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srosacicarson  GCP-CH, Objectives & realisations

Objectives :
e Stimulate research and projects on the global to regional methane budget and its
evolution since pre-industrial times
* Produce regular updates of the methane budget (~ every 2 years)
* Produce synthesis papers in peer-reviewed literature

How ?
* Constitution of a GCP-CH, group of scientists interested by the objectives,
* Scientific exchanges during the year (teleconf, side events in conferences, ...)

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/
inverser, ...

Main realisations
* Two budgets released in 2013 and 2016

* Five papers published : Kirschke et al., 2013, Saunois et al., 2016ab, 2017, Poulter et al., 2017
e Annual side-event meeting at AGU

* A Grant from Moore foundation obtained for three years
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An ensemble of tools and data to estimate
the global methane budget and its evolution

Atmospheric
observations

Emission
inventories

Biogeochemistry
models & data-
driven methods

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

Satellite data
(SCIAMACHY,
GOSAT)

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

L»-I_' \?

"

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

ACCMIP CTMs
intercomparison.

Soil uptake &
chlorine sink from
literature

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

Ensemble of 30
inversions (diff.
obs & setup)
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Assimilation data

Satellite
data

Flux
Tower

Forest & Soil
C inventories

Forcing data

Meteo. data
Prior param.
calibration

Land surface
model

Validation data

Flux measurements

Other satellite data

CH, emissions due to wetland areas
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sosaclcassor Top-down modelling

Forcing data

Assimilation data

Validation data

Meteo. data
Prior param.

Satellite ,{‘-*"r\ﬁw calibration
data PEERNTINT I ‘ CH, vertical
- -———— == Profiles
Ay ~ ~ -
Atmos. ATMOSPHERIC .
Conc. model N
1 1 . R Satellite data
J(X)=E(y—HX)TR_I(y—HX)+E(X—Xb) B'l(x—xb))
Atmospheric y
. o /
. : inversion -,
Variational / Analytic -
Lsce_rel ~ -~ o R - -
':"'?"}w ; oo -
Y g/ Total CH, fluxes at model
W 7 resolution / by region/process
[gCH2 /m2 /year] (values & uncertainties)
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Surface and satellite data

PROJECT
(a) XCH, SCIAMACHY IMAPv55R1 shift SAT: 30.4 ppb
90
“-a-_ i == =
60 j: l# '3 . . F a- = K - . 1812
o j - 3 B m 1785
. I| Lower precision & accuracy than surface e 1758 Q.
< © | Large Bias correction needed o ot o
- . . . T
-30 @ Very good spatio-temporal sampling (but no high lats) 1704 2
- SCIAMACHY ey = 1677
_gol" . T - W W 1
O — 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
o0 ol A
A ;,J@WWHH’M ..
ﬁ\ »MN‘WJ‘N'WM'.-* " Lower precision & accuracy than surface
o0 | 1 . » b » . .
W' i o 3 e « | Improved situation compared to SCIA
:M High precision & accuracy * | Good spa.tlo-temporal sampling
(but no high Iats)
Uneven spatio-temporal sampling | GOSAT ' 1677
1800 - ;ll
P _ . L= Source : P. Bergamaschi,
Continuous ] -1980 -2013 . http://www.esa-ghg-cci.org/index.php ?g=webfm_send/153
Source : World Data Center for Greenhouse Gases,
http://ds.data.jma.go.jp/gmd/wdcgg/cgi-bin/wdcgg/map_search.cgi + IAS I (T I R )

Atmospheric

observations

+ TROPOMI (coming)
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* Methane Budget 2003-2012 (released on December 12th)

 Methane emission changes



crosaL carson  Global methane emissions 2003-2012 : top-down view

GLOBAL METHANE BUDGET ©09

CH4 ATMOSPHERIC
TOTAL SINKS

[ To p-d own bu dgEt ] TOTAL EMISSIONS GROWTH RATE
10

(94-10.6) 548
(529-555)

558

(540-568)

188 34 167 64 515 33
(115-243) (15-53) (127202) (211132) (510-583) (28-38)

105
(77-133)

. Sink from
chemical reactions
in the atmosphere

] . T
- ‘ Sink in soils
S . Y 4 : \
252 . D ’ 7] A Z N Y [aYasY/
Fossil fuel Biomass L

production and use Agriculture and waste burning Wetlands Other natural
emissions

