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Harmonized ground-based measurements (HEGIFTOM)
Tropospheric ozone column distribution

(+ impact of COVID-19)

Tropospheric ozone column trends
v" Individual site trends
v’ Regionalized trends
(+ impact of COVID-19)
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* formation/destruction of tropospheric ozone by

v’ stratosphere-troposphere exchange

Stratosphere-Troposphere
Exchange

stratosphere
v" photochemical formation: sun + e \ ” 5
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Tropospheric Ozone Assessment Report

Mission:
To provide the research community with an up-to-date scientific assessment of tropospheric
ozone’s global distribution and trends from the surface to the tropopause.

Deliverables:

1) The first tropospheric ozone assessment report based on all available surface observations,
the peer-reviewed literature and new analyses.

Stakeholders:

=74

e

a3 World Health
WMO GAW Organization

-
-
VAN

Task Force on Hemispheric
Transport of Air Pollution

0

Longange Transboundary Alr Poliution
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Tropospheric Ozone Assessment Report

Mission:
To provide the research community with an up-to-date scientific assessment of tropospheric
ozone’s global distribution and trends from the surface to the tropopause.

Deliverables:

1) The first tropospheric ozone assessment report based on all available surface observations,
the peer-reviewed literature and new analyses.

2) A database containing ozone exposure metrics at thousands of measurement sites around
the world, freely accessible for research on the global-scale impact of ozone on climate,
human health and crop/ecosystem productivity.

Stakeholders: ¢ .y 7 =, {@
g ¢ M Task Force on Hemispheric
= World Health = Transport of Air Pollution
WM GAW Organization

RMI/STCE Seminar, 5 February 2025
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The first global-scale view of all
available surface ozone
observations

98t percentile

5-year average (2010-2014)

Summertime months 0-9 nmol mol!

10 - 19 nmol mol™!
20 - 29 nmol mol™!
30 - 39 nmol mol™!

40 - 49 nmol mol™?

50 - 59 nmol mol™!

60 - 69 nmol mol™*

world's largest database of surface 70 - 79 nmol mol™*
[ ]

=» surface O, data harmonization:

80 - 89 nmol mol™?

>=90 nmol mol™?

ozone observations, with ozone
metrics and trends calculated
consistently for all time series

S
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TOAR-| key results

The first intercomparison of satellite ozone products

Satellite products generally agree regarding global .

tropospheric ozone hotspots.

Satellite: OMI-SAO, Harvard-Smithsonian, 2010-2014

RMI/STCE Seminar, 5 February 2025

Satellite: OMI/MLS, NASA, 2010-2014

Satellite: OMI-RAL, UK, 2010-2014
on N .

Satellite:

IASI-SOFRID, CNRS, France, 2010-2014
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TOAR-| key results

The first intercomparison of satellite ozone products

Satellite products generally agree regarding global

tropospheric ozone hotspots.

Satellites and IPCC models report
similar values for the tropospheric
ozone burden.

However, the satellites disagree
regarding trends over the past
decade (2008-2016).

=» TOAR-I identified major
discrepancies among the ozone trends

reported by different satellite products:

TOAR-II Satellite Ozone working group.

=>» Tropospheric ozone trends from
ground-based and in-situ techniques?
TOAR-II GB working group

Ozone burden (Tg)

60°S-60°N

225 il 1 1 1 1 1 1 L 1 1 1 1 L

99979899 0 1 2 3 4 5 6 7 8 9 10111213 14 15 16

Year

= OMI/MLS

mm== |ASI-FORLI

mmm JASI-SOFRID

= GOME/OMI

= OMI-RAL

- SCIAMACHY

== TES

change, Tg yr!
1.79 £ 0.66

-2.15+1.03
1.34+£0.92
1.63+0.45
285+1.16

1.50 £1.39
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Tropospheric Ozone Assessment Report, Phase |l

TOAR Database: Updated with all recent ozone observations worldwide;
add ozone precursors and meteorological data.

