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Introduction

This supporting information file includes extra details to describe the method and inputs

to the hierarchical Bayesian inversion in Figures S1-S4 and S7 and Tables S1-S4. It also

includes a description of the uncertainty analysis across all methods (Text S1). Further

details on inversion outputs are given, including sensitivity tests (Fig S5-9), inversion

performance (Fig S8-9), posterior emissions maps (Fig S10) and total emissions for each

region (Table S5). Table S6 shows the percentage of land type and lake class coverage

using the BAWLD (Olefeldt et al., 2021) dataset.
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Text S1.

Uncertainties for the mole fraction enhancements trend and temperature anomaly trend

were calculated using a method designed in Sweeney et al., 2016 (Sweeney et al., 2016)

and replicated to the best of our ability for this work. Uncertainties in the enhancements

were calculated using a non-paramteric bootstrapping technique. This was done by fitting

a Gaussian kernel distribution, a non-parameteric distribution, to the de-trended enhance-

ment data points across all years, then 1000 times, sampling from the distribution to add

a random offset to each data point in the time series, and fitting a slope to each of those

means. Enhancement and temperature anomaly trend errors quoted are the standard

deviation of these 1000 slopes to give a 1σ error in the trend.

A similar sampling method was used for the emissions trend, derived from the inver-

sions. One thousand slopes were found from re-sampling a normal distribution around

each monthly emission estimate, whereby the standard deviation of each point is calcu-

lated from 95% confidence intervals derived from 250000 iterations of the MCMC trace.

Inversion trend errors quoted are twice the standard deviation of these 1000 slopes to

give a 1σ error in the trend. Errors in the averages were assumed to be fully correlated

and quoted to 1σ. We used the Python Uncertainties package to calculate correlated

uncertainties.
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Figure S1. Utqiagvik (BRW) measurements showing all data points (light blue), those from

the land-sector (dark blue) and the smoothed background (orange line).

Figure S2. Prior emissions maps used in this study for May, August and November with 2016

as an example.
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Figure S3. Average footprint maps for all sites for A) the summertime months, and B) the

late season months .
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Figure S4. Inversion basis functions used in A) the BRW inversion and B) the Siberia

inversion.
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Figure S5. Emissions from natural sources on the land over the North Slope of Alaska for the

period Apr 2018 to Dec 2018. For the inversion where the wind-sector background is subtracted

from the data (blue) and for the inversion that uses CAMS fields for the southern boundary

(orange).
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Figure S6. Main result for the Late season Zona prior (first column) compared to two

sensitivity tests for the BRW inversion (second two columns). The first test increases the wind

speed filter from 3m/s to 4m/s, the second uses a localness filter. Both cases are used to assess

whether the main inversion suitably accounts for local emissions around the site. Top row:

comparison of total emissions for each test. Middle row: comparison of seasonal profile. Bottom

row: comparison of emissions trend.
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Figure S7. The fraction of sector emissions in each grid cell, shown here for June 2015.
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Figure S8. Inversion performance for the BRW inversions. Left: Modelled mole fractions

and boundary conditions for BRW compared to observations. The background for BRW is the

smoothed background derived in the wind sector method. Right: Histograms of the difference

between modelled and observed mole fractions.

May 10, 2024, 8:19am



X - 10 :

2015 2016 2017 2018 2019 2020 2021

2000
2200
2400
2600

A
ZV
C
H 4

(n
m
ol
/m
ol
)

−200 0 200
0

1000

2000

3000
2015 2016 2017 2018 2019 2020 2021

2000

2200

2400

A
M
B
C
H 4

(n
m
ol
/m
ol
)

−100 0 100
0

2000
4000
6000
8000

2015 2016 2017 2018 2019 2020 2021

2000

2200

2400

2600

B
R
W
C
H 4

(n
m
ol
/m
ol
)

−100 0 100
0

5000
10000
15000
20000
25000

2015 2016 2017 2018 2019 2020 2021

2000
2200
2400
2600

B
R
Z
C
H
4

(n
m
ol
/m
ol
)

−200 0 200
0

2000

4000

6000

2015 2016 2017 2018 2019 2020 2021
1900

2000

2100

C
B
R
C
H 4

(n
m
ol
/m
ol
)

−100 0 100
0

2500
5000
7500
10000

2015 2016 2017 2018 2019 2020 2021
2000
2500
3000
3500
4000

K
R
S
C
H
4

(n
m
ol
/m
ol
)

−200 0 200
0

2500
5000
7500
10000

2015 2016 2017 2018 2019 2020 2021
1850

1900

1950

2000

N
YA
C
H
4

(n
m
ol
/m
ol
)

−50 0 50
0

1000
2000
3000
4000
5000

2015 2016 2017 2018 2019 2020 2021

2000

2500

3000

N
O
Y
C
H
4

(n
m
ol
/m
ol
)

