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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 1 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 1 error in the trend. Errors in the averages were assumed to be fully correlated
and quoted to 1 . 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).
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Figure S2. Prior emissions maps used in this study for May, August and November with 2016

as an example.
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