Final Product: An observation-based assessment of tropospheric ozone’s
distribution and trends on regional, hemispheric and global scales

(modelled after IPCC Working Group 1)

Impact studies: will quantify the impacts of ozone on human health,
vegetation and climate

(modelled after IPCC Working Group Il)

RMI/STCE Seminar, 5 February 2025



TOAR-II Focus Working Groups

New research is organized in 16 independent Focus Working Groups:

Chemical Reanalysis Focus Working Group

East Asia Focus Working Group

Global and Regional Models Focus Working Group

HEGIFTOM Focus Working Group

Human Health Focus Working Group

Machine Learning for Tropospheric Ozone Focus Working Group
Ozone over the Oceans Focus Working Group

Ozone and Precursors in the Tropics (OPT) Focus Working Group
Ozone Deposition Focus Working Group

Radiative Forcing Focus Working Group

ROSTEES Focus Working Group

Satellite Ozone Focus Working Group

South Asia Focus Working Group

Statistics Focus Working Group

Tropospheric Ozone Precursors (TOP) Focus Working Group

Urban Ozone Focus Working Group
RMI/STCE Seminar, 5 February 2025
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TOAR-II Community Special Issue Atmospheric
Chemistry and Physics

* Focus Working Group findings to be submitted to
the Community Special Issue before 30 Nov 2024
= inter-journal special issue hosted by Copernicus

Geoscientific

Model Development
e Papers from this community SI (and others) will feed |

the TOAR-II Assessment Papers: Atmospheric
Health, Climate, Vegetation, STE, Measurement

Satellite, S. America, Africa, Tech niques

Earth System Science

Data

icus Publications
e Open Access Publisher

www.earth-system-science-data.net
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TOAR-II Focus Working Groups

New research is organized in 16 independent Focus Working Groups:

Chemical Reanalysis Focus Working Group

East Asia Focus Working Group

Global and Regional Models Focus Working Group

HEGIFTOM Focus Working Group <

Human Health Focus Working Group

Machine Learning for Tropospheric Ozone Focus Working Group
Ozone over the Oceans Focus Working Group

Ozone and Precursors in the Tropics (OPT) Focus Working Group
Ozone Deposition Focus Working Group

Radiative Forcing Focus Working Group

ROSTEES Focus Working Group

Satellite Ozone Focus Working Group

South Asia Focus Working Group

Statistics Focus Working Group

Tropospheric Ozone Precursors (TOP) Focus Working Group

Urban Ozone Focus Working Group
RMI/STCE Seminar, 5 February 2025
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TOAR-II Focus Working Group HEGIFTOM TUAR

OOOOO
assessment

Harmonization and Evaluation of Ground-based Instruments for Free Tropospheric
Ozone Measurements,

Key Objective:

Evaluation and harmonization of the different
free tropospheric ozone profiling datasets of the
established measuring platforms (in-service
aircraft, ozonesondes, Brewer/Dobson Umkehr,
FTIR, Lidar).

IAGOS Ozonesondes Brewer/Dobson Umkehr

Major Deliverables:

* Quality assessed ozone data sets, whereby
each measurement gets also an uncertainty
and a quality flag.

e Thereby, representativeness and instrumen-
tal drifts will be characterized and evaluated.

* Assessment of tropospheric ozone trends.

o Testine sronrerelrieyalsrormrow-—remete http://hegiftom.meteo.be/datasets
. | blichad i |
RMI/STCE Seminar, 5 February 2025
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Achievements and updates:
* |AGOS:
o internal consistency paper published in AMT (Blot et al., https://doi.org/10.5194/amt-14-3935-2021),

o simulation chamber comparison of IAGOS-CORE UV-photometer and reference photometer for ozonesondes
(Smit et al., https://doi.org/10.5194/egusphere-2024-3760)

e Lidar: TMF data has been updated with new data processor, OHP will follow
* FTIR: flagging applied to the NDACC data

* Brewer/Dobson Umkehr:

o 6 Dobson Umkehr sites have been homogenized (Petropavlovskikh et al., https://doi.org/10.5194/amt-15-
1849-2022)

o Updated uncertainty estimation of the retrievals.

e o0zonesondes:

o 12 more sites homogenized, e.g. OHP, Lauder, Arctic sites (10-15/55 remaining) —> see RMI seminar given by
Deniz Poyraz (now @ROB) on 6 Oct 2023

o homogenized data available on ftp-server

RMI/STCE Seminar, 5 February 2025
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Deliverable: Homogenized free tropospheric ozone profile data, described at HEGIFTOM pho’
website, with same template for each dataset:

Availability

location (ftp, data archive, website, doi, e-mail address contact person, etc.).

