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Warming from methane is 33% of total 
contribution from all greenhouse gases



COP21:  United Nations Conference of the Parties
Le Bourget, Paris -- December 2015

• COP21 Paris Accord target:  “well below 2 deg C”

• Clear recognition that warming beyond 1.5 deg C 
is dangerous

• Methane reductions are critical; cannot reach 
COP21 target with CO2 reductions alone



http://news.discovery.com/earth/alas
kas-arctic-tundra-feeling-the-
heat.html

1.5 oC threshold

2.0 oC threshold

Shindell et al. 2012, Science
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Total 570

Total natural 220
Geological seeps 53
Biological sources 167

Total anthropogenic 350
Fossil fuels 115
Animal agriculture 90
Rice 60
Landfills & sewage 55
Biomass burning 30

Begon et al. (2014)

Global methane sources (Tg/yr), as of 1990 - 2000
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August 2017

Measured C14 in ice laid down in 
Antarctica 11,500 years ago (1 ton 
of ice per sample).  

Indicates the methane from 11,500 
years ago came from biological 
sources, not geological seeps.



Total 570

Total natural 220
Geological seeps 0
Biological sources 220

Total anthropogenic 350
Fossil fuels 168
Animal agriculture 67
Rice 44
Landfills & sewage 41
Biomass burning 30

Based on Begon et al. (2014), modified March 28, 2018 

Global methane sources (Tg/yr), as of 1990 - 2000



Howarth, Dec 2022, EM Magazine

Methane emissions from natural gas in the US:  Preponderance of peer-reviewed 
literature compared to official US EPA estimates (based on industry self reporting)

Average from peer-
Reviewed literature EPA for 2015 EPA for 2019

Upstream & midstream 2.6 % 1.4 % 0.79 %

Dowsntream (distribution) 2.2 % 0.08 % 0.14 %

TOTAL 4.8 % 1.48 % 0.93 %
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Based in part on this comparison, International Energy Agency 
stated in Feb 2022 that EPA estimates and those of almost all 
other governments globally are at least 1.7x too low. (This also 
applies to IPCC estimates).



Methane emissions from natural gas in the US:  Preponderance of peer-reviewed 
literature compared to official US EPA estimates (based on industry self reporting)

Average from peer-
Reviewed literature EPA for 2015 EPA for 2019

Upstream & midstream 2.6 % 1.4 % 0.79 %

Dowsntream (distribution) 2.2 % 0.08 % 0.14 %

TOTAL 4.8 % 1.48 % 0.93 %

Based in part on this comparison, International Energy Agency 
stated in Feb 2022 that EPA estimates and those of almost all 
other governments globally are at least 1.7x too low. (This also 
applies to IPCC estimates).

EPA estimates for 2019 for total emissions are 
actually more than 5x too low!



Rapid rise in atmospheric methane globally since 2008



High visibility paper published in March 2016 in Science:  Increase in 
atmospheric methane since 2006 is most likely biogenic in large part, 
probably from cows.

Based largely on stable carbon isotopic composition (13C vs. 12C) in 
atmospheric methane.



July 2019



Shale gas revolution since 2006

(totally a North American 
phenomenon, largely US, 

through 2015)

US natural gas production, 2000 - 2018

Jeremy Legget, Oct 2018:  https://jeremyleggett.net/2018/10/16/history-of-oil-and-gas-production-from-shale-in-
pictures-and-charts-why-american-shale-is-heading-for-a-crash-and-fracking-in-the-uk-is-doomed-to-costly-failure-2/
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As it migrates through sandstone over 
geological time, some of the methane is 
oxidized, leading to fractionation ….  

The methane in conventional natural gas is 
enriched in 13C relative to the source methane 
in shale gas.

Shale gas signal looks somewhat more like a 
biological source than does conventional gas 
and other fossil fuels!



