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10 Abstract. The evolution of N@ considered as proxy for air pollution, was anatyzo evaluate the impact of Ibockdown
(March 17" — May 10" 2020) over ile-de-France region (Paris and sudings). Tropospheric NQOcolumns measured by
two UV-Visible SAOZ spectrometers were analyzedcémpare the evolution of Netween urban and suburban sites
during the lockdown. The urban site is the obsé&maplatform QUALAIR (48°50'N/2°21'E) on the Pierret Marie Curie
Campus of Sorbonne University in the center of fafhe suburban site is located at Guyancourt @B72°03'E),

15 University of Versailles Saint Quentin, 24 km soutbst of Paris. Tropospheric N@olumns above Paris and Guyancourt
have shown similar values during the whole lockd@eniod from March to May 2020. One decade datasets filtered to
consider air masses at both sites with similar oretegical conditions. The median N@olumns, as well as the surface
measurements of AIPARIF (Air Quality Observatorylsnde France) during the lockdown period in 202Fe compared to
the extrapolated values estimated from a lineandtianalysis for the 2011-2019 period at each stattegative N@trends

20 of -1.5 Pmolec criyr! (~-6.3 % yi*) are observed from the columns and of {2g2m° yr* (~-3.6 % y") from the surface
concentration.

The negative anomaly in tropospheric columns in028&ributed to lockdown (and related emission oéidas) was found
to be 56% at Paris and 46% at Guyancourt, resggti@imilar anomaly was found in the data of scefaoncentrations,

amounting for 53% and 28% at the urban and subwsib@s, accordingly.

25 1 Introduction

Megacities can be considered as a hot spot of @ulgenic pollution due to the concentration of gaflon and human
activities. People living in urban areas are exgadseair quality levels that often exceed the Wdiealth Organization
(WHO) recommended limits (WHO, 2006). In 2020, #hmergence of a novel coronavirus that causes thelQ@9
disease in many countries around the world has ptesnthe governments of the affected states toyamgstrictive
30 regulations. Most countries implemented lockdowrasuges (restrictions on people movements) to lindtprogression of
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the COVID-19 pandemic. As a result, urban area® Hmcome interesting “laboratories” for analyzihg impact of these
measures on air quality. Atmospheric concentratiwinair pollutants in megacities were expected ¢ordase as a direct
impact of air and road traffic activity drop duritige lockdown period. Observations of TROPOMI instent onboard the
Copernicus Sentinel 5-Precursor (S5P) satelliteefided et al., 2012) were the earliest ones toresgnted by the media to
show the significant decrease of tropospheric K@umnsin the Hubeiprovince in China (20-50% in urban areas, Ding et
al., 2020), the first region affected by the COVIB-in December 2019. Indeed, tropospheric, MOconsidered as a good
proxy for NQ, (NO,=NO+NG,) concentrations since NO is rapidly converted i@, by the photochemical cycle
involving tropospheric ozone. The N@re directly linked to human activities especiallgh respect to the combustion of
fossil fuel ~50%) and the biomass burning20%) at global scale (Delmas et al., 1997).

Many studies have focused on N@ductions due to lockdowns in 2020 at specifiiesiin China (Ding et al., 2020,
Griffith et al.,, 2020), and in other affected caigg (Bauwens et al., 2020, Prunet et al., 202Mgusnly satellite
observations (Bauwens et al., 2020, Koukouli t24120, Liu et al., 2020) or additionally groundsbd instruments (Biswal
et al., 2020, Prunet et al., 2020). Other studiedyaed the lockdown period using in situ monitgrimetworks in the cities
(Baldasano, 2020, Biswal et al., 2020, Krecl et2020). Model simulations were also analyzed sess the respective NO
decreases (Koukouli et al., 2020, Liu et al., 20@6nut et al., 2020).

The objective of this study is to quantify the effef NO, decreases due to lockdown considering long-temialiity and
meteorological conditions over lle-de-France regioming the last decade. Two complementary sitesuaed, one in the
center of Paris and the other one in the periphesak. Ground-based and satellite measurementopddpheric N@
columns are analyzed to characterize these sitesddition, measurements of surface ;N@ncentration are used to
complement the analysis at the lowest altituderyear pollution sources. The study relies noy oml a single reference
year before the COVID-19 pandemic, but on a loncadal data set, in order to account for variabaisywell as long-term
trends. Specific data filtering using wind speed direction is applied in order to isolate dataabhare affected by local
pollution in the Greater Paris area, and to comdlte changes in meteorological conditions fordHferent years.

This paper is organized as follows. Observationsagospheric and surface amounts of ,M® ground-based and satellite
measurements are presented in Sect. 2 as welkeasitld data from European Reanalysis. The desonipf the method
used to discriminate specific data to calculate, N€crease in 2020 taking into account similar mrelegical conditions is
presented in Sect. 3. The results of Nigcreases in 2020 due to lockdown are shown ih 8dor the different datasets.
The results of N@level reductions in respect to literature findirage discussed in Sect. 5. Conclusions are fimabgented
in Sect. 6.