Geological, lakes, termites,
oceans, permafrost

EMISSIONS BY SOURCE

In million-tons of CH4 peryear(Tg CHg4/yr), average 2003-2012
557 FONDATION
Natural and anthropogenic GLOBAL@%? ‘C | BNP PARIBAS

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

Atmospheric

observations
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GLOBAL METHANE BUDGET

TOTAL EMISSIONS

[ Bottom-up budget ]

730
(596-884)
p
121 195
(1144133 (178-207)
]} o
1 Y
||* e

Fossil fuel

production and use Agriculture and waste

EMISSIONS BY SOURCE
In million-tons of CHy4 peryear (Tg CHy4/yr), average 200322012

Global methane emissions 2003-2012 : bottom-up view

©@®O

Global Carbon Project

EMISSIONS - SINKS

102 TOTAL SINKS
Much larger than observed
632
(592-785)
N
30 185 199 604 28
(27-35) (153227) (104-297) (483-738) (9-47)
| Sink from
chemical reactions
\ in the atmosphere
Sink in soils

Vv
7]

Biomass
burning

k=

Wetlands Other natural

emissions
Geological, lakes, termites,
oceans, permafrost

5 FONDATION
Natural and anthropogenic GLOBAL@%? ‘C | BNP PARIBAS
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[ Top-down budget ]
« Largest emissions in Tropical p——____T—
South America, South-East Asia B |
and China (50% of global P

emissions)

« Dominance of wetland emissions | /
in the tropics and boreal regions

| 20 AT
« Dominance of agriculture & 4o®
waste in India and China I

etland
\ ther natural ",‘ b /
- Balance between agriculture & gﬁnmwm £ /
waste and fossil fuels at mid- * @onass s oielburing 1§

latitudes

Source: Based on Saunois et al. 2016 (Fig 6, 7) Inverse models
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[ Top-down budget J [ Bottom-up budget J
« Largest emissions in Tropical \ 0 7 01To 01 Tew
South America, South-East Asia o
and China (50% of global
emissions)

« Dominance of wetland emissions
in the tropics and boreal regions

« Dominance of agriculture &
waste in India and China

« Balance between agriculture &
waste and fossil fuels at mid-
latitudes

« Uncertain magnitude of wetland emissions in boreal regions between TD and BU

« Chinese emissions lower in TD than in BU, African emissions larger in TD than in BU

Biogeochemistry
models & data- Source: Based on Saunois et al. Inverse mOdEIS

_ 2016 (Fig 6, 7)
driven methods

Emission

inventories




srosaricazson  Wetland emissions (1980-2010)

[ Bottom-up budget J

* Wetland methane 2000-2006  2007-2012 2012

emissions in Tg CH,
yr for 11 vegetation

Boreal

Boreal N America (NABo) 25.1+11.3 26.1+11.8 27.1+12.5
models and 12 oreal Eurasia (EuBo 1145.3 1145.2 10.7+5.2
TRANSCOM regions Europe (EURO] 5.7+2.5 5.9+2.6 6.1+2.6

e The emissions are Temperate
presented as N America (NATe) 16.215.6 16.4+5.7 17.6£5.9
averaged over the S America (SATe) 13.4+3.6 12.1+3.2 11.9+3.4
stabilization period Eurasia (EUTe) 15.1+7.1 14.8+7.2 14.9+7.4
(2000-2006), the Tropical
ncreasing period AT 25037 232637 239438

Sla rAS Rolusto B VARE Y95,
(2007-2012) ‘and for Africa (TrAf) 8.4+1.9 8.0+1.7 8.3+1.8
2012. o
, Semi Arid

* The uncertainty range N Africa (NAfr) 8.5+3.7 8.8+3.6 8.3+3.3
is estimated as the S Africa (SAfr) 9+1.9 9.2+2 9.2+1.8
standard deviation of Australia (AUST) 2.7+1.5 2.7+1.4 2.6+1.3
the wetland CH, Global 184+21.1  183.5+23.1  185.7+23.2
model ensemble
(n=11).

