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The two faces of carbon:

Carbon dioxide (CO2) — climate system responds
slowly to changes, but current emissions will influence
climate for 100s of years;

Methane (CH4) — much faster response by climate
system, but methane has a half life in atmosphere of
only 12 years;

220 times more CO2 in atmosphere, but CH4 is 105
times more powerful as a greenhouse gas (by weight)



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

e COP21 Paris Accord target: “well below 2° C”

e (Clear recognition that warming beyond 1.5° Cis dangerous

e Methane reductions are critical; cannot reach
COP21 target with CO, reductions alone
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Shindell et al. 2012, Science






Global greenhouse gas emissions (2015):
CO, = 36 billion metric tons
CH, = 0.38 billion metric tons
CH, is 105-fold more potent as greenhouse gas at first and 86-

fold more on average over 20 years following the emission
(IPCC 2013).



Global greenhouse gas emissions (2015):

CO, = 36 billion metric tons

CH, = 0.38 billion metric tons
CH, is 105-fold more potent as greenhouse gas at first and 86-
fold more on average over 20 years following the emission
(IPCC 2013).

Therefore, CH, emissions = 32 to 39 billion metric tons CO,-eq

Warming from CH, equals that of CO, for next 20 years!



May 6, 2021

educing human-caused methane emissions is one of the most
Rcost-ef—fective strategies to rapidly reduce the rate of warming
and contribute significantly to global efforts to limit temperature
rise to 1.5°C. Available targeted methane measures, together with
additional measures that contribute to priority development goals,
can simultaneously reduce human-caused methane emissions by as
much as 45 per cent, or 180 million tonnes a year (Mt/yr) by 2030.
This will avoid nearly 0.3°C of global warming by the 2040s and
complement all long-term climate change mitigation efforts. It would
also, each year, 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 (Figure ES1).



Uncertainty as to when tipping points
will be hit, but increasing risk in yellow,
high risk shown by red.

Best estimates as of 2007 .....




Also called the Great Ocean Conveyor Belt,
and is probably much more sensitive to
global warming than thought in 2007



The great conveyor belt is slowing...

.... Caused by melting of Arctic ice and Greenland ice sheet,
making North Atlantic very slightly less salty.



Caused in part by melting of
Greenland and Arctic
Ocean ice.

Consequences?

-- greater weather extremes
(cold, heat, floods,
droughts, hurricane).

-- faster build-up of CO, in

the atmosphere?

May become far worse.

April 11, 2018



How do we account for methane relative to CO2
in terms of contribution to global warming, given
the huge differences between the two gases?



Many approaches, but most commonly used in
policy (and easiest to understand):

Global Warming Potential (GWP)

Ratio of radiative forcing caused by methane
divided by radiative forcing caused by carbon
dioxide following pulses of equal masses
(weights) of the gases for a defined period of
time into the future (20 years, 100 years, etc.).



Global Warming Potential (GWP) for methane:

20 year 100 year

IPCC 1996 56 21
IPCC 2007 72 25
IPCC 2013 86 34

The changes over time in table reflect improved science, including indirect
effects of methane on global warming



Comparison of Carbon Dioxide, Methane, and Black Carbon as Agents of Global Warming

Courtesy of Drew Shindell, Feb 2019



Global Warming Potential (GWP) for methane:

20 year 100 year

IPCC 1996 56
IPCC 2007 72
IPCC 2013 86 34

Most governments and almost all standard
life-cycle assessments still use 21 or 25.




IPCC (2013): “There is no
scientific argument for
selecting 100 years compared
with other choices.”

“The choice of time horizon ....
depends on the relative
weight assigned to the effects
at different times.”




100 year accounting time greatly discounts damage from
methane over shorter time scales.

| and many others have argued for 20-year GWP,
combined with separate accounting for carbon
dioxide by itself.




Briefing by Robert Howarth for
the White House Office of
Science and Technology Policy
May 27, 2016



Beginning in 2016, | worked with Assembly Person
Englebright and others in NY Assembly in various versions
of legislation leading to the 2019 Community Leadership &
Community Protection Act (CLCPA).

The CLCPA mandates a 20-year GWP for methane.







What about GWP* ?

First introduced in a 2017 paper, already altered in a series
of follow-up papers. Fairly complicated, and unlike GWP20
and GWP100, GWP* is not constant. It changes as
emissions change.

Very popular in some agricultural circles, as some have
suggested methane from animal agriculture is not a
problem under this approach. | believe this is based on a
mis-use of GWP*



What about GWP* ?

My take:

GWP* is defined in multiple and changing ways. Unlike GWP20 or
GWP100, it is not a constant. It changes as emissions change.

Paradoxically, GWP* can be negative: this implies more methane is good
for climate, which is nonsense.

| do not believe GWP* is likely to have long legs in policy world.

In any case, for greenhouse gas accounting in NY State,
GWP20 is mandated by law (CLCPA of 2019).



Where does atmospheric methane come from?

Multiple sources, both natural and human-caused.

Total global flux estimate well constrained, since rate of
destruction by photo-oxidation in atmosphere is well know.

Two major sources of methane:

e Methane formed in rock formations over
geological time frame (fossil fuels)

e Methane formed by decomposition of organic

matter by bacteria in absence of oxygen
(wetlands, lake sediments, rice fields, sewage treatment
plants, landfills, manure piles, animal guts)



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 (3C vs. 12C) in
atmospheric methane.



Methane concentration
in atmosphere (global
average)

Stable carbon isotopic
composition of
atmospheric methane

Howarth (2019), based on Schaefer et al. (2016)




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.

Howarth (2019)




Global methane sources (Tg per year)

1995 2015
Total 570 ——p 595
Total natural 220
Geological seeps ~0
Wetlands & lakes 220

Total anthropogenic 350 ——p 375

Natural gas and oil 136 ——> 154

Coal 32 ——> 33

Animal agriculture 67 —-—> 77

Rice 44

Landfills & sewage 41

Biomass burning 30 fererep 27
The Methane Project at Cornell University R. W. Howarth, based on Begon

et al. (2014), modified 6/2/2019



Is methane from animal agriculture the same as
from fossil fuels?

* When in atmosphere, methane is methane with same
warming potential: 105 times that of CO,

* When the methane is eventually oxidized to CO,, that
which came from fossil fuels is a new source of CO,. The
CO, for the agricultural source is not new.

e This difference is small (2.5%). When expressed as
GWP-20, changes agricultural methane to 84 instead of
86 for fossil fuels.



Although fossil fuel emissions of methane far larger than
those from animal agriculture, animal ag is important
globally:

77 Tg/yr (20% of all human sources)

Animal agriculture in NY State contributes 0.23% of the
global total.

This accounts for 1.2% of all greenhouse gas emissions in
New York State. So relatively small, but still worth trying to
reduce, and NY can help lead the way for other states and
nations.



Dairy farms and cattle operations produce methane in
two ways:

1) Released from manure (~ 20% of total)
2) Produced in the rumen and breathed or belched out

(~80% of total) — Tom Overton will discuss in a
moment.



Should NY promote anaerobic digestors to produce and use
methane from manure?

Spruce Haven Farm, Union Springs, NY
Doug Young & family, proprietors




Should NY promote anaerobic digestors to produce and use
methane from manure?

Maybe..... but limited potential. At most could produce 370
million cubic meters (very optimistic assumptions).

This would replace 0.9% of current use of natural gas in NY
State.

And could actually increase atmospheric methane emissions,

if there were significant leakage from the digestors.

Manure management practices need to be improved, but is
anaerobic digestion the best approach?



Tom Overton will now discuss methane from
cows & cattle as influenced by feeds.
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