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Abstract. The evolution of N@ considered as proxy for air pollution, was anatyzo evaluate the impact of Ibockdown
(March 17" — May 10" 2020) over fle-de-France region (Paris and surings). Tropospheric NOcolumns measured by
two UV-Visible SAOZ spectrometers were analyzeccémpare the evolution of N(between urban and suburban sites
during the lockdown. The urban site is the obsémaaplatform QUALAIR (48°50'N/2°21'E) on the Pierret Marie Curie
Campus of Sorbonne University in the center of afhe suburban site is located at Guyancourt @B72°03'E),
University of Versailles Saint Quentin, 24 km soeutbst 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 Observatoryllmde France) during the lockdown period in 202%e compared to
the extrapolated values estimated from a lineardt@nalysis for the 2011-2019 period at each stahlegative N@trends
of -1.5 Pmolec cfi yr? (~-6.3 % yi*) are observed from the columns and of 42g2m* yr* (~-3.6 % yi*) from the surface
concentration.

The negative anomaly in tropospheric columns inO28@ributed to lockdown (and related emission otidas) was found
to be 56% at Paris and 46% at Guyancourt, resgdgti®imilar anomaly was found in the data of scefaoncentrations,

amounting for 53% and 28% at the urban and subuwstbes, accordingly.

1 Introduction

Megacities can be considered as a hot spot of @mtlgenic pollution due to the concentration of gapoan and human
activities. People living in urban areas are exgdseair quality levels that often exceed the Wdddalth Organization
(WHO) recommended limits (WHO, 2006). In 2020, #mmergence of a novel coronavirus that causes theIQ@9

disease in many countries around the world has pmnthe governments of the affected states toyapgdtrictive

regulations. Most countries implemented lockdowrasuges (restrictions on people movements) to lingtprogression of
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the COVID-19 pandemic. As a result, urban area® lmcome interesting “laboratories” for analyzihg tmpact of these
measures on air quality. Atmospheric concentratianair pollutants in megacities were expected éordase 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) satelliteefiiad et al., 2012) were the earliest ones toresgnted by the media to
show the significant decrease of tropospherig N@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+NQ,) concentrations since NO is rapidly converted ih@, by the photochemical cycle

involving tropospheric ozon@&lOx levels are directly linked to human activitiésr, example over the lle-de-France region,

in which the Greater Paris region is imbedded, famdhe year 2018, road traffic contributes to 58%dNOx emissions,

followed by industry (13%, including also energydawaste treatment), residential heating (11%) aingods (9%)

(https://www.airparif.asso.fr/surveiller-la-polloti/les-emissions, last consulted in August 2021). _

Many studies have focused on Neéductions due to lockdowns in 2020 at specifieesiin China (Ding et al., 2020,
Griffith et al., 2020), and in other affected caigg (Bauwens et al., 2020, Prunet et al., 202@)gusnly satellite
observations (Bauwens et al., 2020, Koukouli et24120, Liu et al., 2020) or additionally groundskd 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 regituring the last decadesing different datasets characterizing the

lockdown impact at local scale with in situ instemtation, and at larger scale including a large phthe agglomeration

with tropospheric column measuremerfwo complementary sites are used, one in theecaftParis and the other one in

the study is to rely not only on a single referepear before the COVID-19 pandemic that could sthpbias the study, but

on a long decadal data set, in order to accourti@y variability on a longer period. This allows in aifth calculating long

isolate datawhich are affected by local pollution in the GeaParis area, and to consider the changes in régial :
conditions for the different years.

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

Supprimé: The NQ are directly linked to|
human activities especially with respect t
the combustion of fossil fuet60%) and
the biomass burning-0%) at global scal
(Delmas et al., 1997).

Supprimé: Ground-based and satellite
measurements of tropospheric N®lumns
are analyzed to characterize these sites. |n
addition, measurements of surface NO
concentration are used to complement th
analysis at the lowest altitude layers near|
pollution sources.

Supprimé: The study relies not only on
single reference year before the COVID-19
pandemic, but on a long decadal data set, in
order to account for variability as well as
long-term trends
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2 NO, Data

Tropospheric N@columns measured by two ground-based SAOZ instntsneere analyzed to trace and intercompare the
evolution of NQ in the urban and suburban regions of lle-de-Frafibe analysis was supplemented by a study of NO
column satellite measurements using the TROPOMtument. In addition, the in-situ measurements @, Nurface
concentrations from the AIRPARIF air quality netwavere also considered. In this work, the ten y@arsod 2011-2020,
with the first year corresponding to the start 8f(C&Z measurements at the suburban site of Guyanemstconsidered.