2 NO,Data

Tropospheric N@columns measured by two ground-based SAOZ insintsngere analyzed to trace and intercompare the

evolution of NQ in the urban and suburban regions of lle-de-Frabe analysis was supplemented by a study of NO

2
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column satellite measurements using the TROPOMrungent. In addition, the in-situ measurements @&, Nurface
concentrations from the AIRPARIF air quality netkavere also considered. In this work, the ten y@arsod 2011-2020,
with the first year corresponding to the start &C& measurements at the suburban site of Guyaneeastconsidered.

Table 1 shows the ground-based stations, typestriiment and geographical coordinates.

Table 1: Ground-based stations used in this studytation, place, instrument and geographical coordintes.

Station Place Instrument Lat/Lon

Paris QUALAIR, Sorbonne-Université, Par€5 SAOZ 48°50'N/2°21'E
Guyancourt LATMOS, Guyancourt SAOZ 48°46'N/2°03'E
CELES Quai des Célestins, Parfs 5 AIRPARIF 48°51'N/2°21'E
PA13 Parc de Choisy, park in Parig"13 AIRPARIF 48°49'N/2°21'E
PAO7 Allée des Refuzniks, Pari§ 7 AIRPARIF 48°51'N/2°17'E
EIFF 300 m top of Eiffel Tower, Parid'7 AIRPARIF 48°51'N/2°17'E
VERS Versailles AIRPARIF 48°48'N/2°08'E

2.1 Tropospheric columns
2.1.1 SAOZ data

The NG tropospheric columns at lle-de-France region aeasured by two ground-based SAOZ (Systeme d'Anghgse
Observation Zénithale) instruments (Pommereau anatad, 1988) that are part of French researchastfucture ACTRIS.
The first one was installed in 2005 at the obsémaplatform QUALAIR (http://qualair.aero.jussieu)f of Sorbonne
University in Paris (urban station) and the second is operational at LATMOS laboratory in Guyamtq$outh-West
suburban station) since 2011. SAOZ is a UV-Vistpectrometer primary designed for monitoring sspkeric ozone and
NO, during twilight observations in the frame of NDAGRetwork for the Detection of Atmospheric CompimsitChange)
(see Hendrick et al., 2011 for a description ofiegtl). The long-term data series of SAOZ instrateevere compared with
data from most satellite missions to validate onitow their performance. For example, SAOZ instratseparticipated in
the validation of the latest satellite mission $®it5 Precursor launched on October 2017 for teasurements of ozone
(Garane et al., 2019) and stratospheric IM&rhoelst et al., 2021) columns.

During the day, SAOZ observations are sensitiventoeased tropospheric N@mounts in polluted regions (Tack et al.,
2015). Every ~2 minutes, the sunlight backscatténethe atmosphere in the zenith direction of SA®ZAcquired and the
DOAS (Differential Optical Absorption Spectroscopylethod (Platt and Stutz, 2008) is applied in th@, Mbsorptions
bands to obtain the respective slant column dessifrhe stratospheric N@olumns are removed from slant columns to
retrieve the tropospheric NJor Solar Zenith Angles (SZA) lower than 80°, deieudonné et al. (2013) for a detailed
description of the SAOZ tropospheric Bl&trieval. The SAOZ dataset of tropospheric,N@asurements at Paris was used

in different studies to relate N@oncentrations at the surface with integrated B@umn in the boundary layer (Dieudonné
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et al., 2013), to interpret ozone measurementsir{kdeal., 2017) and the seasonal cycle of ozomdignt (Ancellet et al.,
2020).

SAOZ tropospheric NOcolumns are available at the SAOZ webpage (hégm4.obs.uvsq.fr/'SAOZ_tropo_Paris.html and
/ISAOZ_tropo_Guyancourt.html, last access on 1 J3n2@21). These data were daily averaged betwesamd618 UT and

between 11 and 14 UT for comparison with satedlliservations.

2.1.2 TROPOMI data

Tropospheric N@ columns retrieved by TROPOspheric Monitoring lastent (TROPOMI) aboard Sentinel 5 Precursor
(S5P) satellite (Veefkind et al., 2012) launchedOictober 2017 were also used to discriminate asses above SAOZ
instruments benefiting from the high spatial reiohuof this instrument (3.5 x 7 Knand 3.5 x 5.5 kfnsince August 2019).
TROPOMI is a passive-sensing hyperspectral naeivivig imager, aboard a near-polar sun synchronchissatellite at an
altitude of 817 km, with an overpass at 13:30 Iditaé and practically daily global coverage.

