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Inferring long-term trends in methane emissions from
satellite and ground-based observations
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Methane: a greenhouse gas im = SIEH KR

Radiative forcing Methane concentration in last 35 years
I o o T e o e e e e .
1900 ‘ ‘
co | i
[&] 2 | |
5 | o, ss0| SUrface : : ]
_ 3 : g measurements | |
S | HaloCarbons | £ 18001 i | ]
- | 5 NOAA ; ,
= [ N0 | s 8 17sof ' ' 1
HFCs—PFCs—SF, | [Hotsiret) HE é
(A i ; E 1700} : .‘ p
8 Y | co S 1 ‘.
1650 [ i | 1g
E ?1 I Nmvoc { : H
- nhtrote g I 1600 ‘ E
E - | NO, 1980 1990 2000 2010 2020
& Nirole g e T N YEAR
,n I
3 Sulphote g o | SO, Methane concentration in last 300 years
5 FESSTGr 1 Snow |
£ ) N oo cover 1
E \ < —'Bm@ | Organic Carbon | i : j‘zgg
@ {Burning ! Mineral Dust ce core ; ] .
° [ . - 1400 2
2 |-12¢ ERFaci | Aerosol—Cloud Meure et al., GRL, 2006 ; A &
< i 1200 2
Contrails | Aircraft i . 1000 E
= -
4 Surface, Albedo : o) B Al 3 J 800
g I Solar Irradiance | i -1 600
IS INENEPITE oI BT AN A : 1 L 1 1 L 1 . 1 L
-05 0.0 0.5 1.0 1.5 1750 1800 1850 1900 1950 2000
Rodiative Forcing (W m™) Year AD

IPCC AR5
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Reducing methane emissions FR KT HE
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from global scale to point sources
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What drives the increase of methane concentration?

TAE

1900

CH, concentration in last 35 years

GLOBAL MONTHLY MEAN CH,

1850

[
0
[=]
=]

CH; mole fraction (ppb)
H =
~ ~
o wu
[=] [=]

1650

9.0 ppbv/ :

5.7 ppbv/yr

S|

1%4%50

1985 1990 1995 2000 2005 2010 2015 2020
Year

RN T I K SIRERN EF?

Atmospheric methane budget

CHy — —

T

_ Anthropogenic I Natural

Sources
550+ 60 Tg a™”

Sink
Lifetime of 10 yrs

Tropospheric OH  —
89%

Soil Absorption
Stratospheric Loss

Tropospheric Cl



What drives the increase of methane concentration?
H2EZ=KE 7 B ASRER EF?

Theories proposed to explain 2007 regrowth

Atmospheric observations
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Worden et al. Nature Fossil fuel; Less BM

Communications burning
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Satellite observations T2 21
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Inverse analysis of satellite observations T2 2#UERISE DT
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Improvements: wetlands EELEHIXGHE : (SR 2

Inversion is performed on each 4x5 grid cells for annual-mean non-wetland emissions and
linear trend

.. and 14 subcontinental regions for monthly-mean wetland emissions
¥ \

Superimpose the spatial correlation within a region Allow for seasonality correction

ton km= a-*
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Root mean square error (Tg a'1)

Improvements: OH iEEERISGH: OHILC 3
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Inversion result )
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Inversion result )

80

70-
60-
50-
40

30
180

1601
140~
1201
100+

80 ! T T T T
2010 2012 2014 2016 2018

Wetland emissions

Extratropical wetlands
Prior: 46 (0.2)
Posterior: 43 (0.8)

Tropical wetlands
Prior: 115 (-0.8)
Posterior: 102 (1.7%)

RS R

Loss frequency (a

Global OH concentration

Prior Posterior
0.104
0.094
0.07 1
0.06 1 L
2010 2012 2014 2016 2018
Year

Zhang et al., ACPD, 2020

T
—
o

o
(e) swney

T
—
N

T
=
m

19



Attribution of changes in global methane budget, 2010-2018
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Complementarity of satellite and ground observations
T2 A0t M By B 44

0O=no information from obs.

Information content 1=fully constrained by obs.

Ground network (Obspack) Satellite observations (GOSAT)
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High resolution regional inversion = 43 ## %R [X i8] & &

Preliminary results for China

Mean emissions 2010-2017: Posterior - Prior
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Bt P EFANH#E MM Combine satellite and surface observations
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Information content embedded in observations WM ZEE = A E
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Summary B4

* Inversion of 2010-2018 GOSAT observations provides insight into global and
regional methane budget.

* Increasing anthropogenic emissions contribute to increasing global growth
rate. Particularly, increasing livestock emissions over Southeast Asia, East Africa, and
Brazil are underappreciated globally.

 Information for seasonality and trend of regional wetland emissions

« Ground network and satellite observations provide complementary information for
constraining methane emissions.
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