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* Objectives :
« Stimulate research and projects on the global to regional methane
budget and its evolution since pre-industrial times
« Produce and publish regular updates of the global methane budget

« How ?
« Constitution of a GCP-CH4 group of scientists interested by the
objectives : observations, inventories, wetland models, CTMs, inversions
« Regular exchanges during the year (teleconf, side events in existing
meetings, ...)

« Who ?
* Any individual scientist, team, or thematic group working on the global to
regional scales of the methane cycle, bottom-up/top-down,
experimentalist/modeler ...

Institut
Pierre
Simon
Laplace

0 LABORATOIRE DES SCIENCES DU CLIMAT & DE LENVIRONNEMENT N2 o




Methane Budget releases GLOBAL CARBON

PROJECT

Kirschke et al., 2013: The Global Methane Budget: 1980-2009
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REVIEW ARTICLE

PUBLISHED ONLINE: 22 SEPFTEMBER 2013 | DOL 10.1038/NGEO1955

Three decades of global methane sources and sinks

Stefanie Kirschke etal.”

Methane is an important greenhouse gas, responsible for about 20% of the warming induced by long-lived greenhouse gases
since pre-industrial times. By reacting with hydroxyl radicals, methane reduces the oxidizing capacity of the atmosphere

Saunois et al., 2016: The Global Methane Budget: 2000-2012

Earth Syst. Sci. Data Discuss., doi:10.5194/essd-2016-25, 2016
Manuscript under review for journal Earth Syst. Sci. Data
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Atmospheric
Observations

Ground-based
data from
observation
networks (AGAGE,
CSIRO, NOAA,
UCI, LSCE, others).

Satellite data
(SCIAMACHY,
GOSAT)

Emission
Inventories

(B_U)

Biogeochemistry
Models

(B-U)

The Tool

Agriculture and
waste related
emissions, fossil
fuel emissions
(EDGARA4.2, EPA,
[IASA, FAO).

Fire emissions
(GFED3 & 4s,
FINN, GFAS, FAO).

Biofuel estimates

Ensemble of 11
wetland models,
following the
WETCHIMP
intercomparison

Model for Termites
emissions

Other sources
from literature

Inverse Models
(T-D)

Suite of different 8
atmospheric
inversion models
(TM5-4DVAR (JRC
& SRON), LMDzZ-
MIOP, PYVAR-
LMDz
CarbonTracker-
CH,, GELCA, ACTM,
TM3, NIESTM).

Ensemble of 30
inversions
(different obs &

Atmospheric
chemistry (OH)

From Kirschke et
al., (2013) Long-
term trends and
decadal variability
of the OH sink.

ACCMIP CTMs
intercomparison.

Comingin 2016 :
CCMI runs for OH




GIobaI methane budget 2003-2012 (tgcH,zyr)
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30 [10%)]
106[20%]
59 [20%]

Saunois et al., 2016
Bottom-up Sosh Top-down
185 [40%)] Natural wetlands 167 [80%]
195 [15%)] Agriculture & waste 188 [64%]

121 [20%]
41 [80%]
79 [10%)]

30 [30%]

Biomass & biofuel burning

105 [50%)]

34 [54%]

199 [90%)]

122 [100%]
10 [100%]
3 [100%]

9 [120%]
52 [50%]

2 [100%]

1 [100%]

Other natural emissions

Process-based budget
(Bottom-up models & inventories)

736 TgCH,/yr [25%)]

64 [150%]

Mean [min max range in %]

Atmospheric-based budget

(Top-down inversions)

558 TgCH,/yr [5%]

Key message: main uncertainties are due to inland water emissions
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Interactive data visualisation of the methane budget on:
http://Isce-datavisgroup.github.io/MethaneBudget/

Top-Down budget (2003-2012) Bottom-Up budget (2003-2012)
Global sources: 558 [540-568] Tg CH4 yr™! Global sources: 736 [596-884] Tg CH4 yr™!
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Global mixing ratio E
* Sustained increase since 2006 =
* Reached 1810 ppbin 2012
1838 ppb in June 2016 ~
Growth rate %
e« 2000-2006: 0.6+0.1 ppb/yr X
e« 2007-2012: 5.5+0.6 ppb/yr & %
e 2014:12.5 £0.5 ppb/yr _ sk 3
e 2015:10.1 0.7 ppb/yr 2 gﬁg: ;
2 520 ;_surface inversions: _;
& 500 LMDz MIOP LMDz_PYVAR ACTM CT-CH4 GELCA NIESTM TMS-EC-JRC TM5-SRON 3
Global inverted annual emissions & aof Do PR e, missone DS DSV
» Stable from 2000 to 2006 s o ———— :
 Stable from 2007 onward s 2of :
* « abrupt change » in 2006-20077 : -
E -40LC :

Saunois et al. In prep 2000 2002 2004 2006 2008 2010 2012
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* Global anomaly mainly from the 40} Global total sources % Tropical total sources 1
tropics : i ]

* AV in the tropics: £ 15Tg CH,.yr!

