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Emission-driven methane simulations: emissions-chemistry-climate feedback
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Reconciliate bottom-up and top-down atmospheric budget estimates (OH)
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chemistry-climate model (CCM) prognostic OH have uncertainties of around 20 %
Uncertainties of 10 % in methyl-chloroform inversions (e.g., global methane budget 2020).
CCMs tend to overestimate the OH distribution

Current estimates diverge on the latitudinal and temporal distribution of OH
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“mechanistic global atmospheric chemistry
transport models fail to even simulate the
partitioning of OH between the Northern and
Southern Hemispheres ... which alone warrants
further OH studies.”
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Research article | @® 09 Sep 2014

On the wintertime low bias of Northern Hemisphere carbon
monoxide found in global model simulations

O. Stein, M. G. Schultz, I. Bouarar, H. Clark, V. Huijnen, A. Gaudel, M. George, and C. Clerbaux

MOZART January 2008 MOZART July 2008

Preindustrial-to-present-day changes in atmospheric
carbon monoxide: agreement and gaps between ice
archives and global model reconstructions

Xavier Fain!, Sophie Szopa?, Vaishali Naik?>, Patricia Martinerie!, David M. Etheridge*",
Rachael H. Rhodes®, Cathy M. Trudinger*-, Vasilii V. Petrenko’, Kévin Fourteau®, and Philip Place’-#
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Impact of halogen chemistry and methane emissions in CESM2.2 CAM-chem

Community Earth System Model version 2.2 (CESM2.2)
Community Atmosphere Model with chemistry (CAM-chem)

1. MOZART TS1.2
2. MOZART TS1.2 with Short-Lived Halogens (SLH) representation (Fernandez et al., in prep, 2025)

«* CMIP6: Prescribed surface methane concentration from the CMIP6 protocol
**Methane surface emission flux from the
GCP2020-Surf: ensemble mean of surface inversions (Saunois et al., 2020)
GCP2020-GOSAT: ensemble mean of GOSAT inversions
CTCH4: CarbonTracker-CH,;-2023 (Oh et al., 2023)

*»* 5-year simulations (January 1%, 2014)

Saunois et al., The Global Methane Budget 2000-2017, Earth Syst. Sci. Data, 2020
Oh, Y., etal.,. CarbonTracker CH, 2023. NOAA Global Monitoring Laboratory. https://doi.org/10.25925/40JT-QD67, 2023
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Impact of halogen chemistry and methane emissions in CESM2.2 CAM-chem
NASA ATom Latitudes > 30°N
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Impact of halogen chemistry and methane emissions in CESM2.2 CAM-chem
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Methane Chemical loss budget (2017)

A) Tropospheric CH, total chemical loss
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Methane Chemical loss budget (2017)

A) Tropospheric CH, total chemical loss
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Methane Chemical loss budget (2017)

A) Tropospheric CH, total chemical loss
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Revisiting an old conundrum: Tropospheric Ozone burden vs OH

O. Wild et al.: Uncertainty in global O3 and OH 4049 390 -
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Figure 1. Tropospheric oxidant budgets from previous published studies and model intercomparisons (a), along with measurement-based 5’
estimates of the tropospheric O3 burden and CHy lifetime (shaded regions). Panel (b) shows results from one-at-a-time sensitivity studies %) 270 -
with a single model revealing the extent to which individual processes can influence the budgets (see Wild, 2007, for details). Note that 5
results in (a) represent differing emissions and meteorological years (study details are given in Table 1) and that (b) covers only part of the <
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Table 1. Global tropospheric metrics from previous model studies. E
Studies Number O3 burden CHy,4 lifetime References 250 -
Early literature studies 33 studies 307+ 38Tg ‘Wild (2007)
ACCENT intercomparison 21 models 344 +39Tg 9.6+ 1.4years  Stevenson et al. (2006)
HTAP intercomparison 12 models 328+41Tg 102+1.7 years Fiore et al. (2009) 240 ~ ' ' i '
ACCMIP intercomparison 14 models 337+23Tg 9.8+ 1.6years Young et al. (2013), Voulgarakis et al. (2013) 8.5 11.5 12.0 12.5 13.0
Observational estimates 335+20Tg 11.2+1.3years Wild (2007), Prather et al. (2012) CH4 chemical lifetime (yr)

Wild et al., Global sensitivity analysis of chemistry—climate model budgets of tropospheric ozone and OH: exploring model diversity, 2020



Impact of methane emissions in CESM2.2 CAM-chem

Community Earth System Model version 2.2 (CESM2.2)
Community Atmosphere Model with chemistry (CAM-chem)

MOZART TS1.2 with improved Short-Lived Halogens (SLH) representation (Fernandez et al., in prep,
2025)

«* CESM: Prescribed surface methane concentration from the CMIP6 protocol
% CESM-CH4: Methane surface emission flux from the CarbonTracker-CH,-2025 (Oh et al., 2023)

¢ 20-year simulations (2003 to 2022)

Oh, Y., et al.,. CarbonTracker CH, 2025. NOAA Global Monitoring Laboratory. https://doi.org/10.25925/40JT-QD67, 2023
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GOSAT CH, (2010 to 2022) A

Observing SATelite

Northern Hemisphere Extratropics

] gm = = (TESM
1875| — = CESM-CH4
E —_— GOSAT 40 Northern Hemisphere Extratropics
AL —————— — CESM
B 1825 - : 35| — cswcn
- 1800F s 230
- -~ rs &
§ITTS N ,,"“‘\,-f\v*} T G O ] ' ' ' = 25
1750} ¥ Z,
~ 20
17251 : X o
5
1700
Tropics 10 :
40 Tropics
1900 15
_ 1875 230
2.1850 &5
21825 =20
=3 1800 =15 M
& 1775 % |(_)
%1750 2
: 3; i i : 40 Southern Hemisphere Extratropics
- - 3 ‘.
Southern Hemisphere Extratropics AL:)
) S
1900 225
— 1875 =20
= L5
a, 1850 - ' ' / ~ =
21825} - : - — Gt
w1800 - ~_ 7 ’
et - £~ 0= 3010 3 3 3 300 3097
51775 _ e [ St : 2010 2012 2014 2016 2018 2020 2022
ol . . SN
1750 M#.—nwﬁwz

170055
2010 2012 2014 2016 2018 2020 2022



NSF HIPPO (2009-2011) and NASA ATom (2016-2018)
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KORUS-AQ (2016) and ACCLIP (2022)
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» CH, chemical loss is well buffered in our improved chemistry



» Updated halogen representation in CESM2.2 impacts:
v" Net reduction in O;, OH with most profound impact over the ocean
v' Result in an increase in CO and CH, due to a longer lifetime with respect to OH
» Dramatic improvements in CO and CH4 simulations
v’ Evaluated against GOSAT XCH,, MOPITT XCO, airborne field campaign observations

v'Latitudinal gradient in biases, southern hemisphere CO/CH, overestimation

» Enables emission-driven 20 year simulation transient simulations

» CH, chemical loss is well buffered in our improved chemistry

gaubert@ucar.edu
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