwintering fires,” emitted about 3.5 million metric tons of 

carbon between 2002 and 2018.109 

o Rapid melting in the Arctic opens up new shipping lanes, which trigger further 

pollution and warming as increased shipping traffic, oil and gas exploration, and 

tourism burn heavy fuel oil and emits black carbon.110 Increased Arctic shipping 

lanes also introduce geopolitical problems and other evolving security risks.111 

B. Permafrost thaw feedback could rival major emitters for CO2, CH4, and N2O 

The accelerated Arctic warming and loss of sea ice risks triggering another self-reinforcing 

feedback—permafrost thaw112— which would further amplify warming by releasing CO2 and 

methane (CH4),113 as well as nitrous oxide (N2O), which also destroys stratospheric ozone.114 

• Between 2007 and 2016, globally averaged permafrost ground temperature increased by 

0.29 °C; within that period, permafrost in mountains warmed by 0.19 °C and in Antarctica 

by 0.37 °C.115 

• The amount of carbon stored in permafrost is nearly twice what is already in the 

atmosphere—1,700 Gt (gigatons) carbon in permafrost versus 850 Gt carbon in the 

atmosphere.116 
o Record high temperatures have been observed in the upper layer of permafrosts, 

with sites recording more than a 1 °C increase from 1978 levels.117 
o AR6 WGI assesses that the permafrost CO2 feedback per degree of global warming 

can be as high as 41 PgC °C-1 through 2100. Additionally, methane emissions from 

permafrost thaw are projected to be up to 19 GtCO2e °C-1 [5.3 PgCeq °C-1] by 2100; 

and beyond 2100, the magnitude of the permafrost carbon feedback strengthens 

under a high-emissions scenario.118 
o Of the approximately 15 million square kilometers of permafrost on land,119 3.4 

million square kilometers have already thawed; and with warming of 1.5 °C 

approaching, another 4.8 million square kilometers could thaw gradually.120 
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o Under the no-mitigation RCP8.5 scenario, gradual permafrost thaw alone could 

release as much CO2 as the remaining carbon budget for a likely chance of 

remaining below 1.5 °C by the end of the century.121 
o However, 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” by 40%.122 

o Moreover, thawing subsea permafrost beneath the Arctic Ocean could add 20% 

more emissions by 2100 under an RCP8.5 scenario according to expert 

judgement.123 

o Carbon budgets for pathways targeting 1.5 or 2 °C this century underestimate 

potential permafrost feedbacks, where a 0.5 °C overshoot could result in a two-fold 

increase in emissions from permafrost thaw.124 

o In addition to accelerating permafrost thaw, heatwaves in the Siberian Arctic in 

2020 that peaked at 6 °C above normal temperatures may also be causing fossil 

methane gas to leak from rock formations.125 

• If permafrost were a country: by 2100, its emissions could equal as much as the cumulative 

emissions of the United States, yet 82% of IPCC models do not include carbon emissions 

from permafrost thaw.126 

 

Figure 6. Changes in permafrost 
 

 

 

 

 

 

 

 

 

 

 

 

Source: Chadburn S. E., Burke E. J., Cox P. M., Friedlingstein P., Hugelius G., & Westermann S. 

(2017) An observation-based constraint on permafrost 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).”). 

• In addition to the permafrost feedback that accelerates warming, losing permafrost impacts 

human settlements and health: 

o 3.3 million people, 42% of settlements, and 70% of current infrastructure in the 

permafrost domain is at risk of severe damage due to permafrost thaw by 2050, 

including 45% of oil and gas production fields in the Russian Arctic.127 

o Damage to Russian infrastructure alone due to permafrost thaw could cost $69 

billion by 2050.128 

http://www.nature.com/nclimate/journal/v7/n5/full/nclimate3262.html
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C. An additional methane threat is lurking on the East Siberian Arctic Shelf 

There also is a risk that methane will be emitted from the shallow seabed of the East Siberian 

Arctic Shelf as the Arctic Ocean warms,129 which would speed up other global warming impacts.130 

• Measurements in October 2020 by an international expedition on a Russian research vessel 

are showing elevated methane release from the Arctic Shelf, according to a story by 

Jonathan Watts in The Guardian.131 The story quotes Swedish scientist Örjan Gustafsson 

of Stockholm University, stating that the “East Siberian slope methane hydrate system has 

been perturbed and the process will be ongoing.” Analysis of elevated methane measured 

in the area in 2014 suggest a fossil methane source beneath the seabed that “may be more 

eruptive in nature.”132 

• 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.133 

D. The approaching ice sheet tipping points 

Several climate tipping points are likely at risk if warming exceeds 1.5 °C for more than several 

decades, with the Greenland Ice Sheet and West Antarctic Ice Sheet both already showing signs 

of approaching tipping thresholds estimated around 1.5 to 2 °C.134 Once triggered, significant ice 

loss is irreversible even with carbon dioxide removal strategies.135 In 2021, Greenland and 

Antarctica reached record low levels of ice mass, with glaciers losing 31% more snow and ice per 

year than they did just 15 years ago.136 The melting Greenland Ice Sheet is already the largest 

single contributor to the rate of global sea level rise,137 and is expected to lose 110 trillion tons of 

ice by the end of the century, which would raise global sea levels by nearly a foot (27 cm).138 AR6 

WGI was unable to exclude the possibility of sea level rise of up to 7.5 feet (2.3 meters) by 2100 

due to uncertainties in ice sheet processes.139 

i. The Greenland Ice Sheet is melting at an accelerating rate 

• Early warning signs suggest the Greenland Ice Sheet is close to a tipping point.140 

Currently, the best estimate of the threshold for irreversible melting of the Greenland Ice 

Sheet is around 1.6 °C (0.8–3.2 °C).141 

o In the past two decades, the melt rate across Greenland increased 250–575%,142 and 

the ice discharge from the Greenland Ice Sheet substantially increased; this will 

likely persist in the coming years.143 On 28 July 2021, Greenland experienced a 

massive melt event that alone would be enough to cover the state of Florida by two 

inches of water.144 

o If all of Greenland melted, it would contribute 5–7 meters of sea level rise; and 

while it may take thousands of years to see the full extent of the sea level rise, the 

“timescale of melt depends strongly on the magnitude and duration of the 

temperature overshoot.”145 

o On 14 August 2021, rainfall occurred at the highest point on the Greenland Ice 

Sheet, which has never been recorded before at that location (72.58°N 38.46°W).146 

• A new analysis calculated that 3.3% of the Greenland Ice Sheet (equivalent to 110 trillion 

tons of ice) will inevitably melt by the end of the century regardless of any climate 
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emissions scenario, triggering at least 27.4 cm (10.8 in) of global sea level rise and reaching 

as much as 78.2 cm (30.8 in).147 

• The melting of Greenland also contributes to the weakening of the Atlantic Meridional 

Overturning Circulation (AMOC), which has reached a critical “overturning” stage; the 

observational data suggest that “this decline may be associated with an almost complete 

loss of stability of the AMOC over the course of the last century, and that the AMOC could 

be close to a critical transition to its weak circulation mode.”148 
o According to AR6 WGI, it is “very likely” that the AMOC will weaken in the 21st 

century, with “medium confidence” that it will not collapse by 2100.149 
o The collapse of AMOC can lead to faster sea level rise along parts of the Eastern 

