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uImmary

The restrictions imposed lyovernmentsn order topreventthe spreading othe SARSC0V2 virusin
the populationchangedndividual behaviour and all sociefthis unfortunate «atural experiment
may also providénsightinto how our natural environment cathangewith suchdisruptive changes.

An initial analysis of impacts of tipandemierelatedrestrictions on air gality, based on data for the

first months of 2020, was presented in the EEA Air quality report for 2020. Since then, longer time
series of dataare availableand more analyses wergublished The aim othis study is toexpand on

the analysis by includirthis newdata andinformationfor Europeto include more pollutants analso

to consider otherelatedelementsthat are important to human health and wellbeing, namely, noise,

air emission pressureey urban environments

Therefore, his report provides an overview ofthe potential impacts ofCovid19 restrictions in
particular, focusing oneview andassessmet of Covid19impactson air qualitycompliance with the
National Emissionreductions Commitments (NEC) Dective, noise and the findings on identified
changes in urban policies derived from lessta@ntfrom the restrictions

The air quality modellingg done by complementary approaches:

1 The AiIrGAM is a sophisticated statistical model originally developed for trend amdlyse
ETC/ACM and ETC/ATNI. It analyses air quality monitoring data from Europe, and identifies
trends and changes in concentrations.

1 The Chimere chemical transport model is a Europsate model that allows prediction of air
concentrations of both primargnd secondary pollutants in relation to emission inventories.
Emission inventoriesused were developed T2 NJ (162 A0Syl NA2A& OG0 dzaAy
Gt 201 R26Y£€0®

The two modelling methods were already used for the shenn analysis of developmentsitrogen
dioxide NQ,) and particulate matter (PM) on data from March 2020April 2020, and are here used
to generate results for the full year 2020:d for additional pollutants (PM and ozone).

These original modelling studies are complemented by a case s#idy simplestatistical analysien

NG data from paired traffic and urban background monitoring stations in the Czech Republic, and by
literature review of European studies on air quatiigvelopments during th@eriods withrestriction
measures, published before end November 2021.

The noise analysis is based on a literature rexaépapers published until June 2021.

As an important complement we alsmalysea possibleimpact of the refriction measures on future
compliance with theDirective (EUJ2016/2284/EUn National Emission Reduction Commitments,
which will have consequences for European air quality. The analysis is based in policies and measures
reported by the countries in 2021 (covering the base year 2019).

Shortterm analysesavailable literature for air pollutants and noise clearly show that ab#ginning

of the restriction measures, in Februa2@20- May 2020, there was a significant decreaséraffic-
related pollutant levels. This is demonstrated for nitrogdioxide (NQGy) and carbon oxides (CO), and

for traffic-related noise The same development is observed in the whole of Eurdg&milar but much
weakerpattern is seen for particulate matter (PM). As the period in questiguars of the heating
season in most European countries, the traffic reduction impact océtdentrabins was most likely
offset by increased local heating. This is attributed (at least partly) to restrictions that included working
from home or other measures keeping the inhabitants in their homes. For secondary pollutants, i.e.,
ozone (@) and partly PMs, such analysis is more difficult, but the results clearly indicate changes in
atmospheric chemistry in urban areas leading to significant increaselet€ls.
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Longerterm analyses were performed for the whole year 20Z8e resultshow a less pronmced
effects of the restrictions however similar tendencies and significant reductions of trelifited
pollutant NG.. For both NQ@and PM, a larger reduction is seen at traffic sites compared to rural and
suburban/urban background sites, but the diffaces among the station types are not very larfjee
smaller size of the effect is due to an averaging effect: the restrictions were first imposed near
simultaneously in all countries in the period covered by the shagen studies, and then gradually
lifted and in varying degrees further imposed towards the end of the year. In most countries, the most
stringent restrictions were implemented during March 2020 and were fully in place through April and
parts of May of the same year. After that, the sitwatiacross Europe is more varied. This development

is well captured by the stringency index for each country, which is used as one of the variables in the
analyses.