Data field description

Measured data fields (and their units), incl. auxiliary data fields, available metadata. Data format
Description of homogenization procedure

short description of the steps taken to make the dataset (more) homogeneous within the network.
Data management

* Flagging
* Uncertainties
. Traceability https://hegiftom.meteo.be/datasets

» Internal consistency
* External consistency
* Data quality indicators

* List of homogenized sites (name, geographical location, period of observations)

RMI/STCE Seminar, 5 February 2025
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Alert ]llll]lllll]llIIIIIII]lllllllllllllIllllllllllllllll]lllll
Eureka

Ny—Alesund
Resolute
Scoresbysund
Sodankyld
Lerwick
Churchill
Edmonton
Goose Bay
Legionowo
De Bilt
Valentia
Ucclex

Port Hardy
Kelowna
Hohenpeissenbd

Trinidad Head
Madrid
Boulder

Wallops Island
Izana

Réunion Island
Irene

Lauder
McMurdo
South Pole

FTTTTTTT T T T T T T T T T T T T TETTTT T T T T

IllIIIIIIIl]lIIIIIIIIIIlllIIIIIIIlIIIllIIIllIIllIIIIIIIIIII

1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020
Year

e 43 sites (green dots) with homogenized ozone profile data

- Profile data available at ftp-server https://hegiftom.meteo.be/datasets/ozonesondes

RMI/STCE Seminar, 5 February 2025
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* Deliverable: TOAR-II Intercomparison Guidelines for Observations of Tropospheric Column

Ozone and Tropospheric Ozone Profiles (https://igacproject.org/sites/default/files/2022-03/TOAR-

I_Guidelines for TCO and Profile Intercomparisons.pdf)

* |AGOS aircraft vs. ozonesonde profiles at 11 stations

90°N : 12 4
S
60N |-t 109 total include dehli
j —— TORONTO
——TOKYO
o 8 4
JOON fr — TAIPEI
* —— MUNICH
0° e 67 —— JOHANNESBURG
"""" ; ) —— HYDERABAD
2 . —— HONG-KONG
T —— DUSSELDORF
o .......
30°S — DELHI
2 —— CALGARY
60°S | BRUSSELS
L 04
90°S N —
180° 150°W 120°W 90°W 60°W 30°W  0°  30°E  60°E 90°E 120°E 150°E  180' 40 30 20 -10 0 10 20 30

. § . .
Wang et al., ACP, TOAR-II SI, 2024 (aircraft-sonde)/sonde*100 (%)
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https://igacproject.org/sites/default/files/2022-03/TOAR-II_Guidelines_for_TCO_and_Profile_Intercomparisons.pdf

HEGIFTOM: Intercomparisons (external consistency) TUAR

ozone
assessment
report

Phar®
Intercomparisons: comparison of (tropospheric) ozone retrievals from different ground-based
instruments at dedicated sites

Lauder (New Zealand)

(b) ~d9 . eeee LIDAR
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Bjorklund et al., AMT, TOAR-II SI, 2024
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HEGIFTOM: Tropospheric ozone columns (TrOC) 10AR

tropospheric
ooooo

A

— repon et \
Deliverable: time series of different (partial) tropospheric ozone column amounts phast

P>P TP (WMO) the 2 recommended

P> P (lat) (e.g. 150 hPa @ tropics, 400 hPa in polar regions) TOAR-ll tropospheric

P > 300 hPa _ HERE! ozone column definitions

FT: 4 <h <8 km AND 700 hPa > P > 300 hPa

LT: h<4 km AND P > 700 hPa

BL: h< 2 km

for all sites/techniques, if feasible

provided for all measurements (L1), together with daily means (L2) and monthly means (L3)
available in DU or ppb

uncertainties included (random, systematic, total, statistical)

simple csv files, with readme files per technique

https://hegiftom.meteo.be/datasets/tropospheric-ozone-columns-trocs

RMI/STCE Seminar, 5 February 2025


https://hegiftom.meteo.be/datasets/tropospheric-ozone-columns-trocs

HEGIFTOM: TrOC intercomparisons at collocated sites

T10AR

tropospheric
ozone

Xo3 for P> 300 hPa [ppb]
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Xo3 for P > 300 hPa [ppb]

Xo3 for P> 300 hPa [ppb]
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X3 for P> 300 hPa [ppb]