United States and Europe, stronger hurricanes in the Southeastern United States, 

and reduced rainfall across the Sahel.150 If the sea level along U.S. coasts increased 

by 10–12 inches by 2050, the occurrence of destructive floods would increase five-

fold.151 Such a collapse would shift weather patterns around the world, with 

potentially devastating consequences.152 

ii. The West Antarctic Ice Sheet is destabilizing 

• In West Antarctica, losing the Thwaites glacier, which is currently the size of Florida or 

Britain, could raise sea levels by over two feet (65 cm).153 Once the Thwaites glacier 

retreats past a ridge 50 km upstream, the retreat of the glacier would “become 

unstoppable.”154 

o A new study warned that the Thwaites glacier has melted faster than previously 

observed and that a similar pace of rapid melt could occur in the future.155 

o The Thwaites glacier is already contributing to 4% of sea level rise.156 In the last 

20 years, the glacier has lost more than 1,000 billion tons of ice and is continuing 

to lose ice at a rapidly increasing rate.157 

o One glaciologist found that the ice shelf buttressing the Thwaites glacier could 

collapse in as little as five years due to massive fractures caused by warmer ocean 

water weakening the ice shelf, setting off a “chain-reaction” that could eventually 

add 2 to 10 feet of sea level rise over centuries.158 

E. The ocean is a heat battery 

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,159 and this will return to the atmosphere on a timescale of decades to centuries after 

emissions stop.160 Between 2003–2018, the rate of ocean warming increased tenfold from 1958–

1973 levels.161 As noted in AR6 WGI: 

“It is virtually certain that the global ocean has warmed since at least 1971, representing 

about 90% of the increase in the global energy inventory... and is currently warming faster 

than at any other time since at least the last deglacial transition (medium confidence)... It is 

extremely likely that human influence was the main driver of ocean warming. Ocean 

warming will continue over the 21st century (virtually certain)… [and] is irreversible over 

centuries to millennia (medium confidence).”162 
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3. Cutting CO2 alone will not slow warming in the near term 

Decarbonizing the energy system and achieving net-zero emissions is critical for stabilizing the 

climate and keeping temperatures below 1.5 °C by the end of this century. However, stopping 

burning fossil fuels, like coal and diesel, also means cutting co-emitted cooling aerosols. These 

cooling aerosols fall out of the atmosphere in days to months, and this offsets reductions in 

warming from decarbonization until around 2050, and likely even accelerates warming over the 

first decade or more.163 As stated by climate scientist and IPCC author Joeri Rogelj: “The removal 

of air pollution, either through air quality measures or because combustion processes are phased 

out to get rid of CO2, will result in an increase in the resulting rate of warming… The only measures 

that can counteract this increased rate of warming over the next decades are methane 

reductions.”164 

• Air pollution that is co-emitted with CO2 when sulfur-containing coal and oil are burned 

results in particles that reflect sunlight. These “cooling aerosols” currently “mask” 

warming of about 0.51 °C; and while the accumulated CO2 in the atmosphere will continue 

to cause warming for decades to centuries, the cooling aerosols will fall out of the 

atmosphere within days to months, unmasking more of the existing warming.165 

o The temporary cooling effects of aerosols have been demonstrated in the past. The 

1991 Mount Pinatubo eruption injected 15 million tons of sulfur dioxide into the 

atmosphere, temporarily cooling the planet by 0.5 °C for nearly two years.166 

o A recent assessment of satellites and other evidence finds that the net effect of 

anthropogenic aerosol forcing has changed sign from negative (cooling) to positive 

(warming) over the last two decades, contributing the equivalent of 15–50% of the 

increase in forcing due to CO2 over the same time period, and concluding that 

“[t]his signal will most likely continue in the future, increasing the urgency for 

strong measures on reducing greenhouse gas emissions… .”167 

• A previous study calculated that fast cuts to CO2 could avoid 0.1 °C of warming by 2050 

and up to 1.6 °C by 2100,168 not accounting for warming due to the unmasking.169 

o This would require CO2 emissions to peak in 2030 and decline by 5.5% per year 

until carbon neutrality is reached around 2060–2070, after which emissions level 

off.170 

o If CO2 emissions were to peak in 2020 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.171 

o A separate study calculated near-term warming within the next two decades of 

0.02–0.10 °C due to cuts to fossil fuel CO2 emissions and associated reductions in 

cooling aerosols.172 
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Figure 7. Temperature response of mitigation strategies focusing only on CO2 (decarbonization 

alone) compared to decarbonization plus measures targeting SLCPs 
 

 

 

Figure A: Global Surface Air Temperature relative to pre-industrial for two scenarios: 

decarbonization alone (orange) and decarbonization plus measures targeting non-CO2 pollutants 

including methane, hydrofluorocarbon refrigerants, black carbon soot, ground-level ozone smog, as 

well as nitrous oxide (green). Vertical lines illustrate range adapted from inter-model spread (5% to 

95%) for scenario SSP1-1.9 from IPCC AR6 WGI Figure SPM.8a. See Intergovernmental Panel on 

Climate Change (2021) Summary for Policymakers, in Climate Change 2021: The Physical Science 

Basis, Contribution of Working Group I to the Sixth Assessment Report of the Intergovernmental 

Panel on Climate Change, Masson-Delmotte V., et al. (eds.) (Figure SPM.8a). 

Figure B: Rate of warming per decade for each scenario. Adapted from Dreyfus G. B., Xu Y., 

Shindell D. T., Zaelke D., & Ramanathan V. (2022) Mitigating climate disruption in time: A self-

consistent approach for avoiding both near-term and long-term global warming, PROC. NAT’L. 

ACAD. SCI. 119(22): e2123536119.  

4. Targeting short-lived super climate pollutants is the only way to slow warming in the 

near term 

Aggressive mitigation of short-lived climate pollutants (SLCPs)––methane, tropospheric ozone, 

black carbon, and hydrofluorocarbons (HFCs)––is critical for near- and long-term climate 

protection. These SLCPs also are known as “super climate pollutants.” AR6 WGI included a 

chapter on short-lived climate pollutants for the first time, which finds that “[s]ustained methane 

mitigation, wherever it occurs, stands out as an option that combines near- and long-term gains on 

surface temperature (high confidence) and leads to air quality benefits by reducing surface ozone 

levels globally (high confidence).… Additional CH4 and BC mitigation would contribute to 

offsetting the additional warming associated with SO2 reductions that would accompany 

decarbonization (high confidence).”173 

• Cutting SLCPs is the only plausible way to limit warming due to unmasking of cooling 

aerosols over the next 20 years.174 
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• Accounting for the co-emission of cooling aerosol from fossil fuel burning, a new study 

finds that strategies focusing exclusively on reducing fossil fuel emissions could result in 

“weak, near-term warming” which could potentially cause temperatures to exceed the 