For annual mean, the largest impact of Cel@related restrictions was found for N@nceentrations

in 2020, especially for the countries that were strongly affected by the first wave of the restrictions.
For the 10 EU27 countries where the impact is largest, the reduction is more th#nidtoth
modelling approaches on European level %4 bf the traffic stations considered in the study would
have reported exceedance of the annual limit value for.NQhere had not been any Covitb
restrictions in 2020For the annual mean of Pl PMks and MDA8 ®@a reduction is also found, but
only of the order of 4 %.

Limited decreases for Plyland PM s annual concentrations, and for some ozone metrics, such as
SOMO10 and the annual average eMIDA8 (maximum daily runningt8average), are estimated due

to restrictions. For all these metrics, reductions are from belo% 1o below %%. These limited
decreases are due to the ambivalent impact of restriction measures: traffic reductions lower NOx level
which can increase or reduce @epending on the days andcations. For PM, increases in residential
heating can also compensate reductions in other sectors.

For PMoand PM s, we estimate that 2 and 4 sites, respectively, dropped below the limit value in 2020
due the effects of the pandemic, whereas for NIQ % of the stations considered in the study fell
below the limit value. Compared to the clear signal in. M®els, very small changes are seen in PM
data indicating that the air concentration of PM is dominated by other sources than road traffic. When
averaged over individual countries, very good agreement between predicted and observed daily PM
levels through 2020 are found both at rural, suburban/urban and traffic sites. This is a strong argument
that restriction measures in Europe in 2020 had a very lsmaict on the atmospheric levels of PM

and PMs.

Theresultsregarding air quality areobust, and consistent also with literature. They atatained by a
wealth of methods ranging from simple statistical approaches that do not require extensive
sophisticated input data, to the most complex modelling that includes data from all available sources
and observing platforms and uses advanced statistical and chemical transport modelling that requires
multiple inputs on meteorology, air emissions and aialkify observations.

An important factor in air quality management is compliance with Directive (EU) 2016/2284
(NECD)In 2021,19 Member States have been identified being at risk of neoompliance withat

least one oftheir 2030 NECD targetasing a base year of 2019f these, 12 reported additional
measures which were analyzed for potential impacts due to the recovery aft€diael19 pandemic.
Additional measures related to emissions ofsMire expected to be impacted to the greatest exte

and four Member States (Estonia, Hungary, Luxemburg, and Slovakia) may be at greater risk of non
compliance with their Nkltargets, since thetravel restrictions and worker sicknesaused by the
Covid19 mightaffectto a greater extenthe agricultue sector.

Noise related to road traffic appears to have broadly similar development as for air quality, with
decreases there where there was a decrease in traffic, and with some increases that can be explained
by traffic increaseThestudiesconsidered iditerature reviewaddress road traffic noise, and to minor
extent, airport and port noise. They indicate a decrease in noise levels during the first restriction period
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(March-June 2020)together witha possible reduction in the size of population expaddtk review
has also led to proposing a possible assessment framework of-Cawiitigation strategies and noise.

Recognizing the importance of cities both for pollution pressures and for pollution governance, we
have also reviewed literature thalirectly addresses the options cities have taken to reduce the
spreading of the Cowil9 pandemics. The fragmentation of findings which are broadly consistent with
the findings on air quality and noise, points to the need to develop an integrated assdssmen
framework to capture the interplay of the most important factors and developments.
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Acronyms and terms

Acronym/term | Definition

4DMAS8 The 4thhighest8-hour dailymaximumOs; concentrationover the year, a metrig
representative of peakd; concentrations

ACTRIS The Aerosol, Clouds and Trace Gases Research Infrastructure, part of the Et
Research Infrastructures, www.actris.eu

AirGAM air qualitytrend and prediction model developed by ETC/ACM and ETC/ATN
the years 2012021

AOT40 Accumulatedexposure toozone overathreshold value of 40 ppb (=80 pg#nlt
represents the sum of the differences between hourly concentratisingve 80
ug/mé and 80 pg/ni accumulated betwee:00 and 20:00 CET.

BAU Business as Usuagh scenario for future patterns of activity which assumes t
there will be no major changein technology, economics, or policies, so t|
normal circumstances can be expected to continue unchanged.

