Impacts of the COVID-19 lockdown on air pollution at regional and urban background sites in northern Italy,
acp-2020-755, by J.-P. Putaud et al.

Detailed point-by-point response to referees’ comments and specific changes in the revised manuscript.

We would like to thank both Referees for their comments to our manuscript. We are confident that they all have been
properly addressed, as detailed below:

Referee #1’'s comments:
1. Please improve the quality of Figure 1.

R: We improved Figure 1: same fonts and symbols for the measurement sizes on both panels, more specific/concise legend

(see below).
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2. Figures 3 and 4 are presented before the results section, however, they only appear in the text after Figure 6. Table 1 is
very distant from where it is mentioned in the text. Figure 3 is mentioned in the text after Figure 4. Please reorganize these

items.

R: Figures 3 and 4 are first mentioned in Section 2.4.1 line 199 and 213, respectively. Table 1 is mentioned in Section 3.1,
lines 256 (p. 11) and 286 (p. 12), and was presented in the initial version of the manuscript in line 291 (p. 13). The
positioning of Table 1 in the final version of the paper will be decided by the publisher.

3. | suggest presenting the results of Figure 7 in a table.

R: We had Figure 7 data shown in a Table in an early version of our manuscript (see Table R1 below). We deemed it was
difficult to get at a glance a clear overview of our results from such a table. As a compromise, we added data labels in
Figure 7 (for statistically significant changes only) in the revised version of our manuscript (see Figure 7 below).

Table R1: Changes in observed / expected concentrations for the 3 weeks before and after the lockdown in comparison with
the 28 days of lockdown for the 50% highest CAMS daily forecasts for each pollutant. Numbers in grey indicate changes that
are not significantly different from zero.
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Figure 7: Changes in observed / expected concentrations for the 3 weeks before and after the lockdown in comparison
with the 28 days of lockdown corresponding to 50% highest CAMS daily forecasts for each pollutant. Filled bars
represent statistically significant differences. Empty bars represent differences that are not significantly different from
zero.

4. |suggest writing the conclusion in a more concise way, it may be presented in topics.

R: We simplified and shortened the conclusion, and split the conclusion in various topics as suggested. Please find the new
version below:

Northern Italy has been an air pollution hot spot for decades. Northern Italy also hosted the very first clusters of COVID-
19 epidemic in Europe and from February 2020, containment measures were gradually implemented culminating in strict
lockdown measures in force between 9 March and 4 May 2020. We isolated specific impacts of the lockdown measures on
air pollution by comparing observed with expected data at one regional background site (Ispra) and 3 urban background sites
(in Milan conurbation) across the period 17 February - 24 May 2020. All 4 stations were in the COVID-19 “red zone”. Expected
pollutant concentrations were derived from CAMS Ensemble forecasts, which are based on actual meteorological conditions
and historical emissions estimates that ignored the COVID-19 epidemic and related lockdown measures. Changes in observed
versus computed expected concentrations for the lockdown period and the 3 weeks before and after the lockdown period
should therefore directly reflect the impact of lockdown measures on air pollution.

We showed that lockdown measures had statistically significant impacts on concentrations of most gaseous pollutants
(Table 1). However, we were not able to highlight systematic significant effects on PM1o concentrations.

Focusing on those days for which the CAMS ensemble model forecast concentrations were above the median for the
lockdown period (Figure 7):
— NO; concentrations decreased by about -30% and -50% at the urban and regional background sites, respectively, as a
result of the lockdown implementation on 9 March 2020. The relaxation of lockdown measures on 4 May led to a partial
recovery in NO; concentrations in Milan (urban background), but not in Ispra (regional background);
— Unlike NO,, PM1o concentrations were not significantly affected by the lockdown measures. We showed that the decrease
in traffic-related PM1o was compensated by an increase in PM1o associated with wood burning for domestic heating in Ispra.



PM1o concentrations in Milan are to a great extent influenced by PM1o ‘non urban’ and ‘non traffic’ sources (Thunis et al.,
2018), including the formation of secondary aerosol. Sustained regional background PM 1 concentrations and a modified
HNOj3 production regime associated with continuing NH3 emissions from agriculture could explain the lack of decrease in PM1g
resulting from the lockdown measures in Milan too. In contrast, the relaxation of lockdown measures led to an increase of
PM1o concentrations at both urban and regional background sites (+30% and + 20%, respectively) in May, when domestic
heating is much reduced;

— The lockdown measures led to an increase in the highest O3 concentrations at both the urban and regional background
sites.

The sad experience of the COVID-19 epidemic and subsequent lockdown measures shows that drastic changes in
mobility and economic activity can lead to 0% (insignificant) to -30 % reductions in air pollution in urban background areas.
These figures suggest that the abatement of air pollution down to levels that do not have adverse effects on human health in
northern Italy may require structural changes in other sectors including energy production, domestic heating, agriculture, in
addition to transport.

Referee #2’s comments:
1. Introduction section: A Pi-diagram of sectoral emissions in Italy will be useful.

R: Fig. S1 as below has been added to the Supplement.

NOx emissions in Italy (2015) VOC emissionsin Italy (2015)
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2. CAMS-Ensemble forecast description: This section should be elaborated. Details of the accuracy of forecast in terms of
statistical significance should also be stated here, although some description is given in section 2.4.1.

R: This section has been further elaborated. Details on the accuracy of the CAMS-Ensemble forecasts have been included.
Since statistical scores are not available for all variables, we modified this section (lines 194 - 201) as copied below. Please
note that CAMS-Ensemble forecasts and observations for both 2019 and 2020 for both sites and all variables are compared
in the Supplement.