1.5C level by 2035 and the 2 C level by 2050. In contrast, the dual strategy that 

simultaneously reduces the non-carbon dioxide pollutants, especially the short-lived 

pollutants, would result in net avoided warming by 2050 four times larger than the net 

effect of decarbonization alone, and would enable the world to stay well below the 2 C 

limit, and significantly improve the chance of remaining below the 1.5 C guardrail.175 

• In contrast to the limited amount of warming reduced at 2050 by cutting CO2 from fossil 

fuel emissions, fast cuts to SLCPs could avoid up to 0.6 °C of warming by 2050, and up to 

1.2 °C by 2100,176 which would reduce projected warming in the Arctic by two-thirds and 

the rate of global warming by half.177 

o AR6 WGIII finds that limiting warming to 1.5 °C with no or limited overshoot 

requires deep cuts to SLCPs, in particular reducing methane emissions by 34% in 

2030 and 44% in 2040 relative to modelled 2019 and reducing HFC emissions by 

85% by 2050 relative to 2019.178 This re-affirms the conclusion by the IPCC’s 

Special Report on Global Warming of 1.5 °C that cutting SLCPs is essential for 

staying below 1.5 °C.179 

o 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 et al. 2017180). The 2016 Kigali 

amendment to phase down HFCs is welcomed.”181 

o In their 2021 update, the scientists stress the urgency of “massive-scale climate 

action” due to growing severity of impacts and risks from “the many reinforcing 

feedback loops and potential tipping points” and call for “immediate and drastic 

reductions in dangerous short-lived greenhouse gases, especially methane.”182   

https://www.ipcc.ch/sr15/
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Box. Time and temperature methane metrics: GWP20 is an improvement, temperature is even better! 

Reducing the risks associated with accelerating warming requires mitigation strategies, like cutting 

methane emissions, that can slow warming in the near term. Assessing how strategies affect near-term 

warming requires considering individual emissions by pollutant in units of mass, as required under 

United Nations Framework Convention on Climate Change (UNFCCC) reporting guidelines and 

recommended by climate scientists.183 It also requires accounting for co-emissions by source, since 

policies act on sources, not on individual pollutants.  

An ideal option for assessing temperature impact is to convert emissions by source in terms of pollutant 
and co-emissions to temperature impacts using tools such as the Assessment of Environmental and 

Societal Benefits of Methane Reductions Tool or the CCAC Temperature Pathway Tool. Alternatively, 

when comparing climate impacts for short-lived climate pollutants like methane, using the 20-year 

global warming potential (GWP20) better captures near-term warming impact than the 100-year GWP, 

in addition to being more aligned with meeting the 1.5 °C target.184 While the UNFCCC currently 

requires using the GWP100 metric when reporting aggregated emissions or removals, which 

systematically undervalues the climate impact of methane, reporting Parties may use other metrics in 

addition, such as GWP20 or absolute temperature potentials.185 AR6 has updated the metrics for 

methane as follows: GWP20 is 81.2 and GWP100 is 27.9.186 Table 1 below summarizes GWP values for 

methane from IPCC reports.  

Table 1. GWP values for methane from IPCC reports 

  AR6 AR5 AR4 TAR SAR 

Methane (CH4) 
GWP20 81.2 84 86* 72 62 56 

GWP100 27.9  28 34* 25 23 21 

Fossil CH4 
GWP20 82.5 ± 25.8  85 -- -- -- 

GWP100 29.8 ± 11  30 -- -- -- 

Non-fossil CH4 
GWP20 80.8 ± 25.8 -- -- -- -- 

GWP100 27.2 ± 11 -- -- -- -- 

* with carbon cycle feedback. All methane AR6 values include carbon cycle feedback. 

AR6 = 2021 Sixth Assessment Report WGI (Table 7.SM.7; Table 7.15); AR5 = 2013 Fifth Assessment 

Report WGI (Table 8.A.1; Table 8.7); AR4 = 2007 Fourth Assessment Report (Table 2.14); TAR = 

2001 Third Assessment Report (Table 6.7); SAR = 1995 Second Assessment Report (Table 2.9). 

Most aggregation metrics are designed for comparison with long-lived CO2. Metrics such as CO2-

equivalence in terms of GWP and GWP* are based on mathematical relationships that are intended to 

make short-lived pollutants like methane comparable to the longer-term warming impact of CO2 
emissions.187 These aggregate metrics generally ignore co-emitted pollutants with significant near-term 

climate impacts such as cooling aerosols. The GWP* metric seeks to account for the shorter lifetime 

of methane by differentiating historical emissions from changes in the rate of emissions.188 One 

criticism of this approach is that it essentially “grandfathers” historical emissions, so when applied at 

the scale of regional or individual methane emitters, sources with high historical emissions can claim 

negative GWP* by reducing their rate of emissions. This is the case even if their emissions in a given 

year are equivalent to a new source with no historical emissions. This has led to the misuse of these 

metrics to claim that some sectors with large historical emissions and stable or decreasing current rates 

of emissions have contributed less to global warming.189 

For these reasons, this Background Note follows the convention of the UNEP/CCAC Global Methane 
Assessment in using mass-based metrics, such as million metric tonnes of methane (MtCH4), and 

temperature impacts rather than GWP metrics.   

http://shindellgroup.rc.duke.edu/apps/methane/
http://shindellgroup.rc.duke.edu/apps/methane/
https://www.ccacoalition.org/en/content/calculate-temperature-pathways
https://www.ipcc.ch/assessment-report/ar6/
https://www.ipcc.ch/assessment-report/ar5/
https://www.ipcc.ch/assessment-report/ar5/
https://www.ipcc.ch/assessment-report/ar4/
https://www.ipcc.ch/site/assets/uploads/2018/05/SYR_TAR_full_report.pdf
https://archive.ipcc.ch/pdf/climate-changes-1995/ipcc-2nd-assessment/2nd-assessment-en.pdf
https://www.ccacoalition.org/en/resources/global-methane-assessment-full-report
https://www.ccacoalition.org/en/resources/global-methane-assessment-full-report
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A. Methane (CH4) 

Methane pollution has already caused 0.51 °C of warming, and this will increase if emissions 

continue to increase, of the total observed warming for 2019 of 1.06 °C (0.88–1.21 °C).190 Methane 

also is an indirect climate forcer as a precursor to other GHGs, notably tropospheric ozone.191 As 

noted by the U.S. White House, “Methane is a potent greenhouse gas and, according to the latest 

report of the Intergovernmental Panel on Climate Change, accounts for about half of the 1.0 degree 

Celsius net rise in global average temperature since the pre-industrial era.”192 More leaders are 

starting to recognize the importance of methane, including former U.S. President Barack Obama, 

who declared at the 26th Conference of the Parties (COP26) that “curbing methane emissions is 

currently the single fastest and most effective way to limit warming.”193 

Global Methane Assessment 

• Cutting methane emissions is the biggest and fastest strategy for slowing warming and 

keeping 1.5 °C within reach.194 A Global Methane Assessment (GMA) from the CCAC and 

UNEP led by Dr. Drew Shindell concludes that available mitigation measures could reduce 

human-caused methane emissions by 45% by 2030 and avoid nearly 0.3 °C warming by 

the 2040s.195 

o This would prevent 255,000 premature deaths, 775,000 asthma-related hospital 

visits, 73 billion hours of lost labour from extreme heat, and 26 million tonnes of 

crop losses globally (annual value beginning in 2030). Each tonne of methane 

reduced generates US $4300 in health, productivity, and other benefits.196 In 

addition, methane mitigation strategies provide further cost reductions and 

efficiency gains in the private sector, create jobs, and stimulate technological 

innovation. 

o Roughly 60% of available targeted measures have low mitigation costs (defined as 

less than US $21 per tonne of CO2e for GWP100 and US $7 per tonne of CO2e for 

GWP20), and just over 50% of those have negative costs.  