Retrieval applied on TROPOMI data allows distinntibetween tropospheric, stratospheric and tota} M@umns. The
algorithm was adapted from DOMINO/TEMIS approach@MI (Boersma et al., 2007, 2011) based on Difiéed Optical
Absorption Spectroscopy (DOAS) method to obtaimtstmlumn densities (SCD) of N@hat are assimilated to the TM5-
MP Chemical Transport Model (CTM) to separate tRSThe CTM runs using 0-12 h forecast meteorokalgitata from
European Centre for Medium-Range Weather Fore¢B&MWF) correspond to the OFF-line product. Finaéipch slant
column is converted to vertical column using priegiated Air Mass Factor (AMF) look-up-tables. Dikte description can
be found at TROPOMI webpage (http://www.tropomidatia-products/nitrogen-dioxide).

Verhoelst et al. (2021) compared N@btal, tropospheric and stratospheric columns wifte data of ground-based
instruments Pandora, Multi-Axis Differential Optic&bsorption Spectroscopy (MAX-DOAS) and Zenith-8eeed-Light
DOAS (ZSL-DOAS or SAOZ) distributed around the vébrDbservations from MAX-DOAS were used for tropuespc
comparisons since they are sensitive to absorheleilowest few kilometers of the atmosphere (Hidger et al., 2004). A
negative bias of 23 to 37% is observed in the cafetean to slightly polluted conditions. In thase of highly polluted
areas, the bias can reach -51%.

TROPOMI tropospheric NOcolumns have been widely used to estimate thect®duof NO, amounts linked to the
lockdown in 2020 established in different countieprevent the spread of COVID19 (e.g. Bawend.e2820, Biswal et
al., 2020, Ding et al; 2020, Koukouli et al.,202@u et al., 2020).

TROPOMI tropospheric NOcolumns are available at Copernicus webpage (H#pphub.copernicus.eu). The data have

been filtered using the quality assurance valubdrighan 0.5.

2.2 Surfaces concentrations

AIRPARIF is a network of standard in situ sensorsbnitor air quality over lle-de-France region.ef the key variables

measured by AIRPARIF is NOHourly NO, concentrations are measured at most of the ssatifime concentrations are

4
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measured by chemiluminescence (Fontijn et al., L9Fe&re the N@amount is obtained after reduction to NO on adkat
molybdenum converter. This kind of in situ sensan overestimate ambient N©oncentrations due to interferences with
non-NQ, fraction of reactive nitrogen (N As an example, for urban sites in Mexico-cityrilea et al., 2007 found an
average N@overestimation for this type of sensor by 22%.

125 AIRPARIF network is formed by the 1) so-called ffi@’' stations located at the edge of major trafiges, 2) urban
background stations, located in the city but nahimimmediate vicinity of emission sources, 3)wsblan and rural stations,
and finally, a station installed on the top of Eiffel Tower at an altitude of 300.m
In this study, two AIRPARIF sites near the SAOZRHris were used, one considered as “traffic” sgaai de Célestins)
and the other as “urban” (Paris 13). AIRPARIF daftd/ersailles, nearest station to the SAOZ of Guyamt was used to

130 represent suburban site. Finally, two more statiminthe foot (Paris 7) and on top of Eiffel Toweere considered to
compare evolution of NOconcentration at different altitudes in the boumndiayer. Data were obtained from Airparif
webpage (https://www.airparif.asso.fr/itelechargetitelechargement-statiolgst access on 22 January 2021). Daily average
data between 0 and 24h UT are used in this study.

2.3 ERA-5 Reanalysis

135 ERAS5 is the last reanalysis of the ECMWF (Europézentre for Medium-Range Weather Forecasts) gerterbje
Copernicus Climate Change Service. ERAS is prodingethe Integrated Forecast System (IFS) CY41rRivarreleased in
2016 with a ten-member 4-D-Var assimilation eachhbfrs. The horizontal grid resolution is ~31 knthwd37 hybrid
vertical levels up to 0.01 hPa (Hersbach et 2020). In addition to the significant increase @fkihontal and vertical
resolution of ERAS5, as well as the 10 years’ exgese of model forecast and assimilation, new argtoressed

140 observational data records were considered. Fuitifiermation can be found in online documents atvVl&@F webpage
(https://confluence.ecmwf.int/display/CKB/ERAS).
In this study, wind speed and direction at 950 fRid-altitude of the convective boundary layer) eextracted from 0.25°
horizontal resolution in latitude and longitudealater the [48.75N, 49.00N], [2.00E, 2.50E] rega@moon. The available
quality-checked final product was considered fonuzmy £' 2011 to October 312020 and a provisional product for

145 November-December 2020, the latter is expectedr&yr differ from the final product (Hersbaehal ., 2020).

3 Methodology

The evaluation of lockdown effects on atmospheri@, mounts is performed by selecting air masses rgofrom the

Parisian agglomeration to the suburban region. dijective is to consider only days when air magsedoth sampling

sites have a long enough residence time over this Baea and have been influenced by local poltut@ombined wind
150 speed and direction are considered in this studgentify such days. This procedure aims at seigatiatasets with similar

meteorological conditions for different years, salucing the impact of interannual weather varigbillhe evolution of

5
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NO, concentrations and tropospheric columns at AIRFA&Id SAOZ stations (Table 1) are considered. Hta df NQ
concentration measurements by in situ instruments MO, tropospheric column measurements by SAOZ werey dail
averaged between 6 and 18 UT. The measurementsadafitered using wind speed and direction of BRanalysis at
noon to select weather conditions in which the Guagart site receives air masses that have passeekttis agglomeration.