Source: Poulter. et al.,
in revision




sroeaticazson  Chinese methane emissions (1980-2010)

Downward revision by a recent regional inventory [ Bottom-up budget |

{(b) Livestock (c) Rice
(a) Total 20 20
100 ‘ ‘ B This study
80 EDGAR v4.2 10 ﬂ "
60 1 US EPA 10 |
40 NCCC ) i T~
20 - IPCC-EF 1980 1990 2000 2010 1980 1990 2000 2010
0+ } § ) IPCC-EF 5-95 % ClI (d) Biomass burning (e) Coal
1980 1990 2000 2010 6 30
. . _ 4 1 /—’\’\’_z 20
e County-based inventory covering all S, s e e 10_//\/4/-
anthropogenic emissions 5"
0 0
© 1980 1990 2000 2010 1980 1990 2000 2010
e Total emissions consistent with EPA’ _§ , (f) Oil and gas systems (9) Fossil fuels combustion
smaller than EDGAR4.2, more consistent  § |
with EDGAR 4.3.2 (not shown) 5 1
0 P . ami
e Largest discrepancies for rice, coal, 1980 1990 2000 2010 1980 1990 2000 2010
Waste Wate rs’ Oll&gas . (h) Landfills 0 (i) Wastewater
2 o °« * 5 /.__,._/'——-" ¢
Source: Peng S. etal., . . —

2016 Inventories 1980 1990 2000 2010 1980 1990 2000 2010




srosacicareon  Downward revision of oceanic emissions

* Based on oceanic local observations and data extrapolation, Eastern Siberian Arctic
Shelves (ESAS) were supposed to emit large amount of methane : e.g. 8 to 17 Tg/yr in
Shakhova et al., (2014)

* Two recent papers revised downward ESAS methane emissions :
* Based on oceanic obsesrvations, 2.9 Tg/yr in Thornton et al., 2016

* Based on atmospheric observations, range 0-4.5 Tg/yr in Berchet et al., 2016

* Integrating these new results, reported total ocean emissions are lower and less

uncertain :
* in Kirschke et al., 2013 : 18 Tg/yr [2-40]
* InSaunois et al., 2016 : 14 Tg/yr [5-25]
Compatible Emissions
2150, CH, modelled (colors) & observed (grey) mixing ratio (ppb) 1l S (2001 5.4 15 TocHLy
1100 At TIKSI (Siberia) 12

10

TIK

Monthly flux (TgCH,.y !

L. WY M‘M | ” LA A

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Sources : Berchet et al., 2016; Saunois et al., 2016
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* Methane Budget 2003-2012 (released on December 12th)
e Sustained atmospheric increase since 2007 after stagnation in the early 2000s
* TD Methane global emissions are 558 TgCH,/yr [540-570], 60% of anthropogenic origin
* B-U infer much larger global totals because of larger natural emissions (fresh waters)
e Agriculture & waste (tropics, mid-lats), wetlands (tropics, high lats), fossil fuel (mid-lats)
* Chinese inverted methane emissions and trends are revised lower than in EDGAR4.2
e Oceanic emissions have been revised downward following ESAS recent studies.

 Methane emission changes

17



srosacicree?  Challenging atmospheric changes |

1830 ppb reached in 2015

Steady increase in the 1980s,
1990s (a bit slower)

Pause in the early 2000s
Renewed increase since 2007
Acceleration since 2014 |

Challenging signal
to analyse !

Atmospheric
observations

CH, (ppb)

d(CH,)/dt (ppb yr™)

1810
1760
1710
1660

E Global Means

N

Illlill lllTllIll llIIllIll lllIlYllllllIl]llllll

Growth Rate

1985 1990

1995 2000 2005 2010 2015
Year

Courtesy, Ed Dlugokencky, NOAA
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Methane emission changes since 2000

Global Total sources :

* Large year-to-year changes
* No trend from 2000 to 2006
* Emission shift in 2006-2008
* No trend from 2008 to 2012

Anthtopogenic vs. natural :

* Anthropogenic emissions
grow faster in BU than in TD

 Wetland changes are not
consistent between BU and
TD between 2004 and 2010

~
o

- Global total sources

N
o
TTT[1

(@

R
o

Emission anomaly (Tg/yr)

-40
2000

2002 2004 2006 2008 2010 2012

Source: Saunois et al. ACPD 2017

- Global anthropogenic sources + Global natural sources -

N b
o

2

= 20}

£ O

< 20}

:§-4OZ- | o - o

5 2002 2006 2010 2002 2006 2010
Years
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What about Wetlands ?

