Continuous sub-monthly monitoring of global methane emissions from an ensemble Kalman filter
at 2°x2.5° degrees using TROPOMI observations: application to interpretation of 2020-23 surge
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Abstract. We use 2018-2023 bias-corrected TROPOMI satellite observations of atmospheric W b - It I t' t f t' t' I b I th m
methane to quantify global methane emissions at 2°x2.5° resolution and five-day temporal e UI a nea r- rea - Ime Sys em Or eS “ I la Ing g O a me ane Methane trends and seasonallty
resolution with a localized ensemble transform Kalman filter (LETKF) inversion. From the inversion . . Below we com . :

_ _ . _ o _ . . . pare global mean methane dry-column methane mixing ratios (XCH,) from TROPOMI and
we derive optimal posterior estimates of emissions from anthropogenic and natural sources along e m ISS I O n s Wlth T RO P O M I d ata th e n ap p I I ed It tO 20 1 8—2023 tO from GEOS-Chem prior (dashed) and CHEEREIO posterior (solid) runs. A complication of our analysis is
with their seasonalities and year-to-year evolution over the TROPOMI period. The sensitivity of the J that no TROPOMI operational data is available for a monthlong period near August in both 2022 and

2023, the period of highest emissions. In our posterior emissions, we find sharper northern hemisphere

inversion to wetland assumptions is evaluated by using two alternative wetland inventories - - - - - : - : . :
(WetCHARTS and LPJ-wsl) as prior estimates. Our best posterior estimate of global emissions (557 St u d y ra p I d Iy I n C re aS I n g at m OS p h e rl C m et h a n e CO n Ce nt rat I O n S C peaks in 2022 and 2023 after the missing observational period ends, because LETKF persists July

emissions through the period of missing data and increases emissions suddenly when observations

Tg a-1 for 2023) closes the global methane budget imbalance with a seasonal cycle peaking in resume.
August and September. Consistent with previous studies, we attribute the 2020 methane surge to a - s80
14 Tg a! increase in emissions from sub-Saharan Africa. We also find that the elevated emissions in e NH mean X,
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the region persist into later years. We find a strong seasonal cycle in oil and gas emissions from the We attri b u te th e 2020 m et h a n e S u r e to a 1 4 T a_‘l i n C re ase i 1900 LPJ-hI;I'I;JIiI\F;‘,ESEégtg:;g: = ~ W“ﬂ 1580
Permian basin, which may be due to equipment weatherization practices. g ’_g‘ 1880 | \rCHARTS posterior — [ Wt i 18400
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The LETKE algorithm emissions from sub-Saharan Africa which has persisted. Sl [
g 1820 1 I e e | 1780
. . . . . . 18004 , ‘ , | | , il _ 1 1760 , . . . . .
The Localized Ensemble Transform Kalman Filter (LETKF) is a Bayesian algorithm that can optimize 2019 2020 2021 2022 2023 2024 2019 2020 2021 2022 2023 2024
emissions or concentrations of chemical species; LETKF uses an ensemble of chemical transport model : . : : : : : Time
(CTM) simulations, each driven by randomly perturbed emissions such that the CTMs represents the W f d t I t th k I t _ o o _ . _
spread of atmospheric states that could result given emissions uncertainty. LETKF compares this suite of e I n S ro n g seaso n a I y I n I I l e a n e e I I l I SS I O n S y pe a I n g I n a e WetCHARTs and LPJ-MERRAZ posterior emissions differ in projected seasonality (two posteriors shown;
artificial atmospheres to real observations and uses the difference to calculate an update to the prior. one simultaneously optimizes concentrations and emissions, the other just emissions). In northern

- - - - hemisphere winter, both posterior solutions project higher methane emissions than suggested in the prior

S u I I I I I le r, b Ut aISO u n eXpeCted SeaSO n al Ity I n th e Pe rl I l I an baSI n . and adjust peak emissions from a consistent high across northern hemisphere summer to a sharper peak
in late summer and early autumn. The WetCHARTS posterior suggests sharper late summer peaks and
higher emissions through autumn and northern hemisphere winter. Seasonality is similar for other years.
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P x T _ Lognormal errors better capture the methane emissions distribution and prevent unphysical Below we show simulated methane columns from GEOS-Chem with GOSAT-corrected TROPOMI
= ' s>, Compare simulated negative emissions, but imposing a lognormal distribution across ensemble members violates the LETKF : observations for June 2018 through December 2023. Top row shows the simulation with the LPJ- Below we show regional trends in annual posterior emissions. We attribute the 2020 methane surge to a
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—_— Egvariance rF:\atrix covariance matrix Chem, then for LETKF calculations we apply a log transform, then exponentiate back for simulations. we only show results for simulations optimizing emissions only; simultaneous optimization of methane surge, overall 2019-23 trends are weak in the study period. Regions like Central Asia, North
e, & concentration and emissions yields similar bias reductions. Africa and the Middle East, and the continental US all show a substantial surge and decline in emissions.
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