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Supplementary Table 1: Anthropogenic emission inventories and scenarios used in this study. Short
name used in the text, link to the emission data and references.

Short name Link References

CEDS-2021 https://github.com/JGCRI/CEDS/ McDuffie, et al. ! updated

CEDS-2017 https://github.com/JGCRI/CEDS/ (CMIP6_release) Hoesly, et al. 2

SSPs https://tntcat.iiasa.ac.at/SspDb/ Gidden, et al. 3

GAINSv4 Supplementary in Héglund-lsaksson, et al. %, post Héglund-Isaksson, et al. *

2015 used the baseline scenario.

RCPs https://tntcat.iiasa.ac.at/RcpDb/ Lamarque, et al. > and van
Vuuren, et al. ®

EDGARv7 https://edgar.jrc.ec.europa.eu/dataset ghg70 Crippa, et al. “ and EC-JRC/PBL ®

EDGARvV5 https://edgar.jrc.ec.europa.eu/dataset ghg50 Crippa, et al. ®



https://github.com/JGCRI/CEDS/
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Supplementary Figure 1. The anthropogenic emissions used in the box-model. See Method section
for how the emission inventories and scenarios (Table 1 and Fig. 2) are combined as all inventories do
not span the entire time period.
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Supplementary Figure 2. Same as Fig. 1, but methane lifetime with respect to OH increased from 9.6
to 11 years in the box-model, giving a total methane lifetime of 9.5 years.
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Supplementary Figure 3. Same as Fig. 1, but methane lifetime with respect to OH decreased from 9.6
to 8.2 years in the box-model, giving a total methane lifetime of 7.3 years.



5 (a) Trend due to anthropogenic emissions

. (b) Effect on trend due to OH

0sloCTM3/AerChemmIP/CCMI

15 4 —— 0sloCTM3 CEDS21+COVID

10 A

j N

Methane growth rate [ppbv year—1]

—— RCP —— EDGARVT

—101 GAINSV4 CEDS-2021 —101
—— CEDS-2017 — Observed trend

=15 =15

Methane growth rate [ppbv year—!]

w-/ o~
—5

1970 1980 1990 2000 2010 2020

(c) Effect on trend due to wetland

1970 1980 1990 2000 2010 2020

(d) Trend all factors

20 20
L 154 L 159
© o
1] ]
> >
3 10 A 3 10
[=3 o
. =
@ 5 o 5
e 1 B
— —
£ =
o] 0
= 1% v E 1% v
o o
) )
@ 57 o 59
% CLM %
=t CLM parameter sensitivity =
o —10 - o —10 : prh
= VISIT = Anthropogenic CH4 emissions
LP)_wsl All factors

5 T T T T T
1970 1980 1990 2000 2010 2020

5 T T T T T
1970 1980 1990 2000 2010 2020

Supplementary Figure 4. Same as Fig. 1, but with enhanced wetland emissions and hence also the
natural emissions in the box-model by 30 Tg yr.
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Supplementary Figure 5. Modelled methane lifetime relative to methane lifetime in year 2000. In a)
results from 1850 are shown while in b) the results are shown from 1970. Results from the time-slice
simulations (with the same year 2010 meteorology for all years) are shown in blue diamonds
combined with dashed lines. Time development for methane lifetime changes from the simulations
with variable meteorology are shown as a blue solid line. In b) the additional simulation with the
CEDS-2021 emissions and COVID emission for 2020 is shown as crosses combined with dashed line.
The stabilization period from 2000 to 2007 is indicated by gray shadings.
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Supplementary Figure 6. Global and latitudinal net methane emissions. Coloured boxes span the
annual mean values from the CLM simulations for the period 2008 to 2017 or the end year of the
simulation (see Method). The CLM results are presented for two groups, simulations driven by
different meteorological data (left column) and simulations driven by CRUJRA meteorological data
were values for two central parameters for methane fluxes (q10ch4: g10 for methane production
and f_ch4: methane production to total C mineralization rate) are varied (right column). Note that
some of the coloured boxes overlap.



Anomalies net emissions (relative to 2000-2007)
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Supplementary Figure 7. Global anomalies for net methane emissions (wetland emissions, fluxes
from non-inundated areas and soil sink) from 1990 to 2019 for the different sensitivity test varying
two parameters (q10ch4: q10 for methane production and f_ch4: methane production to total C
mineralization rate) in the biogeochemical model. The baseline simulation (CRUJRA) is shown in red
and the total global emissions for the reference period (2000-2007) are indicated in the legend for
each of the simulations. The ENSO phases are indicated with El Nino (red) and La Nina (blue) as in Fig.
5 and tick mark on x-axis indicate mid-year.
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Supplementary Figure 8: Time development of total anthropogenic NOx and CO emissions for
different emission inventories (Table 1) used in the NOx to CO ratio figure (Fig. 7). ECLIPSEv6 are NOx
and CO emissions equivalent to GAINS methane emissions in Table 1 and the COVID19 estimate is
described in the method section. Also added to the figures are biomass burning emission data
plotted in green colors.
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(c) CH4 lifetime scaling factor
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Supplementary Figure 9: Input to the box-model. In a) the anthropogenic (see Fig. S1) plus biomass-
burning emissions (CMIP6-BB and GFEDv4s) used, in b) the total natural emissions with emission
anomalies from land modeling, in c) methane lifetime (due to OH) scaling factor used. In the table,
the standard setting of the box-model is listed.
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Supplementary Figure 10: a) Global OH concentration, b) CH4 mixing ratio and c) 63Ccns from isotopic
box model simulations with varying OH concentration (from AerChemMIP, CCMI and OsloCTM3) and
constant OH concentration (see Methods). Observed CH,; mixing ratios are from NOAA
(https://gml.noaa.gov/aggi/aggi.html), and observed 83Ccis values are from Table S4 in Schaefer, et
al. 1% (black line) and WMO/GAW ! (grey line and shading) and uses the left y axis. OH concentrations
from CCMI and AerChemMIP are assumed constant from 2010 and 2014, respectively (dashed lines).
The green shading represents the range of OH from the different AerChemMIP models.
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Supplementary Figure 11: Time evolution of anthropogenic emissions from EDGARv7 (solid lines) and
CEDS-2021 (dashed lines) including the weighted mean of the total (based on both anthropogenic
and natural emission sectors) isotopic emission signature (grey lines), and the isotopic signature for
the largest emission sectors (bars and whiskers) taken from Zhang, et al. 2.
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Supplementary Figure 12: Same as Figure 6b in the main manuscript, except that CEDS-2021 instead
of EDGARvV7 anthropogenic emissions were used in the isotopic box model.
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Supplementary Figure 13: a) Same as Fig. S10c and b-d) same as Figure 6a-c in the main manuscript
except that the isotopic box model was tuned to better reproduce observed §3Ccuq values (see
Methods).
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