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Assessment of tropospheric ozone fro

m satellites

Multi-satellite assessments

Typical findings

» Satellites capture well major features and trends.
* Biases between satellites change with time.

* Differencesin sensitivity and sampling matter.

* Vertical sensitivity differences not straightforward to
assess and handle

ATITOS. STCAS. e S o AITOSPITETTC

httpsJ/doi. DIl_/loﬂ‘)J/d]ﬂl 11- 176@ "Olﬂ

© Authoris) 2018. This work is distribuled under Measurement

the Creative Commons Attribution 4.0 License. Techniques
SION

GOME(-2A/B), SCIA, OMI, IASI-A/B

Quality assessment of the Ozone_cci Climate Research Data
Package (release 2017) — Part 2: Ground-based validation
of nadir ozone profile data products

Arno Keppens', Jean-Christopher Lambert', José Granville', Daan Hubert!, Tijl V
Barry Latter®, Brian Kerridge?, Richard Siddans?, Anne Boynard®*, Juliette Hadj . Cathy Cler

Catherine Wespes®, Daniel R. Hurtmans®, Pierre-Francois Coheur®, Jacob C. A. van Peet®, Ronald J van der ,\".
Katerina Garane’, Maria Elissavet Koukouli”, Dimitris S. Balis”, Andy Delcloo®, Rigel Kivi®, Réné Stibi'?,
Sophie Godi , Michel Van !, and Claus Zehner'!

"Royal Belgian Institute for Space Aeronomy (BIRA-IASE). 1180 Brussels, Belgium

*Rutherford A ppleton Laboratory (RAL) and National Centre for Earth Observation (NCEO), Chilton, Dideot, 0X11, UK
LATMOS/IPSL., UPMC Univ. Paris 06 Sorbonne Universitds, UVSQ, CNRS, 78280 Paris, France

SPASCIA, 31520 Ramonville-Saini-Agne, France
SUniversité Libre de Bruxelles (ULB), 1050 Brussels, Belgium

©Royal Netherlands Meteorological Institute (KNMI), 3731 De Bilt, the Netherlands

7Laboratory of Atmospheric Physics. Aristotle University of Thessaloniki (AUTH), 54124 Thessaloniki. Greece
SRoyal Meleorological Institute of Belgium (RMIB), 1180 Brussels, Belgium

“Finnish Meteorological Institute (FMI-ARC), 99601 Sodankyl, Finland

'“Federal Office of Meteorology and Climatology, 1530 Payerne, Switzerland

! European Space Agency (ESA/ESRIN), 00044 Frascati, ltaly

rhoelst!, Steven (.(mlpcrnnlle .

Correspondence: Amo Keppens (amo.keppens @ aeronomie. be )

* Data harmonisation improves mutual consistency.

Atmos. Meas. Tech., 9, 5037-5051, 2016 Atmosphenc
www.atmos-meas-tech.net/9/5037/2016/

doi:10.5194/amt-9-5037-2016 Measurement
© Author(s) 2016, CC Attribution 3,0 License Techniques

fONCI
GOME(-2A/B), SCIA, OMI

Trends of tropical tropospheric ozone from 20 years of
European satellite measurements and perspectives for
the Sentinel-5 Precursor

Klaus-Peter Heue', Melanie Coldewey-Egbers', Andy Delcloo?, Christophe Lerot', Diego Loyola', Pieter Valks', and
Michel van Roozendael’

' Deutsches Zentrum fir Luft- und Raumfahrt, Milnchener Str. 20, 82234 Oberpfaffenhofen, Germany

Royal Meteorological Institute, Avenue Circulaire 3, 1180 Brussels, Belgium

*Royal Belgian Institute for Space Acronomy, Ringlaan 3, 1180 Brussels, Belgium

Correspondence to: Klaus-Peter Heue (Klaus-peter heue @dir.de)

Rcu-wﬂl 21 :\(ml 2016 - Published in Atmos, Meas, Tech, Discuss.: 3 June 2016
2 S 2016 — Accepted: 23 September 2016 — Published: 13 October 2016

Submitted to AMT for the
TROPOMII Special Issue

TROPOMI tropospheric ozone column data : Geophysical
assessment and comparison to ozonesondes, GOME-2B and OMI

