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Spatial distribution of prior methane emissions by sector
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Figure S1. Spatial distribution of prior methane emissions by sector in China. Emissions for energy sectors (coal, oil and
gas) are from Global Fuel Exploitation Inventory version 2.0 (GFEIv2) (Scarpelli et al., 2022). Other anthropogenic
methane emissions are from Emission Database for Global Atmospheric Research (EDGARV6) inventory (Ferrario et al.,
2021) and wetland methane emissions are from the mean of 18 members of the WetCHARTs v1.3.1 inventory ensemble
(Ma et al., 2021). Termite methane emissions are from Fung et al., (Fung et al., 1991), and aquatic system methane

emissions are from Johnson et al., (Johnson et al., 2022).



Comparison of methane concentrations between observations and GEOS-Chem prior simulations
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Figure S2. Comparison of methane concentrations between observations and GEOS-Chem prior simulations. Methane
25 observations (ppb) from (a) TCCON XCH4 and (b) ObsPack v7.0 surface CHs4 concentrations. The lower-left corner of

each panel indicates the correlation coefficient between the observations and the simulations. (Continued on next page.)
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(b) Obspack v7.0 dataset
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Figure S2. (continued).



35

Four regions of China

Figure S3. Regional division of China into four areas for regional DOFS analysis. Northeast (blue), Northwest (orange),
Southeast (green), and Southwest (red). Inner Mongolia is divided between Northeast and Northwest regions based on its

longitudinal extent.



40

(a) Optimized surface station networks for monthly sampling frequency
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Figure S4. Optimized surface station networks for monthly and daily sampling frequencies. (a) Monthly sampling
frequency. (b) Daily sampling frequency. The panels show the selection probability (%) of each grid cell for a new site
across 10 independent simulated annealing realizations, spanning network sizes of 5 to 100 new stations. The corresponding

increase in the degrees of freedom for signal (DOFS) is displayed within each panel. (Continued on next page.)



(b) Optimized surface station networks for daily sampling frequency
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Figure S4. (continued).
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Observational constraints on sectoral methane emissions in China

(a) Monthly sampling for hypothetical stations
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Figure SS. Observational constraint on sectoral methane emissions in China under different observational networks. Panel
(a) shows results for hypothetical stations with monthly sampling frequency, and panel (b) shows results for hypothetical
stations with daily sampling frequency. The blue bars represent AK sensitivities derived from TROPOMI observations
alone, while the hatched bars represent the increase in AK sensitivities achieved by incorporating the existing ground-based
measurements. Colored error bars show the mean AK sensitivities and 95% confidence interval (95% CI) from 10 simulated

annealing experiments.
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