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Summary 

The restrictions imposed by governments in order to prevent the spreading of the SARS-CoV-2 virus in 
the population changed individual behaviour and all society. This unfortunate « natural experiment » 
may also provide insight into how our natural environment can change with such disruptive changes.  
 
An initial analysis of impacts of the pandemic-related restrictions on air quality, 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 data are available and more analyses were published. The aim of this study is to expand on 
the analysis by including this new data and information for Europe, to include more pollutants and also 
to consider other related elements that are important to human health and wellbeing, namely, noise, 
air emission pressures, or urban environments.  
 
Therefore, this report provides an overview of the potential impacts of Covid-19 restrictions, in 
particular, focusing on review and assessment of Covid-19 impacts on air quality, compliance with the 
National Emission reductions Commitments (NEC) Directive, noise, and the findings on identified 
changes in urban policies derived from lessons-learnt from the restrictions.  
 
The air quality modelling is done by complementary approaches:  

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

¶ The Chimere chemical transport model is a European-wide model that allows prediction of air 
concentrations of both primary and secondary pollutants in relation to emission inventories. 
Emission inventories used were developed ŦƻǊ ǘǿƻ ǎŎŜƴŀǊƛƻǎ όάōǳǎƛƴŜǎǎ ŀǎ ǳǎǳŀƭέ ŀƴŘ 
άƭƻŎƪŘƻǿƴέύΦ 

The two modelling methods were already used for the short-term analysis of developments in nitrogen 
dioxide (NO2) and particulate matter (PM10) on data from March 2020 - April 2020, and are here used 
to generate results for the full year 2020 and for additional pollutants (PM2.5  and ozone).  

These original modelling studies are complemented by a case study using simple statistical analysis on 
NO2 data from paired traffic and urban background monitoring stations in the Czech Republic, and by 
literature review of European studies on air quality developments during the periods with restriction 
measures, published before end November 2021.  

The noise analysis is based on a literature review of papers published until June 2021.  

As an important complement we also analyse a possible impact of the restriction measures on future 
compliance with the Directive (EU) (2016/2284/EU) on 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).  

Short-term analyses, available literature for air pollutants and noise clearly show that at the beginning 
of the restriction measures, in February 2020 - May 2020, there was a significant decrease in traffic-
related pollutant levels. This is demonstrated for nitrogen dioxide (NO2) and carbon oxides (CO), and 
for traffic-related noise. The same development is observed in the whole of Europe. A similar but much 
weaker pattern is seen for particulate matter (PM). As the period in question is part of the heating 
season in most European countries, the traffic reduction impact on PM concentratoins  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 (O3) and partly PM2.5, such analysis is more difficult, but the results clearly indicate changes in 
atmospheric chemistry in urban areas leading to significant increase of O3 levels.  

http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv:OJ.L_.2016.344.01.0001.01.ENG&toc=OJ:L:2016:344:TOC
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Longer-term analyses were performed for the whole year 2020. The results show a less pronounced 
effects of the restrictions however similar tendencies and significant reductions of traffic-related 
pollutant NO2. For both NO2 and PM, a larger reduction is seen at traffic sites compared to rural and 
suburban/urban background sites, but the differences among the station types are not very large. The 
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 shorter-term 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 situation across 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 Covid-19 related restrictions was found for NO2 concentrations 
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 than 10 % in both 
modelling approaches on European level. 11 % of the traffic stations considered in the study would 
have reported exceedance of the annual limit value for NO2 if there had not been any Covid-19 
restrictions in 2020. For the annual mean of PM10, PM2.5 and MDA8 O3 a reduction is also found, but 
only of the order of 4-5 %.  

Limited decreases for PM10 and PM2.5 annual concentrations, and for some ozone metrics, such as 
SOMO10 and the annual average of O3 MDA8 (maximum daily running 8-h average), are estimated due 
to restrictions. For all these metrics, reductions are from below 1 % to below 5 %. These limited 
decreases are due to the ambivalent impact of restriction measures: traffic reductions lower NOx level 
which can increase or reduce O3 depending on the days and locations. For PM, increases in residential 
heating can also compensate reductions in other sectors. 

For PM10 and PM2.5, we estimate that 2 and 4 sites, respectively, dropped below the limit value in 2020 
due the effects of the pandemic, whereas for NO2 11 % of the stations considered in the study fell 
below the limit value. Compared to the clear signal in NO2 levels, 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 small impact on the atmospheric levels of PM10 
and PM2.5.  
The results regarding air quality are robust, and consistent also with literature. They are obtained 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 air quality observations. 