90N

60N

30N

308
60S

90S T | ' : . !
180 150W120W90W 60W 30W 0 30E 60E 90E 120E150E 180

Total Annual Methane Emissions (ensemble trend)

Wetlands emission changes are obtained
using a carbon-cycle model ensemble a
constrained with remote sensing surface %N T
water and inventory-based wetland area 6N | ™
data (SWAMPS-GLWD ) 30N -
0 {
Between 2000-2012, no global trend is  30s -
found but boreal wetland CH, emissions  eos -
increased by 1.2 Tg yr! (-0.2-3.5 Tgyr!, due g5
to temperature increase), tropical
emissions decreased by 0.9 Tg yr (-3.2-1.1
Tg yr, due to wetland area decrease),
Total Annual Precipitation (trend)
c. 2000-2012 mm H,0 yr"
90N : : : S : : : . t
Avg. Annual Air Temperature (trend) 60N | .
d 20002012 deg. Cyr’ 20N
= S G . 0
B U ol 0s
'- 60s (64
— 90S - . . . . . . . . |
:’v ‘ 180 150W120W90W 60W 30W 0 30E 60E 90E 120E150E 180
-90 -60 -30 0 |30 60 90

DR - .
03 02 01 0 01 02 03

2000-2012 gCH,yr”

— T -

180 150W120W30W 60W 30W 0 30E 60E 90E 120E150E 180

L ___EEEEEE

-0.225 -0.

15-0.075 0 0.075 0.15 0.225

Source : Poulter et al., in review

90N
coN |-

30N

308 -

Avg. Annual Wetland area (trend)
b. 2000-2012 km? yr”!

60S

90S

180 150W120W90W 60W 30W 0 30E 60E 90E 120E150E 180
|

10 -8 -6 4 2 0 2 4 6 8 10
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Source: Saunois et al. ACPD, 2017

40 ‘_ |

e Changes in methane emissions from
2004 (as 2002-2006 mean) to 2010
(as 2008-2012 mean) in TgCH,.

 Comparable total anomaly in BU
(+21 Tg) compared to TD (+20 Tg)

.

* Largest zonal contributors = Tropics
(TD), mid-latitudes (BU)

Change \n methane emisgjons (Tg CH, yr")

%\

T
Tropics &

Southern Hemisphere

¢y 1 T Tyl T4
Northern High |
mid-latitudes

o
-+

L

ﬁ_ilii'!

-

e Largest regional contributors =
Tropical South America (TD) Asia
(BU)

Global
90°S-3C0N

30°N-60N

60°N-9CN —

Central N. America[—

Trop. S. America [—

Temp. S. America[—

Northern Africa —
Southern Africa[—
South East Asia[—

Oceania[—
Contiguous USA[—
Europe [—

China|—

Boreal N. America [—
Russia[—

mp. cent. Eurasia & Japan [—

Key point: Low agreement between TD and BU on the magnitude and location

of emission changes

=

|

i
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W
o

: . | |
e Changes in methane emissions

from 2004 (as 2002-2006 mean) to
2010 (as 2008-2012 mean) in
TgCH,.

| Top-down (TD) i
__ l Bottom-up (BU) ]

N
o

—_
o

* Largest contributors = agriculture
& waste (TD), Fossil fuels (BU)

o

e Smaller to null contribution from

Changes in methane emissions (Tg CH, yr)

gk B
wetlands I $
N N | | |
e Reduction of biomass bu rning Wetlands Other natural Agriculture Biomass burning Fossil fuels
. . Waste
emissions Source: Saunois et al., ACPD 2017

Key points: agriculture & waste (+) and BBG (-) anomalies are consistent
between TD and BU. Lower agreement for the contributions of other emission
categories (FF and wetlands), but uncertainties remain large




croearicarson  Take-home messages

* Methane Budget 2003-2012 (released on December 12t"2016)
e Sustained atmospheric increase since 2007 after stagnation in the early 2000s
* TD Methane global emissions are 558 TgCH,/yr [540-570], 60% of anthropogenic origin
* B-U infer much larger global totals because of larger natural emissions (fresh waters)
e Agriculture & waste (tropics, mid-lats), wetlands (tropics, high lats), fossil fuel (mid-lats)
* Chinese inverted methane emissions and trends are revised lower than in EDGAR4.2
* Oceanic emissions have been revised downward following ESAS recent studies

* Methane emission changes (2002-2006 vs. 2008-2012, paper released in April 2017)
 +20 Tg/yr [13-32] for TD (mostly tropical) and +21Tg/yr [5-41] for B-U (mostly mid-lats).
e Current most-likely scenario for the sustained atmospheric increase (no consensus!) :
* dominance of microbial sources (3*C compliant):
e from agriculture and waste sectors
» from wetlands (TD/BU disagreement)
* decrease in BBG (*3C compliant)
* possible increase from fossil fuels (ethane compliant, BU / TD disagreement)
» possible stagnation/decrease of OH since late 2000s (*3C & NOx compliant)