Equation 1 represents the estimated residential tiof air masses coming from the center of PariSuyancourt.
t=cos(abs(dir_®ea9* 7180)*D/(Veran, 1)

wherevgasand Bg55correspond to speed and direction of wind at 12dd@ 950 hPa (altitude level in the middle of the
convective boundary layer), dir_g is the directimtween Guyancourt and Paris (290°) and D is tipecapmate diameter
of agglomeration (9.5 km) if we consider it as lei.

Using this parameter t, three types of days westngjuished and for each class a linear fit betweban versus suburban
observations was calculated:

1. Air masses of Parisian agglomeration not influegc&&uyancourt or Versailles (t<0)
2. Air masses of Parisian agglomeration influencing&acourt or Versailles (t>0)

3. Air masses of Parisian agglomeration in a conditibweak wind influencing Guyancourt or Versaillassubclass of the
precedent one (t>30 min).
Figure 1 shows the scatter plot of SAOZ troposmhiiD, of Paris and Guyancourt (left panel) and AIRPARiitu NO,
of Paris 13 district and Versailles (right panel) the 2011-2020 period. Case 1 is representedghydreen points, case 2
by grey points and case 3 by dark grey points. drimebust fit with zero intercept was applied fbe tthree cases to
highlight the relationship between urban and submrktations for the different conditions of windesgd and direction. For
each case, higher N@mounts are observed at Paris, and the air mas#es surface present lower linear regressioreslop
than tropospheric columns. Case 1 presents thedasjopes, 2.19+0.04 ¢Xtandard error) for SAOZ measurements and
1.54+0.02 for AIRPARIF highlighting the importancé wind direction. In this case, air masses passr @vuyancourt
without having “touched” the agglomeration. Those masses arriving in Paris center have crossed pfarthe
agglomeration and then show larger Nf@lumns. Case 2 and 3 correspond to air massesaiigrcrossing first the Parisian
agglomeration and then south-west suburban redibry show slopes closer to unity. In case of SA@E&, slopes of
1.24+0.02 and 1.17+0.04 were obtained for cased23amnd the slopes of 1.07+0.01 and 1.04+0.0Ase ©of AIRPARIF,
respectively. For our study, the classificatiordaf/s with air masses associated to t>30 minutdwitonsidered, because
in this case air masses pass over both statiorns wi#ak wind allowing for pollutant accumulation ovéhe Paris

agglomeration.
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Figure 1: Scatter plots of tropospheric (left panél and surface (right panel) NQ measurements at Paris as a function of
measurements at suburban station (Guyancourt and \fsailles respectively) for different levels of t (ge Eq. 1). Linear fits of the
different conditions are represented in green (cask), blue (case 2) and red (case 3), see the text.

4 Results
4.1 NG, evolution in 2020

The period preceding the lockdown represents melegical conditions over lle-the-France mainly dwerized by high
occurrence of oceanic air masses (see Fig. S3tiféPal., 2021) and fairly strong south-westeslyds (Fig. 2, left wind
rose) preventing pollution events over this regi@hanges in weather conditions three days afteirtipdementation of
lockdown on March 1% 2020 (middle wind rose on Fig. 2) were mostly eyttionic contributed to the stagnation of
pollutants in air masses advected from Paris toaBogurt. Low wind speeds (<6m/s) are predominamblsth-easterly in
the mid-March-to mid-May period. The period aftke tend of lockdown (Fig. 2, right wind rose) shomiads from south-
westerly and north-easterly directions in the midyMo July period.
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Figure 2: From left to the right: wind rose from 12 UT ERA5 data before (1/1-16/3), during (18/3-10/5)al after (11/5-31/7) the T

Figure 3 shows the evolution of tropospheric N@lumns in Paris (red curve) and Guyancourt (fdetve) in 2020 as

observed by SAOZ (top panel). Colored points cqoes to the filtered data with t>0 (open circlesyl &>30 minutes (solid

points). The filtered air masses at Paris and Geyaih present similar values for most of the casgits coincident daily