An important factor in air quality management is compliance with the Directive (EU) 2016/2284 
(NECD). In 2021, 19 Member States have been identified as being at risk of non-compliance with at 
least one of their 2030 NECD targets, using a base year of 2019. Of these, 12 reported additional 
measures which were analyzed for potential impacts due to the recovery after the Covid-19 pandemic. 
Additional measures related to emissions of NH3 are expected to be impacted to the greatest extent, 
and four Member States (Estonia, Hungary, Luxemburg, and Slovakia) may be at greater risk of non-
compliance with their NH3 targets, since the travel restrictions and worker sickness caused by the 
Covid-19 might affect to a greater extent the agriculture 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 increase. The studies considered in literature review address 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 with a possible reduction in the size of population exposed. The review 
has also led to proposing a possible assessment framework of Covid-19 mitigation strategies and noise. 

Recognizing the importance of cities both for pollution pressures and for pollution governance, we 
have also reviewed literature that directly addresses the options cities have taken to reduce the 
spreading of the Covid-19 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 assessment 
framework to capture the interplay of the most important factors and developments. 
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Acronyms and terms 

Acronym/term Definition 

4DMA8 The 4th highest 8-hour daily maximum O3 concentration over the year, a metric 
representative of peak O3 concentrations 

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

AirGAM air quality trend and prediction model developed by ETC/ACM and ETC/ATNI over 
the years 2017-2021 

AOT40 Accumulated exposure to ozone over a threshold value of 40 ppb (=80 µg/m3). It 
represents the sum of the differences between hourly concentrations above 80 
µg/m3 and 80 µg/m3 accumulated between 8:00 and 20:00 CET. 

BAU Business as Usual ςA scenario for future patterns of activity which assumes that 
there will be no major changes in technology, economics, or policies, so that 
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 chemistry-transport model for atmospheric 
composition analysis and forecast, https://www.lmd.polytechnique.fr/chimere/ 

CNRS French National Council for Scientific Research 

CO Carbon monoxide, air pollutant mainly associated with combustion sources 

Covid-19 An infectious disease caused by the SARS-CoV-2 virus, the respiratory illness 
responsible for the Covid-19 pandemic delared by WHO as a global public health 
emergency on January 31, 2020. 

ECMWF European Centre for Medium-range Weather Forecasts 

EMEP Co-operative programme for monitoring and evaluation of the long-range 
transmission of air pollutants in Europe (inofficially 'European Monitoring and 
Evaluation Programme' = EMEP), a scientifically based and policy driven 
programme under the Convention on Long-range Transboundary Air Pollution 
(CLRTAP) for international co-operation to solve transboundary air pollution 
problems. 

ETC/ACM European Topic Centre on Air Pollution and Climate Change, 2012-2018 

ETC/ATNI European Topic Centre on Air pollution, Transport, Noise and Industrial pollution, 
2019-2021 

ETC/CCA European Topic Centre on European Topic Centre on Climate Change impacts, 
vulnerability and Adaptation, 2014-2018 

EU European Union 

IFS Integrated Forecasting System 

INERIS French National Institute for Industrial Environment and Risks 

MDA8 Maximum daily running 8-h average 

NECD Directive (EU) (2016/2284/EU) on National Emission Reduction Commitments 

NH3 Ammonia, an air pollutant mainly originating in relation to agricultural activities 
and biomass decay/burning 

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

NO2 Nitrogen dioxide, an air pollutant mainly associated with vehicular transport 

NOx Nitrogen oxides, sum of nitrogen monoxide and nitrogen dioxide 

O3 Ozone, a secondary air pollutant formed in the atmosphere  

OxCGRT Oxford Covid-19 Government Response Tracker 

https://en.wikipedia.org/wiki/Respiratory_illness
https://en.wikipedia.org/wiki/COVID-19_pandemic
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv:OJ.L_.2016.344.01.0001.01.ENG&toc=OJ:L:2016:344:TOC
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Acronym/term Definition 

PaMs Air pollution policies and measures 

PM Particulate matter 

PM10 A fraction of particulate matter, inhalable particles with a diameter of 
10 micrometers and smaller 

PM2.5 A fraction of particulate matter, inhalable particles with a diameter of 
2.5 micrometers and smaller 

PPB Parts per billion 

restrictions In this report used to designate measures restricting the behaviour of inhabitants, 
implemented by (any level) authorities in relation to the Covid-19 pandemics, as 
for instance, lockdowns or quarantines. 