 

Table 2. Methane mitigation potential in 2030 by sector in MtCH4/yr and Mt/yr of CO2e 

 Mt CH4/yr 
Mt CO2e/yr 

GWP100 

Mt CO2e/yr 

GWP20 

Oil & gas 29–57 812–1,596 2,436–4,788 

Waste 29–36 812–1,008 2,436–3,024 

Agriculture 10–51 280–1,428 2,840–4,284 

Coal 12–25 336–700 1,008–2,100 

Source: United Nations Environment Programme & Climate & Clean Air Coalition (2021) GLOBAL 

METHANE ASSESSMENT: BENEFITS AND COSTS OF MITIGATING METHANE EMISSIONS. 

• As the GMA notes, “any action taken to reduce emissions will have an immediate pay off 

for climate in addition to the current and near-future human health and agricultural 

production.…  Indeed, the expectation that a reduction in emissions will yield quick results, 

in the order of a decade, is confirmed and emphasizes the importance of methane.”197 

• Fast action to pursue all available methane mitigation measures now could slow the global 

rate of warming by 30% by mid-century.198 This is consistent with the 2011 UNEP/WMO 

Assessment that showed that fully implementing measures targeting methane and black 

carbon could halve the rate of global warming and reduce Arctic warming by two-thirds.199 

https://www.ccacoalition.org/en/resources/global-methane-assessment-full-report
https://www.ccacoalition.org/en/resources/global-methane-assessment-full-report
https://www.ccacoalition.org/en/resources/global-methane-assessment-full-report
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o Strategies to cut methane emissions have 60% more avoided warming in the Arctic 

than the global average, with the potential to avoid 0.5 °C by 2050.200 

o Rapid reductions in methane emissions could also reduce the risk of losing the 

reflective summer Arctic sea ice.201 

• AR6 WGII and WGIII confirm the findings of the GMA that “[s]ustained methane mitigation, 

wherever it occurs, stands out as an option that combines near- and long-term gains on surface 

temperature (high confidence) and leads to air quality benefits by reducing surface ozone levels 

globally (high confidence).” Measures specifically targeting methane are essential, as broader 

decarbonization measures can only achieve 30% of the needed reductions.202 

o The most recent report on climate solutions, AR6 WGIII, reinforces the conclusion 

that deep and rapid cuts to methane emissions are essential to limiting warming in 

the near-term and shaving peak warming from overshooting 1.5 °C.203 Limiting 

warming to 1.5 °C with little or no overshoot requires reducing emissions by 34% 

below 2019 levels in 2030 and 44% below 2019 levels in 2040.204 

 

Figure 8. Methane reductions compared to global mean surface temperature responses to 

changes in fossil-fuel-related emissions (CO2 + SO2) 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

Source: Shindell D. (25 May 2021) Benefits and Costs of Methane Mitigation, Presentation at the 

CCAC Working Group Meeting. Updating Figure 3d from Shindell D. & Smith C. J. (2019) Climate 

and air-quality benefits of a realistic phase-out of fossil fuels, NATURE 573: 408–411. See also 

United Nations Environment Programme & Climate & Clean Air Coalition (2021) GLOBAL 

METHANE ASSESSMENT: BENEFITS AND COSTS OF MITIGATING METHANE EMISSIONS. 

Mitigation and Removal 

• Anthropogenic emissions, which make up 60% of total global methane emissions,205 come 

primarily from three sectors: energy production (~35%), agriculture (~40%), and waste 

(~20%).206 Currently available mitigation measures could reduce emissions from these 

major sectors by about 180 million metric tonnes of methane per year (MtCH4/yr), 

approximately 45%, by 2030.207 

• Specific measures to reduce methane emissions include: 

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;208  

o Reducing leaks209 and venting210 in the oil and gas sector. The Clean Air Task Force 

states that prohibiting venting of natural gas can reduce emissions by 95%;211 

https://www.nature.com/articles/s41586-019-1554-z
https://www.nature.com/articles/s41586-019-1554-z
https://www.ccacoalition.org/en/resources/global-methane-assessment-full-report
https://www.ccacoalition.org/en/resources/global-methane-assessment-full-report
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o Eliminating flaring from oil and gas operations, while shifting to clean energy.212 

o Improving feeding and manure management on farms. In the U.S., this could cut 

emissions from manure by as much as 70% and emissions from enteric 

fermentation by 30%;213 

o Upgrading solid waste and wastewater treatment;214 and 

o Reducing food waste, diverting organic waste from landfills, and improving landfill 

management, which could reduce landfill emissions in the U.S. by 50% by 2030.215 

• There also is research underway on the best approach for removing atmospheric 

methane.216 This is especially important, as 35–50% of methane emissions are from natural 

sources.217 Methane removal is discussed further in Section 5C. 

o A modelling study by a Stanford University-led team calculates that removing 

around three years’ worth of human-caused methane emissions would reduce 

warming by 0.21 °C.218 The nonprofit Methane Action has stated that removing 

methane in conjunction with methane emissions reductions can trim an estimated 

0.4–0.6 °C of warming.219 

Global Methane Pledge 

• The Global Methane Pledge was formally launched at the high-level segment of COP26 

on 2 November 2021.220 Initially announced by the United States and the European Union 

at the Major Economies Forum on Energy and Climate hosted by President Biden on 17 

September 2021,221 the Pledge commits governments to a collective goal of reducing global 

methane emissions by at least 30% below 2020 levels by 2030 and moving towards using 

the highest-tier IPCC good practice inventory methodologies to quantify methane 

emissions, with a particular focus on high emission sources. In addition to the U.S. and 

European Union, over 100 initial countries signed on to the pledge, representing 70% of 

the global economy and nearly half of anthropogenic methane emissions.222 At least 20 

global philanthropic organizations pledged $328 million to support methane reduction 

efforts.223 

o Successful implementation of the Global Methane Pledge would reduce warming 

by at least 0.2 °C by 2050,224 and would keep the planet on a pathway consistent 

with staying within 1.5 °C.225 This reduction is roughly equivalent to a reduction of 

35% below projected 2030 levels. Deploying all available and additional measures, 

as described in the GMA, could lead to a 45% reduction below 2030 levels to 

achieve nearly 0.3 °C in avoided warming by the 2040s.226 

• In June 2022, the U.S., EU, and 11 other countries launched the Global Methane Pledge 

Energy Pathway, which includes $59 million in funding to support methane reductions in 

the oil and gas sector.227 The funding includes $4 million to support the World Bank Global 

Gas Flaring Reduction Partnership, $5.5 million to support the Global Methane Initiative, 

up to $9.5 million from the UNEP International Methane Emissions Observatory to support 

scientific assessments of methane emissions and mitigation potential, and up to $40 million 

annually from the philanthropic Global Methane Hub to support methane mitigation in the 

fossil energy sector.  