Daan Hubert', Klaus-Peter Heue, Jean-Christopher Lambert, Tijl Verhoelst', Marc Allaart®,
ick D. Cullis*, Angelika Dehn’, C
Christaphe Lerot', Dicgo LoyolaZ, Mat
Romahn?, Henry B. S -13, Francisco R. da
I b "cpijn Veefkind®, Holger Vmel'®, Jacquelyn C. Witte

teven Compernolle’.

an Félix®, Bryan J. Johnson®, Arno Keppens'. Debra E. Kollonige™?,

Maata’, Sukarni Mitro'”, Malmmlsm Mohamad'!, Ankie Piters®,

al Ry tauffor'13, Anne M. Thompson'?,

. and Claus i,etnmj

'Royal Belgian Institute for Space Acronomy (BIRA-TASB). Ringlaan 3. 1180 Uccle (Brussels). Belgium

>German Aerospace Centre (JLR). Munchener Strae 20, §2234 WeBling, Germany

*Royal Netherlands Meteorological Institute (KNMI), Utrechtseweg 297, 3730 AE De Bilt, The Netherlands

“NOAA Global Monitoring Laboratory (NOAA/ESRL/GML). 1325 Broadway. Boulder 80305-3337. CO, USA

SEuropean Space Agency/Centre for Earth Observation (ESA/ESRIN), Largo Galileo Galilei 1, 00044 Frascati (Roma), Italy

“Federal Office of and Climatology. iss, Payerne, Switzerland

TScience Systems and Applications, Inc., Lanham, MD, USA

*Atmospheric Chemistry and Dynamics Lab, NASA/GSFC, Greenbelt, MDY, USA

“Schoal of Biological and Chemical Sciences, University of the South Pacific. Fiji

19Meteorological Service of Suriname, Paramaribo

' Atmospheric Science and Cloud Seeding Division, Malaysian Meteorological Department, Petaling Jaya. Selangor,

Malaysia
"Universities Space Research Association, Columbia, MDD, USA

"*NASA Goddard Space Flight Center. Greenbelt, MD, USA

4Laboratory of Environmental and Tropical Variables, Brazilian Institute of Space Research, Natal, Brazil

'5Ezarth System Science Interdisciplinary Center, University of Maryland, College Park, MD, USA

15National Center for Atmospheric Researeh, Boulder, CO, USA

Correspondence: daan.hubert @ acronomie.be

CEOS AC-VC-16 teleconference, June 8-12, 2020

J.-C. Lambert et al. - Tropospheric Ozone Validation Plan




Assessment of tropospheric ozone from satellites 9
Data assimilation - Reanalyses

Table 2. Observations of ozone used in the CAMS-iRean assimilation system.