−200 0 200
0

500

1000

1500

2000

2015 2016 2017 2018 2019 2020 2021

1900

2000

2100
PA
L
C
H 4

(n
m
ol
/m
ol
)

−100 0 100
0

5000

10000

15000

2015 2016 2017 2018 2019 2020 2021

1900
2000
2100
2200

TI
K
C
H 4

(n
m
ol
/m
ol
)

−100 0 100
0

2500
5000
7500
10000

2015 2016 2017 2018 2019 2020 2021

2000

2200

2400

V
G
N
C
H
4

(n
m
ol
/m
ol
)

−100 0 100
0

100

200

300

400

Observations
Modelled mole fraction

Modelled boundary condition

Figure S9. Inversion performance for the Siberia inversions. Left: Modelled mole fractions

and boundary conditions for each site, compared to modelled observations. Right: Histograms

of the difference between modelled and observed mole fractions.
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Figure S10. Average posterior emissions and the difference between posterior and Late-

season Zona prior emissions (prior subtracted from posterior) for the early, summertime and late

seasons for A) the North Slope of Alaska and B) Siberia (covering the Taymyr Peninsula and

East Siberian Lowlands).
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Table S2. Emission fields that comprised the priors used in this study. As our inversions run

from 2000-2021, where applicable, the years that do not have dataset coverage use the closest

available year. Details of how the different wetland priors are created are found in Table S3.

Sector Source Resolution Time period

Wetland emissions
SWAMPs
WetCHARTs
Zona

Monthly
Monthly
Monthly

2000-2019
2001-2019
2012-2014

Anthropogenic emissions EDGAR v5 Annual 2000-2015

Biomass burning emissions GFED v4 Monthly 2000-2015
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Table S3. Description of wetland emissions for each prior type.

Prior name Spatial distribu-
tion

Seasonal profile Scaling factor

WetCHARTs SWAMPs (monthly
and IAV)

WetCHARTs
(monthly and IAV)

46 Tg/yr(Saunois
et al., 2020).
Global Methane
Budget value for
top-down 30 - 90°N
emissions from
wetland sources.

Late-season Zona SWAMPs July dis-
tribution of each
year for each month

Zona et al., 2016
seasonal profile
(Zona et al., 2016)
(same for each
year)

46 Tg/yr(Saunois
et al., 2020)

Uniform SWAMPs July dis-
tribution for each
month

WetCHARTs July
value for every
month

46 Tg/yr(Saunois
et al., 2020)
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Table S4. Region latitude/longitude bounds and total area.

Region Latitude bounds Longitude bounds Area (m2)

North Slope 67.03 - 71.25 193.89 - 218.86 3.70 x 1011

East Siberian Lowlands 64.92 - 72.89 129.91 - 161.90 9.95 x 1011

Taymyr Peninsula 71.95 - 77.58 89.83 - 114.80 3.67 x 1011
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Table S5. Total emissions from each region for each time period in Tg/yr and by area in

µg/m2/s.

Region Annual Early-season Summertime Late-season
North Slope of Alaska Total (Tg/yr) 0.42 0.10 0.70 0.51

By area (µg/m2/s) 0.04 0.03 0.36 0.13
East Siberian Lowlands Total (Tg/yr) 2.39 1.12 5.65 2.51

By area (µg/m2/s) 0.08 0.16 1.08 0.24
Taymyr Peninsula Total (Tg/yr) 0.47 0.12 1.00 0.63

By area (µg/m2/s) 0.04 0.04 0.52 0.16
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Table S6. Percentage land type and lake class coverage of each region. Found using the

Boreal-Arctic Wetland and Lake Dataset fractional land cover estimates (Olefeldt et al., 2021).

Percentage coverage (%)

Land Type North Slope
of Alaska

East
Siberian
Lowland

Taymyr
Peninsula

Glaciers and permanent snow 0.1 0.0 0.0
Rocklands 17.7 7.3 10.0
Dry tundra 63.0 43.6 69.7
Boreal forest 5.4 29.9 0.0

Wetlands All wetland types 9.0 11.6 14.3
Permafrost bog 3.8 4.5 8.9
Wetland tundra 5.0 6.9 5.4
Marsh 0.1 0.1 0.0
Bog 0.0 0.0 0.0
Fen 0.0 0.0 0.0

Lakes All lakes 4.4 6.9 5.3
Large lakes 0.7 1.8 2.0
Mid -sized peatland lakes 1.3 1.0 0.4
Mid sized yedoma lakes 0.3 1.9 0.5
Mid sized glacial lakes 1.2 0.9 0.9
Small peatland lakes 0.4 0.4 0.5
Small yedoma lakes 0.2 0.7 0.6
Small glacial lakes 0.3 0.2 0.4
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