Additionnal constraints are needed BIASES KILL

23
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7 3.2-5.4°C B
. by 2100 relative to 1850-1900 B

* +12ppbin 2014, ~+10 ppbin 2015 =
o
C
* The recent atmospheric increase 5
. . H
is as fast as RCP8.5 scenario g
G
: : c
* No basic IPCC scenario properly S
represents atmospheric increase anl
|\

N . . I 0

Challenging signal to analyse ! ] P 09-2.3°C |
Global Carbon Project
1 1 I I 1 I 1 ) I 1 I | 1 I
2005 2008 2011 2014 2017 2020

Year

Atmospheric

observations Source: based on Saunois et al. 2016; Meinshausen et al., 2011
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Exam Ie of AIert station Canada
Since 2007, & of atmospheric CH, P ( )

1940 - -
o NOAACH4 CH 8 . . s e ]
UHEI CH ]
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PROJECT

Challenge : Integrate new observations

Integrating 13CH, continuous atmospheric data (Fr-Sw project iZomet)
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srosac carson  Challenge : Integrate new observations

PROJECT

Aircores : Under-ballon sampler invented at NOAA.

Campagne AIRCORE-Trainou (octobre 2016)
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France Simon Danis, Crevoisier,
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srosacicarson  Challenge : Integrate new (low bias) Observations

PROJECT

MERLIN mission : One answer to some of the remaining questions

e MERLIN is a demonstrator GHG measurement from space using a LIDAR (IPDA
technic)

e MERLIN should deliver methane columns day and night, at all latitudes and
seasons, and with lower biases (<3.7ppb) than passive instruments.

e A first full error analysis (random + systematic) shows that MERLIN should be
compliant with system requirements with a nominal random error of 22 ppb
and a nominal systematic error of 2.9 ppb.

e Uncertainty reduction on methane emissions associated with this error
budget and obtained by atmospheric inversions is on average of 57%
(-9/+88) at sub-continental scale.

e Systematic errors limit significantly uncertainty reductions on emissions,
with a degradation of initial errors in some configurations (Albedo+P,). .
Non-physical error scenarios still have to be discarded.

e MERLIN Performances appear better than GOSAT-CH, for most regions.

'\
cnNnes

CENTRE NATIONAL D'ETUDES SPATIALES

DLR




croeacicarson  Challenge : Integrate new observations

Past, present, and planed CO, and CH, space missions

CO2 missions Agency Orbit P/A  wavel. Spatialres. Swath 2002 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 2025
ENVISAT SCHIAMACHY  ESA helliosync P SWIR  1800km2 960 km _
IASI CNES-EUMETSAT  helliosync P TIR 100 km
GOSAT TANSO-FTS JAXA-NIES-MOE  helliosync P SWIR 85 km2 520 km
0CO-2 NASA helliosync P SWIR 2,9 km2 11km
TANSAT /‘(J CAS-MOS-CMA helliosync P SWIR  2km2 - .
/?7'06 helliosync P SWIR 4 km2 16 km
GOSAT-2 d,) >-MOE  helliosync P SWIR 85 km2 632 km
MICROCARB CNE> helliosync P SWIR 40 km2 13 km
geoCARB NASA Geostat. P SWIR  25-100 km2 -
CH4 missions Agency Orbit P/A  wavel. Spatialres. Swath 2002 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 2025
ENVISAT SCHIAMACHY  ESA helliosync P SWIR 1800 km2 960 km _
GOSAT TANSO-FTS JAXA-NIES-MOE helliosync P SWIR  85km2 520km L
Sentinel-5P TROPOMI ESA helliosync P SWIR 50 km2 2600 km
IASI CNES-EUMETSAT  helliosync P TIR 100 km
GOSAT-2 JAXA-NIES-MOE  helliosync P SWIR 85 km2 632 km
IASI-NG CNES-EUMETSAT  helliosync P TIR
MERLIN CNES-DLR helliosync A (LIDAR) SWIR - 100m
geoCARB NASA geostat. P SWIR  25-100 km2 -
MetOp Stentinel 5 ESA-EUMETSAT helliosync P SWIR  49km2 2600 km

-Terminated Operational Extended
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Challenge: improve inventories

EDGAR V4.3.2 vs EDGAR 4.2

80

emissions

T

totant
T T

emissions

e Reduction of total anthropogenic emissions :

* Mostly in Eurasia (China, Russia, ..)
* Due to Fossil fuels
e Waste increases

Courtesy :
G. Maenhout,
JRC, Italy
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crosar careon  Challenge : role of OH radicals ?

