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Methane (CH,): the second greenhouse gas
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Methane sources to the atmosphere
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Greenhouse gas monitoring

Top-down approach
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Methane emission inverse modeling

Satellite, surface sites, airplane, mobile
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A multi-scale, multi-platform monitoring system

Global National Regional Facility

Southwest
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A multi-scale, multi-platform monitoring system

Global National Regional Facility
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Joint NH;-CH, analysis



Global methane emissions 2010-2018

How to separate contributions of livestock to the positive trend?

2010-2018 emission trends

———e
e = :;ﬁ

i Lo & e, a
S e =~ ’
e 5 =
= {l\ R o

Linear trend (% a')

- — ]
-5.0 -25 0.0 25 5.0

Declining Increasing

emissions emissions

Zhang et al., ACP, 2021

Emissions [Tg a"]

110
100
90
80
70

30
20
107

< E=E=R=R=E=E=R=E=E=]
NNNNNNNN NN

A Anthropogenic

South America |
Africa

Equatorial Asia |
India+Pakistan ‘|

|
” K—M
50

40 |

Year

Qu et al., PNAS, 2024

Emissions [Tg a"]

B Wetland

j=jelelelelel=el=]
NN AN AN AN AN DN

Year



Is the increase due to livestock or wetlands?

Wetlands in Sezibwa and Akweng River, Uganda
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multi-species

€ CH, and NH; are both emitted from livestock activities
@ Better livestock attribution with joint analysis of CH, and NH; observations

CH, NH,
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Joint NH,-CH, analysis

_w CH, livestock emission trends Strong correlation between NH; and CH,
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NH,;-CH, trend correlation not captured by inventories

(A) Inversion (B) FAO-GLW4 (C) EDGAR (D) CEDS
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Joint C,H,-CH, analysis



High resolution methane emissions & trends

2010-2017 mean methane emissions

2010-2017 methane emission trends
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Which is the main sector in Chinese cities, waste or natural gas?

€ Better natural gas attribution with joint analysis of CH, and C,H, observations
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Trend of natural gas consumption in China

Rapidly increasing consumption of natural gas since the 2000s
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Contribution of NG consumption is severely underestimated

Ethane observations in Yangtze-River Delta
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Implications for China’s urban methane emissions

Natural gas consumption to methane Important contributor to national trend
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Satellite CO to infer latitudinal
distribution of global OH variations



More than emissions ...

Mass balance of CH,
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How to monitor changes in global mean OH concentration?

Conventional method: e
Decay Rate Emissions
Methyl chloroform (MCF) proxy \ —
OHl o k E dG/dt
140 I Montreal Protocol  _ l 4 } G = (G (;
T 190 ] Tropospheric )
c_f 100 | Mean Global burden
5 80 .
5“’ 60 4
o cuatience Challenges
= 40 .
© 20} . « Approach to detection limit
| | l | | * Provides no spatial information

0 |
1980 1985 1990 1995 2000 2005 2010
Turneret al., 2017

22



A new method using satellite CO observations
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Rapid increase during 2020

What causes the record high growth of methane in 20207

Annual Global Increase of CH,4 l
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Reduced global OH in 2020
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Reduced OH in both hemispheres

AOH (%)

Greater reduction in Southern Hemisphere - COVID-19 was NOT the only driver
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Extreme wildfires in Australia also contribute

_OH_ NO,
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Global budget analysis for 2020

Enhanced 2020 growth driven by increased CH, emissions and reduced OH

2020 minus 2018-2019 Methane Emissions (17 Tg a_1)
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Summary

* NH; observations are useful for constraining livestock
methane emissions and their changes at the continental
scale

* Ethane observations are useful for quantifying methane
emissions from natural gas consumption in cities, therefore
separate their contributions from waste emissions.

* Satellite CO observations are useful for detecting latitudinal
changes in OH concentrations
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