BC Black carbon

BSC Barcelona Supercomputing Centre, www.bsc.es

CAMS Copernicus Atmospheric Monitoring Services

CHIMERE An open source multi-scale chemistgransport model for atmospheri
composition analysis and forecast, https://www.Imd.polytechnique.fr/chimere

CNRS French National Council for Scientific Research

CcO Carbon monoxide, air pollutant mainly associated with combustiamcas

Covidl9 An infectious disease caused by the SERE2 virus the respiratory illnesg
responsible for theCovid19 pandemidelared byWHOasa global public healtk
emergency on January 31, 2020.

ECMWF European Centre for Mediurange Weather Forecasts

EMEP Cooperative progamme for monitoring and evaluation of the lomgnge
transmission of air pollutants in Europe (inofficially 'European Monitoring
Evaluation Programme' = EMEP), a scientifically based and policy |
programme under the Convention on Leranpge Trangoundary Air Pollutiorn
(CLRTAP) for international -operation to solve transboundary air pollutic
problems.

ETC/ACM European Topic Centre on Air Pollution and Climate Change; 21

ETC/ATNI European Topic Centre on Air pollutidmansport, Noise and Industrial pollutio
20192021

ETC/CCA European Topic Centre on European Topic Centre on Climate Change in
vulnerability and Adaptation, 2012018

EU European Union

IFS Integrated Forecasting System

INERIS FrenchNational Institute for Industrial Environment and Risks

MDAS Maximum daily running-8 average

NECD Directive (EY(2016/2284/BJ)) on National EmissioReduction Commitments

NHs Ammonia, an air pollutant mainly originating in relation to agricultural activi
and biomass decay/burning

NMVOC Non-methane volatile organic compounds, a group of air pollutants with Y
diverse sources

NG Nitrogen dioxide, an air pollutant mainly associated with vehicular transport

NO, Nitrogen oxides, sum of nitrogen monoxide and nitrogen dioxide

Oz Ozone, a secondary air pollutant formed in the atmosphere

OXCGRT OxfordCovid19 Gaernment Response Tracker
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Acronym/term | Definition

PaMs Air pollution policies and measures

PM Particulate matter

PMuo A fraction of particulate matter,inhalable particles witha diameter of
10micrometers and smaller

PM.s A fraction of particulate matter,inhalable particles witha diameter of
2.5micrometers and smaller

PPB Parts per billion

restrictions

In this report used to designate measures restricting the behaviour of inhabit
implemented by (any level) authdigs in relation to theCovid19 pandemicsas
for instance, lockdowns or quarantines.

SARE 02 Severe acute respiratory syndrome coronavirus 2

SOA Secondary organic aerosol

SOMO10 An indicator for health impact assessment recommended by WHO. Stihe (
differences between maximum dailyt®ur running mean concentrations great
than 20 pg/ni (= 10 parts per billion) and 20 pgfm

SOMO35 It is the yearly sum of the daily maximum eh8ur running average over 3pb
(=70 pg/nf). For each day theaximum of the running-8iours average for Os
selected and the values over 35 ppb are summed over the whole year.

TNO TNO, the Netherlands Organisation for applied scientific research, www.tno.

UNECE United Nations Economic Commission for Europe

WAM oYAaarzy aoOSyINAR2 G2A0K FRRAGAZYL

WM oYArAaarzy aoOSyINAR2 G2AdK2dzi YSI adz ;E
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1 Introduction

Starting the end of 2019, the novel SARS/2 coronavirus pandemic has brought about disruptive
changes in our society. The restrictions imposed dyeghments in order to protect the population

from the virus have led to changes to our daily lives that affected individual behaviour and all society,
businesses and public sphere. While the pandemic has taken many lives and has led to significant
human siffering, this unfortunate satural experiment> may also provide data leading to insight into

how our natural environment can be altered with disruptive changes to our human activities.
Disruptive changes may be required in order to achieve the ambitjoass of the European Green

Deal EC2019 and the Zero PollutioAction PlanEC2021).

Following the restrictions implemented by countriggessures on the environment changezhd

there were significant increased demands &mme ecosystem services such as those provided by
urban green areas. Some of these developments have already been studied, most importantly, air
quality.