Table 1 shows the ground-based stations, typestfuiment and geographical coordinagesl Figure 1 the location of each

station in lle-de-France region

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

Station Place Instrument Lat/Lon
Paris QUALAIR, Sorbonne-Université, Parff5 SAOZ 48°50'N/2°21'E
Guyancoul LATMOS, Guyancoul 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 Parid'13 AIRPARIF 48°49'N/2°21'E
PAQ7 Allée des Refuzniks, Pari§ 7 AIRPARIF 48°51'N/2°17T'E
EIFF 300 m top of Eiffel Tower, Pari<" AIRPARIF 48°51'N/2°17’E
VERS Versailles AIRPARIF 48°48'N/2°08'E

Sain G i,
en-Laye

EIFF

. \,; CELES™
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Figure 1: Locations of the AIRPARIF (red points) and SAOZ (blue points) stations. Black dash line corresmds to the distance

between both SAOZ stations. Map data © OpenStreetMacontributors under the license ODbL

2.1 Tropospheric columns
2.1.1 SAOZ data

The NG tropospheric columns at lle-de-France region agasured by two ground-based SAOZ (Systeme d’Angigse

Observation Zénithale) instruments (Pommereau amdadd, 1988) that are part of French researchasifucture ACTRIS.
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The first one was installed in 2005 at the obsémmaplatform QUALAIR (http://qualair.aero.jussieu)f of Sorbonne
University in Paris (urban station) and the second is operational at LATMOS laboratory in Guyantq$outh-West
suburban station) since 2011. SAOZ is a UV-Viskgectrometer primary designed for monitoring sspheric ozone and
NO, during twilight observations in the frame of NDAGRetwork for the Detection of Atmospheric CompisitChange)
(see Hendrick et al., 2011 for a description ofiegal). The long-term data series of SAOZ instrutsavere compared with
data from most satellite missions to validate onitwo their performance. For example, SAOZ instratseparticipated in
the validation of the latest satellite mission $®it5 Precursor launched on October 2017 for te@sarements of ozone
(Garane et al., 2019) and stratospheric, \M®rhoelst et al., 2021) columns.

During the day, SAOZ observations are sensitivintoeased tropospheric N@mounts in polluted regions (Tack et al.,
2015). Every ~2 minutes, the sunlight backscatténethe atmosphere in the zenith direction of SA®Zcquired and the
DOAS (Differential Optical Absorption Spectroscopyethod (Platt and Stutz, 2008) is applied in th®, Mbsorptions
bands to obtain the respective slant column dessiffhe stratospheric N@olumns are removed from slant columns to
retrieve the tropospheric NGor Solar Zenith Angles (SZA) lower than 80°, deieudonné et al. (2013) for a detailed
description of the SAOZ tropospheric Bletrieval. The SAOZ dataset of tropospheric,Ni@asurements at Paris was used
in different studies to relate N@oncentrations at the surface with integrated &@umn in the boundary layer (Dieudonné
et al., 2013), to interpret ozone measurementsirffideal., 2017) and the seasonal cycle of ozoadignt (Ancellet et al.,
2020).

SAOZ tropospheric NOcolumns are available at the SAOZ webpage (hsgo4.obs.uvsq.fr/ISAOZ_tropo_Paris.html and
ISAOZ_tropo_Guyancourt.html, last access on 1 Jgn2@21). These data were daily averaged betweamd618 UT and

between 11 and 14 UT for comparison with satetlliservations.

2.1.2 TROPOMI data

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

Retrieval applied on TROPOMI data allows distinctibetween tropospheric, stratospheric and tota} si@umns. The
algorithm was adapted from DOMINO/TEMIS approach@M| (Boersma et al., 2007, 2011) based on Difiées Optical
Absorption Spectroscopy (DOAS) method to obtaimtstlumn densities (SCD) of N@hat are assimilated to the TM5-
MP Chemical Transport Model (CTM) to separate tl®SThe CTM runs using 0-12 h forecast meteorokigilata from
European Centre for Medium-Range Weather Fore€¢BSIMWF) correspond to the OFF-line product. Finagch slant
column is converted to vertical column using prisglated Air Mass Factor (AMF) look-up-tables. Did description can

be found at TROPOMI webpage (http://www.tropomidati&-products/nitrogen-dioxide).