• In August 2022, the Inflation Reduction Act was signed into law, allocating $369 billion 

for climate and clean energy policies, including about $20 billion in incentives to reduce 

greenhouse gas emissions including methane from the agriculture sector and $1.5 billion 

in support for reducing methane emissions from the oil and gas sector through the Methane 

Emissions Reduction Program and a fee on methane leaks.228 This Act is estimated to 

reduce U.S. GHG emissions by 40% below 2005 levels by 2030.229 

https://www.globalmethanepledge.org/
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IGSD’s (2022) Primer on Cutting Methane: The Best Strategy for Slowing Warming in the Decade 

to 2030 provides further information on the science of methane mitigation and why action is 

urgent; current and emerging mitigation opportunities by sector; national, regional, and 

international efforts that can inform emergency global action on methane; and financing initiatives 

to secure support for fast methane reduction. 

B. Tropospheric ozone (O3) 

Tropospheric ozone is a local air pollutant and significant GHG. Ozone is not directly emitted but 

is a product of atmospheric reactions with precursor pollutants, notably methane and other volatile 

organic compounds and nitrogen oxides (NOx). In addition to contributing to warming, it is 

responsible for millions of premature deaths,230 billions of dollars’ worth of crop losses 

annually,231 and weakening of carbon sinks.232 

Mitigation 

• Reducing methane has the added effect of reducing tropospheric ozone levels. A recent 

study estimated methane’s contribution to the present-day tropospheric ozone burden at 

35%.233 Methane is likely to play a greater role in tropospheric ozone formation as 

emissions of other precursors decrease due to air pollution controls.234 

o Through tropospheric ozone, methane could be added to the 1999 Protocol to Abate 

Acidification, Eutrophication, and Ground-Level Ozone (Gothenburg Protocol) to 

the UNECE Convention on Long-Range Transboundary Air Pollution (LRTAP).235 

LRTAP is a regional treaty framework between Europe, North America, Russia, 

and former Eastern Bloc countries for reducing transboundary air pollution and 

understanding related science.236 Methane is the last remaining major ozone 

precursor not explicitly controlled under the Gothenburg Protocol, as currently 

amended.237 

o Stopping methane leaks from oil and gas also reduces non-methane ozone 

precursors and contributes to improving local air quality.238 

• As a local air pollutant, tropospheric ozone (and black carbon, discussed in the next 

section) can be addressed under national or regional air pollution laws.  

C. Black carbon 

Black carbon and tropospheric ozone are local air pollutants and are typically addressed under 

national or regional air pollution laws, as well as through the voluntary programs of the CCAC.239 

Black carbon is not a greenhouse gas, but a powerful climate-warming aerosol that is a component 

of fine particulate matter (specifically, PM2.5) that enters the atmosphere through the incomplete 

combustion of fossil fuels, as well as biofuels and biomass.240 Fossil fuel combustion is the largest 

source of air pollution particles and tropospheric ozone, which kills about 8–10 million241 people 

per year. 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 2011.242 

Mitigation 

• It is possible to reduce 70% of global black carbon emissions by 2030,243 including by 

implementing the following measures: 

https://www.dropbox.com/scl/fo/c3khy8ne8temji118vpyf/h?dl=0&rlkey=3p3cfrvblavr6ozn4sqhh05qq
https://www.dropbox.com/scl/fo/c3khy8ne8temji118vpyf/h?dl=0&rlkey=3p3cfrvblavr6ozn4sqhh05qq
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o Ensuring fast ratification of the Gothenburg Protocol and the 2012 amendment that 

includes controls for black carbon;244 

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;245 

o Eliminating flaring, while shifting to clean energy;246 

o Switching to clean cooking and heating methods;247 and 

o 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).248 

D. Hydrofluorocarbons (HFCs) 

Hydrofluorocarbons (HFCs) are factory-made chemicals primarily produced for use in 

refrigeration, air conditioning, insulating foams, and aerosol propellants, with minor uses as 

solvents and for fire protection.  

Mitigation 

• The Montreal Protocol on Substances that Deplete the Ozone Layer (Montreal Protocol) has 

successfully phased out the production and use of ozone-depleting and potent climate 

pollutants chlorofluorocarbons (CFCs) and hydrochlorofluorocarbons (HCFCs), preventing 

GHG emissions that otherwise could have equalled or exceeded the emissions of CO2 in 

2010.249 

o By end of the century, the Montreal Protocol’s steady progress over its 33 years of 

operation will avoid up to 2.5 °C of warming that otherwise would have already 

pushed the planet past irreversible tipping points. This is in addition to achieving 

its original objective of putting the stratospheric ozone layer on the road to 

recovery.250 

o About 1.7 °C of this avoided warming comes from the Protocol’s mandatory 

reduction of super polluting chemicals—CFCs, HCFCs, and now HFCs—used 

primarily as refrigerants in cooling equipment. 

o An additional 0.85 °C of warming will be avoided by protecting our planet’s forests 

and other carbon “sinks” from damaging ultraviolet radiation that reduced their 

ability to pull CO2 out of the atmosphere and store it safely in terrestrial sinks.  

• 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 2100.251 

o The initial phasedown schedule of the Kigali Amendment would lock in reductions 

limiting warming from HFCs in 2100 to about 0.04 °C, avoiding about 90% of the 

potential, or up to 0.44 °C.252 

o Accelerating the phasedown could reduce HFC emissions by an additional 72% in 

2050, increasing the chances of staying below 1.5 °C this century.253 

o More mitigation is available from a faster phasedown schedule; 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.254 
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o 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.255 

o Improving energy efficiency of cooling equipment during the HFC phasedown can 

more than double the climate benefits in CO2e by reducing emissions from the 

power plants that provide the electricity to run the equipment.256 

o As of December 2022, 145 countries have accepted, ratified, or approved the Kigali 

Amendment, including China and India.257 

o The U.S. is implementing the Kigali phasedown schedule through the American 

Innovation and Manufacturing (AIM) Act signed into law in December 2020. The 

AIM Act and related implementing regulations will reduce the production and 

consumption of HFCs by 85% by 2036.258 Twelve states have instituted HFC 

prohibitions for products and equipment where low-GWP alternatives are available, 

and six more proposed HFC bans.259 On 21 September 2022 the U.S. Senate 

approved ratification of the Kigali Amendment.260 

E. Nitrous oxide (N2O) 

While not an SLCP, long-lived nitrous oxide (N2O) is the most significant anthropogenic ozone-

depleting greenhouse gas not yet controlled by the Montreal Protocol.261 Through mandatory 

control measures, the Montreal Protocol could spur adoption of technologies to reduce N2O 

emissions, which are contributing the equivalent of about 10% of today’s CO2 warming.262 

Mitigation 

• Controlling N2O emissions could provide climate mitigation of about 1.67 GtCO2e GWP100 

by 2050 with 0.94 GtCO2e from agriculture and about 0.6 GtCO2e from industry in 2050.263 

In the industrial sector, abatement technology has been available and utilized by 

manufacturers in developed countries since the 1990s.264 Moreover, only five countries 

produce 86% of industrial N2O: China, the United States, Singapore, Egypt, and Russia.265 

• In the agriculture sector, several solutions have been found to be cost-effective in reducing 

N2O emissions from agricultural processes: precision farming using variable rate 

technology and nitrogen inhibitors that suppress the microbial activity that produces N2O. 