* Mid latitudes anomaly < 5 TgCH,.yr!

* Small contribution from boreal
regions

20 ["Mid-Tatitude total sources | Boreal total sources )
10t + .
* No significant trend in natural - T -

(wetland) sources (BU and TD)

* Increasing anthropogenic
emissions but not as large as in
BU

« 2000-2006:

Natural source anomaly enhanced  _yof =< BU

by a positive trend from 2002 2006 2010 2002 2006 2010
anthropogenic emissions Years

Methane emission anomaly (Tg/yr)

» 2007 onward.: Saunois et al. In prep
Rather stable natural and
anthropogenic sources => Changes between 2002-2006 and 2008-2012
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2004-2010 difference: a geographic View cioeai(carson
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T-D inversions : O 1T 17 T[r 1 17 1. 17 1T 1 1[I T 1T 171 T4
* A+17 [8-32] TgCH,.yr ! global TD\Z Global & ] N i
L. . . =~ Hemispheri ropics id-Latittudes igh -
emission increase T osopfL o Lat. ]

* Mostly tropical (80%) T I ]
* Main regional contributors : £ oo ] —
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 A32TgCH, yr!emission anomaly
* Mostly mid-latitudes (50%)
 Dominant contribution of China

Trop. S. America[—
Temp. S. America[—
Northern Africa—
Southern Africa[—
South East Asia|—
Contiguous USA[—

Central N. America—

Saunois et al. In prep

l B-U Positive anomaly D B-U Negative anomaly

Boreal N. America|—

Temp. cent. Eurasia & Japan [—

l T-D Positive anomaly l T-D Negative anomaly l T-D neutral

B-U neutral
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2004-2010 difference: a process VieW  ciosat/carson
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T-D inversions : i
i 2008-2012 minus 2002-2006

e Similar positive contributions of
agricult. & waste, fossil fuel

* Smaller positive constribution of
wetlands

* Negative contribution of biomass
burning

)
o
|
|

—_
o

o

B-U models & inventories :

* Dominant positive contribution of
fossil fuels and agriculture and
waste.

* No contribution from wetlands

* Negative contribution of biomass
burning Key points: agriwaste (+) and bbg (-) anomalies

are consistent between TD and BU

+ ﬁ@
_ | | R |

| N
Wetlands ‘ Agri-waste ‘ Fossil fuels
Others Biomass burning

N
o

Emission differences (Tg.yr ')

l T-D Positive anomaly l T-D Negative anomaly l T-D neutral

Saunois et al. In prep

E l B-U Positive anomaly D B-U Negative anomaly B-U neutral
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Hausmann et al. (2016), based on ethane/methane ratio, over 2007-2014:
« +24-45Tg CH, yr' increase in global methane emissions

« atleast 39% from oil and gas emissions (ref scenario)

« =>9-18 Tg CH, yr'increase from oil and gas emissions

Our study, based on TD results, 2012-2008 minus 2002-2006 difference:
« +17 [8-32] Tg CH, yr'increase in global methane emissions
« +8][0-16] Tg CH, yr" increase in fossil fuel related methane emissions

Key message :
- agreement with Hausmann et al. (2016) though likely in their lower range
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Sources

Emission changes
(Tg CH,.yr")

Isotopic signatures
(“60)

Schaefer et al. (2016) | 19.7 -59 [-56 to -61]
2007-2014 period
Quay et al. (1991) | Schaefer et al. (2016)
Wetlands +5 [-4-11] -55 | -60
Agriculture & Waste +10 [9-12] -55 | -60
Fossil fuels +8 [0-16] -40 | -37
Biomass burning -4 [-9-0] -20 | -22
Others 1-3 -63 (termites) to -42 (oceanic sources)
Total 19 -56 | -58
Total 20-23 -62 to -59

Key messages :

- agreement with Schaefer et al. (2016) on the recent change
- mainly biogenic (more agriculture & waste than wetlands)
- fossil fuel emission increase balanced by a decrease in biomass burning emissions

.
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Take-home messages GLOBAL| CARBON
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* Methane global emissions are 558 TgCH, yr! [540-570] for 2003-2012 as inferred by an
ensemble of T-D inversions

 B-U infer much larger global totals because of larger natural emissions. More work is
needed especially for inland water emissions

* The 2004 to 2010 change in methane emissions is estimated at 17 Tg CH, yr [8-32] for T-
D inversions and 29 Tg CH, yr! [13-38] for B-U models and inventories but ranges remain
large.