SARS-CoV-2 Severe acute respiratory syndrome coronavirus 2 

SOA Secondary organic aerosol 

SOMO10 An indicator for health impact assessment recommended by WHO. Sum of the 
differences between maximum daily 8-hour running mean concentrations greater 
than 20 µg/m3 (= 10 parts per billion) and 20 µg/m3 

SOMO35 It is the yearly sum of the daily maximum of 8-hour running average over 35 ppb 
(=70 µg/m3). For each day the maximum of the running 8-hours average for O3 is 
selected and the values over 35 ppb are summed over the whole year. 

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

UNECE United Nations Economic Commission for Europe 

WAM 9Ƴƛǎǎƛƻƴ ǎŎŜƴŀǊƛƻ ά²ƛǘƘ ŀŘŘƛǘƛƻƴŀƭ ƳŜŀǎǳǊŜǎέ 

WM 9Ƴƛǎǎƛƻƴ ǎŎŜƴŀǊƛƻ ά²ƛǘƘƻǳǘ ƳŜŀǎǳǊŜǎέ  
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1 Introduction 

Starting the end of 2019, the novel SARS-CoV-2 coronavirus pandemic has brought about disruptive 
changes in our society. The restrictions imposed by governments 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 suffering, this unfortunate « natural 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 ambitious goals of the European Green 
Deal (EC, 2019) and the Zero Pollution Action Plan (EC, 2021). 

Following the restrictions implemented by countries, pressures on the environment changed, and 
there were significant increased demands for some 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 CAMS) included in the Air quality in Europe ς 2020  
report (EEA, 2020) a first analysis of the impacts of the restriction measures on air quality and a first 
overview of observed interrelationships between air quality and the health effects of the pandemic . 
This work, based on literature available at the time of the analysis and on assessment of air quality 
data for a limited period of time (February-April), has provided a first indication of the situation, and 
has concluded that for NOx, an overall significant reduction was observed in Europe, for PM the 
situation was more complex ς while in most geographic areas there were significant reductions in 
concentrations, in other areas, an increase was observed.  

Air concentrations and noise exposure respond immediately 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 emissions. Emission 
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 analysis), 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 addressed NO2 and 
PM10 and was based on comparison of the March 2020 - April 2020 restriction period compared to 
similar periods of 2015-2019. In this report, the impacts of restrictions related to the measures 
affecting air quality are based modeling studies on data for the whole of 2010 (compared to the years 
2015-2019), and includes NO2, PM10, PM2.5 and O3.  This is comlemented by assessment of future 
compliance with the National Emissions Ceiling Directive (EU) 2016/2284 (EU, 2016), and by literature 
reviews on air quality, noise and urban sustainability resp. urban planning. The overall aim is to bring 
together the first lessons learnt from the restriction periods, to inform potential future measures to 
improve air quality and noise levels and thus to . support achieving the ambitious goals of the European 
Zero Pollution Action Plan (EC, 2021). 

In Chapter 2, we present two original Europe-wide studies on the relationship between the air quality 
and the Covid-19 related restrictions, one based on monitoring data, and one study based on chemical 
transport modeling using emission inventories developed for the studied period.  Chapter 3 
supplements these analyses with a simplified approach implemented in Czechia, which indicates how  
a simplified analysis of local data can be doneΦ /ƘŀǇǘŜǊ п ƭƻƻƪǎ ƛƴ ŘŜǘŀƛƭ ƻƴ ŎƻǳƴǘǊƛŜǎΩ ǇƻƭƛŎƛŜǎ ŀƴŘ 
measures to reduce air pollution, in the framework of the Directive (EU) 2016/2284 (EU, 2016). Noise 
as an environmental pressure and how the restrictions have affected it are summarized in Chapter 5. 
Chapter 6 supplements the above original analyses by two literature reviews, one on European studies 
on air quality published until November 2021, and a short complementary information on urban 
sustainability and urban planning as determinants of environmental pressures.  
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2 Developments in air quality under Covid-19 restrictions 

In this chapter we assess the impact on air quality of restrictions implemented in order to prevent the 
spread of Covid-19 in Europe during 2020. Those restrictions induced a decrease of activity in several 
economic sectors (such as transport) and subsequent decrease in the related emissions; while for other 
sectors activity was unchanged or even increased. We combine two approaches: one based on 
statistical analysis of observed concentrations (monitoring data), and one based in chemical transport 
modelling. 

The statistical AirGAM model (Walker et al., forthcoming) was originally developed for trend studies 
for EEA (ETC/ACM 2018; ETC/ACM 2019; ETC/ATNI 2020); but proved useful also for estimating the 
effect of the pandemic restriction measures in 2020 on the level of air pollutants (EEA 2020; Solberg 
et al. 2021). 