CAMS Regional Air Quality forecasts are routinely quality controlled and dedicated evaluation reports are published
every third month for both individual and the ENSEMBLE models (see atmosphere.copernicus.eu/regional-services). In this
work, we used daily averages of the CAMS-Ensemble surface concentrations forecast each day for the next 24 hours (DO).
For the period March — May 2019, the difference between daily mean DO forecasts and measurements performed at various
reference stations across northern Italy (expressed as median of the root mean square errors, RMSE) were 10.5, 10.6 and
24.5 ug/m? for NO,, PM1o and Os, respectively. Additional statistical scores are available in quarterly CAMS reports (CAMS,
2019; CAMS, 2020c). Note that the actual CAMS-Ensemble RMSEs relative to the stations and time periods we analyzed are
part of our statistical analysis described in Section 2.4.1.

3. A comparison of the percentage change in pollutants in Italy with other countries, during the lockdown should be
provided using the literature.


https://atmosphere.copernicus.eu/regional-services

R: There were not yet many published peer reviewed papers on the effect of lockdown measures on air pollution when we
submitted our manuscript in July 2020. We listed changes observed in Brazil, China, and France in the introduction. Since
the MS was submitted, a couple of studies were published for Spain (Madrid, Barcelona) and Europe as a whole
(doi.org/10.1016/j.scitotenv.2020.140353, doi.org/10.5194/acp-2020-995, doi.org/10.5194/acp-2020-1171), the results of
which are mentioned in the revised version of our manuscript (line 76-78) as below:

Across Europe, Grange et al. (2020) estimated that NO; and O3 concentrations at urban background sites were 32 % lower
and 21 % higher than expected, respectively, when maximum mobility restrictions were in place. A clear decrease of NO,
concentrations in Barcelona and Madrid (Spain) during the lockdown was also described by Baldasano (2020).

4. Line 19: Do you mean surface concentrations of atmospheric pollutants (NO2, PM10, 03, NO,...).
R: We specified in the abstract (line 19) that we deal with ground-level concentrations:

On the other hand, ground-level measured concentrations of atmospheric pollutants (NO,, PMjo, O3, NO, SO;) were
compared to expected concentrations ...

5. Line 80: tropospheric NO2 column concentration from Sentinel-5p or surface NO2? Please clarify.
R: Line 80 (currently 83) specified “... maps of NO; surface concentrations estimated from satellite data...”.
6. Isthere an influence of dust aerosol during the lockdown period which is seen in PM10 observations?

R: There was actually a desert dust outbreak reaching the measurement locations on March 28-29t (during the lockdown).
This outbreak affected 2 days amongst 56 (8 weeks). Statistics were computed excluding these 2 days and results did not
significantly differ. A sentence was added in the revised manuscript (lines 261-264) as below:

The high PM1o concentrations observed at all sites on 28 and 29 March 2020 were related to desert dust advection from the
east (see maps from the Sand and Dust Storm Warning Advisory and Assessment System at the WMOQ SDS-WAS web site).
The data from these two days were not excluded from our statistical analysis since they did not affect its results.

7. The reason for using "the same anthropogenic emissions data based on 2011 emission inventories until June 2019, and
on 2016 emission inventories afterward" should be stated for clarity purpose. The forecast is highly modulated by the
emission inventories.

R: CAMS-Ensemble forecast made use of "anthropogenic emissions data based on 2011 emission inventories until June
2019, and on 2016 emission inventories afterwards" to stay up-to-date. This was not our own choice. 2019 forecast and
observed data are used only to correct for seasonal changes in the difference between forecasts and observations. The
way we calculate expected concentrations is independent from the change in emission inventories used by the CAMS-
Ensemble model between 2019 and 2020.

8. Figure 3: | suggest plotting standard deviation on observed data. Whether the expected values fall within the range of
standard deviation?

R: The observation data from Ispra are 24-hr averages of measurements performed at a single location. Adding standard
deviations would not be relevant. The observation data from Milan are averages from 3 urban background sites for all
variables but PM10 (2), and standard deviations would not make much sense. Our statistical analyses actually determine if
observed concentrations were “on average” different from expected values.

9. To strengthen section 3.1, | suggest providing a plot of the distribution of the VOC/NOX ratio and related discussions.

R: Unfortunately, there are no VOC data available for Ispra between March 8t and July 24, 2020, because only fully
automatic measurements could be carried out at that site during the lockdown. Additional information based on data from
previous years were included in the initial version of the manuscript (lines 130-132, currently 133-135) to assess the O3
production chemical regime at this location, as follows:

Past measurements of HCHO/NO; ratios compared to the threshold values proposed by Tonnensen and Dennis (2000)
suggest that the photochemical production of Os is limited by the availability of volatile organic compounds in February —
May in Ispra.

10. Also, discuss if the urban and regional background sites in Italy have experienced ozone enhancement (reduced
titration of O3 by NO) in the past? Is there any specific feature during lock-down?


https://doi.org/10.1016/j.scitotenv.2020.140353
https://doi.org/10.5194/acp-2020-995
https://doi.org/10.5194/acp-2020-1171
https://sds-was.aemet.es/forecast-products/dust-forecasts/ensemble-forecast

R: Such an experiment of dramatically reducing NOx emissions in the whole of northern Italy never occurred before.
Indeed, traffic limitation measures aiming at reducing wintertime particulate pollution peak affect at most half of the
vehicles, and urban areas only. It is therefore difficult to compare what happened during the COVID lockdown with any
previous situation. A modelling work addressing the impact of NOx emission reductions on PM concentrations in northern
Italy (acp-2021-65 submitted on 22 January 2021) also confirms that O3 is expected to increase as NOx emissions
decrease in NOx-rich areas.