4



Van Geffen et al. (2020) analyzed the uncertainteSCD of TROPOMI and compared them to OMDA4ECV data
(Boersma et al., 2018). They show a very good aweee over a remote Pacific Ocean sector with aetation of 0.99 but
135 with 5% higher values than the OMI-QA4ECV on&ferhoelst et al. (2021) compared N@tal, tropospheric and
stratospheric columns with the data of ground-basstruments Pandora, Multi-Axis Differential OptlcAbsorption
Spectroscopy (MAX-DOAS) and Zenith-Scattered-LighOAS (ZSL-DOAS or SAQZ) distributed around the wvaborl

Observations from MAX-DOAS were used for tropospheomparisons since they are sensitive to absstibethe lowest

few kilometers of the atmosphere (Honninger et24104). A negative bias of 23 to 37% is observethecases of clean to
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TROPOMI tropospheric NOcolumns have been widely used to estimate thectigsiuof NG, amounts linked to the

lockdown in 2020 established in different countieprevent the spread of COVID19 (e.guR@ns et al., 2020, Biswal et
al., 2020, Ding et al; 2020, Koukouli et al.,202@&u et al., 2020).

In_his validation paper against consolidated grebasied data, Verhoelst et al., 2021 was using TR@IRAropospheric

145| columns of NQ with a quality assurance value (QA) higher tharbGo remove cloudy scenes presenting cloud radianc

fraction higher than 0.5, snow- or ice-covered ssemand problems in the retrieval. In our study,haee decided to use a

less restrictive threshold of 0.5 in order to erdgathe number of days and to avoid biasing thelteetowards clear day

conditions. This resulted in doubling the numbedatfa taken into account. The monthly meary, W@pospheric columns of

TROPOMI present similar seasonal evolution withinf@r both QA (not shown).

150, TROPOMI tropospheric NOcolumns are available at Copernicus webpage (Hgbphub.copernicus.eu).

Supprimé: TROPOMI tropospheric NO

2.2 Surfaces concentrations - columns are available at Copernicus
webpage (https:/s5phub.copernicus.eu).

. L . . . . . The data have been filtered using the
AIRPARIF is a network of standard in situ sensorgibnitor air quality over lle-de-France region.edsf the key variables quality assurance value higher ﬂ?an 0.5.9

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

measured by chemiluminescence (Fontijn et al., 19 &re the N@ amount is obtained after reduction to NO on adtkat
155 molybdenum converter. This kind of in situ sensan overestimate ambient N©@oncentrations due to interferences with

non-NQ, fraction of reactive nitrogen (ND As an example, for urban sites in Mexico-cityrilea et al., 2007 found an

average N@overestimation for this type of sensor by 22%.

AIRPARIF network is formed by the 1) so-called ffiel' stations located at the edge of major traffiges, 2) urban

background stations, located in the city but nahmimmediate vicinity of emission sources, 3)wblan and rural stations,
160 and finally, a station installed on the top of &iéfel Tower at an altitude of 300.m

In this study, two AIRPARIF sites near the SAOZR4ris were used, one considered as “traffic” sgaaj de Célestins)

and the other as “urban” (Paris 13). AIRPARIF datt&/ersailles, nearest station to the SAOZ of Geyamt was used to

represent suburban site. Finally, two more stati@nthe foot (Paris 7) and on top of Eiffel Toweere considered to

compare evolution of NOconcentration at different altitudes in the boumdiayer. Data were obtained from Airparif
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webpage (https://www.airparif.asso.fr/telechargettielechargement-statiolast access on 22 January 20Z1ily average
data between 6 and 18 UT are used in this stufigr&AOZ instrument

Yo | _ = ‘{ Supprimé: Daily average data between})

and 24h UT are used in this study.

Copernicus Climate Change Service. ERAS5 is prodigetthe Integrated Forecast System (IFS) CY41r2iwarreleased in

2016 with a ten-member 4-D-Var assimilation eachhbBrs. The horizontal grid resolution is ~31 knthani37 hybrid
vertical levels up to 0.01 hPa (Hersbach et 2020). In addition to the significant increase afrirontal and vertical
resolution of ERA5, as well as the 10 years’ exgrareé of model forecast and assimilation, new arptopessed
observational data records were considered. Fuitfiermation can be found in online documents atVB\@F webpage
(https://confluence.ecmwf.int/display/ CKB/ERAS

ERA 5 surface winds over Europe have been validaiddwind observations from 245 stations in Eurdpeluding two

stations in lle de France (Molina et al., 2021heTonclusion is that ERAS is able to reproducentimsl speed from hourly

to monthly time frequencies for any location in &pe with a Pearson's correlation coefficient vagyfiom 0.6 to 0.85 in

hourly scale and 0.9 to 0.95 in 24-hourly scale.

In this study, wind speed and direction at 950 (rid-altitude of the convective boundary layer) wextracted from 0.25°
horizontal resolution in latitude and longitudealaver the [48.75N, 49.00N], [2.00E, 2.50E] rega@moon. The available
quality-checked final product was considered fonusay ' 2011 to October 312020 and a provisional product for
November-December 2020, the latter is expectedriy differ from the final product (Hersbaehal., 2020).