The assessment of this impact also relies on the air quality model CHIMERE (v2020) (Menut et al. 2021). 
In order to quantify the change in pollution levels due to emissions changes because of the restriction 
measures, two different model simulations have been realized. The first simulation corresponds to a 
'business as usual' (BAU) scenario for the year 2020 (Kuenen et al., 2021) which estimates emissions 
for the year 2020 based on the extrapolation of 2000-2018 emissions assuming that no lock-down 
ǊŜǎǘǊƛŎǘƛƻƴǎ ƘŀǇǇŜƴŜŘΦ ¢ƘŜ ǎŜŎƻƴŘ ǎƛƳǳƭŀǘƛƻƴ ƛǎ ōŀǎŜŘ ƻƴ ǘƘŜ ΨƭƻŎƪŘƻǿƴΩ ǎŎŜƴŀǊƛƻ ǳǎƛƴƎ нлнл .!¦ 
emission data combined with specific Covid-19 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 AirGAM is particularly suited and efficient to 
capture the impact of meteorological factors on air quality. Air quality models such as Chimere are 
designed to compute the ambient concentrations resulting from emissions changes (and other 
factors). In the present chapter, we take stock of this complementarity to discuss the robustness of 
our conclusions on the main impact of the 2020 restriction periods on air quality in Europe. 

Key messages: 

¶ The largest impact of Covid-19 related restrictions was found for annual mean NO2 
concentrations for 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 range of 
reduction is 13-19% in the AirGAM model, and 10-13.5% in the CHIMERE model.  

¶ 11 % of the traffic stations considered in the study would have reported exceedance of the 
annual limit value for NO2 if there had not been any Covid-19 restrictions in 2020, according 
to the AirGAM results. 

¶ Limited decreases for PM10 and PM2.5 annual concentrations, for SOMO10 and the annual 
average of O3 MDA8 (maximum daily running 8-h average) are estimated due to restrictions. 
For all these metrics, reductions are below 5% in the AirGAM model, or even below 1 % in 
CHIMERE. These limited decreases are due to the ambivalent impact of restriction measures: 
traffic reductions lower NOx level which can increase or reduce ozone depending on the days 
and locations. For PM, increases in residential heating can also compensate reductions in other 
sectors. 

¶ Larger median reductions over EU27 were found for other ozone metrics: 8% for SOMO35 in 
the AirGAM, and 10% AOT40 in CHIMERE.  
 

  



 

Eionet Report - ETC/ATNI 2021/16 12 

2.1 Impact of Covid-19 related restrictions on European air pollutant levels as calculated 
with the AirGAM statistical model 

2.1.1 Overall findings for NO2, PM10, PM2.5 and O3  

AirGAM involves a statistical modelling approach based on generalized additive models and has been 
developed during the last years through various EEA tasks, originally aimed for long-term trend studies 
(ETC/ATNI, 2019; ETC/ACM, 2018; ETC/ACM, 2017). In 2020, the preliminary results with AirGAM were 
applied to the first restriction period (April) and presented in the Air Quality in Europe - 2020 Report 
(EEA, 2020).  

The AirGAM model is designed to find relationships between various meteorological parameters and 
temporal metrics (day of week, season, long-term trend) on the one hand and the observed level 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 al. 2021). The main 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 non-linear regression method where the relations are smooth 
functions and not constants as in the more common linear multiple regression methods. The 
meteorological parameters (temperature, relative humidity, absolute humidity, wind speed, wind 
direction, mixing height, cloud cover and precipitation) and the temporal metrics were used as 
explanatory variables. All calculations are performed on daily data, i.e. daily average concentrations of 
NO2, PM10 and PM2.5 and MDA8 (maximum daily running 8-h concentrations) for O3. At present AirGAM 
does not capture hourly data, so that it is not yet possible to compute indicators based on hourly 
concentrations, such as AOT40 for instance. 

In the present study, the model was first trained on measurement data from monitoring stations 
during 2015ς2019 and then applied to the same stations in 2020, providing predictions of expected 
concentrations in the absence of a restrictions but 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 impact of the restriction measures adjusted for confounding effects, 
such as daily meteorology and a long-term temporal trend aimed to capture the gradual change in 
emissions and background concentrations. 

In this work, the whole year 2020 was analyzed, as compared to previous studies looking into the 
periods with strongest restrictions only. The effect of the measures during the pandemic, when 
averaged over the whole year, will thus be substantially smaller than what was seen during e.g. April 
2020 since the measures were gradually relaxed after the first restriction period. After the initial 
restriction measures in March-April 2020,  individual countries introduced subsequent restriction 
periods throughout 2020,.  