Studies have found that variable rate technology can increase yields by 1–10% while 

reducing 4–37% of nitrogen fertilization.266 Moreover, allowing a continued increase in 

N2O emissions while reducing CO2 and CH4 emissions could reverse progress on recovery 

of the stratospheric ozone layer.267 

o Another solution, the SOP product line,268 stimulates nitrogen uptake in crops and 

inhibits GHG emissions from manure.269 

5. Other fast mitigation strategies can complement efforts to slow warming in the near term  

A. Protecting the Arctic albedo and permafrost 

Rapid reductions in SLCPs are key to protecting the Arctic. The Global Methane Assessment 

calculated that strategies to cut methane emissions by 40–45% by 2030 could avoid nearly 0.3 °C 

by the 2040s, and 0.5 °C in the Arctic by 2050, 60% more than the global average.270 The 2011 

UNEP/WMO Integrated Assessment of Black Carbon and Tropospheric Ozone calculated that 

https://www.ccacoalition.org/en/resources/global-methane-assessment-full-report
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fully implementing measures targeting methane and black carbon could reduce the rate of global 

warming by half and reduce Arctic warming by two-thirds.271 

• The Arctic is nearly five times more sensitive to black carbon emitted in the Arctic region 

than from similar emissions in the mid-latitudes.272 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.273 

o Heavy-Fuel Oil (HFO) used in shipping is a significant source of black carbon, and 

the International Maritime Organization (IMO) will ban HFO use in the Arctic 

beginning in July 2024 for some ships, with waivers and exemptions for others until 

July 2029.274 (HFO has been banned in the Antarctic since 2011.275) 

o Because of the exemptions, the HFO ban will not have a big impact this decade. If 

the measures that will go into effect in July 2024 had been in effect in 2019, they 

would have banned only 16% of HFO used in the Arctic and reduced only 5% of 

the black carbon.276 However, if the Arctic HFO ban were imposed without the 

waivers or exemptions, black carbon emissions could have been reduced by 30%.277 

o In 2019, Arctic Council countries set a collective target of reducing black carbon 

emissions by 25–33% by 2025 compared to 2013 levels.278 Adopting best available 

techniques could halve black carbon emissions by 2025 and surpass the current 

goal.279 These reductions would improve air quality by reducing exposure of fine 

particle concentrations from 18 million to 1 million people by 2050 and avoid 40% 

of air pollution-related deaths in Arctic Council countries by mid-century.280 

o In 2021, the IMO adopted a voluntary resolution to reduce black carbon emissions 

in the Arctic after the annual meeting of the IMO’s Marine Environment Protection 

Committee. In addition to this resolution, the Committee also agreed to revise their 

GHG Strategy, adopt a voluntary resolution on using cleaner fuel in the Arctic, and 

address marine plastic litter from ships.281 

o Banning investments in oil and gas development in the Arctic can help to further 

protect the region. All the major U.S. banks––Bank of America, Goldman Sachs, 

JP Morgan Chase, Wells Fargo, Citi, and Morgan Stanley––have committed not to 

fund oil and gas exploration in the Arctic.282 Insurance companies are also starting 

to commit to banning coverage of Arctic oil projects, including AXA, Swiss RE, 

and Zurich Insurance.283 

• For Arctic ice management, additional strategies being investigated for protecting and 

restoring Arctic ice include enhancing albedo of Arctic sea ice and thickening sea ice.284 

B. Protecting forests and other sinks 

Deforestation combined with global warming risks enhancing warming feedbacks and crossing 

ecosystem tipping points. Halting the destruction of our forests and other carbon sinks285 so they 

continue to store carbon and do not turn into sources of CO2 can provide fast mitigation, while 

also protecting biodiversity.286 

• Already, 17% to 20% of the Amazon forest has been destroyed,287 and there is an expected 

tipping point when 20 to 40% is lost.288 Continued deforestation and drying in the Amazon 

under high-emissions scenarios could result in up to a 50% loss in forest cover by 2050.289 
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o Changes to the global water cycle may be pushing the Amazon to a tipping point.290 

The combination of drier conditions, deforestation, and warming have been 

reducing Amazon forest resilience since 2000, increasing the risk of dieback.291 

o With increased deforestation, including from fires, greater disturbances, and higher 

temperatures, there is a point beyond which the Amazon rainforest would be 

difficult to reestablish,292 with recent measurements suggesting that the 

southeastern area of the Amazon has already shifted to a net carbon source as tree 

mortality increases and photosynthesis decreases.293 

o Tropical and Boreal forest dieback could contribute up to 200 PgC [733 GtCO2] by 

2100.294 

• Conservation International estimates that Earth’s ecosystems contain 139 billion metric 

tons (Gt C) [510 GtCO2] of “irrecoverable carbon,” defined as carbon stored in natural 

systems that “are vulnerable to release from human activity and, if lost, could not be 

restored by 2050.” The highest concentrations of irrecoverable carbon are in the Amazon 

(31.5 Gt C) [115.5 GtCO2], the Congo Basin (8.1 Gt C) [29.7 GtCO2], and New Guinea 

(7.3 Gt C) [26.8 GtCO2], with additional reserves in boreal forests, mangroves, and 

peatlands.295 

• 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,296 calling into question national pledges under the 

Paris Accord, which rely heavily on land uptake of carbon to meet mitigation goals.297 

Nature-based solutions help limit warming in three ways: first, protecting forests and sinks 

prevents the release of carbon; second, restoring critical forests and sinks sequester carbon; and 

third, improving land management can both reduce emissions of carbon, methane, and nitrous 

oxide and sequester carbon.298 

• Effective ways to protect forests, peatlands, and other sinks include:  

o Promoting forest protection and proforestation to allow existing forests to achieve 

their full ecological potential;299 

o Preserving existing peatlands and restoring degraded peatlands;300 

o Restoring coastal ‘blue carbon’ ecosystems;301 and 

o Prohibiting bioenergy.302 

• Global government-led efforts to protect forests are increasing. 

o At COP26, world leaders agreed to halt deforestation by 2030 in the Glasgow 

Leaders’ Declaration on Forests and Land Use. As of December 2022, 145 

countries have committed to this agreement, including Brazil, China, Russia, and 

the United States, covering about 91% of the world’s forests.303 This declaration 

includes $12 billion in funding for forest-related climate finance between 2021–

2025, an additional $7 billion in funding from private companies, and a global 

roadmap to make 75% of forest commodity supply chains sustainable.304 

o The U.S. launched a parallel domestic Plan to Conserve Global Forests: Critical 

