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Abstract. This supplement is intended to extend the results presented in the main manuscript, for sake of completeness. The satellite and in situ surface observations of changes in ozone pollution over Europe are here presented for the whole month of April 2020, with respect to the same period in 2019. Comparisons between daily averages and maximum daily averages over 8h (MDA8) is also done. 
For analysing the uncertainty of the model estimates, additional simulations are performed with the chemistry transport model CHIMERE but with different setup, differing in the emission inventories, their modifications to account for changes in anthropogenic activities during the lockdown and the meteorological fields. 


Changes in ozone pollution the periods 1-15 April and 1-30 April
The first 15 days of the month of April is when the strictest lockdown took place over Europe. However, other works quantify the changes in ozone pollution averaged over the whole month of April. For sake of completeness and for providing a more comparable dataset, we also present here the results of changes in ozone pollution observed by satellite and at the surface in terms of daily averages for 1-30 April (Fig. S1). In this case, we find a clear consistency between surface and satellite observations. Both datasets show similar horizontal patterns of positive and negative anomalies, with less pronounced ozone enhancements in central Europe and Northern Italy than for the average over the first 15 days of the month. Moreover, the ozone increase over France has a more limited horizontal extent, with prevailing reductions of ozone in central France. As the variability of the ozone anomalies is smaller for the monthly average (as compared to 1-15 April), the correlation coefficient is moderately lower (0.46), and the RMS difference is reduced (10 ppb).
In the main manuscript, we compare our results directly with the works of Ordóñez et al., (2020) and Souri et al., (2021) in terms of surface maximum daily average over 8h (MDA8) averaged over the whole month of April (2020 and 2019). It is worth noting that these quantities show a slightly different for 1-15 April and in terms of daily averages. The main qualitative difference is seen in the 1-15 April period over the neutral regime region of Eastern Germany and Southern Poland, where enhancements are seen in terms of MDA8 ozone (Fig. S2a) while daily averages show reductions (Fig. 3a). In quantitative terms, the MDA8 ozone concentrations changes are clearly larger than for daily averages, by about a factor ∼2 (see Tables S1 and S2 for targeted regions). These differences are probably linked to the fact that daily averages also account for low ozone concentrations during the night and therefore their variability is reduced with respect to daily maxima expressed here as MDA8.
The impact of meteorological conditions in the changes of surface MDA8 ozone differ moderately in magnitude depending on the period considered.  In the period 1-15 April, our estimates show that meteorological conditions induce an enhancement MDA8 surface ozone of 14 % over Central Europe (Fig. S2b), which is ∼6 % larger than the average over the whole month (Fig. 3b). This suggests that during the first 15 days of the month the largest reduction of anthropogenic emissions (according to CAMS) is concomitant with a larger European ozone production north of 44°N associated with meteorological conditions. 
Sensitivity of CHIMERE simulations with respect to the emission inventory and meteorological conditions 
In this section, we analyze the sensitivity of the CHIMERE model for a different anthropogenic emission inventory and meteorological conditions. This provides an estimation of the uncertainties of the ozone pollution simulations during the lockdown conditions, when varying these two key inputs. Table S3 presents a brief description of the main elements of the alternative setup of CHIMERE called hereafter C2 (when only CHIMERE is mentioned, it refers to the setup described in Table 1 and presented in the main manuscript).
Configuration 2 (C2) of CHIMERE
The alternative configuration (C2) of CHIMERE mainly corresponds to that used by Menut et al., (2020). The anthropogenic emissions for the European domain are taken from EMEP (European Monitoring and Evaluation Programme, Mareckova et al., 2019) emissions data released in 2019 (available for 2017). First, to estimate the reduction of all road transport emissions for the COVID simulation, the “driving” dataset of the Apple company activity database was used. These data were used to apply a daily emissions reduction factor for each European country. Second, the emissions of the industrial and off-road sectors were establish using the same reduction factor but divided by two. Energy, agricultural and waste sectors were not changed. Finally, residential emissions are increased in order to account for the fact that people stay at home during the lockdown, but by a fourth of the factor obtained from the Apple “driving” dataset.  Discussions on the differences between the COVID-modified emissions for C1 and C2 are provided in section 4 in terms of NO2 concentrations.  