In 2020, EEA (in collaboration with ETC/ATNI and CAM&Jed in the Air qualityn Europeg 2020
report (EEA, 2020 firstanalysis of the impacts of thestrictionmeasures on air quality and a first
overview of observed interrelationships between air quality andhialth effects of thgpandemic .
Thiswork, based oriterature available at the time of the analysis and on assessment of air quality
data for a limited period of time (FebruaApril), has provided a firghdicationof the situation, and

has concluded that for NOx, an overall significarduction was observed in Europe, for PM the
situation was more compleg while in most geographicareasthere were significant reductionis
concentrations in other areas, an increase was observed

Air concentrations and noise exposure respomunediately to changes in environmental stressors
(e.g., emissions), but while the relation is immediate, it is not simple. Methodological approaches such
as modelling allow an assessment, but they rely on input data including data on air emissionsnEmissi
data are calculated based on statistical data, which typically become available in the year following the
actual emission year.. Therefore, taking into account these initial statistical data for 2020, in the year
2021 (one year after the first EEA arsady, a wider analysis is possible, as we will show in this report.

This report expands the analysis of restriction measures done by EEA (2020) which addresset NO
PMy and was based on comparison of the March 202@ril 2020 restriction period compared to
similar periods of 201:2019. In his report the impacts ofrestrictions related to themeasures
affectingair qualityare basednodeling studie®n data for the wiole of 2010 (compared to the years
20152019), and includes NOPMyo, PMs and Q. This is comlemented by assessmentfuiiire
compliance with theNational EmissiongCeiling Directive (EU) 2016/2284&U, 2016)andby literature
reviews on air qualitynoiseand urban sustainability resp. urban plannifitpe overall aim is to bring
togetherthe first lessons learnfrom the restriction periods, to inform potential future measures to
improve air quality and noise levels and thus$apport achieving thambitious goals of the European
Zero Pollution Action PlgiEC 2021).

In Chapter 2, w@resent two original Europeide studieson the relationship between the air quality

and theCovid19 related restrictionsone based on monitoring data, and one stildged on chemical
transport modelingusing emission inventories developed for the studied periodChapter 3
supplements these analyses with a simplified appraaghiiemented in Czechiayhichindicates how

a simplified analysis of local datan bedone® / KI LJiISNJ n f221& Ay RSOl AT
measures to reduce air pollutipm the framework of the Directive (EU) 2016/2284J, 2016)Noise

as an environmental pressure and how the restrictions have affected it are summarized in Chapter 5.
Chapter 6 supplements the above original analysdsvbyliterature reviews, one on European studies

on air quality published until November 2021, andleort complementary informatioron urban
sustainability andirbanplanning as determinants of environmil pressures.

Eionet Report ETC/ATNI Z/16 10



2 Developments in air quality und€ovid19restrictions

Inthis chapterwe assess the impact on air qualityrektrictionsimplemented in order to prevent the
spread ofCovid19 in Europeduring 2020. Those restrictions induced a decrease of activity in several
economic sectorésuch as transporgnd subsequent decrease in the related emissjartsle for other
sectorsactivity was unchanged or even increas&ile combine two approaches: one based
statistical analysis of observed concentrations (monitoring data), and one based in chemical transport
modelling.

The statistical AirGAM model (Walker et &rthcoming was originally developed for trend studies
for EEAETC/ACM 2018; ETC/ACM 2019; ETC/ATNI; 2008Qroved useful also for estimating the
effect of the pandemicestrictionmeasures in 2020 on the level of air pollutafEEA 2020; Solberg
et al. 2021)

The assessment of this impact also relies @nain quality model CHIMERE (v20@@¢nut et al. 221)

In order to quantify the change in pollution levels due to emissions changes becauseesttiction
measurestwo different model simulations have been realize@he first simulation corresponds to a

'business as usual' (BAU) scenario forykear 2020 (Kuenen et al., 2021) which estimates emissions

for the year 2020 based on the extrapolation of 2818 emissions assuming that no latdwn
NBEAGNROGAZ2Y A KILIWSYSRd ¢KS aSO2yR aAayvydzZ FdAz2y Aa
emissio data combined with specific Covl® reduction factors which are taking into account lock

down restrictions implemented by individual countries in Europe during 2020 (Guevara et al.,
forthcoming).

