Supporting Information
Introduction

This document contains supplementary text, figures and a table relevant to the
methodology presented in the main manuscript. Text S1 — S3 and Figures S1 -
S3 provide further information about the processing of the satellite data records
used in the main manuscript. Text S4 and Table S1 summarize the surface
emission fields used in the model simulations.

Text S1.

In the GOME-2B record there is an underlying negative trend in the sub-column
O3 (surface — 450 hPa) between 2015 and 2020, which is shown in Figure S1(a)
and (c). The linear trend during this period is -1.8 DU yr'. This trend is most likely
due to ultraviolet (UV) degradation of the instrument. Here, we have introduced a
simple correction to provide a more realistic background tendency and thus not
overstate the impact of precursor emission reductions on tropospheric O3 from
COVID-19 lockdowns. Figure S1 demonstrates the detrending methodology.
Using a linear model to detrend the data creates a pattern within the record
(Figures S1(a) and (b)), of very low values in 2017, increasing to 2020. This
pattern was not consistent with other satellite records of lower sub-column O3
(e.g. from IASI). The pattern suggests that the artificial trend from 2015 to 2020 is
not linear, and that there is a larger negative trend between 2015 — 2017 and a
smaller negative trend between 2017 — 2020. Therefore, we have used a non-
linear model (2" order polynomial) to detrend the data, shown in Figures S1(c)
and S1(d). This yields a more gradual decrease in lower sub-column O3 between
2015 and 2020, reducing the anomalous trough in 2017. The R? value also shows
a small increase for the polynomial trend line, with 0.58, compared to 0.55 for the
linear trendline. The detrended record shown in S1(d) is added to the average O3
across the original record, which is 16.6 DU. The detrended record used in the
analysis in the main manuscript is shown in S1(e).
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Figure S1. Timeseries of European monthly average sub-column (surface — 450
hPa) Oz record (DU) derived from GOME-2B between January 2015 and October
2020. (a) Original GOME-2B record for 2015 — 2020 with a linear trend line. (b)
GOME-2B detrended using the linear trend model. (¢) Original GOME-2B record
with a 2"4-order polynomial trend line. (d) GOME-2B detrended using the 2"-
order polynomial trend model. (e) Original GOME-2B record and detrended
GOME-2B record, using the 2"-order polynomial trend model.

Text S2.

We compare satellite-derived tropospheric O3 from IASI aboard MetOp-A and
MetOp-B in the overlap year of 2018, with the aim to combine these records.
Figure S2 shows the difference between the two records for each monthly-
averaged grid-box across the European domain, as used in the analysis. Across
2018, the monthly-averaged grid box differences range from -2.1 to 1.7 DU. The
monthly differences show a reasonable level of consistency across the domain
and therefore we have decided to adjust the monthly domain average MetOp-B
record by the average difference (across the domain) between the records.
Figure S3 shows a comparison of the domain-averaged monthly records for
MetOp-A and MetOp B. Broadly across 2018 MetOp-A is greater than MetOp-B



The difference ranges between -0.9 and 0.3 DU, with the largest difference in the
late spring, summer and autumn months. The differences shown in Figure S3(b)
have been subtracted from the monthly averages of all years in the MetOp-B
record (2018 — 2023) to adjust for the difference.
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Figure S2. Monthly difference between MetOp-A and MetOp-B (B - A) in 2018
for each grid box across the European domain used in the analysis.
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Figure S3. Comparison of MetOp-A and B sub-column Os (surface — 450 hPa). (a)
Monthly averages of tropospheric O3 derived from MetOp-A and MetOp-B for all
months of 2018. (b) Difference between MetOp-A and MetOp-B record (B - A).



Text S3.

The land mask used in the analysis is shown in Figure S3, representing the grid-
boxes selected to be used in the European average calculation. The land mask
was produced as part of the Hemispheric Transport of Air Pollution (HTAP) Phase
2 programme (Koffi et al., 2016) and has been interpolated onto the TOMCAT
grid (2.8° x 2.8°).

Figure S4. Land mask used in analysis. Yellow represents the grid-boxes selected
as over land.

Text S4.

The surface emission fields used in the Business-As-Usual (BAU) TOMCAT model
simulation (2017 — 2021) are summarized in Table S1. The emissions were
interpolated to a 1.0° x 1.0° grid for use in the model. The anthropogenic
emissions were scaled in the COVID model simulation (2020 & 2021), as
described in Section 2.2 of the main manuscript.



Type
Anthropogenic

Natural
(soils/
oceans)

Biogenic

Aircraft

Biomass
burning
CH,4 scaling

Aerosols

Description
NO,, CO &
VOCs

CH4

NO,, CO &

VOCs

CH4

CO & VOCs

Isoprene &
monoterpenes

NOx

NO,, CO &
VOCs

The Coupled Model
Intercomparison Project Phase
6 (CMIP6) - SSP245 future
emissions projections.
Emission Database for Global
Atmospheric Research
(EDGAR) v4.2 inventory.

The project 'Precursors of
Ozone and their Effect on the
Troposphere’ (POET).

Soil sink flux comes from the
Soil Methanotrophy Model
(MeMo).

Wetland emissions from the
Joint UK Land Environment
Simulator (JULES).

The Chemistry-Climate Model
Initiative (CCMI) - These
emissions are fixed annually.
JULES and the UK Earth
System Model (UKESM).
These emissions are annually
varying.

CAMS global aviation
emissions (CAMS-GLOB-AIR).
Used due to issues in the
CMIP6 NOy aircraft emissions
between the historic emissions
and the future scenario
projections.

The Global Fire Emissions
Database (GFED) version 4.

Scaled to a best estimate based on the globally
averaged surface CH4 value from NOAA for

each year.
SO, BC& OC

MACCity

Reference

(Riahi et al,, 2017;
Gidden et al,,
2019; Feng et al.,
2020).

(Olivier et al.,
2012)

(Olivier et al.,
2003; Granier et
al., 2005)
(Murguia-Flores
et al,, 2018)
(Clark et al., 2011)

(Morgenstern et
al, 2017)

(Clark et al., 2011;
Sellar et al., 2019)

(Granier et al,,
2019)

(van der Werf et
al,, 2017)
(Dlugokencky,
2020)

(Granier et al.,
2011)

Table S1. Summary of surface emissions used in the TOMCAT BAU simulation for
2017 — 2021 (see Section 2.2).
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