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Rationale:

CEQOS activity VC-20-01 "Tropospheric
0zone dataset validation and
harmonization” in response to TOAR-II
needs, addressing

. wide variety of tropospheric ozone
levels and trends reported by satellites,

. differences in vertical sensitivity anc
sampling, incl. tropopause definition,

. Changes in bias over time
by application of

. satellite data harmonization tools:
vertical resampling, smoothing...

. common validation methodology to
guantify remaining discrepancies

Harmonization approaches:

tropo top-level correction for tropospheric column products:

. COlumn correction constrained by model:
TTC (AZ) = X(AZ) + Xpmop(AZ' - Az)

. unconstrained extension of column-averaged concentration:

XO3 (AZ) = x(Az) (AZ' | Az)

prior information correction for profile products:

. constrained by model, prior profile replacement:
APR =X - (I - A) (Xa - Xmop)

. Unconstrained, unit-sensitivity representation:
USR = (Au) (X - (I - A) Xa)

N comparison witn

. smoothed model: SMOD = A Xpop + (I - A) X5

. Wweignted average prior: PRI

. weighted average retrieval: WAV

Satellite data + CAMSRA as transfer standard (MOD) + ozonesonde FRM:

Product Provider(s) Coverage Native sampling resolution Native top level
ERS2/GOME v3 RAL/ESA global, 1995/06-2011/06 320 x 40 km? at 10:30 LST -

Envisat/SCIAMACHY v3 RAL/ESA global, 2002/08-2012/04 240 x 32 km* at 10:00 LST

Metop-A/GOME2 v3 RAI/ESA global, 2007/01-2021/11 160 x 160 km* at 09:30 LST -

Metop-B/GOME?2 v3 RAL/ESA global, 2014/06-2021/11 160 x 160 km? at 09:30 LST -

Aura/OMI v2 RAL/ESA global, 2004/10-2021/10 52 x 48 km? at 13:30 LST

SSP/TROPOMI v2 KNMI/ESA global, 2018/05-2023/12 28 x 28 km? at 13:30 LST -

Metop-AB/IASI v2015 CDR  ULB/LATMOS/EUMETSAT  global, 2008/01-2022/12 [2 km diam. at 09:30 LST -

Metop-B/IASI+GOME2 v2  LISA/AERIS global, 2016/08-2023/12 [2 km diam. at 09:30 LST -

GOP-ECV*v3 DLR/RAL/ESA global, 1995/07-2021/10 57 x 57 x month -

OMPS-LNM v2.0 [UP-UB 60°S-60°N, 2012/02-2022/12  5° x 5°x month LRT (ERAS) & PVU=3.5
OMI-LIMB v1 FMI/DLR/ESA global, 2004/10-2023/12 1° x 1°x month LRT (ERAS) & ozonopause
GTO-LIMB vl FMI/DLR/ESA global, 2003/01-2023/12 17 x 19x month LRT (ERAS) & ozonopause
OMI-MLS NASA 60°S-60°N, 2004/10-2023/12  5° x 5°x month LRT (NCEP)
OMPS-MERRA?2 NASA global, 2012/01-2023/12 1° x 1°x month 0 =380 K & PVU=2.5
EPIC-MERRA2 NASA global, 2015/06-2023/08 17 x 19x month 0 =380K & PVU=2.5
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*Although GOP-ECV provides full ozone profiles, we consider its lowest (surface to 450 hPa) subcolumn in this work only.

This work is sup

Work based on Keppens, et al,, 2019, AMT, and Keppens et al., 2025, under review for the TOAR-|
ported by BELSPO through the BRAIN-Be 2.0 TAPIOWCA project, and made possible by all data providers.
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Results:

Tropospheric top-level harmonization has largest effect on tropospheric ozone column:
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Tropospheric ozone column time series before (left) and after (right) harmonization:
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Tropospheric ozone column dispersion change upon harmonization:
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Main conclusions:

. Constrained harmonization (TTC & APR) more successful than unconstrained, but remains challenging in
case of insufficient vertical sampling or quality of averaging kernels

. Satellite data harmonization efforts partially account for observed discrepancies: reduction of ~10-40 %
of inter-product dispersion

. At global level, the uncertainty of the mean state is dominated by dispersion between (harmonized)

satellite data records
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