Adapted from Worden et al. (2017), 
with addition of Howarth (2019).
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Howarth 2019 in Biogeosciences

Increase in emissions of 18 Tg/yr from 
fossil fuels (with half of this from US 
shale gas) and 10 Tg/yr from biological 
sources such as cows 

(after correcting for biomass burning from 
Worden et al. 2017) and for 13C signal of 
shale gas)

Schaefer et al. 2016 paper in Science

Increase in emissions of 22 Tg/yr from 
biological sources such as cows and 4 
Tg/yr from fossil fuels.



Total 570

Total natural 220
Geological seeps ~ 0
Wetlands & lakes 220

Total anthropogenic 350
Natural gas and oil 136
Coal 32
Animal agriculture 67
Rice 44
Landfills & sewage 41
Biomass burning 30

R. W. Howarth, based on Begon et al. (2014), modified June 2, 2019 

Global methane sources (Tg per year)
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One “climate solution” proposed around 2000 was to use natural 
gas as a “bridge fuel.”  Replace coal with gas for generating 
electric power.  CO2 emissions decrease by ~ 40%, since gas 
generates more heat energy than coal per unit of CO2 produced.

Eventually, move beyond the bridge 
to a fossil-fuel-free future….



US natural gas production, 2000 - 2018

Jeremy Legget, Oct 2018:  https://jeremyleggett.net/2018/10/16/history-of-oil-and-gas-production-from-shale-in-
pictures-and-charts-why-american-shale-is-heading-for-a-crash-and-fracking-in-the-uk-is-doomed-to-costly-failure-2/

Publication of first peer-reviewed 
paper on methane and the greenhouse 

gas footprint of shale gas (Howarth, 
Santoro, & Ingraffea 2011)
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• Small leaks and emissions of 
methane matter



Poking Holes in a Green Image
Tom Zeller
April 11, 2011

“The old dogma of natural gas being better than coal in terms of greenhouse gas 
emissions gets stated over and over without qualification,” said Robert Howarth, a 
professor of ecology and environmental biology at Cornell University and the lead 
author ………

“I don’t think this is the end of the story,” said Mr. Howarth, who is an opponent of 
growing gas development in western New York. “I think this is just the beginning of the 
story, and before governments and the industry push ahead on gas development, at 
the very least we ought to do a better job of making measurements.”

The findings are certain to stir debate. For much of the last decade, the 
natural gas industry has carefully cultivated a green reputation, often with 
the help of environmental groups that embrace the resource as a clean-
burning “bridge fuel” to a renewable energy future. 



More than a decade after our first 2011 analysis, now over 1,800 
peer- reviewed scientific papers on methane from natural gas as 
a driver of climate change.

Considering both CO2 and methane,
natural gas is no bridge fuel at all.

Greenhouse gas footprint of gas is 
At best similar to that of coal

Modified from Howarth & Jacobson 2021



The natural gas as “bridge fuel” idea eventually died out.

Along the way, New York State banned fracking for shale gas (in 
2014 by executive order, permanently by legislative action in 
2020). 

Yet natural gas use in New York
has increased faster than any 
other state since the fracking 
ban….

……. Almost all of this is fracked
shale gas from Pennsylvania.



A Fossil-Fuel-Free Future for New York State,
Powering with Wind, Water, & Sun to Address Global Warming, Air Pollution, & Energy 
Security



49

Our Energy Plan for New York State

Jacobson et al., Energy Policy, Feb. 2013



Our 2013 paper on a fossil-fuel-free future for New York helped lead to the 
Climate Leadership and Community Protection Act of New York (2019)



Climate Leadership & Community Protection Act (CLCPA) of 2019 mandates:

• New greenhouse gas accounting for methane
• 40% reduction in greenhouse gases by 2030
• 85% reduction in greenhouse gases by 2050
• 70% renewable electricity by 2030
• 100% C-free electricity by 2040
• At least 40% benefits to go to 

historically disadvantaged



Climate Leadership & Community Protection Act (CLCPA) of 2019 mandates:

• New greenhouse gas accounting for methane
• 40% reduction in greenhouse gases by 2030
• 85% reduction in greenhouse gases by 2050
• 70% renewable electricity by 2030
• 100% C-free electricity by 2040
• At least 40% benefits to go to 

historically disadvantaged

Establishes the Climate Action Council 
to develop policies for implementing.