* Poor agreement on the latitudes or processes responsible for the increase :
* More tropical and biogenic dominated for T-D
* More mid-latitudes and fossil-fuel dominated for B-U

* Current most likely scenario for the 2004 to 2010 increase in methane emissions:

dominance of agriculture and waste with a contribution of 1/ wetlands and 2/ fossil fuels
compensated by a decrease in BBG (compliant with both 13C and ethane based studies)
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Thank you for your attention

Global Methane Budget Website
http://www.globalcarbonproject.org/methanebudget

Activity Contacts | ________Ewmail ______

Philippe Bousquet philippe.bousquet@lsce.ipsl.fr
Pep Canadell pep.canadell@csiro.au
Marielle Saunois Marielle.saunois@]Isce.ipsl.fr
Anna Peregon anna.peregon@lisce.ipsl.fr
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Atmospheric
Observations

Ground-based
data from
observation
networks (AGAGE,
CSIRO, NOAA,
UCI, LSCE, others).

Satellite data
(SCIAMACHY,
GOSAT)

Emission
Inventories

(B-U)

The Tools

Agriculture and
waste related
emissions, fossil
fuel emissions
(EDGARA4.2, EPA,
[IASA, FAO).

Fire emissions
(GFED3 & 4s,
FINN, GFAS, FAO).

Biofuel estimates

Biogeochemistry

Models
(B-U)

Ensemble of 11
wetland models,
following the
WETCHIMP
intercomparison

Model for Termites
emissions

Other sources
from literature

Inverse Models
(T-D)

d Data

Suite of different 8
atmospheric
inversion models
(TM5-4DVAR (JRC
& SRON), LMDzZ-
MIOP, PYVAR-
LMDz
CarbonTracker-
CH,, GELCA, ACTM,
TM3, NIESTM).

Ensemble of 30
inversions
(different obs &

Atmospheric
chemistry (OH)

From Kirschke et
al., (2013) Long-
term trends and
decadal variability
of the OH sink.

ACCMIP CTMs
intercomparison.

Comingin 2016 :
CCMI runs for OH
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Wetland emissions from B-U

11 process models forced with the same wetland extent : merging of remote sensing based
observations of daily inundation from the Surface WAter Microwave Product Series Version
2.0 (SWAMPS; Schroeder et al., 2015) with the static inventory of wetland area from the
Global Lakes and Wetlands Database (GLWD; Lehner and Doll 2004),

184 Tg/yr emissions on average for 2000-2012 (range [152-222])

Poulter et al., in review, Nature CC

Model Name  2000-2006 2007-2012 2012 Contributor Reference
CLM 4.5 206.2 £5.6 205.7 £5.7 208.4 Koven/Xu/Riley (Riley et al. 2011)
CTEM 195.7 £3.9 194.2 +5.5 195.4 Melton/Arora
DLEM 168.6 £3.2 165.7 +4 167.2 Tian (Tian et al. 2010)
JULES Gedney/Jones (Hayman et al. 2014)
186.7 £6.5 193.4 +8.8 199.7 Wiltshire
LP]-MPI 222 +8.9 226.8 +8.5 234.2 Kleinen/Brovkin (Kleinen et al. 2012)
LPJ-wsl 152.3 £1.7 151.7 £6.3 154.5 Poulter/Zhang (Hodson et al. 2011)
LPX-Bern 173.4 +1.5 172.9 +4.6 172.1 Spahni/Joos (Spahni etal. 2011)
ORCHIDEE 175 +4.4 169.6 +5.6  173.9 Peng, S. (Ringeval et al. 2010)
SDGVM Beerling/Hopcroft (Hopcroft et al. 2011)
190.5 #4.5 190.2 +6.4 190.1 Taylor/Wilton
RIPLEX-GHG 156.7 £3.3 1529 +4.9 160.4 Peng, C. (Zhu et al. 2015)
VISIT 194.1 £3.6 197 +2.4 192.7 Ito/Saito (Ito and Inatomi 2012)

Key messages: 1) No trend in wetland emissions between 2000 and 2012
2) Differences in wetland extent represent 30-40% of the previously estimated
range of wetland emissions
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Regional methane budget (TD) (2003-2012 decade) cLoear|careon
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Largest emissions in
Tropical South America,
South-East Asia and China

Chinese emissions
significanlty lower than the
prior value (mostly given
byEDGAR4.2 inventory)

« African emissions
significantly larger than the
prior value (mostly given
by EDGAR4.2 & GFED
inventory)

Key message: Three regions represent 50% of emissions (Trop
South East Asia, China) : reduced emissions in China compared to EDGARv42

Methane emissions (TgCH,.yr")
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