3 Methodology

The evaluation of lockdown effects on atmosphert®, dmounts is performed by selecting air masses rgofriom the
Parisian agglomeration to the suburban region. difjective is to consider only days when air magsedoth sampling

sites have a long enough residence time over thie Ba@a and have been influenced by local polutio this work, the

sampling filter of air masses coming particulargm Parisian agglomeration was determined withptii@ose of evaluating

the decrease of human activities linked to the dogkn at Paris on both sites. The downwind direcfimm Paris to

Guyancourt is privileged to filter out air massegjioating from the western sector, which are maifl oceanic origin, and

have only little encountered European emissi@unbined wind speed and direction are consideréaismstudy to identify
such days. This procedure aims at selecting datag#ét similar meteorological conditions for diféart years, so reducing
the impact of interannual weather variability. Téwlution of NG concentrations and tropospheric columns at AIRFFARI
and SAOZ stations (Table 1) are considered. Tha dBNQ, concentration measurements by in situ instrumantsNQ

tropospheric column measurements by SAOZ were dadyaged between 6 and 18 UT. The measuremesntsudsgfiltered

6
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using wind speed and direction of ERA5 analysisaan to select weather conditions in which the Gggart site receives
air masses that have passed the Paris agglomerkijoration 1 represents the estimated resideriied t of air masses

coming from the center of Paris to Guyancourt.
t=cos(abs(dir_®era9*10180)*D/(Verag), Q)

wherevesand Bg,55correspond to speed and direction of wind at 12ddd@ 950 hPa (altitude level in the middle of the
convective boundary layer), dir_g is the directimtween Guyancourt and Paris (290°) and D is tipeoxpmate diameter
of agglomeration (9.5 km) if we consider it as r@lei.

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

1. Air masses of Parisian agglomeration not influeggBuyancourt or Versailles (t<0)
2. Air masses of Parisian agglomeration influencing&court 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).

of Paris 13 district and Versailles (right panel) the 2011-2020 period. Case 1 is represente@ghydreen points, case 2

by grey points and case 3 by dark grey points. digethogonalfit yas applied for the three cases to_highligre th - { Supprimé: robust

relationship between urban and suburban stationghéo different conditions of wind speed and dii@tt For each case, - { Supprimé: with zero intercept

L

higher NQ amounts are observed at Paris, and the air massbe surface present lower linear regressionesldpan

tropospheric columns. Case 1 presents the lardesess,2.9%0.01 (20 standard error) for SAOZ measurements and- { Supprimé: 2.1¢

4.36£0.01 for AIRPARIF highlighting the importance of windrection. In this casevhen Guyancourt is upwind of Paris ) {SUPPrimé= 0.04

1 1.54

air masses pass over Guyancourt without having:tted” the agglomeration. Those air masses arrivirRgris center have - \,,\ { Supprimé:

crossed part of the agglomeration and then shogetaNQ columns. Case 2 and 3 correspond to air massesrajign Supprimé: 0.02

o

crossing first the Parisian agglomeration and thauth-west suburban region. They show slopes clasenity. In case of

SAQZ, the slopes ¢f.38:0.01and1.31+0.01 were obtained for case 2 and 3, and the slopgsl@£0.01 and 1.04&.03 il’l\i - [ Supprimé: 1.24

WA

case of AIRPARIF, respectively. For our study, thassification of days with air masses associatet30 minutes will be'\) . { Supprimé: 0.0z

W s
considered, because in this case air masses pasbaih stations with weak wind allowing for po#int accumulation over ‘\:\\{ Supprime: 1.17