New York’s Climate Leadership & Community Protection Act 
of 2019 pioneers a new approach for including methane in 
greenhouse gas inventory for the State:

1) We take responsibility for all methane emissions 
associated with use of natural gas, no matter where the 
emissions occur;

2) We compare methane to carbon dioxide over a 20 yr
time period following a pulse emission (before, a 100-yr 
time period was used, and is still used by all other states, the US 
government, and virtually all other nations…..  Which severely 
understates the warming and climate disruption caused by 
methane).



Politico reporter, Twitter – April 20, 2022

• Compare methane to CO2 over 20-yr 
time period (not 100-yr)

• Emissions outside of NY included if 
related to consumption of fuels in NY



Percentages of Total Greenhouse Gas Emissions for 
New York State in 2019 by Sector

Buildings 36%

Transportation 27%

Electricity 16%

Waste 12%

Agriculture 5%

Industry 4%
Modified from DEC inventory:

3.6% emission from natural gas 
(rather than 2.89%)

Oil & gas industry estimate 
apportioned to natural gas use in 
buildings & electricity

Inclusion of methane accounting under CLCPA 
gives much heavier emphasis on buildings, 

electricity, waste, and agriculture



New York State Methane Emissions, 2019 
(million metric tons CO2-eq per year)

FOSSIL FUELS 84
Residential and commercial buildings 47
Electricity 26
Transportation 11

Wastes 42
Solid waste 36
Wastewater treatment plants 6

Agriculture 19
Enteric fermentation from cows 15
Manure 4

TOTAL  145

(37% of all greenhouse gas emissions)

Modified from DEC 
inventory:

3.6% emission from 
natural gas (rather 
than 2.89%)

Oil & gas industry 
estimate apportioned 
to natural gas use in 
buildings & electricity
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NY Climate Action Council draft implementation plan – Future Greenhouse Gas Emissions

Targets required by law

Most likely scenarios

Without new 
regulations & 
incentives



For buildings:

• Prohibit gas & other fossil fuels in new single-family homes & low-
rise residential (3 stories or less) construction by 2024 (2025?)

• Prohibit gas & other fossil fuels in large residential & all commercial 
building construction by 2027 (2028?)

• Undertake aggressive retrofitting of gas & other fossil fuel 
appliances with heat pumps & inductive stoves, starting in 2022      
(2 million homes by 2030, out of total of 6 million single-family 
homes currently heated with fossil fuels in NY)

• “Strategically downsize” (dismantle) the gas distribution system, in 
an orderly way, from 2024 through 2045

• Encourage community-scale ground-source heating where 
appropriate.



Heat pumps extract heat from environment (from air or 
groundwater), gaining 2.7 to 5 times more heat energy than 
electric energy consumed.

My home (1890’s farm house) is 
100% carbon neutral, with 
ground-source heat pump (since 
2014) and renewable electricity.



Climate Action Council –draft of implementation plan (scenario #3)

Figure 15.  Buildings’ Energy Demand (top) and Emissions (bottom)



Office of Science and Technology Policy
Dr. John Holdren

President’s Science Advisor

Best way to reduce methane 
emissions from natural gas?
• Eliminate gas as a fuel as quickly as 

possible.
• Prohibit flaring & venting, but with 

independent verification (not 
industry self reporting).

• Urban delivery pipeline systems?  
Resources better spent on 
replacing gas than on fixing gas 
infrastructure.

Briefing for the White House Office of Science 
& Technology Policy, May 27, 2016



The Methane Project at Cornell University

Questions?

The Methane Project at Cornell is 
funded by the Park Foundation and by 
an endowment given to Cornell by 
David R. Atkinson.

Further information available at  
Howarthlab.org
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