[ppb]

Xos for P > 300 hPa

HEGIFTOM: TrOC intercomparisons at collocated sites

T10AR

fropospheric
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g5 for P > 300 hPa

[ppb]

Xo5 for P > 300 hPa
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HEGIFTOM: Tropospheric ozone column trends TUAR

OOOOO

ces;gsfsment \\
: Phar®
e TOAR-II: tropospheric ozone trends assessment v'Here: focus on high-quality
e |n literature: | ground-based and in-situ
(c) Tropospheric column average
ST < Trai % TOST ozonesondes) 1998-2012 measurements
= lrajectory- 80 . .. . 7 ”
+
mapped Ozonesonde 7 mmmmm) (individual sites + “merged”)
dataset for the 50 TOST : : :
10 v'Consistency in tropospheric
Stratosphere and 30 TOST :
Troposphere o Bl s | |2 ozone column metric
£ .0 TOST (here: surface to 300 hPa)
(Wang et al., ACP, — _90 =1
- - a . .
TOAR-II 51, 2024) B _|_ v'Consistency in used trend
0 TOST : :
8 estimation tools (QR vs. MLR)
-80
[ P e S v'Consistency in time ranges
Ozone trend (ppbv per decade) (here: 2000-2002 till 2019-2022)
Satellite products:
: Satl 1979-2016 (TOMS, OMIMLS) : : :
Fig. 2.8 of S:t21995—2015(GOME_.SCIAMACHY, oM, ‘/COHSIstenCv in units (ppbv/dec)
GOME-2A, GOME-28)
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Individual site trends sample T10AR

tropospheric
ooooo
assessmen

Global Sites Contributing to HEGIFTOM (55 L1 Data) Trends

 Sampling (> 120
months of data) and
gaps (2000+) put

constraints
~ ' e 55 ssites
@® 035 (34) stations Q @?? e Some sites with
45°S " FTIR (10) stations ) v : -
£ = u Lidar (2) stations different techniques
w ® Umkehr (6) stations ™ " (Boulder, Hawaii,
_.= *  IAGOS (3) airports < __| Lauder, OHP, Ny

Alesund, Izafia, ...)
=>» intercomparisons
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Tropospheric ozone column distribution TUAR

OOOOO
assessment

Xo3 for P > 300 hPa [ppb]

,-"—150 120 =90 - A 0 30 \50 90 120 150 180
GO 0&%’5 K : - .
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O ozonesondes A Umkehr
O FTIR

0 IAGOS V Lidar
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Mean column-averaged
tropospheric ozone distribution
(TrOC) from surface — 300 hPa for
2000-2022

Lowest: tropics (< £15°) and SH;
Highest: NH (spring & summer!)

Reason: ozone production from
enhanced anthropogenic emissions
in the NH and higher rates of
stratospheric downwelling




Tropospheric ozone column distribution TUAR

OOOOO
assessment

(mean) Tropospheric ozone column distribution: DJF vs. JIA

Xo3 for P > 300 hPa [ppb] Xo3 for P > 300 hPa [ppb]

JU JU .
',r"—‘1,50—}.20_ Qg:.__ A o= O 30 60 90 120 150 180 120 - =5 G 30 60 90 120 150 180

* Highest values in JJA in NH: peak photochemical production & summertime emission max
of biogenic VOC ozone precursors
e ><SH (SON): STE & biomass burning




Tropospheric ozone column distribution TUAR

OOOOO
assessment

Xos for P > 300 hPa [ppb]

_150 wgo?&q’% Q\__% (0] 30 60 90 120 150 180
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Mean column-averaged
tropospheric ozone distribution
(TrOC) from surface — 300 hPa for
2000-2022

Now compare mean TrOC values
for 2000 — 2019 vs. 2020 — 2022
(COVID-19 period)



Tropospheric ozone column distribution: COVID impact TUAR

OOOOO

Xo3 for P > 300 hPa [ppb]

G ¢ B

g s il = £ T Eﬂ

....... e - o - o

=

O ozonesondes

O IAGOS

A Umkehr

V Lidar

O FTIR

Relative change of mean TrOC for the
time period 2020-2022 vs. 2000-2019
Blue: 2020-2022 < 2000-2019
Red: 2020-2022 > 2000-2019

Decline in 75% of the sites,
on average -2.5%
prominent in NH (spring + summer)