the Paris agglomeration. ', [ Supprime: 0.04

{ Supprimé: 1.07

{ Supprimé: 0.02

o U




SAC

SAOZ AIRPARIF
- 100 Intercept £ 258 Slope + 25e - I‘ 90
— o . 5354018 136001 S i
‘= 80 - o -0.39+028  111+001 - . | .
= # - o 80 (]
G . = 006+089 1.04:0.03 Al I &
U P4 o 80 L ’ ! 'E
@ = 7 /-/ '1 G 70
=] = e %)
g &0 60 " X S 60
LT ® | £
o & < 50
© . 2
D’_U 40 ~ 40 case 1 | & 40
ON CZ) case 2 | Q‘N
= ! ® ®* case3 " % 30
o 20 o Intercepl:2se  Slope £2se | & 20 — fit case 1 | o
8— -1.67 £ 0.02 2,99+ 0.01 'E — fit case 2 | 8 20
e L -0.62 + 0.03 1382001 fims
= 1.05+ 0.08 1.31£0.01 0 —fitcase3 | 10
0% 0 I 4
0 20 40 60 80 0 20 40 60 80 100 | 0
-2 . " 0 20
Tropo NO2 Guyancourt (Pmolec cm™) Surface N02 Versailles (g m 3) !
S I ————————————— ! Tropo NO,, Guyancol
Supprimé:
Figure 2 Scatter_plots of tropospheric (left panel) and stface (right panel) NO, measurements at Paris_as_a function of _ {Supprimé: 1 ]
measurements at suburban station (Guyancourt and \fsailles respectively) for different levels of t (8e Eq. 1). Linear fits of the
different conditions are represented in green (casg), blue (case 2) and red (case 3), see the t&te 1:1 line is represented by the
black dash line. The estimated slope and it standarelrror is also shown for each case.
250
The poorer correlation observed with SAOZ data ddnd explained since different types of air massesd be sampled at
Guyancourt in the tropospheric column: those pasirough the agglomeration center and accumuldi@gwhen passing
from the center to the edge (leading to larger roolsl at Guyancourt than at Paris), and those thag beossed only the
limits of the agglomeration (leading to smalleruznhs at Guyancourt than at Paris).
255
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. S3tifdPal., 2021) and fairly strong south-westeslynds (Fig.3, left wind - {s.,pprimé; 2

260
| lockdown on March 1% 2020 (middle wind rose on Fi) were mostly anticyclonic contributed to the statipn of {s.,pprimé;z

westerly and north-easterly directions in the midyMo July period.
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Table 2 shows different periods in 2020 relatedréstrictions imposed by French government to liGDVID19

propagationDuring period 1 (before the lockdown) only two jpautar events with high NOvalues above both stations are
detected at the same time (t>0 min) by SAOZ insémi® (Jan. 19-25 and Feb. 5-6). These events soehaghlighted in
295 AIRPARIF data. Only one day with t>30 min is obsshon Feb. 8 Frequent occurrence of oceanic air masses with hi
precipitation and wind speed leads to advectionledn air masses above the lle-de-France regiardébickdown period
(Viatte et al., 2021) and low Nralues are observed, lower than observed duririgge (lockdown) for suburban stations
(Guyancourt and Versailles). A N@eak is observed on March™goincident to the start of the lockdown period,iahh
could be linked to the massive departure of Parisinabitants. A change of weather conditions alibginning of period 2
300 with low north-easterly wind speeds promote theuaudation of polluted air masses over lle-the-Feariost of the days
are characterized by a residential time t > 30 rlaspite this situation, levels of tropospheric N®main low; this
certainly illustrates the decrease of emissioninduthe lockdown period. The period 3 (after thekibown) started on May
11" 2020 and N@ values remained low until the second week of Jidgginning of scholar holidays) with NO
enhancement events comparable to period 2. Sireg Higher NQ values of pollution events are observed by SAOZ an
305 AIRPARIF instruments showing slight differencesvibe¢én urban and suburban stations for days witt80 in. A less

restrictive lockdown (open schools and less restdanovement of people)

Table 2. The four periods in 2020 shown in Figuand the related restrictions imposed by the Freppslernment to limit the COVID19

propagation.
Periods in 2020 Restrictions
P1 1Janto 16 Marc Not any
P2 17 March to 10 May 1% lockdown: non-essential stores, schools, cultestdblishments, etc closed. Only displacements
<1km and with a certificate are authorised. Teléumy is strongly suggested.
P3 11 May to 29 October Gradual lifting of restrictions: schools and nosestial stores opened with imposed physical

distancing and masks. Possible displacement withertificate. A curfew was imposed mid-
October. Teleworking is still recommend

P4 31 October to 15 December 2" lockdown: schools opened but universities stikseld. Some activities are allowed: Some non-
essential stores opened with strong restrictioomeSrestrictions as displacement of 1km maximum
are relaxed at the end of November.

310 v | = { Supprimé: |

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 resitng human activities by comparing lockdown and-jaekdown period or
315 same period in 2019 (e.g. Ding et al., 2020; Koliket al., 2020; Prunet et al., 2020; Siddiqui &t a020). SAOZ
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. Month since January 2019 TROPOMI-SAOZ

data was previously filtered for the ga>0.5 (seb-Section 2.1.2) and a radius of 5 km around SA@#ians.Figure, _ - { Supprimé: 4

shows the evolution of the monthly mean and twaodaad error (&) of tropospheric N@ columns above Paris and
Guyancourt stations since January 2019 observe®iAeyZ and TROPOMI (left panelsThe standard error corresponds to

the standard deviation of the mean divided by ihet number of considered daySimilar inter-monthly evolution is

observed by both instruments with a generally gagteement 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 the2incertainty level. This is not the
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 €rat Guyancourt. The first months of 2020 presemtelovalues compared to 2019,
mostly due to weather conditions while March-May Nf@crease (month 15-17) is coincident with the doein period. A
difference of -0.2 Pmolec cfrand +0.12 Pmolec chrespectively is obtained at Paris station and)df Pmolec cri and -