The two modelling approaches are complementary. The M@ particularly suited and efficient to
capture the impact of meteorological factors on air qualifyr quality models such as Chimere are
designed tocompute the ambient concentrations resulting from emissions changes (and other
factors) In the presat chapter, we take stock of this complementarity discuss the robustness of
our conclusions on the main impact of the 2028triction periodson air quality in Europe.

Key messages:

1 The largestimpact of Covid19 related restrictions was found forannual mean NG
concentrations for 2020, especially for the countries that were strongly affected by the first
wave ofthe restrictions For the 10 EU27 countries where the impact is largest, the range of
reduction is13-19% in the AirGAM model, al®-135% in the CHIMERE model.

1 11%of the traffic stationsconsidered in the studyould have reported exceedance thfe
annual limit value for N&f there had not been angZovid19 restrictions in 202Q according
to the AirGAM results

 Limited decreass for PMw and PM s annual concentrationsfor SOMD10 andthe annual
average of @ MDAS8 (maximum daily runningt8average) are estimated dde restrictions
For all these metricgeductions are below 5% in the AirGAM model, or even beld ih
CHIMERH hese limited decreases are due to @mmbivalent impact ofestriction measures
traffic reductionsdower NOx level which can increase or reduce ozone depending on the days
and locations. For PNhcreases in residential heating can also compenszaductions in other
sectors.

1 Largemedian reductions over EU2vere found forother ozone metrics8% forSOMO35 in
the AirGAM, and0%A0OT40 in CHIMERE.
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2.1 Impact of Covidl9related restrictionson European air pollutant levels as calculated
with the AirGAMstatistical model

2.1.1 Overall findings for N9 PMyo, PMsand Q

AirGAM involves a statistical motlefy approach based on generalized additive models and has been
developedduring the Iat yearghrough various EEA tasks, originally aimed for@mm trend studies
(ETC/ATNI, 2019; ETC/ACM, 2018; ETC/ACM, 2017). Jth2d@@liminary results with AirGAMere
applied to the firstrestriction period (April)and presented in the Air Quiy in Europe- 2020Report
(EEA2020)

The AirGAM model is designed to find relationships between various metgicalgparameters and
temporal metrics (day of week, season, lelegm trend) on the one hand and thebservedievel of
pollutants on the other. For details of the AirGAM model the reader is referred to other publications
(ETC/ACM 2018; ETC/ACM 2019; ETC/ATNI 2020; Solberg et alTB82hain concept is that the
response variable (the measured concentration or the logarithm of this value) is linked to a number of
explanatory variables through a ndinear regression method where the relations are smooth
functions and not constants am the more common linear multiple regression methods. The
meteorological parameters (temperature, relative humidity, absolute humidity, wind speed, wind
direction, mixing height, cloud cover and precipitaticam)d the temporal metrics were used as
explaratory variables. All calculations are performed on daily data, i.e. daily average concentrations of
NG, PMpand PMsand MDAS8 (maximum daily runningh8concentrationyfor G. At present AirGAM

does not capture hourly data, so that it is not yet pobsito computeindicatorsbased on hourly
concentrations, such asOT40 for instance.

In the present study, the model was first trained on measurement data from monitoring stations
during 20152019 and then applied to the same stations in 2020, providirgliptions of expected
concentrations in the absence ofrastrictionsbut considering the actual meteorology of the year
2020. The difference between the modelled levels (the expected) and the actual measurements from
2020 was used to calculate the impaftthe restriction measures adjusted for confounding effects,
such as daily meteorology and a letegm temporal trend aimed to capture the gradual change in
emissions and background concentrations.

In this work the whole year 202@vas analyzedas compared to previous studies looking into the
periods with strongest restrictionsonly. The effect of the measures during the pandemiben
averaged over the whole yeawill thus be substantially smaller than what was seen during e.gl Ap
2020 since the measures were gradualyaxedafter the first restriction period. After the initial
restriction measures in MareRApril 2020, individual countries introducexibsequentrestriction
periodsthroughout202Q..