PROJECT

e Sustained OH increase in the early
2000s can contribute to explain the
the stagnation of atmospheric
methane and the following increase

—— Lifetime fixed methane

9.6 4 —— Lifetime main

9.4 -

=
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9.2 4

e Stagnation or decrease in OH radicals
after the mid 2000s can contribute

to explain :
* the renewed increase of

atmospheric methane since

1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012

* The lighter atmosphere in 13C

Dalsoren et al., 2016 isotope since 2007
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* Possible cause : NO, variations ? Following a fast increase of the economy (e.g. Asia) and
then a slow down after the 2007-2008 crisis (Krotkov et al. 2016; Schneider et al., 2015)

mdels & data-

Atmospheric
observations

driven methods



ciosaccarson  Challenge : role of OH radicals ?

130l = Rgnyerahgora) » Sustained OH increase in the early
£ 125 2000s can contribute to explain the
OH changes ; 1.20 the stagnation of atmospheric
g M1 methane and the following increase
g 1.10
1.05 . . .
Fr'om oo e Stagnation or decrease in OH radicals
Rigby etal., after the mid 2000s can contribute
2017 T to explain :
o 620 |- .
© ol e the renewed increase of
CH, emission § ss0| atmospheric methane since
changes Z 560 2007
340 ITe=e Constant [OH] * The lighter atmosphere in 13C
520 7 ; — - } . .
1980 1985 1990 1995 2000 2005 2010 isotope since 2007

* Possible cause : NO, variations ? Following a fast increase of the economy (e.g. Asia) and
then a slow down after the 2007-2008 crisis (Krotkov et al. 2016; Schneider et al., 2015)
* But the significance of OH role is still discussed (Turner et al., 2017; Rigby et al., 2017)

) Key point: OH changes could have limited the
Atmosph.erlc emission changes necessary to explain the
observations atmospheric variations but magnitude is uncertain.




coeaticarson  Challenge : Improve transport models

* Errors on modelled transport are one main
cause of uncertainties in the estimation of

methane emissions by inverses models

e Large-scale transport feteure not always
consistent with observations (upper figure)

* Global models have difficulties to properly
reproduce hourly to synoptic variations of
atmospheric signals at continental sites close
to emission zones

* Regional models necessitate adapted
boundary conditions

e Stratospheric methane decrease difficult to
catch with current models (even high
resolution ones on the vertical, see lower
figure)

Sources : Patra et al., 2011, Habilitation C. Crevoisier
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GLOBAL CARBON Summary

 Remaining questions (at least some of them ...)
* Can we improve the estimation of inland waters methane emissions ?
 What about vegetation emissions ?
e Can we monitor the atmosphere of major regions emitting methane (tropics, Arctic) ?
* How to attribute the recent changes in methane emission to regions ? To processes ?
* How can we explain the acceleration of increase in the recent years ?
e Whatistherole of OH?

e Challenges
* Maintain and enrich our monitoring capabilities from the surface and from space
* Improve the chemistry transport models (transport & OH)
* Develop or Improve process-based models for natural methane emissions
e Be successful in the exciting on-going projects !

* Perspectives
e Global Carbon Project initiatives to reduce uncertainties on the methane budget :
Fluxnet-methane, inland waters, OH (MOORE foundation grant)

* Re-boost of the TRANSCOM experiment (model intercomparisons)
e Space missions (e.g. MERLIN !)

Atmospheric Emission
observations inventories

models & data- ~ ane sink Inverse models

driven methods



crosaL|carson  |sotopic signatures & recent atmospheric change
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Y¢ Y Ww/o other natural sources - all 8 inversions

'z Yk wio other natural sources - 5 long inversions
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Figure 6: Isotopic signature (in %o) of the emission change between 2002-2006 and 2008-2012 based on Eq. 1 and the isotopic
source signatures from Schaefer et al. (2016) and Schwietzke et al. (2016) in filled and open symbols respectively. The range of the

5 isotopic signature of the emission change derived by the box-model of Schaefer et al. (2016) is indicated as the grey shaded area
when assuming constant OH. The isotopic signatures derived from the ensemble of bottom-up estimates are shown with triangle
symbol. The individual inversions are shown in colour. The mean inversion estimates are shown with stars and circles, without and
with taking into account the “other natural” sources, respectively. The range around the circle indicates the range due to the
choice of the isotopic source signature for the “other natural” source between -40 %o and -57 %o (see text).
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