0.7 Pmolec cr respectively at Guyancourt. It corresponds to aliarerelative difference of 2% at Paris and -22% at
Guyancourt stations. Dispersion of the differenepresented by the half of the 68% interpercer{li®8/2) is 2.9 and
1.6 Pmolec cifi respectively at Paris and Guyancourt.
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panel) measured by ground-based SAOZ instrument (cot lines) and TROPOMI satellite instrument (black lines). Right panels: - {Supprimé: 4

Histogram of TROPOMI-SAQOZ differences at Paris (upper panel) and Guyancourt (bottom panel). Vertical lires represent the
median, mean and dispersion by the half of the 68%hterpercentile (IP68/2).

TROPOMI and SAOZ data selected for days with t >n80 were averaged between 11h and 14h UT for éneg of the
2020 lockdown in France (March 170 May 10) and median values were computed frosmAOZ and TROPOMI data
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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 datapared to same period in 2019. A larger tropesphNG,

decrease of about 47% is found from SAOZ obsematizetween 2019 and 2020 at both studied statsees Figures). - {s.,pprimé: 5

Prunet et al. (2020) found an even large decrefabi®g values varying from 52% to 86% during the lockdawm 120 km
region around Paris using yearly 2019-2020 TROP@&4& and the city-scale N@lume mass method.

It should be noted that the SAOZ data sets shoeng-lerm negative trend since 2011. Font et all92Mave used in situ
data to study the impact of policy initiatives iifferent megacities. They have shown a mean, M€crease on roadside
(background) sites of -2.9 (1.7) %%in lle-de-France for the 2010-2016 period, linkedhe introduction of Euro V heavy-
duty vehicles regulations since October 2009. Gtipedicies were implemented after then (e.g. Eutraikice 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&wmiet al., 2020;
Prunet et al., 2020).

50 T T T T T T
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since 2011 and TROPOMI measurements in 2019 and 2QZror bars represent 1o.

To better account for traffic-related pollution etein 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 dailyrons
with t>30 minutes was computed for each year dupegod 2 and 3 above Paris and Guyancourt. Pédriadd 4 were not
considered since only one day with t >30 min waseobed above the stations during these period920.2Period 3 was

restricted to May 11 - July 18" (period 3") to avoid the effect of NGeasonal variation in the final median value. Bust
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2 and 3' to compute the trend for the 2011-201%peWe will focus only on the period of lockdowimee important N@
interannual variability in the period 3’ does noegent a & significant slope value neither at Paris, nor my&court. Only

the lockdown period presents a significant negastope of -1.51+0.48() Pmolec crif yr* at Paris and -1.42+0.14f)L

Paris and -6.79+0.66 % Yrat Guyancourt relative to 2011. Previous studi@sehpresented similar values over Western
Europe. Zhou et al., (2012) found significant nagatrends in the 2004-2009 period varying fronio48 % yi* using OMI
tropospheric N@ columns. Curier et al. (2014) computed the tremunfthe synergistic use of OMI NQropospheric

: funding

using the computed 2011-2019 trend by 55.6+15.7%aas and by 45.6+11.8% at Guyancourt. If thedspieric median
column of NQ in 2019 had been used as a reference for comparsdightly higher declines would have been obtdine
within +10: 56.749.1% and 52.6+14.5% at Paris and Guyancoaspectively. Choosing other reference years would
obviously yield different results, e.qg. slightlynler value at Paris (55+10.7%) and even higher ata@court (58.9+12.5%)

NO, variability factors associated with both the lockah and the long-term Neductions. This confirms the advantage of
our method that calculates the reference from adi#aata base and corrects for the long-term ti¢stiould be noted that
the data filtering procedure based on meteoroldgimaditions (wind speed and direction) signifidgrghanges the result of

the NG reduction estimate in Guyancourt, making it sta@ly insignificant (9.7+41.6%) if filtering isat applied; at the

2020 using different datasets described previowstize text. This indicates that results at Paitis Iscated in the center of
the agglomeration are not dependent in 2020 onarmteyical conditions. On the contrary, for the @ngourt site at the

edge of the agglomeration selecting the days whersite is impacted by emissions within the agglatien is crucial.

13



410

415

420

40— T T T T T T T T T

—o—PARIS Jussieu
35+ —e— GUYANCOURT |

Tropo NO2 (Pmolec cm‘z)
N
o

L L L L L

0 . . . . .
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

computed from SAOZ observations since 2011. Error bar represent b standard error. Computed robust fit is shown by tre
dotted color lines.