Reason: decreased emissions of ozone
precursors (e.g. NO,) due to COVID-19

lockdown restrictions

Impact on trends!
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Individual site trends: QR median trends

T10AR

tropospheric

ozone
assessment
report
Global Trends (2000-2022) in L1 TrOC (ppbv/decade) for surface to 300hPa 6 Global Trends (2000-2022) in L1 TrOC (ppbv/decade) for surface to 300hPa
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@® O03SQR L1 trend —41 @® O03SQR L1 trend
FTIR QR_L1_trend FTIR QR_L1_trend
=75 Arrival_Heights * 1AGOS Q_R_flr_i:end * 1AGOS Q_R_I:lr_?c:end
® Umkehr QR_L1_trend T ® Umkehr QR_L1_trend
|—e30uth_Polf B Lidar QR_L1_trend B Lidar QR_L1_trend
-6 -4 -2 0 2 4 -6 ~150 —100 -50 0 50 100 150
Trends in surface to 300hPa TrOC (ppbv/decade)
] [ ] ] o [ ] . L] L] L]
* same number of positive and negative trends, 42% of the sites with non-significant trends
* mostly within £ 3 ppbv/decade = constraints for satellite and model products
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Individual site trends: QR median + MLR trends

T10AR

tropospheric
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HEGIFTOM QR and MLR Trends (2000-2022) in L3 TrOC (ppbv/decade) for surface to 300 GIobaIé—IEGIFTOM QR/MLR Trends (2000-2022) in L3 TrOC (ppbv/decade) for surface to 300hPa
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=>» Estimates and conclusions fairly independent of used statistical trend estimation tool
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T10AR

tropospheric
ozone

Individual site trends: post-COVID impact

eeerme A\
Xo3 for P > 3OO hPo [ppb] Xo3 for P > 300 hPa [ppb]
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Ozone trend (ppb per decade) Longitudel

For 75% of sites: trend reduction in 2000-2022 w.r.t. 2000-2019 period!
(-0.34 ppbv/dec for entire sample)
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Individual site trends: QR median trends T0AR
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Global Trends (2000-2022) in L1 TrOC (ppbv/decade) for surface to 300hPa Global Trends (2000-2022) in L1 TrOC (ppbv/decade) for surface to 300hPa
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Trend differences at multi-instrument sites? Regiona' trend Consistency? Merging?

Spatial Gap filling?

* Negative trends at high (polar) latitudes?
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“Regionalized” trends T10AR

tropospheric

ozone
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Gap filling?

HEGIFTOM subset A
TR RTEEEY £

20°N@
180°W 90° W -
2

f f f ‘ f f | 035 (34) stations
: 1 : : : : : : / : FTIR (10) stations ) v @%
'A'S'I"L'\dor”(”) """ B R R SRR S SEEEEEEEEELEEE RS U Lidar (2) stations

i u
f ® Umkehr (6) f N N ! ! f f } } } 70°S e Umkehr (6) stations m
Sk IAGOS'(TBO) """"" ~ T S B o o S | = * - 1AGOS (3) airports < |

45°5

o ] Sites used for trend calculation for
Sites with data in 2000-2022 period 2000-2022 period
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Strategy for regionalized trends TUAR

OOOOO

Which regions/sites?

* Correlation maps between CAMS TrOC (sfc — 300 hPa) monthly anomalies at
HEGIFTOM sites (here: Frankfurt, IAGOS & Hefei, FTIR)
e r>0.7!

RMI/STCE Seminar, 5 February 2025



fropospheric
ooooo

Trends in defined
regions with TOST
(Trajectory-mapped
Ozonesonde dataset

for the Stratosphere and
Troposphere):
ozonesondes only!

2 strategies for regionalized trends T10AR

RMI/STCE Seminar, 5 February 2025

Statistical method (linear mixed-
effects modelling, LMM) for
calculating synthetized trends from
well-correlated individual time series
for all instruments, allowing an
intercept and a slope to adjust the
difference from each individual trend
against the overall trends.