200

events of increased tropospheric NSimilar results are observed from in situ measers at AIRPARIF stations (bottom

panel). Vertical dashed lines are displayed in Figdito separate 4 periods: before, during ana #ftelockdown and the

last period of mixed restrictions (partial actiei) since October $1The seasonal variability of N@s well pronounced in

the surface observations with a minimum in Juneantximum in winter.
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205 Figure 3: Evolution of tropospheric NO, columns (top panel) and surface N@ (bottom panel) in 2020 at Paris and south-west

suburban stations. Vertical lines correspond to thelay of period change: 17/03, 11/5 and 31/10.
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During period 1 (before the lockdown) only two peutar events with high NOvalues above both stations are detected at
the same time (t>0 min) by SAOZ instruments (J&+2% and Feb. 5-6). These events are also higbligiit AIRPARIF
data. Only one day with t>30 min is observed on. BbFrequent occurrence of oceanic air masses with piecipitation
and wind speed leads to advection of clean air @saabove the lle-de-France region before lockdoeriog (Viatte et al.,
2021) and low N@values are observed, lower than observed duririg@@ (lockdown) for suburban stations (Guyancourt
and Versailles). A N@peak is observed on March"1goincident to the start of the lockdown periodjahhcould be linked

to the massive departure of Parisian inhabitantshage of weather conditions in the beginningesfqa 2 with low north-
easterly wind speeds promote the accumulation kifited air masses over lle-the-France. Most ofdags are characterized
by a residential time t > 30 min. Despite this aiton, levels of tropospheric N@emain low; this certainly illustrates the
decrease of emissions during the lockdown peridtk feriod 3 (after the lockdown) started on Maff 2020 and N@
values remained low until the second week of Judgg{nning of scholar holidays) with NQenhancement events
comparable to period 2. Since then, higher,N@lues of pollution events are observed by SAOA a&dRPARIF
instruments showing slight differences between mrbad suburban stations for days with t > 30 minegs restrictive

lockdown (open schools and less restrictive moveroepeople)

4.2 Comparison to previous years
4.2.1 Tropospheric NQ columns

TROPOMI tropospheric NPmeasurements in 2020 were widely used to showceedse of N@ amounts in different
countries, which was attributed to policies resimg human activities by comparing lockdown and-jmekdown period or
same period in 2019 (e.g. Ding et al., 2020; Koliket al., 2020; Prunet et al., 2020; Siddiqui &f 2020). SAOZ
measurements between 11 and 14 hUT were averagedttih overpass time of TROPOMI above the statibigure 4
shows the evolution of the monthly mean and twaddad error (8) of tropospheric N@ columns above Paris and
Guyancourt stations since January 2019 observesiAtyZ and TROPOMI (left panels). Similar inter-madgtlkvolution is
observed by both instruments with a generally gageeement within +2 and a correlation of 0.80 at Paris and 0.70 at
Guyancourt. TROPOMI presents generally lower,N@lues than SAOZ but within thes2incertainty level. This is not the
case in May 2020 (month 17 on Fig. 4) during whidROPOMI NG amounts are significantly larger at 2evel than
SAOZ. Monthly mean values present a seasonal i@miaeaching values above 10 Pmolec?cim winter at Paris while
they vary between 4 to 7 Pmolec &t Guyancourt. The first months of 2020 presemtelovalues compared to 2019,
mostly due to weather conditions while March-May Nd@crease (month 15-17) is coincident with the dosin period. A
histogram of the differences between TROPOMI an®23As also shown in Figure 4 (right panels). A mead median
difference of -0.2 Pmolec cfrand +0.12 Pmolec chrespectively is obtained at Paris station andd@ Pmolec ¢ and -

0.7 Pmolec crf respectively at Guyancourt. It corresponds to aliarerelative difference of 2% at Paris and -22% at
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Guyancourt stations. Dispersion of the differenepresented by the half of the 68% interpercer{ti®8/2) is 2.9 and
1.6 Pmolec crfi respectively at Paris and Guyancourt.
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Figure 4: Left panels: Monthly mean tropospheric NQ and 2o standard error above Paris (upper panel) and Guyacourt (bottom
panel) measured by ground-based SAOZ instrument (cot lines) and TROPOMI satellite instrument (black lines). Right panels:
Histogram of TROPOMI-SAOZ differences at Paris (uppe panel) and Guyancourt (bottom panel). Vertical Ines represent the
median, mean and dispersion by the half of the 68%hterpercentile (IP68/2).

TROPOMI and SAOZ data selected for days with t >n88 were averaged between 11h and 14h UT for énog of the
2020 lockdown in France (March 170 May 10) and median values were computed froenSAOZ and TROPOMI data
for the 2011-2020 annual range (Figure 5). TROPOI®}, decrease in 2020 compared to 2019 is 35+12% fas Rad
22+27% for Guyancourt. Bauwens et al. (2020) haumd a decrease of 28% during thé' 8ays of lockdown over 50 km
region centered at Paris using TROPOMI and OMI datmpared to same period in 2019. A larger tropesphNG,
decrease of about 47% is found from SAOZ obsematioetween 2019 and 2020 at both studied stats®es Figure 5).
Prunet et al. (2020) found an even large decrebS®g values varying from 52% to 86% during the lockdawmm 120 km
region around Paris using yearly 2019-2020 TROP@Ma and the city-scale N@Plume mass method.