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 I 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 6-18 201¢ Yes 55.C 58.¢

SAOZ 6-18 Trend in 2020 Yes 55.6 45.6

SAOZ 6-18 Trend in 2020 No  59.3 9.7 | - { Supprimé: n

4.2.2 Surface NQ@ concentrations

The annual median NCOconcentration 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 dumiaé tropospheric NO

addition, the calculated robust fit for the decaglalution at each station is shown. The backgraamarban stations (Paris

7 and 13) present similar interannual variabilitifhwhigher values at Paris 7. The station of QuaiGelestins in close
proximity to local traffic shows much higher valyeghich 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.
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The five AIRPARIF stations present negative trefidsn -3 to -1.3ug m® yr equivalent to -4.6 to 2.4 % YyTabled). -

Font et al. (2019) found similar negative trendyirsg from -3.4 to -2.4 % Vt for roadside stations at Paris for the 2010-

2016 period.These trends appear to be less negative than dimamed from column measurements. Possible redsons

this are an increase of the @ NQ,_emission ratio, and a limitation by the availabf@ount of Q for the NO to NQ

conversion. Both factors affect more strongly thefaece concentration than the boundary layer coluwhich could lead

then to the different trend estimates.

Incomplete NO to N@ conversion is for example suggested by,Nfdd ozone concentrations of the same order of

magnitude at Paris urban background sites (Fig@ref3Airparif 2019). In such a situation, the N@ends are both

impacted by the NOx emission and ozone trends.r&iga in Airparif (2019) cited above shows indetdrggly increasing

ozone average urban background over Paris, foarinst 35 to 4319 m® respectively for the 2007-2009 and 2017-2019

periods. This positive ozone trend buffers to sextent the negative NOx emission trend.

However while this reasoning would qualitativelyp&in differences in trends between column andtinmeasurements, it

fails to explain differences in trends betweenatiht in-situ sites, in the sense that larger N&lyes would lead to smaller

negative trends. This is not observed, on the aontithe NQ trend is more negative at ground of Eiffel toweart at

altitude when NOx becomes lower. Thus the exaclaegbion of differences in trends at different sitend heights still need /
/

N

observed for traffic and urban stations in Parigh yower values at Paris 13 where standard esdrgher. Nevertheless, .

the reduction of N@concentration observed in absolute values is nmopertant at traffic stations (as CELES) compaied t
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Supprimé: These trends appear to be less
negative than those obtained from column
measurements. Possible reasons for this|are
an increase of the N@o NQ, emission
ratio, and a limitation by the available
amount of Q for the NO to NQ
conversion. Both factors affect more
strongly the surface concentration than the
tropospheric column, which could lead then
to the different trend estimates. That is, a
the surface, the system is to some extent|
buffered against changes in N€missions.
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urban station (as Paris 7). The observation statistalled at 300 m of Eiffel Tower presents 53%exfuction identical to
Paris 7, station located at the foot of the towdre suburban station of Versailles presents thedoweduction of 28.5%,
significantly different to other stations av Except for Paris 13. It should be noted that stétions show an almost twice
larger standard deviation of 14%. Reasons for theser values are not clear. It can be speculdtatiat this suburban site
the relative contribution of residential heating\t@, sources is stronger than at Paris sites, and plpk@ese sources have

increased during the lockdown due to the presefipeaple at home (Menut et al., 2020).

function of the computed trend.

Station Type Trend (2011-2019) + &  Reduction in 2020 + & (%)
(ugm®yrh) / (%yr?)

CELES TRAFFIC -2.19+0.85/ 2.36+0.¢ 53.6¢54

PAl:Z URBAN -1.59+1.04 -3.34+2.2! 38.3+14.¢

PAOQO7 URBAN -3.01+0.81 / -4.65+1.25 52.9+8.4

EIFF OBSERVATION -1.304£0.51/-3.83+1.49 52.849.4

VERS SUBURBAN -1.9440.58 / -4.02+1.18 28.5+13.1

Collivignarelli et al. (2021) compared the N€oncentration observed by the traffic and urbatigis of AIRPARIF during
the lockdown in 2020 to the same period in previgears (2017-2019). They found a decrease of 15%rfman and 33%
for traffic stations. However, when considering isfmmeteorological conditions with respect to falh temperature and
wind speed, the authors found a reduction of 51 &#tesponding to traffic stations and approxima#&% for background

ones, similar to values obtained in this study.