T10AR

fropospheric
ooooo
assessment

Trends in defined
regions with TOST
(Trajectory-mapped
Ozonesonde dataset

for the Stratosphere and
Troposphere):
ozonesondes only!
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Ozonesonde > Interpolate into 1km
raw data vertical ozone profile

Altitude

90°s

2 strategies for regionalized trends: 1. TOST

T10AR

tropospheric

HYSPLIT trajectory
calculation for each site

grids at each level
and each level

5°x 5° X 1 km (latitude,

longitude, and altitude),
monthly

Forward trajectories starting at 15 UTC 03 Jul 03
06 UTC 03Jul  MMS5 Forecast Initialization

M 97.50 W
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2 strategies for regionalized trends: 1. TOST

Regions

12 regions, mainly NH
(highest TrOC amounts)
Based on the density of
ozonesonde observations
in well-correlated regions
2 periods:

1995-2021, 2000-2021

(a) Ozone mixing ratio: surface-300 hPa, 1995-2021

75°N
60°N
45°N
30°N
15°N

OO

180° 90°W 0° 90°E 180°
Mean ozone mixing ratio (ppb)
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report
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2 strategies for regionalized trends: 1. TOST T10AR
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ozone
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Phar®

Trends

Ozone trend (ppb/decade) for two periods

1) , :
(a) Surface-300 hPa, } (b) Surface-300 hPa,
751 1995-2021 : | o 411995-2021 t
© 4 [l [ ()] &
75°N . I—B‘ii : g l +
60°N e ! 52 |
asoN {8 -/ == = 8 | ] : i% ....... % .................
. E i | = I :
30°N | 15 i = 8 {
: | g
15°N G N Y N Y A |
-15 | 4 :
0° - 4 2 0 2 4 150 -120 90 60 30 0 30 60 90 120 150
QR 50th trends (ppb/decade) Longitude (°E)
9 , :
(c) Surface-300 hPa, ; (d) Surface-300 hPa,
751 2000-2021 | _ | ) 41 2000-2021 H J
60 i 8 i
—_ i | B8 2 i
€ s : | & i
Py —— =R = : :
'g | 12} Il g
£ % *—E?L‘ 1 E 0f----- T] --------- '+ ----------------
- 15 E == 1 ' R E
L] L] . L] . — i { IO_ Il
e positive trends in (South)East Asia, negative o1 T kN i
T ! | !
-15 -4
elsewhere (except around some individual T ran o ooy oo o 4o %o 0% & % B W
-l Eastern North America -~ Northern Atlantic Ocean -l Canadian Arctic - Southeast US
sites in Africa
- . -l Continental Europe - East Asia - Northern South America - Western North America
[ ]
trend dlfferences between tWO dlfferent - Malaysia/lndonesia European Arctic - Southeast Asia - California
periods (1995+ vs. 2000+) insignificant
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2 strategies for regionalized trends: 1. TOST T10AR

tropospheric
ozone
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COVID impact? Ozone trends comparison (surface-300 hPa):
post-COVID and pre-COVID
1 KL e e E—— 64 11
N4
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= LR AT :‘"© 5 7 %@ + sz@
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5 | Vs S | vs
for all regions and two : |
] & 41 v 1995-2019 4 , 2000-2019
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fropospheric
ooooo

Trends in defined
regions with TOST
(Trajectory-mapped
Ozonesonde dataset

for the Stratosphere and
Troposphere):
ozonesondes only!

2 strategies for regionalized trends T10AR

RMI/STCE Seminar, 5 February 2025

Statistical method (linear mixed-
effects modelling, LMM) for
calculating synthetized trends from
well-correlated individual time series
for all instruments, allowing an
intercept and a slope to adjust the
difference from each individual trend
against the overall trends.




2 strategies for regionalized trends: 2. LMM

the individual trends are
adjusted to calculate a
synthetized trend for the
combined time series

example: monthly means, in
practice: all measurements!

different weights for
different techniques
(uncertainties) to
counterbalance weight
given to higher number of
measurements

free tropospheric ozone [ppbv]

100 —

90 —

80 —

70

60 —

50

40 —

LMM synthesized trend: y=a+bt, a=54.5,4=1.16 ppbv/dec.
IAGOS FRA: (a-0.02)+(b-0.27)t
IAGOS CDG: (a-0.44)+(b-0.14)t
IAGOS ORY: (a-0.03)+(b-0.28)t

O3S DeBilt: (a-1.26)+(b+1.55)t
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Regions

19 regions! Mostly NH.