The following section presits the estimated effects of thestriction measures 2020 for N@ PMy,

PM s andozone MDA®ased on AirGANhodellingafter screening the stations for data capture and

model performancet KS Y SI &dzNBYSy i RI Gl 6SNB S Etlenhddi SR T NI
September202], deadline for the official submission of validated 2020 datahis way, most of the

data (includingtiose for 2020) were validated (E1a) datée required a daily data capture of at least

75%for each year in the period 201220. Stations lacking data in some of the years were not used.

The stations were grouped into three categories based on the station type and station area in the
following way:

1 Rural: Rural background sites
1 Suburban: Sulrban and urban background sites
1 Traffic: All sites with type traffic (rural, suburban, and urban)
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Statistical modelling can be strongly influenced by data that exhibit systematic or random features
without relevance to the studied phenomena. For this reasscreening of input data was performed
before the analysis. Data fromdustrial sites were not used as they were considered less suited in a
GAM analysis dudo their stronger inhomogeneity with respect to meteorological and time
parameters. Furthermoreas in previous studieSolberg et a).2021) we applied a screening of
stations based on model performance as given by the linear correlation coefficient, r. FantlQ

we only used stapns for which the correlation coefficient between daily modelled and measured data
(20152019) was higher than 0.6%50r PMy, and PMss this criterion was relaxed to r > 0.55. The
rationale behind this screening is further discussed in Solberg @alberg et al. 202 1and the main
reasoning is that the AirGAM model fails for a certain fraction of the sites (of the orderldf 2

Daily modelled and measured time series during 2020 &oheof the four species averaged over each
country and each station type (traffic, suburban/urban background, and rural backgratmdiven

in Annex 8 These plots include confidence intervals for the daily data as well as indications of start and
end ofthe variousrestrictionperiods for each country.

The relative difference in perceajebetween the observed and predicted annual mean values in 2020
for NG, PMyo, PMs and Q (annual mean of MDAB) for the three station categories is presented in
Figure2.1. For N@Qa median reduction ofmore than 10% relative to the predictedoncentrationss

found for the three station categories with the strongest signal for the traffic sites, as expected. The
results indica¢ a higher number of sites with strong reductions in the south (Spain, Italy, France),
although a mixed pattern is seen within individual countries. FoioR¥d PM s both positive and
negative differences are found, and no clear geographical pattegeis although the median change

for the three station categories is negative 8% reduction) For sites in the suburban category, the
PM. s data indicate a larger number of stations with positive differences in France and Italy, implying
an increase relive to the predicted values. The calculated mediaductionsin PM are less than

5 %with slightly stronger negative changes for PM

Figure2.5 - Figure2.7 show the percentage differencestweeen measured and modelled annual mean
statistics(annual mean for N® PMsand PMo and annual mean of MDAS8 for@s well as SOMO10
and SOMO35 indicatorgjuring 20152019 and in 2020 for each country, separately, as calculated by
AirGAM. The mean relative differences for each country in 2020 are furthermore listedbie?.1.
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Figure2.1 Difference between observed and predicted mean concentration (%).0PNk, PMs, and Qin 2020 (100(obpred)/pred) as estimated by
AirGAM for three categories of stations: i) rural background §igds; ii) urban and suburban backgrou(middle) iii) traffic (right). For Qthe
data are based on the mean of the daily malx &inning men
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Figure2.2

Relative difference (percent) between measured and modelled annual mean NO
concentrations (100 x (measureabdelled)/modelled) as given by the AirGAM model for
station data during 2012019 and 2020 for each country, separately. The boxes mark the
25 and 75 percentiles and the lines inside mark the medians. The upper whigkelsext
from the hinge to the highest value that is within 1.5 * IQR of the hinge, where IQR is the
inter-quartile range, or distance between the first and third quartiles. The lower whisker
extends from the hinge to the lowest value within 1.5 * IQR of itngeh Data beyond the

end of the whiskers are outliers and plotted as points. Only countries with at least 5
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Figure2.4 Same asigure2.1for PMes
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Figure2.7 Same agigure2.1 for SOMO35
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These results show clear reductions in the annual meapdé@centrations in most countries. The
results forannual mean Pk, annual mean PM,annual mean MDA8 £and SOMO21do not show a
clearspatialpattern. For SOMO35, large positive and negative deviations are faunthjority of the
countries show levels of PiMland PM s slightly lower than expecteth 2020 but the differences are

small and not significanlsofor G; there are smalldifferences between the modelled and measured

data in 2020 when looking at the annual MDA8 means, and this is as expected since the effect of the
reduced emissions durintipe restriction periodswill presumably only be visible ins@Quring short

term episodesFor nearly all countries a reduction is seen (although not statistically significant) and
this is an indication o$lightly reduced levels of MDA8 in 2020 but the differenaee within the
uncertainty.

