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at 2°x2.5° degrees using TROPOMI observations: application to interpretation of 2020-23 surge
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Abstract. We use 2019-2023 TROPOMI satellite observations of atmospheric methane to quantify

global methane emissions at monthly 2°x2.5° resolution with a localized ensemble transform We bUiIt a near-real-time SyStem fOr eStimating gIObaI methane DriverS Of methane trendS and Seasona"ty

Kalman filter (LETKF) inversion, deriving monthly posterior estimates of emissions and year-to-year

evolution. We apply two alternative wetland inventories (WetCHARTs and LPJ-wsl) as prior = = n - . Posterior emission and inundation annual trends
csimates, Our bestpostrior esimate of gobal emissions shows.asurge rom ss0 Toa 20190 @[ISSIONS With TROPOMI data, then applied it to 2018-2023 to study
587-592 Tg a' in 2020-2021 before declining to 572-570 Tg a! in 2022-2023. Posterior emissions J ‘ GRACE-FO inundation|
reproduce the observed 2019-2023 trends in methane concentrations at NOAA surface sites and 49 ]

from TROPOMI with minimal regional bias. Consistent with previous studies, we attribute the 2020- rap i d Iy i n C re aS i n g at m OS p h e ri C m et h a n e CO n Ce nt rat i O n S . 48]

F—4.0 Anthropogenic attribution of the African emission
45 surge may be unreliable given uncertainty in
tropical wetland prior inventories.

2021 methane surge to a 14 Tg a' increase in emissions from sub-Saharan Africa but find that F—5.0

previous attribution of this surge to anthropogenic sources (livestock) reflects errors in the assumed 47 5.5 At left teri . for th

wetland spatial distribution. Correlation with GRACE-FO inundation data suggests that wetlands in . 461 —ed B teh wetcor_npare(;)lér posl ler;.(irgmlssl[(;]ns (,[)r ©

South Sudan played a major role in the 2020-2021 surge but are poorly represented in wetland T s RC ggrag;nfr(r)?rrl)ﬁsuf\lgatio?\reaas r;alelausuerzgvtlay t"r‘l’z er

models. By contrast, boreal wetland emissions decreased over 2020-2023 consistent with drying . _ . . o 50°N-90°N R . ) .

measured by GRAGE-FO. We fnd tnat he gova secaonalty of menarne cmissens s sven o @ @ttribute the 2020 methane surge to a 14 Tg a'! increase | s S ey and Climete Experiment Follw.

northern tropical wetlands and peaks in September, later than the July wetland model peak and é’ 240 5 = n ( -FO) twin satellites.

consistent with GRACE-FO. We find no global seasonality in oil/gas emissions, but US fields show . . . . . ) B " ] o o .

emissions from eastern Africa which has persisted. iy el t s i
L

2301 closely with increases in water storage;

The LETKF a|gOrith m o~ |, consistently, the declining emission trend in boreal

regions (50°N-90°N) corresponds with drying.

The Localized Ensemble Transform Kalman Filter (LETKF) is a Bayesian algorithm that can optimize 2207 e

emissions or concentrations of chemical species; LETKF uses an ensemble of chemical transport model Wet I a n d m Od e I S u n d e re St i m ate e m i S S i O n S i n Af ri ca y W h i C h h aS I e d 2019 2020 2021 20'2(2)°N_302:)§3

(CTM) simulations, each driven by randomly perturbed emissions such that the CTMs represents the Year
spread of atmospheric states that could result given emissions uncertainty. LETKF compares this suite of

Sub-Saharan emissions correlate with inundation

artificial atmospheres to real observations and uses the difference to calculate an update to the prior. p reVI O u S WO rk tO I n CO rre Ct I y att rl b u te th e Af rl Ca n S u rg e tO I Ive StOC k . Much of the northern tropics surge is
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Apply observation operators

(e.g. satellite averaging kernels) Below we show the global seasonal cycle of posterior methane emissions for 2021. Unlike the prior

EmISSIOnS and TROPOMI Observatlons Interannual Varlablllty Of methane emissions estimates which show a July-August peak in the northern hemisphere (panel a), we find a sharp
September peak driven by tropical emissions which strongly influences global seasonality (panel b).
Panel ¢ shows that the peak of northern tropical emissions corresponds with the peak of mean GRACE-

optimal posterior emissions and/or conc. @
‘.‘ CHEEREIO

. x % Prior fossil emissions are from GFEIv2 and other anthropogenic emissions are from EDGARV6,

Below we show relative growth in global annual mean methane concentrations over the study period
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