Carbon Sinks; this is an “all-of-government effort” to end natural forest loss, 

preserve global ecosystems, including carbon sinks, and restore at least an 

additional 200 million hectares of forests and other ecosystems by 2030 with a 

dedicated fund of $9 billion to support this effort.305 

 

 

https://ukcop26.org/glasgow-leaders-declaration-on-forests-and-land-use/
https://ukcop26.org/glasgow-leaders-declaration-on-forests-and-land-use/
https://www.whitehouse.gov/wp-content/uploads/2021/11/Plan_to_Conserve_Global_Forests_final.pdf
https://www.whitehouse.gov/wp-content/uploads/2021/11/Plan_to_Conserve_Global_Forests_final.pdf
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C. Removing super pollutants from the atmosphere 

Scientists and funders are developing a research agenda for removing methane and other non-CO2 

greenhouse gases from the atmosphere.306 Pathways under consideration for methane removal 

include catalytic oxidation, microbial filters, and augmentation of natural sinks.307 Catalytic 

systems are likely to involve technology already being developed for application to environments 

with heightened methane concentrations, such as coal mines and dairy barns.  

• The U.S. government has started to explore options to remove methane from the atmosphere. 

o In April 2021, the Department of Energy’s Advanced Research Projects Agency-

Energy (ARPA-E) announced a $35 million program to reduce methane emissions, 

called REMEDY (Reducing Emissions of Methane Every Day of the Year). This 

three-year research program looks to reduce methane emissions from the oil, gas, and 

coal sectors. According to ARPA-E, these three sources contribute to at least 10% of 

U.S. anthropogenic methane emissions.308 In developing the REMEDY program, 

ARPA-E recognized the need for further research on methane capture from the air in 

parallel with efforts to capture CO2.309 

o In December 2021, ARPA-E awarded grants for a catalytic oxidation system 

targeting lean-burn natural-gas-fired engine exhaust, multiple catalysis-based 

systems for coal-mine ventilation, and the development of a low-cost, copper-based 

catalyst.310 

o In July 2022, ARPA-E’s budget was doubled by the Creating Helpful Incentives to 

Produce Semiconductors (CHIPS) and Science Act.311 

• Other methane removal interventions might target natural methane sources.  

o One company is testing the possibility of installing passive systems to capture and 

flare methane bubbling from Arctic lakes.312 

• These methane and non-CO2 removal efforts could complement carbon removal projects 

in the U.S.,313 Europe,314 and elsewhere. 

IGSD’s (2022) Background Note on Methane Removal provides further information on proposed 

and active research efforts. 

6. Conclusion 

Global warming is projected to cross the 1.5 C guardrail as soon as the early 2030s. Policies that 

rely on decarbonization alone are insufficient to slow the near-term warming to keep the planet 

even below the more dangerous 2.0 °C threshold. We need to urgently broaden our approach to 

climate mitigation to target both carbon dioxide (CO2) and other largely neglected pollutants to 

address the near-term and long-term impacts of climate disruption, reduce the risk of crossing 

irreversible tipping points, and maintain a livable planet. 

Combining efforts to cut CO2 emissions by decarbonizing the energy system with mitigation 

measures targeting non-CO2 SLCPs methane, HFC refrigerants, black carbon soot, and ground-

level ozone smog, as well as nitrous oxide, would reduce the rate of warming by half from 2030 

to 2050, which would slow the rate of warming a decade or two earlier than decarbonization alone 

and make it possible for the world to stay below the 1.5C guardrail.315 This strategy of a sprint 

this decade to slow warming in the near term by cutting SLCPs and protecting carbon sinks through 

nature-based solutions complements the marathon to net zero by 2050 to stabilize temperatures in 

the longer term.316 

https://www.igsd.org/wp-content/uploads/2021/09/Methane-Removal-Background-Note.pdf
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AR6 is a “code red” for the climate emergency.317 The IPCC’s 2018 Special Report on 1.5 °C 

presented the three essential strategies for keeping the planet relatively safe: reducing CO2, 

reducing SLCPs, and removing up to 1 trillion tons of CO2 from the atmosphere by 2100.318 

Cutting SLCPs is the only known strategy that can slow warming and feedbacks in time to avoid 

catastrophic and perhaps existential impacts319 from Hothouse Earth,320 other than perhaps solar 

radiation management, which carries its own risks. 

In 2021, more leaders and policymakers recognized the importance and potential of targeting super 

climate pollutants than ever before. A new climate architecture is starting to emerge, as 

demonstrated in the realignment of goals of the delayed COP26 in 2021 compared to the goals 

announced in 2020:   

“Four shifts in focus reflect this new architecture; first, the near-unanimous recognition of 

the impending climate emergency and the need to limit warming to 1.5 degrees Celsius; 

second, the recognition “that 2030 is the new 2050,” as French President Emmanuel 

Macron said, and that major emission cuts have to be made in this decade (note also that 

the U.S.-China Joint Glasgow Declaration marked the first time that the United States and 

China acknowledged the urgency of climate action in this “critical decade” of the 2020s); 

third, the recognition that cutting non-CO2 emissions (particularly methane) is essential for 

slowing warming in the next couple of decades and that cuts to CO2 alone cannot address 

the near-term emergency; and fourth, the addition of sector-specific approaches in 

recognition that it is often more efficient and effective to address individual sectors of the 

economy in reaching climate solutions.”321 

https://www.ipcc.ch/sr15/
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radiative forcing due to stratospheric water vapor.”). 

 

192. * White House (18 September 2021) Joint US-EU Press Release on the Global Methane Pledge, Statements and 

Releases (“Methane is a potent greenhouse gas and, according to the latest report of the Intergovernmental Panel 
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other greenhouse gases, and is regarded as the single most effective strategy to reduce global warming in the near 

term and keep the goal of limiting warming to 1.5 degrees Celsius within reach.”). 
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is consistent with other assessments; for example, the Intergovernmental Panel on Climate Change Fifth 

Assessment Report (IPCC AR5) showed that methane controls implemented between 2010 and 2030 would lead 

to a larger reduction in 2040 warming than the difference between RCPs 2.6, 4.5 and 6.0 scenarios. (The noted 
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this decade, and it decreases with each decade of delay in implementation due to its influence on end-of-century 

temperature. A key insight is that methane mitigation substantially lowers the risk of losing Arctic summer sea 

ice across varying levels of concomitant carbon dioxide mitigation.”). 
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reverse warming in the latter half of the century. Reaching and sustaining global net zero GHG emissions results 

in a gradual decline in warming. (high confidence) (Table SPM.1) {3.3, 3.5, Box 3.4, Cross-Chapter Box 3 in 
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Intergovernmental Panel on Climate Change, Shukla P. R., et al. (eds.), SPM-22 (“C.1.2 In modelled pathways 
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1561 (“For the 2008–2017 decade, global methane emissions are estimated by atmospheric inversions (a top-
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65 %).”). 
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and waste sector and the 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 et 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.”). 
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are straightforward to repair (and fixing leaks is paid for by the value of the gas that is saved by repairing them). 