5 Discussion

Various studies have been conducted to assesmffei of recent lockdowns on air quality in manymoies around the
world due to COVID-19 pandemic. In a number of varthe observed N{rontents were compared with respective levels
for the same period of previous years using grduaskd and/or satellite measurements. Shi and Braé@20) found a
decrease of NPconcentrations in China by 50% compared to 20I¢hduhe same period of the lockdown and by 60%
compared to 2018, highlighting the interannual afitity of NO, reductions that could depend on meteorologicatlitmms

or long-term variability. Others authors compare@,NMmounts before and during lockdown. For exampiédgiui 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 Néar, which is 21% more than in previous years 2PA89 (given that

a NG, reduction has been observed over the past years without COVID); Bauwens et al. (2020) deduced38%
reduction in Western Europe. Many studies have idensd specific techniques to limit the effect okteorological

conditions in their data. In the case of Paris52% reduction of N@Qconcentration was estimated by Collivignarellagt
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(2021) using equivalent temperature and wind spiegd, ~50% by Barré et al. (2020) using a GradBausting Machine
Learning (GBML) technique. In case of troposph@i®, columns measured by satellite instruments, Prahel. (2020)
estimated a 2 weeks averaged reduction of Mying between 52 and 86% using the city-scale plOme mass method
for March 18-April 26" In the present study, the long-term evolution wassidered from one decade of measurements
combined to air masses filtering based on slow wspded and long residence time. The calculatedctieths 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 twaipenodel calculations performed for the March @0@kdown period

in Western Europe. They used the WRF-CHIMERE mddeltwo simulations: one using Business As Usuah(B
scenario with classical emissions and the other usiieg realistic scenario taking into account atimeste of lockdown
measures on NCn 2020. The authors found a maximum reductioA3% of average N©concentration over France. This
simulation was based on a reduction in emissionsbolit 80% in the transport sector and 40% redudtiche industrial
sector, but an increase for residential emissianing the second half of March, reducing emissiohO, probably by
more than 50% (taking into account the distributddmNO, emissions as given by CITEPA (https://www.citepglin/2020-
nox/). Thus, N@ concentration reductions are slightly lower thad,missions changes in these simulations, probakdy d
to an increase in the NMIO ratio for lower NQ concentrations. This suggests that, at least whatially averaged, NO

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

6 Conclusions

To assess the impact of France's policy decisidimio the spread of the SARVS-CoV-2 virus by edigbng a restrictive
lockdown between March 17 and May 10, 2020,,M0rface concentrations and tropospheric columes be-de-France
were analyzed, more specifically in Paris and sodurareas in the south-west of the agglomeratioasiBle factors that
can influence N@ changes other than N@missions reduction due to lockdown were consitlefdne data sets were
partitioned to select the conditions of light winf®ving air masses from Paris to a suburban areheirsouthwest. In
addition, the known long-term reduction of N@ also considered using the measurements inringous decade. The
tropospheric N@ reduction obtained from the SAOZ data is about 5@%% at Paris site and 46% at the southwest
suburban site). These values are close to thatliter data found for Europe within the estimatedrebars (Barré et al.,
2020; Prunet et al., 2020). This work highlighte thbility of satellite TROPOMI measurements to idgish between
urban and suburban sites tropospheric columns, islgdvigher mean values at an urban station compgaradsuburban one.
The latter is also confirmed by the ground-base®2Mneasurement data. The agreement between thatiemodf NG, in
the troposphere observed at urban and suburbanisifgoves when selecting similar meteorologicaiditions. Surface
NO, concentrations inside Paris are highly influenbgdliocal pollution and differences between the daftaraffic and

background urban sites are observed as expecte@c8iconcentrations were reduced by ~50% at afiosis (similar at
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+1c), except the site of Paris 13 in the Choisy Phet 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 lockdowa important using or not a filter to remove théeef of different
meteorological conditions. On the contrary, sefegtilata according to air mass residence time dweragglomeration,
strongly changes the estimates of N@ductions at the suburban sites. As expectdilefing is not applied, lower NO
reductions are found for suburban sites, since damsets include also measurements that are léssteaf by the
agglomeration and closer to background conditiththe long-term evolution is not considered, trenputed reductions
highly depend on the year of reference. In thisigta negative tropospheric N@end of -1.5 Pmolec cfyr? (equivalent
to ~6.3 % yr) is observed. Surface N@oncentrations also show negative trends with amvalue of -2.21g m* yr* (~3.6
% yr).

In conclusion, the negative trend estimated duthe last decade, indicates the long-term benefitthe 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 reductiorrmssions associated with the lockdown in Fransesumgested in a
recent modelling study (Menut, 2020).

Data availability. The data used in this study are publicly avadalitopospheric N© from SAOZ instruments on
http://saoz.obs.uvsq.fr, last access:™ 1January 2021 and from TROPOMI satellite instrumenin
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