For a number of counts, we estimate a reduction in the annual mean.N@ncentrations of 3 -
19%in 2020comparedto the expected concentrations. Slovenia and Slovaki@/41$pain(18%)
Sweden (184 and France (1% are countries with the strongest signal of reductiarNQ. Ireland,
however, show a substantially stronger reduction of88ut this is linked to the AirGAM estimating

a strong upward trend during 201219 caused by very low mean Nl@vels in Ireland in 2015
combined with a minimum number of stationsdithus we regard the estimated reduction in 2020 as
an artefact. The strong reduction in N@ Sweden is somewhat surprising, considering that this was
a countrywith a very different approach to the pandemic than most European countridise
restricionY S adz2NB&a ¢SNB 2y & & NB O anvelighR@Rhe EountrizsiwitnO 2 Y LJdzt
at leastfive monitoring stations operating during 202920, we estimate a reduction of 13%in the
annual N@concentration.

For PMoand PM s, a median reductioof the annual mean concentration oR4and 5%, respectively,

is calculated, but the number of countries with sufficient number of stations is very low, so these
numbers should not be seen as any indicator for the European median. Most of the changksezhic

for PM are negative, indicating that a small drop in the annual mean levels in 2020 occurred. For O
the analysis gets more difficult due to the complex and secondary nature of this species. In wintertime,
NQemissions tend to decrease the IBvelk and in the summer season Nébnissions tend to lead to
increased ozone concentrations. The first and most dramstriction period occurred in the
transition period (MarchApril) whereas the restrictions were reduced when entering the main ozone
season (end of Mag early August). Thus, the estimated changes in the annual mean MRA@ry

small with a median reduction of % only, pesumably well within the uncertainties of these
calculations. Also, for SOMO10 fairly small changes were found, amounting to a median reduction of
5% It should be noted, though, that for nearly all countries, a small reduction is estimated while nearly
no countries are estimated to have increased these values.
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For SOMO35, large negative and positive differences are calculated, both for 2020 and for the 2015
2019 period. This reflects that the level of 35 ppb is close to the mean level in many arethsigind
only minor differences in the predicted daily levels could lead to substantial changes in the calculated
SOMO35. SOMO35 is a therefore a difficult statistical metric for model evaluation based on station
data and particularly when studying trends atfthnges in mean levels. To what extent the changes in
SOMO35 shown iRigure2.7 and Table2.1 reflects real changes or are just reflecting uncertainties in
the method is hard to evaluate. The basic wayread the boxplots irFigure2.2 - Figure2.7 is to
compare the signal in 2020 with the spread in values in the previous period. For SOMO35 these are of
the same order for many countries, implyingaththe estimated changes are not significant.
Neverthelessoverall, a median reduction of ®over all countries with sufficient number of stations

is found.

Table2.1 Mean relative differences (percent) 2020 between measured and modelled annual
mean concentrations (100 x (measwmddelled)/modelled) as given by the AirGAM
model for all stations data in each country, separately. The table gives the values for
annual means oNG, PMyo, PMs, and MDA8for G; as well as SOMO10 and SOMOS35.
Only countries with at least 5 stations were included

Country NG, PMuo PMs MDAS8 SOMO10 SOMO35
AT -14 -7 -15 -5 -6 -14
BE -13 -1 -4 -1 -1 -1
BG 0 0 5
CH -13 -3 -4 -8
CzZ -10 -8 -8 -4 -5 -8
DE -11 -2 -6 -2 -3 -5
DK -9 -1 -1 4
EE -4 -5 1
ES -18 1 -4 -5 -/ -18
Fl -13 1 -4 -6 -16
FR -15 -4 -2 -4 -5 -10
HR -13 -6 -/ -8
HU -13 -/ -9 -17
IE -34