CEOS AC-VC-16 teleconference, June 8-12, 2020

Instrument (satellite) Product Data provider, version Period Reference
SCIAMACHY TC ESA, CCI  1Jan2003 to 8 Apr 2012 Lerot et al. (2009)
(Envisat) (TC_SCIAMACHY), fv0300
Pe rfo rm a n Ce Of rea n a | Ses d e e n dS on MIPAS (Envisat) Prof —ESA CCI 27 Jan 2005 to 31 Mar 2012 Von Clarmann et al.
y p (HARMOZ_MIPAS), (2003, 2009)
L. . 0004
assimilated satellite data. S G T N E TR A DT St ea TS
NASA, V34 1 Jan 2013 to 31 Dec 2016
. . OMI (Aura) TC KNML V3 3 Aug 2004 to 31 May 2015 Liuetal. (20100
Temporal (in)consistency affects trends and KNML NT L un 2015t present
. . r. GOME (ERS-2) Prof RAL 1 Jan 2003 to 31 May 2003 Munro et al. (1998)
Inte rannual Va rla blllty asse55| I Ients- GOME-2 (Metop-A) TC ESA, CCL fv0100 23 Jan 2007 to 31 Dec 2012 Haoetal (2014)
ESA, CCL fv0300 1 Jan 2013 to 31 Dec 2016
NRT 1 Jan 2017 to present
GOME-2 (Metop-B) TC ESA, CCL fv0300 1 Jan 2013 to 31 Dec 2016 Haoetal (2014)
NRT 1 Jan 2017 to present
e e (00t st SBUVA2 pC NASA.v86 131 11an 20031031 Dec 2012 Bhania ctal. (1996),
© Author(s) 2020, This work is distributed under I (NOAA-14-NOAA-19) NRT 21L 1 Jan 2013 to present McPeters et al. (2013)
ative Commons Attribution 4.0 License
(MO
& om Table 3. Observations of ozone used in the CAMS-Rean assimilation system.
Instrument (satellite) Product Data provider, version Period Reference
SCIAMACHY (Envisaty ~ TC ESA, CCI 1 Jan 2003 w 8 Apr 2012 Lerot et al. (2009)
. . . . (TC_SCIAMACHY), fv0300
An intercomparison of tropospheric ozone reanalysis products from -
. e o - - v < MIPAS (Envisat) Prof ESA.NRT 27 Jan 2003 to 26 Mar 2004 and ~ Von Clarmann et al.
CAMS, CAMS interim, TCR-1, and TCR-2 ESA. CCI 77Jan2005t0 31 Mar 2012 (2003, 2009)
" o e p— - ., o a " . v g o 5 (HARMOZ_MIPAS),
Vincent Huijnen', Kazuyuki Miyazaki-, Johannes Flemming’, Antje Inness’, Takashi Sekiya®, and Martin G. Schultz’ 0004
'Royal Netherlands Meteorological Institute, De Bilt, the Netherlands
2Jet Propulsion Laboratory, California Institute of Technology, Pasadena, CA 91109, USA MLS (Aura) Prof NASA, V4 3 Aug 2004 to 31 Dec 2016 Schwartz et al. (2015)
*ECMWE, Shinfield Park, Reading. RG2 9AX. UK - ; ; : -
4Rescarch Institute for Global Change (RIGC), Japan Agency for Marine-Earth Science and Technology (JAMSTEC), OMI (Aura) Tc KNML V3 3 Aug 2004 10 31 May 2015 Liuetal. (2010)
Yokohama 2360001, Japan KNMI, NRT 1 Jun 2015 to present
*Jutich Supercomputing Centre, Forschungszentrum Julich, Jalich, Germany GOME-2 (Metop-A) TC ESA. CCL fvD100 33 Jan 2007 to 31 Dec 2012 Hao et al. (2014)
Correspondence: Vincent Huijnen (vincenthuijnen@knmi.nl) ESA, CCI, fv0300 1 Jan 2013 to 31 Dec 2016
NRT 1 Jan 2017 to present
Received: 18 October 2019 — Discussion started: 6 November 2019 e y - 5 -
Revised: 7 February 2020 - Accepted: 18 February 2020 — Published: 26 March 2020 GOME-2 (Metop-B) TC ESA, CCL, fv0300 1 Jan 2013 to 31 Dec 2016 Haoetal (2014)
NRT 1 Jan 2017 to present
SBUV/2 PC NASA, v86 131 1 Jan 2003 to 7 Jul 2013 Bhartia et al. (1996),
(NOAA-14-NOAA-19) NRT 2IL 8 Jul 2013 to present McPeters et al. (2013)
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Assessment of tropospheric ozone from satellites
IGAC Tropospheric Ozone Assessment Report (TOAR)

Lessons from TOAR-| (Gaudeletal., 2018)

Satellites report a wide variety of trends (2008-2016)
and variations in tropospheric ozone.

Differences in vertical sensitivity and sampling
Differences in tropopause column definition
Biases change over time.

(In)consistencies with TOST (ozonesonde trajectories)

TOAR-II Satellite Ozone Working Group goals

https://igacproject.org/satellite-ozone-working-group

Address above issues

Global chemistry transport models as transfer standard
Reconcile satellite-, ground- and aircraft-based data

Provide common methodology for validation of trends

CEOS AC-VC-16 teleconference, June 8-12, 2020

Tropospheric Ozone Burden
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Assessment of tropospheric ozone from satellites

)

Validation practices for: sensitivity, bias, drift, precision, sampling errors, geophysical features

Atmos. Meas. Tech., 9, 2497-2534, 2016
WWw.atmos-meas-tech.net/9/2497/2016/
doi:10.5194/amt-9-2497-2016

=

Atmos. Meas. Tech., 8, 2093-2120, 2015
www.atmos-meas-tech net/8/2093/2015/
doi:10.5194/amt-8-2093-2015
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Information content, validation metrics...