It should be noted that the SAOZ data sets shosng-term negative trend since 2011. Font et all92®ave used in situ
data to study the impact of policy initiatives iifferent megacities. They have shown a mean, N€crease on roadside
(background) sites of -2.9 (1.7) %%in Tle-de-France for the 2010-2016 period, linkedhe introduction of Euro V heavy-
duty vehicles regulations since October 2009. Gtipadicies were implemented after then (e.g. Eursikice 2014). The
trend of tropospheric NOamounts needs to be considered to better quahgfgffects of lockdown on air pollution, which

cannot rely on the comparison with a single refeeeyear as was done in many other studies (e.gv&met al., 2020;
Prunet et al., 2020).

10
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Figure 5: Tropospheric NO, median values of March 1% — May 10" period at Paris and Guyancourt from SAOZ observatbns
since 2011 and TROPOMI measurements in 2019 and 20Zxror bars represent 1o.

To better account for traffic-related pollution aet&in the daily averaged N@olumns the full daytime data of tropospheric
NO, measurements by SAOZ (SZA<80°) of the correspandiay were considered. The median value of dailymos
with t>30 minutes was computed for each year dupegdod 2 and 3 above Paris and Guyancourt. Pdriaad 4 were not
considered since only one day with t >30 min waseoked above the stations during these period920.2Period 3 was
restricted to May 1" - July 18" (period 3') to avoid the effect of NGeasonal variation in the final median value. Bust
regression fit (reweighted least squares with iksghare weighting function) was applied to periodnd 3’ to compute the
trend for the 2011-2019 period. We will focus onlythe period of lockdown since important NiGterannual variability in
the period 3’ does not present a &ignificant slope value neither at Paris, nor ay&hcourt. Only the lockdown period
presents a significant negative slope of -1.51+0dB8Pmolec cn? yr* at Paris and -1.42+0.14€L Pmolec cnf yr! at
Guyancourt as shown in Figure 6. These values sporel to a negative trend of -5.86+1.92 % &t Paris and -6.79+0.66
% yr' at Guyancourt relative to 2011. Previous studi@sehpresented similar values over Western Europeuzt al.,
(2012) found significant negative trends in the 22009 period varying from -4 to -8 % Yyusing OMI tropospheric NO
columns. Curier et al. (2014) computed the trerainfrthe synergistic use of OMI NQropospheric columns and the
chemistry transport model LOTOS—-EUROS, funding ifigant negative trends of 5-6% ¥r The year 2020 presents the
lowest values of N@at both stations (5.4 Pmolec érat Paris and 4.4 Pmolec émt Guyancourt) that are significantly
different at I from previous years (Figure 6). The median valu€020 is lower than the extrapolated value ushegy t
computed 2011-2019 trend by 55.6+15.7% at Parisoamtb.6+11.8% at Guyancourt. If the tropospheredian column of
NO, in 2019 had been used as a reference for compastightly higher declines would have been obtingthin +1o:

56.7+9.1% and 52.6+14.5% at Paris and Guyancoespectively. Choosing other reference years wobldoaisly yield

11
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different results, e.g. slightly lower value atiB4b5+10.7%) and even higher at Guyancourt (58%%) when using year
2018 as a reference (Figure 6). Moreover, choosarfier years as a reference would pose the probfeRO, variability
factors associated with both the lockdown and éng{term NQ reductions. This confirms the advantage of outhoethat
calculates the reference from a decadal data bedecarects for the long-term trend. It should lm¢ed that the data
filtering procedure based on meteorological condgi(wind speed and direction) significantly chanthe result of the NO
reduction estimate in Guyancourt, making it stetédly insignificant (9.7+41.6%) if filtering is napplied; at the same time
the estimate for Paris has not changed much (58.9%2). Table 2 presents a summary of the NO2 rehgctn 2020 using
different datasets described previously in the.t@ktis indicates that results at Paris site locatedhe center of the
agglomeration are not dependent in 2020 on metegiaal conditions. On the contrary, for the Guyamtaite at the edge
of the agglomeration selecting the days when tieeisimpacted by emissions within the agglomeraisocrucial.

40 T T T T T T T T T T
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301 1
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N
o
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Figure 6: Interannual variability of tropospheric N O, median values of March 1¥" — May 10" period at Paris and Guyancourt
computed from SAOZ observations since 2011. Error ba represent Io standard error. Computed robust fit is shown by tte
dotted color lines.

Table 2: Dataset used to compute NOreductions in 2020: instrument, time period in UT b calculate the daily mean value, the
reference value and application of the filter of tle residential time. The last columns correspond tche corresponding computed

reductions in % for Paris and Guyancourt. Significant values at Io are in bold.