IT -14 0 0 -3 -3 -8
LT -5 -4 -1 -1 24
LU -14 0 1 3
MK -2 -2 14
NL -12 -2 1 2 13
NO -11 2 -8 -7 -9 -23
PL -10 -6 -5 -5 -6 -11
PT -14 -18 -2 -2 2
SE -16 -11 -7 -10 -20
SI -19 -9 -11 -22
SK -19 -7 -9 -17

We have also estimated the possible changabénexceedances of thennual limit values in 2020 as
shown inFigure2.8. These limit values are 40 ugifor NG and PMo, and 25 ug/mfor PMys. Stations
predicted to be below the limit value while the measured value exceeded it are marked in red)statio
predicted to be above the limit value while the measured value was below, are given in blue, and
stations for which both the modelled and measured values were above the limit value are given in
white.
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Although the change in annual meaancentrations for N@are fairly small, a significant number of
sites are found to drop below the limit value in 2020. In total, 54 stations are estimated to drop below
the limit value, corresponding to L%bof the traffic stations. This reflects that masites are close to

the limit value and just a minor reduction leads to the sites falling below these values. Also,:for PM
and PM; veryfew sites are found to fall below the annual limit values, but substantially fewer than
for NQ.

It is important b evaluate these findings with care since there is a certain degree of uncertainty in
these calculations and in some cases this uncertainty alone will lead to sites passing the limit value in
either direction. That nearly all the estimated changes in edaaee show reductions is, however, a
strong argument for the fact that many sites actually redutieeir concentrationsbelow the limit

value due to the effecdf restriction measures 2020.
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Figure2.8 Monitoring stations for which the AirGAM model estimates that the annual mean levels in 2020 passed above (red) or dapgbi®ethe

limit values for N@ PMyo and PM s, respectively. Stations exceeding the limit value and for which the model estimates no change relative to the
limit value are marked in white

no2 & pm10
® > limit value i = "‘:""‘-
R ' ’ : ® <imitvave
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2.1.2Results by country and station type

The timeseries of observed and predicted daily data from the AirGAM modelling have been merged
into country- and stationtype based average plots as wedl difference plots for all years, species,
countries, and station types. This section presents some examples of these results while the reader is
referred toAnnex &or all details.

21.1.1 NG

All time-series plots ilAnnex 8are of the type shown iRigure 2.9that gives the mean daily N@vels

for all traffic sites in Spain in 2020 as observed and as predicted by the AirGAM model as well as the
difference between the observed and modelled levels. The confidence intardaestrictionperiods

are also marked in the figures. For details on how the confidence interval is calculated, please refer to
Walker et al.forthcoming

As discussed above, for N&®clear signal of theestrictionsis seen in many countries, and pattlarly

for Spain and other countries that introduced the tougheesttrictionmeasures from midviarch 2020.

As seen from , at traffic stations in Spain a sudden drop in the observedeXsls relative to the
expected levels occurred exactly as tlestrictions wereintroduced. When the measures were lifted

in May, a gradual recovery back to normal conditions started, and in the last part of July the observed
levels were close to the expected. Later in the year (by Octbloember) the measured levelsear
again lower than the predictions, but the difference is much smaller thapring.

As an example of a country that shows a less clear signal céshéction period Figure2.10gives the

mean results for N@at traffic sites in the Czech Republic. In contrast to the results for Spain, the
reduction in NO2 during the firsestriction period(which also was considerably shorter than in Spain)

is very minor and within the uncertaty of the AirGAM calculations. On the other hand, when a second
restriction periodwas introduced in late October in the Czech Republic, the measured NO2 data are
seen to lie well below the expected levels for the rest of the yeamiost of thedays.

For more details on each individual country and station category, the reader is referred to the plots in
Annex 8

Eionet Report ETC/ATNI Z/16 24



Figure2.9 The upper panel shows the average observed (blue) and predicted (red) daily mean NO
concentrations based on all traffic sites in Spain in 2020. The lower panel shows the mean
difference between the observations and predictions. The shaded grey area marks the
estimated 93% confidence interval. The start atide end ofthe first restriction periodis
marked with dotted lines
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