Round-robin evaluation of nadir ozone profile retrievals:
methodology and application to MetOp-A GOME-2
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Biases, drifts and their uncertainties
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Representativeness, vertical sampling

Harmonization and comparison of vertically resolved atmospheric
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geophysical variability and patterns

TROPOMI tropospheric ozone column data : Geophysical
assessment and comparison to ozonesondes, GOME-2B and OMI

. Klaus-Peter Heue?, Jes uphcl Lambert', Tijl Verhoelst', Marc Allaart®
Patrick D. Cullis', Angelika Dehn’, € an n*, Arno Keppens', Debra E. Kollonige' %,
Christophe Lerot', Diego Loyola’, Matakite Maata®, Sukarni Mitro'", Maznorizan Mohamad'', Ankie Piters®,

Fabian Romahn?, Henry B. Selkirk!>!3, Francisco R. da Silva', R_\-an M. Stauffer'*'%, Anne M. Thompson'?,

J. Pepijn Veefkind®, Holger Vimel'®, Jacquelyn €. Witte'®, and Claus Zehner®

'Royal Belgian Institute for Space Aeronomy (BIRA-TASB), Ringlaan 3, 1180 Uccle (Brussels), Belgium

?German Aerospace Centre (DLR), Munchener StraBe 20, 82234 WeBling, Germany

“Royal Netherlands Meteorological Institute (KNMI), Utrechiseweg 297, 3730 AE De Bilt, The Netherlands

“NOAA Global Monitoring Laboratory (NOAA/ESRL/GML), 1325 Broadway, Boulder 80305-3337. CO, USA

European Space Am:ncnycmm for Earth Ob\cnalmn (ESAJESRIN), Largo Gahlco Galilei 1, 00044 Frascati (Roma), Ttaly
SEadaral Office of A and C1 Davarna S

Steven l’.‘omperllullc"

J.-C. Lambert etal. - Tropospherlc Ozone Validation Plan




Quality Indicators for tropospheric ozone column I

Bias
* Vs.ozonesondes:
* Dependences SAT-to-SAT :
— meridian:
— zonal:
— seasonal:
* Consistent with ex-ante systematic error?

* Consistent with tropopause
definition/sensitivity effects ?

Median TROPOMI-REF [DU]

-20 -15 -10 L o 5 10 15 20
Latitude [deg]

CEOS AC-VC-16 teleconference, June 8-12, 2020

ex post

Dispersion

a

From pairwise :
Fromtriplets:
Dependences SAT-to-SAT :
— meridian:
— seasonal:
Sampling errors:
Consistent with ex-ante uncertainty estimate?

TROPOM| |

W

20 -15 -10 5 0 5 10 15 20
Latitude [deg]

Geophysical patterns & signals

Annual + semi-annual cycles ?
ENSO, MJO,QBO ?

Zonal waveone ?

Biomass burning season ?
Other known features ?

o4
.
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Sensitivity and Tropospheric Burden 9

Lack of harmonisation between the different satellite
records, e.g., regarding terms and definitions of the — —
tropopause and the tropospheric content ML i it T e et

Temperature (C
—40p -20 ol 0

Use high-resolution T and Os profiles and averaging kernels 1of
(or weighting functions) to explore effects of

« difference in top level tropospheric column,

e difference in tropopause definition, o

* difference in auxiliary data to define tropopause. ‘_:___mé _____ i o

Correlative T and Os profile data

*  ozonesonde network (GAW, NDACC, SHADOZ)

*  (IAGOS aircrafts)

*  (NDACC and TOLNet tropospheric lidars) 1000(; i = T T
RH (%) Ozone (nbar) VMR O, (ppbv)

*  (NDACC FTIR)
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Sensitivity and Tropospheric Burden

IASI (FORLI v2014)
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03S-DQA Improving Ozonesonde Network Homogeneity 9
WMO/GAW 03S-DQA evaluation/improvement of ozonesonde network(s) homogeneity