Dataset Daily mean (UT) Reference Filter  Paris Guyancourt
TROPOMI 11-14 2019 Yes 35 22
SAOZ 11-14 2019 Yes 47 47
SAOZ 6-18 2019 Yes 56.7 52.8
SAOZ 6-18 2018 Yes 55.0 58.9
SAOZ 6-18 Trend in 2020 Yes 55.6 45.6
SAOZ 6-18 Trend in 2020 Non 59.3 9.7

12
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4.2.2 Surface NQ concentrations

The annual median NCconcentration at AIRPARIF stations since 2011 (@ab) were computed from daily available
hourly data during the lockdown period filtered fbe wind speed and direction as it has been darhé tropospheric NO
column (t>30 minutes). Figure 7 presents the imeual variability of NQ concentration at the five AIRPARIF stations. In
addition, the calculated robust fit for the decasladlution at each station is shown. The backgramarban stations (Paris

7 and 13) present similar interannual variabilitithwhigher values at Paris 7. The station of QuaiGelestins in close
proximity to local traffic shows much higher valueghich are significantly different from those aher urban sites. The
suburban station of Versailles presents similaueslto Paris 13 at $1 The observation station located at 300 m of the
Eiffel Tower near Paris 7 station shows the lowedties.

120 —e—CELES 1
——PA13
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Figure 7: Similar to Figure 6 but with surface NO, concentration for different in situ sensors of AIRPARIF network (see Table 1).

The five AIRPARIF stations present negative trefrdsn -3 to -1.3ug m° yr* equivalent to -4.6 to 2.4 % y(Table 3).
Font et al. (2019) found similar negative trendyirg from -3.4 to -2.4 % y for roadside stations at Paris for the 2010-
2016 period. These trends appear to be less negatw those obtained from column measurementsitf®seasons for
this are an increase of the Bl@ NQ, emission ratio, and a limitation by the availablmount of Q for the NO to N@
conversion. Both factors affect more strongly theface concentration than the tropospheric colunirich could lead then
to the different trend estimates. That is, at thefage, the system is to some extent buffered agahanges in NO
emissions. In 2020 significant decrease comparethéoextrapolated value using the above calculéiteshr trends is
observed at all stations and reach similar medé&dnes, slightly higher for the traffic station aslightly lower for Eiffel
Tower observation station. The relative values @,Neductions are shown in Table 3. Comparable vaate® are

observed for traffic and urban stations in Pariigh Wower values at Paris 13 where standard egdrigher. Nevertheless,

13
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the reduction of N@concentration observed in absolute values is rimopertant at traffic stations (as CELES) compaxed t
urban station (as Paris 7). The observation statistalled at 300 m of Eiffel Tower presents 53%eaduction identical to

330 Paris 7, station located at the foot of the towdre suburban station of Versailles presents thesbweduction of 28.5%,
significantly different to other stations at £xcept for Paris 13. It should be noted that tstéions show an almost twice
larger standard deviation of 14%. Reasons for thmser values are not clear. It can be speculdtatidt this suburban site
the relative contribution of residential heating\®, sources is stronger than at Paris sites, and plpb#ese sources have
increased during the lockdown due to the presehpeaple at home (Menut et al., 2020).

335

Table 3: AIRPARIF stations, type, NG, trend +10 in ug m* y*and NO, reduction in 2020 compared to the estimated valuesaa
function of the computed trend.

Station Type Trend (2011-2019) + &  Reduction in 2020 + & (%)
(ug m®yr™) / (% yr?)

CELES TRAFFIC -2.19+0.85 / 2.36+0.92 53.615.4

PA13 URBAN -1.59+1.04 / -3.34+2.25 38.3+14.6

PAO7 URBAN -3.01+0.81 / -4.65+1.25 52.948.4

EIFF OBSERVATION -1.30+0.51 / -3.83+1.49 52.8+9.4

VERS SUBURBAN -1.94+0.58 / -4.02+1.18 28.5+13.1

Collivignarelli et al. (2021) compared the Bl€boncentration observed by the traffic and urbatisis of AIRPARIF during

340 the lockdown in 2020 to the same period in previgears (2017-2019). They found a decrease of 15%rfzan and 33%
for traffic stations. However, when considering i&&mmeteorological conditions with respect to falh temperature and
wind speed, the authors found a reduction of 51 &#esponding to traffic stations and approxima#&% for background
ones, similar to values obtained in this study.

5 Discussion

345 Various studies have been conducted to assesmffei of recent lockdowns on air quality in manymies around the
world due to COVID-19 pandemic. In a number of verthe observed Nzontents were compared with respective levels
for the same period of previous years using grduemkd and/or satellite measurements. Shi and Bira¥820) found a
decrease of NOconcentrations in China by 50% compared to 20I¢hduithe same period of the lockdown and by 60%
compared to 2018, highlighting the interannualaaitity of NO, reductions that could depend on meteorologicatiitimms

350 or long-term variability. Others authors compare@,Nimounts before and during lockdown. For exampiedi§ui et al.
(2020) observed 46% reduction of NtBopospheric columns in India using satellite data et al. (2020) estimated 48% of
reduction in China before and during the Lunar Nésar, which is 21% more than in previous years 20059 (given that
a NG; reduction has been observed over the past years without COVID); Bauwens et al. (2020) deduced380
reduction in Western Europe. Many studies have idensd specific techniques to limit the effect okteorological

14
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355 conditions in their data. In the case of Paris52% reduction of N@concentration was estimated by Collivignarellagt
(2021) using equivalent temperature and wind splegd, ~50% by Barré et al. (2020) using a Grad#austing Machine
Learning (GBML) technique. In case of troposphé\i®, columns measured by satellite instruments, Prahat. (2020)
estimated a 2 weeks averaged reduction of Mying between 52 and 86% using the city-scale plOme mass method
for March 16™-April 26™. In the present study, the long-term evolution wassidered from one decade of measurements

360 combined to air masses filtering based on slow wpded and long residence time. The calculatedctiedis in the
tropospheric N@ column and surface concentration are comparablmagnitude to the results of previous studies in
Western Europe: 46-56% and 28-54%, respectively.