at least two sites/techniques (Hawaii)
only time series which are long
enough (>60 months of data) are

included

2 periods:
1995-2022 & 2000-2022
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mostly pos. trends
(Asial), except in Arctic
regions

trend diff. between two
different periods (1995+
vs. 2000+) mostly
insignificant

(! East China + SE Asia)
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e Homogenized ground-based measurements provide TrOC (sfc- 300 hPa)
trend estimates within * 3 ppb/dec, for TrOC ranging between 20 (SH, DJF)
and 80 ppb (NH, MAM & JJA, especially East USA, South EU, East Asia)

e Mixture of positive and negative trends worldwide, but consistently
negative in Arctic (?) and positive in East Asia (continuing increase of
Ozone precursor emissions)

e COVID-19 restrictions led to less ozone precursor emissions and
decreasing TrOC amounts, impacting present-day (i.e. post-COVID) trends
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Further reading and outlook

https://doi.org/10.5194/egusphere-2024-3736
Preprint. Discussion started: 13 January 2025
(© Author(s) 2025. CC BY 4.0 License.

https://doi.org/10.5194/egusphere-2024-3736

EGUsphere®

Global Ground-based Tropospheric Ozone Measurements: Reference
Data and Individual Site Trends (2000-2022) from the TOAR-
II/HEGIFTOM Project

Roeland Van Malderen!, Anne M. Th01npson2'3, Debra E. Kollonige”, Ryan M. Stauffer?, Herman G.J.
Smit”, Eliane Maillard Barras®, Corinne Vigouroux’, Irina Petropavlovskikh®?, Thierry Leblanc!®, Valérie
Thouret!!, Pawel Wolff'%, Peter Effertz®°, David W. Tarasick'?, Deniz Poyrazl, Gérard Ancellet'*, Marie-
Renée De Backer!, Stéphanie Evan'®, Victoria Flood!”, Matthias M. FreylS, James W. Hanniganlg, José
L. Hernandez?°, Marco Iarlori’!, Bryan J. J ohnson’, Nicholas Jones™, Rigel Kivi*, Emmanuel Mahieu™,
Glen McConville’, Katrin Miiller™, Tomoo Nagahamam, Tustus Notholt?”, Ankie Piters®®, Natalia Prats®,
Richard Querel’®, Dan Smale®®, Wolfeang Steinbrecht®!, Kimberly Strong!”, Ralf Sussmann®>

https://doi.org/10.5194/egusphere-2024-3745
Preprint. Discussion started: 13 January 2025
(© Author(s) 2025. CC BY 4.0 License.

EGUsphere®

https://doi.org/10.5194/egusphere-2024-3745

Ground-based Tropospheric QOzone Measurements: Regional
tropospheric ozone column trends from the TOAR-II/ HEGIFTOM
homogenized datasets

Roeland Van Malderen!, Zhou Zang?, Kai-Lan Chang>*, Robin Bjérklund®, Owen R. Cooper®, Jane Liu?,
Eliane Maillard Barras®, Corinne Vigouroux®, Irina Petropavlovskikh®’, Thierry Leblanc®, Valérie
Thouret’, Pawel Wolff'?, Peter Effertz’’, Audrey Gaudel**, David W. Tarasick'', Herman G.J. Smit'%,
Anne M. Thompson'**, Ryan M. Stauffer'®, Debra E. Kollonige'*®, Deniz Poyraz!, Gérard Ancellet'®,
Marie-Renée De Backer!”, Matthias M. Frey'®, James W. Hannigan'?, José L. Hernandez*’, Bryan J.
Tohnson’, Nicholas Jones®!, Rigel Kivi*?, Emmanuel Mahieu®?, Isamu Morino®*, Glen McConville’,
Katrin Miiller”, Isao Murata®®, Justus Notholt?”, Ankie Piters”®, Maxime Prignon®’, Richard Querel*°,
Vincenzo Rizi*!, Dan Smale®®, Wolfgang Steinbrecht®?, Kimberly Strong®, Ralf Sussmann’*

Those contain additionally detailed TrOC intercomparisons at nearby/collocated sites,

1990/1995/2000 — 2022 trend comparisons, relative contribution of lower+free-tropospheric ozone

column trends to entire tropospheric ozone column trends, TrOC seasonal cycle change, etc.

Those do not contain: variation of seasonal or low/high percentile trends!
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Thank you for your attention!
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