ECC ENSCI sonde

biased positive

< e P e e e ] -1
\\\ 10 10 8hPa 1 J. > KC sonde

'§‘ \\IE ;47 : l ] : & biased positive
= sl i G
< < | |
Q 0 $ Dias entire network
1) : :
(el s -
o | ) L
g s T
@ : E

sl el oot )

~ <, ECCSPC sonde

1 biased negative
Courtesy D. Hubert, BIRA-IASB Latitude

e Satellite ensemble based evaluation approach

e 2000-2013; 60 WOUDC sites, 28 NDACC sites, SHADOZ

* Network inhomogeneities caused by ozonesonde type, manufacturer, solution strength
*  By-product: mutual consistency of data archives (WOUDC, NDACC, SHADOZ, ESRL...)
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Assessment of tropospheric ozone from satellites

Ongoing activities

NASA (G.Labowet al.)

* The Great Tropospheric Ozone Cook-Off
@CEQOS AC-VC-15

* Intercomparison of monthly/daily gridded
satellite data records

— Spatial structure of the bias

DLR (K.-P. Heue, M. Coldewey-Egbers, D. Loyola et al.)

i DLR

* Harmonisation, multi-satellite trends R'd

* Intercomparison CCD S5P, GOME-2, OMI and
S5P/BASCOE

— Spatial & temporal structure of the bias

— Trends
— Validation with RMIB (A. Delcloo)

CEOS AC-VC-16 teleconference, June 8-12, 2020

BIRA-IASB (D. Hubert, A. Keppens, J.-C. Lambert, C. Vigouroux)

9

National project CASTOAR with ULB (pF. Coheur, RM
C. Wespes) and RMIB (R. van Malderen) LIRS
Characterise & understand differences between
satellite tropospheric O3 using ground-based
comparisons (ozonesondes, NDACC FTIR)

— Tropospheric content

— Vertical sensitivity & smoothing

— Long-term stability

— Trends

Assessment of known geophysical signatures

Other activities/groups welcome

IAGOS aircraft data ?
P

J.-C. Lambert et al. - Tropospheric Ozone Validation Plan



Requirement: Identification of tropospheric ozone column datasets 9

|dentification via GoogleDoc registration sheet

TROPOMI Example: S5P TROPOMI tropical tropospheric ozone
ozone column e Convective Cloud Differential (CCD) technique using
o — TROPOMI Level-2 total ozone column data (GODFIT v4)
| . — TROPOMI Level-2 cloud data (OCRA + ROCINN_CRB)
€ * Represents
= — 03 column between surface and 270 hPa
g glf(fﬁ’tive — daily Level-3 product, 0.5° lat. x1° long., latitude range 20°S-20°N
0= pressure — 3-day moving average of cloud-free data
— Associated vertical sensitivity/smoothing estimate: ...
— Associated uncertainty estimates: ...
*  Processed at DLR with L2_03 TCL OFFL processor v01.01.05-08
* Available operationally since 30 Apr 2018 on the Copernicus
data hub: https://scihub.copernicus.eu
S5P CCD OFFL | 610105 ! : : : T ] ' - R E—
| Q1-18 02‘-18 Q3|-18 Qal-ls 01‘-19 02119 03‘-19 04‘-19 QlI-ZU o QZI-ZU |
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CEOS VC-20-01 Tropospheric Ozone Activity

Geophysical Validation Goals and Plans

« VC-20-01: 'Tropospheric O3 dataset validation and harmonization' due by end of 2022
« Initial results to be presented next year in AC-VC-17

« Agreed two reference years for global and regional distributions: 2017-2018

« Agree on ground-based stations & regions for trend & drift studies

» Register and give access to satellite data with requested identification and guidelines (QA
filters etc.) = Request GoogleDocs link to Arno.keppens and Daan.Hubert both at @aeronomie.be

« Coordination with TOAR-II plans and needs

e @ @ | @ nhipsy//does.googlecom/spreadsheets/d/1

\
/

#
a
e
B
L]
@
[}

b CEOS ACC tropo O3 data sheet
Bants o Weergeven  Invoes

an Wergeven invoegan Cpmask Oegevans Extra Addors Holp (0] =
RN o, 00 129+ | Adal . s & R

e

BIRA-IASB

¥
SN NPT

AN

DLR
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