The C2 configuration considers meteorological fields from the WRF model v3.7.1 (Skamarock et al., 2007) forced by NCEP/GFS global fields (Kalnay et al., 1996).  Boundary conditions are derived from CHIMERE simulations over a larger domain englobing North Africa and using anthropogenic emissions from CAMS (https://eccad3.sedoo.fr/#CAMS-GLOB-ANT, Granier et al. (2019)).  
Comparison of the two setups of CHIMERE
Figure S3a shows that with the setup C2 the model also simulates ozone enhancements in 2020 with respect to 2019 over Northeastern Europe and Northern Italy, and reductions over Spain and the Atlantic in agreement with observations. However, clear differences are seen over France, where C2 suggests very limited changes (mainly small reductions), in discrepancy with most surface in situ measurements and IASI+GOME2 data. Similarly, C2 shows ozone enhancements over the North Sea, Southern Italy and Central-eastern Mediterranean, where observations depict reductions. Over Poland, a clear enhancement is depicted by C2, whereas both observations suggest reductions in 2020 with respect to 2019. The correlation coefficient between changes in surface concentrations simulated by C2 and in situ data is 0.44 (thus smaller than the other configuration of CHIMERE). The variability of the ozone changes measured by in situ sensors is larger by more than a factor ∼2 than that of the model, for the two setups. The enhancements and reductions of ozone measured over regions of respectively typical “VOC-limited” and “NOx-limited” chemical regimes are not apparent either. 
When it comes to the model-only estimations of the impact of the pandemic lockdown on ozone pollution, the C2 configuration shows a very limited amplitude (Fig. S3c-d). In qualitative terms and over land, the horizontal distribution of positive and negative anomalies associated with the lockdown is quite similar for both CHIMERE setups, but the absolute values are quite different. The amplitudes of the anomalies are approximately a factor 3 to 6 smaller for C2. Ozone enhancements for C2 reach only ∼1 ppb over Benelux and the Po Valley. The net ozone reduction over the Southern Mediterranean is -1 ppb.
A key factor explaining the smaller amplitude of the ozone anomalies for C2 is linked to the abundance of ozone precursors. Indeed, significant differences for C2 are seen both in terms of NO2 concentrations in absolute values for a given year in standard conditions (2019), differences between 2020 and 2019 and between urbanized/rural regions (see Fig. S4 and Table S4). In 2019, NO2 concentrations are a factor ∼3 smaller than C2 over a large heterogenous area as the Benelux to Northern Italy band and only by ∼50 % for a megacity as Paris.
We also find smaller changes of NO2 abundances in absolute values between 2020 and 2019 for C2, both for the band from Benelux to Northern Italy and Paris (by a factor ∼4 and ∼5 respectively). This likely explains most of the differences in the simulated changes of O3 associated with the lockdown conditions in 2020. Additionally, surface measurement for some stations over Germany show a positive anomaly of NO2. This seems to be simulated by CHIMERE C2 at the surface and particularly evident for total columns, likely linked with meteorological conditions. These NO2 enhancements are particularly seen in the period 1-15 April, which could partly explain why they are not depicted by Souri et al. (2021) and Barré et al, (2021) for the whole month of April (as well as the particular choice of the in-situ stations for each of these studies).
Other factors significantly affecting simulated concentrations of ozone and its precursors are clearly linked to the meteorological fields used by the model. Indeed, vertical mixing withing the atmospheric boundary layer can largely modify the concentrations of any atmospheric constituent at surface level. We assess its role by comparing total atmospheric columns of NO2 integrated in the vertical (Figure S5), which are not directly affected by vertical mixing. We notice that both total columns in 2019 and differences between the two years are much closer between the two setups than surface concentrations (Fig. 8). Total columns of NO2 in 2019 are only ∼50 % smaller for C2, both in large regions and megacities (such as the Benelux to Northern Italy band and Paris). This magnitude of difference can be explained by the differences in the years of the emission inventories and remaining differences in the estimations by HTAP (for 2010) and EMEP (for 2017). We notice as well that the change of abundance between the two years 𝚫NO22020-2019 is a factor 2 smaller for C2, which can stem from how emissions are modified to account for the pandemic lockdown in each of the setups.    
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Table S1. Changes of surface ozone concentrations between 1-15 April 2020 and the same period in 2019, for 4 target regions in Europe (rectangles in Fig. 3a), derived from surface in situ measurements. Total, meteorological and lockdown-associated changes are considered in mixing ratio units (ppb), for daily averages and maximum daily 8-hour running averages (also percentage in italics). Values after ± indicate one standard deviation. 