Further, finding leaks has become efficient with modern technology. The standard approach today is to use special 

cameras that can detect infrared light (think of night-vision goggles) which are tuned to make methane, which is 

invisible to our eyes, visible. They allow inspectors to directly image leaking gas in real time, with the ability to 

inspect entire components (not just connections and other areas most likely to leak) and pinpoint the precise 

source, making repair more straightforward. And, technology promises to make this process even more efficient 

(and cheaper) over the coming years. These technologies can be utilized to reduce harmful leak emissions, by 

using regular inspections as the lynchpin of rigorous “leak detection and repair” (LDAR) programs. These 
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and dehydrator venting as sources of the “biggest mitigation opportunities.”). 

 

211. *  Clean Air Task Force, Oil and Gas Mitigation Program (last visited 2 August 2022) (“Venting is even more 
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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.”). 
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production begins. (In some cases, pipelines are never built and all of the gas the well produces over its lifetime 

is wasted in this way, as can be seen in sales records for individual wells available from state regulators.) While 

a substantial portion of this gas is flared off—wasting energy and producing large amounts of carbon dioxide and 

other pollutants—some is just dumped into the air, or vented. Even in cases where a gas pipeline is not connected, 

there are a variety of other technologies that operators can use to reduce associated gas flaring at oil wells.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.”). See also World Bank, Zero Routine Flaring by 2030 (last visited 4 February 2021) (“This “Zero 

Routine Flaring by 2030” initiative (the Initiative), introduced by the World Bank, brings together governments, 

oil companies, and development institutions who recognize the flaring situation described above is unsustainable 

from a resource management and environmental perspective, and who agree to cooperate to eliminate routine 

flaring no later than 2030.”). 

 

213. * U.S. 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 
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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 

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 Höglund-Isaksson L., Gómez-Sanabria A., Klimont Z., Rafaj P., & Schöpp W. (2020) Technical 

potentials and costs for reducing global anthropogenic methane emissions in the 2050 timeframe—results from 

the GAINS model, ENVIRON. RES. COMM. 2(2): 025004, 1–21, 13–14 (“The technical abatement potential for 

agricultural sources is assessed at 21 percent below baseline emissions in year 2050. This includes relatively 

limited abatement potentials for livestock of 12 percent due to applicability limitations (see section S3.4. in the 

SI for details). Large farms with more than 100 LSU contribute about a third of global CH4 emissions from 

livestock and for this group we find it technically feasible to reduce emissions by just over 30 percent below 

baseline emissions in year 2050 (see figures S6–2 in the SI). The available options include reduction of enteric 

fermentation emissions through animal feed changes (Gerberetal 2013, Hristov et al 2013) combined with 

implementation of breeding schemes that simultaneously target genetic traits for improved productivity and 

enhanced animal health/longevity and fertility. Increased productivity reduces system emissions by enabling the 

production of the same amount of milk using fewer animals. The dual objective in breeding schemes is important 

as a one-eyed focus on increased productivity leads to deteriorating animal health and fertility and a risk that 

system emissions increase due to a need to keep a larger fraction of unproductive replacement animals in the stock 

(Lovett et al 2006, Berglund 2008, Bell et al 2011). The enteric fermentation options are considered economically 

feasible for commercial/industrial farms with more than 100 LSU but not for smaller- and medium- sized farms. 

Breeding schemes are assumed to deliver impacts on emissions only after 20 years and feed changes are assumed 

applicable only while animals are housed indoor. Emissions from manure management can be reduced through 

treatment of manure in anaerobic digesters (ADs) with biogas recovery. To be efficient from both an economic 

and environmental point of view, a certain scale is needed to accommodate both the fixed investment of the AD 

plant and the time farmers spend carefully attending to and maintaining the process (for details see section 3.3.1.3 

in Höglund-Isaksson et al 2018).”); and Borgonovo F., et al. (2019) Improving the sustainability of dairy slurry 

with a commercial additive treatment, SUSTAINABILITY 11(18): 4988, 1–14, 8 (“N2O, CO2, and CH4 emissions, 

from the treated slurry, were respectively 100%, 22.9% and 21.5% lower than the control at T4 when the emission 

peaks were recorded.”). 
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and costs for reducing global anthropogenic methane emissions in the 2050 timeframe—results from the GAINS 

model, ENVIRON. RES. COMM. 2(2): 025004, 1–21, 16–17 (“An additional almost 10 percent of baseline emissions 

in 2050 could be removed at a marginal cost below 20 €/t CO2eq by implementing proper waste and wastewater 

handling in China, India and the rest of South-East Asia. This would likely come with considerable co-benefits 

in the form of reduced air and water pollution.”).  

 

215. * U.S. Climate Alliance (2018) FROM SLCP CHALLENGE TO ACTION: A ROADMAP FOR REDUCING SHORT-LIVED 
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all emissions caused by human activity – in the range of two billion tonnes of CO2 per year. If the world has any 
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after 100 years CO2 remains 62% above the zero C case.”); and Bloomer L., Sun X., Dreyfus G., Ferris T., Zaelke 

D., & Schiff C. (2022) A Call to Stop Burning Trees in the Name of Climate Mitigation, VT. J. ENVTL. LAW 23: 

94–123. 

 

303. * UN Climate Change Conference (2 November 2021) Glasgow Leaders’ Declaration on Forests and Land Use 
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Department of State (3 November 2021) Plan to Conserve Global Forests: Critical Carbon Sinks, Fact Sheet 

(“At COP26 during the World Leaders Summit Forest Day session on November 2, 2021, the United States 
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306. * Jackson R. B., et al. (2021) Atmospheric methane removal: a research agenda, PHILOS. TRANS. R. SOC. A 
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equivalent of MCR for carbon dioxide, the TCRE, is 0.00048 ± 0.0001°C per Pg CO2 [38], two orders of 
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be moved [to facilitate CH4 removal] would simply be too great” to be economically feasible. However, Lackner 
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chimney stretching 1000–1500 m into the air, which limits how practical the existing technology may be: see de 

Richter R., Tingzhen M., Davies P., Wei L., & Caillol S. (2017) Removal of non-CO2 greenhouse gases by large-
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emissions. Reducing emissions of methane, which has a high greenhouse gas warming potential, will ameliorate 

climate change.”).  

 

309. * Advanced Research Projects Agency-Energy (30 September 2020) Prevention and Abatement of Methane 

Emissions (“We’re open to all options – but specifically are looking for solutions that: Prevent methane emissions 

from anthropogenic activities. In other words, solutions which intervene before anthropogenic emissions escape 

to the atmosphere. Abate methane emissions at their source.  Sources include vents, leaks, and exhaust stacks. 
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Carbon dioxide is captured on the surface of a highly selective filter material that sits inside the collectors. Second, 

after the filter material is full with carbon dioxide, the collector is closed and we increase the temperature to 

between 80 and 100 °C - this releases the carbon dioxide. Finally, we can collect this high-purity, high-
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