Menut et al. (2020) compared the results of twaspenodel calculations performed for the March @0@ckdown period
in Western Europe. They used the WRF-CHIMERE mddeltwo simulations: one using Business As UsuahB

365 scenario with classical emissions and the otherusileg realistic scenario taking into account atimete of lockdown
measures on NQn 2020. The authors found a maximum reductioA3%o of average NOconcentration over France. This
simulation was based on a reduction in emissiorsboilut 80% in the transport sector and 40% redudtiche industrial
sector, but an increase for residential emissiaming the second half of March, reducing emissioh8lO, probably by
more than 50% (taking into account the distributtd™NO, emissions as given by CITEPA (https://www.citepg/in/2020-

370 nox/). Thus, N@ concentration reductions are slightly lower thad,missions changes in these simulations, probalgy d
to an increase in the NMIO ratio for lower NQ concentrations. This suggests that, at least wpatially averaged, NO

emission reductions due to lockdown are similahtse of NQ surface concentrations.

6 Conclusions

To assess the impact of France's policy decisidimio the spread of the SARVS-CoV-2 virus by editgthing a restrictive
375 lockdown between March 17 and May 10, 2020 ,éQrface concentrations and tropospheric columies te-de-France
were analyzed, more specifically in Paris and sbéurareas in the south-west of the agglomeratiossibBle factors that
can influence N@ changes other than N@missions reduction due to lockdown were consitlefde data sets were
partitioned to select the conditions of light winag®ving air masses from Paris to a suburban areheirsouthwest. In
addition, the known long-term reduction of N@ also considered using the measurements in rindops decade. The
380 tropospheric N@ reduction obtained from the SAOZ data is about 5@%P6 at Paris site and 46% at the southwest
suburban site). These values are close to thetiter data found for Europe within the estimatedrebars (Barré et al.,
2020; Prunet et al., 2020). This work highlights tbility of satellite TROPOMI measurements to idgtish between
urban and suburban sites tropospheric columns,isigdvigher mean values at an urban station comparadsuburban one.
The latter is also confirmed by the ground-base®3Aneasurement data. The agreement between thatiewodf NG, in
385 the troposphere observed at urban and suburbanisifoves when selecting similar meteorologicalditions. Surface

NO, concentrations inside Paris are highly influenbgdliocal pollution and differences between the daitaraffic and
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background urban sites are observed as expecte@c8iconcentrations were reduced by ~50% at afiosts (similar at
+1c), except the site of Paris 13 in the Choisy Phét shows a lower reduction. The suburban statidfecsailles presents
NO, concentrations similar to Paris 13 and the redndti 2020 was 10% lower, within the error bars.

The reductions at Paris sites during the lockdowen important using or not a filter to remove théeef of different
meteorological conditions. On the contrary, selgrtilata according to air mass residence time dweragglomeration,
strongly changes the estimates of N@ductions at the suburban sites. As expectdilteifing is not applied, lower NO
reductions are found for suburban sites, since dhtasets include also measurements that are |éssteaf by the
agglomeration and closer to background condititihthe long-term evolution is not considered, ttemputed reductions
highly depend on the year of reference. In thislgta negative tropospheric M@end of -1.5 Pmolec cyr™ (equivalent
to ~6.3 % yi') is observed. Surface N@oncentrations also show negative trends with amwvalue of -2.21g m® yr* (~3.6
% yr).

In conclusion, the negative trend estimated duthmglast decade, indicates the long-term benefithe® environmental
measures taken to reduce Nénissions. The magnitude of the N€ipplementary reduction in 2020, which we caleutat
be around 50%, is consistent with the reductiorrmissions associated with the lockdown in Franeseswumgested in a
recent modelling study (Menut, 2020).

Data availability. The data used in this study are publicly avadlatitopospheric N from SAOZ instruments on
http://saoz.obs.uvsq.fr, last access:™ 1January 2021 and from TROPOMI satellite instrumemin
https://s5phub.copernicus.eu, last access® 3January 2021; NO concentrations from AIRPARIF on
https://www.airparif.asso.fr/telechargement/telegeaent-station, last access: 22 January 2021 aind wpeed and
direction from ERAS5 on https://confluence.ecmwidigplay/CKB/ERAS, last access: 20 January 2021.
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