	Surface 𝚫O32020-2019  in 1-15 April

	
	Central Europe
43-52°N
0-20°E
	Benelux to Northern Italy band
44-52°N
4-10°E
	North-eastern Europe
51-54°N
12-23°E
	South-western Europe
37-45°N 2-9°W

	Total change for daily averages
	3.5 ± 5.5 ppb
	4.8 ± 4.8 ppb
	-3.2 ± 3.5 ppb
	-4.0 ± 6.1 ppb

	Lockdown effect for daily averages
	0.1 ± 6.7 ppb
	1.2 ± 6.2 ppb
	-3.5 ± 4.4 ppb
	-3.3 ± 6.1 ppb

	Total change for MDA8 
	10.0 ± 6.3 ppb
26.2 ± 31.0 %
	12.1 ± 5.4 ppb
30.0 ± 15.0 %
	0.1 ± 3.7 ppb
0.6 ± 8.5 %
	-5.4 ± 5.8 ppb
-10.4 ± 15.5 %

	Meteorological effect for MDA8
	8.1 ± 3.2 ppb
19.6 ± 11.8 %
	9.2 ± 3.3 ppb
21.9 ± 8.8 %
	3.2 ± 1.0 ppb
6.7 ± 2.4 %
	0.0 ± 7.2 ppb
1.4 ± 4.1 %

	Lockdown effect for MDA8
	3.7 ± 5.8 ppb
10.7 ± 26.7 %
	5.1 ± 4.9 ppb
13.1 ± 12.5 %
	-2.0 ± 3.7 ppb
-4.0 ± 8.4 %
	-4.5 ± 6.1 ppb
-7.9 ± 17.1 %





Table S2. Same as Table 2 but for the whole month of April
	Surface 𝚫O32020-2019  in 1-30 April

	
	Central Europe
43-52°N
0-20°E
	Benelux to Northern Italy band
44-52°N
4-10°E
	North-eastern Europe
51-54°N
12-23°E
	South-western Europe
37-45°N 9°W-0°

	Total change for daily averages
	1.3 ± 4.9 ppb
	1.95 ± 4.6 ppb
	-2.7 ± 3.1 ppb
	-4.2 ± 5.1 ppb

	Lockdown effect for daily averages
	-0.5 ± 5.2 ppb
	0.3 ± 4.3 ppb
	-3.9 ± 3.5 ppb
	-2.8 ± 5.1 ppb

	Total change for MDA8 
	4.6 ± 5.2 ppb
11.0 ± 13.6 %
	5.4 ± 4.4 ppb
12.3 ± 9.9 %
	-1.5 ± 3.7 ppb
-2.7 ± 8.0 %
	-6.1 ± 5.9 ppb
-11.6 ± 15.0 %

	Meteorological effect for MDA8
	5.1 ± 2.3 ppb
11.7 ± 6.2 %
	5.4 ± 2.7 ppb
11.8 ± 6.1 %
	3.1 ± 0.9 ppb
6.3 ± 2.1 %
	-0.5 ± 1.9 ppb
-2.3 ± 3.5 %

	Lockdown effect for MDA8
	0.3 ± 4.8 ppb
1.4 ± 11.9 %
	1.1 ± 4.0 ppb
2.9 ± 8.7 %
	-3.9 ± 3.8 ppb
-7.7 ± 8.3 %
	-4.5 ± 6.0 ppb
-8.0 ± 15.9 %




Table S3. Brief description of the setup C2 of the CHIMERE model, used for the simulations of ozone distribution over Europe in April 2019 and April 2020 (STD and COVID scenario).

	
	CHIMERE C2

	Horizontal resolution

	20×20 km2

	Vertical resolution

	15 levels from 998 to 300 hPa

	Biogenic emissions
	MEGAN online model

	Inventory of anthropogenic emissions for STD simulations

	EMEP for 2017, seasonal modulation

	Modifications of anthropogenic emissions for the COVID scenario

	Based on the decrease in traffic according to the “driving” database from Apple, discriminated by country 

	Meteorological fields

	WRF meteorological model

	Boundary conditions for meteorology

	NCEP/GFS global fields

	Boundary conditions for trace gas concentrations
	CHIMERE simulations over a larger domain englobing northern Africa and using anthropogenic emissions from CAMS





Table S4. Comparison of nitrogen dioxide concentrations in the period 1-15 April 2019 and the changes between this period in 2020 with respect to 2019, for 2 target regions in Europe (rectangles in Fig. S2a), derived from surface in situ measurements and model simulations with the original configuration of CHIMERE and C2. Surface concentrations and vertically integrated total columns are compared. Values after ± indicate one standard deviation. For lack of representativity, model standard deviation within the Paris sector is not given. 
	
	Benelux to Northern Italy band
44-52°N 4-10°E
	Paris
48.6-49.0°N 2.3-2.8°E

	
	In situ meas.
	CHIMERE
	CHIMERE C2
	In situ meas.
	CHIMERE
	CHIMERE C2

	Surface
NO22019
	8.9 ± 4.3 ppb
	6.8 ± 4.7 ppb
	2.5 ± 2.0 ppb
	18.3 ± 2.6 ppb
	15.0 ppb
	8.9 ppb

	Surface 𝚫NO22020-2019
	-1.2 ± 3.1 ppb
-14 ± 35 %
	-3.7 ± 0.6 ppb 
-54 ± 9 %
	-0.8 ± 0.5 ppb 
-32 ± 20 %
	-7.0 ± 1.8 ppb 
-38 ± 10 %
	-6.5 ppb 
-43 %
	-1.3 ppb 
-15 %

	NO22019 total column
	
	4.4 ± 3.3 1015mol cm-2
	3.2 ± 2.4 1015 mol cm-2
	
	9.6 1015 mol cm-2
	7.4 1015 mol cm-2

	𝚫NO22020-2019 total column
	
	-2.5 ± 0.5 1015mol cm-2
-56 ± 11 %
	-0.7 ± 1.0 1015mol cm-2
-21 ± 30 %
	
	-6.0 1015 mol cm-2
-63 %
	-0.4 1015 mol cm-2
-5 %
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Figure S1. Idem of Fig. 1 but for the period 1-30 April.
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Figure S2. Idem of Fig. 3 but for the period 1-15 April.
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Figure S3. (a, b) Idem of Fig.4(a, b) but for the setup C2 of CHIMERE. (c, d) Idem of Fig. 5(c, d) but for the setup C2 of CHIMERE.  
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Figure S4. (a, b) Idem of Fig. 6(a, c) but for CHIMERE setup C2.
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Figure S5. Total columns of NO2 (molecules cm-2) averaged over the period 1-15 April 2019 simulated by the CHIMERE with the configurations (a) C1 and (b) C2. (c) Idem of (a) and (d) of (b) but for changes between 1-15 April 2020 with respect to the same period in 2019.
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