The following section presents the estimated effects of the restriction measures in 2020 for NO2, PM10, 
PM2.5 and ozone MDA8 based on AirGAM modelling after screening the stations for data capture and 
model performance. ¢ƘŜ ƳŜŀǎǳǊŜƳŜƴǘ Řŀǘŀ ǿŜǊŜ ŜȄǘǊŀŎǘŜŘ ŦǊƻƳ 99!Ωǎ ǿŜō ǎŜǊǾƛŎŜ ōȅ the end of 
September 2021, deadline for the official submission of validated 2020 data. In this way,  most of the 
data (including those for 2020) were validated (E1a) data. We required a daily data capture of at least 
75 % for each year in the period 2015-2020. 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: 

¶ Rural: Rural background sites  

¶ Suburban: Suburban and urban background sites 

¶ 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 reason, screening of input data was performed 
before the analysis. Data from industrial sites were not used as they were considered less suited in a 
GAM analysis due to their stronger inhomogeneity with respect to meteorological and time 
parameters. Furthermore, as in previous studies (Solberg et al., 2021), we applied a screening of 
stations based on model performance as given by the linear correlation coefficient, r. For NO2 and O3 
we only used stations for which the correlation coefficient between daily modelled and measured data 
(2015-2019) was higher than 0.65. For PM10 and PM2.5 this criterion was relaxed to r > 0.55. The 
rationale behind this screening is further discussed in Solberg et al. (Solberg et al. 2021), and the main 
reasoning is that the AirGAM model fails for a certain fraction of the sites (of the order of 10-15 %).  

Daily modelled and measured time series during 2020 for each of the four species averaged over each 
country and each station type (traffic, suburban/urban background, and rural background) are given 
in Annex 8. These plots include confidence intervals for the daily data as well as indications of start and 
end of the various restriction periods for each country.  

The relative difference in percentage between the observed and predicted annual mean values in 2020 
for NO2, PM10, PM2.5 and O3 (annual mean of MDA8) for the three station categories is presented in 
Figure 2.1. For NO2 a median reduction of more than 10 % relative to the predicted concentrations is 
found for the three station categories with the strongest signal for the traffic sites, as expected. The 
results indicate a higher number of sites with strong reductions in the south (Spain, Italy, France), 
although a mixed pattern is seen within individual countries. For PM10 and PM2.5 both positive and 
negative differences are found, and no clear geographical pattern is seen, although the median change 
for the three station categories is negative (1-6 % reduction). For sites in the suburban category, the 
PM2.5 data indicate a larger number of stations with positive differences in France and Italy, implying 
an increase relative to the predicted values. The calculated median reductions in PM10 are less than 
5 % with slightly stronger negative changes for PM2.5. 

Figure 2.5 - Figure 2.7 show the percentage differences between measured and modelled annual mean 
statistics (annual mean for NO2, PM2.5 and PM10 and annual mean of MDA8 for O3 as well as SOMO10 
and SOMO35 indicators)  during 2015-2019 and in 2020 for each country, separately, as calculated by 
AirGAM. The mean relative differences for each country in 2020 are furthermore listed in Table 2.1.  
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Figure 2.1 Difference between observed and predicted mean concentration (%) of NO2, PM10, PM2.5, and O3 in 2020 (100(obs-pred)/pred) as estimated by 
AirGAM for three categories of stations: i) rural background sites (left); ii) urban and suburban background (middle); iii) traffic (right). For O3 the 
data are based on the mean of the daily max 8-h running mean 
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Figure 2.2 Relative difference (percent) between measured and modelled annual mean NO2 
concentrations (100 x (measured-modelled)/modelled) as given by the AirGAM model for 
station data during 2015-2019 and 2020 for each country, separately. The boxes mark the 
25 and 75 percentiles and the lines inside mark the medians. The upper whisker extends 
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 the hinge. Data beyond the 
end of the whiskers are outliers and plotted as points. Only countries with at least 5 
stations are shown 

 

Figure 2.3 Same as Figure 2.1 for PM10 
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Figure 2.4 Same as Figure 2.1 for PM2.5 

 

Figure 2.5 Same as Figure 2.1 for the annual mean of MDA8 for O3 

 

Figure 2.6 Same as Figure 2.1 for SOMO10 
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Figure 2.7 Same as Figure 2.1 for SOMO35 

 

These results show clear reductions in the annual mean NO2 concentrations in most countries. The 
results for annual mean PM2.5, annual mean PM10,annual mean MDA8 O3 and SOMO10 do not show a 
clear spatial pattern. For SOMO35, large positive and negative deviations are found. A majority of the 
countries show levels of PM10 and PM2.5 slightly lower than expected in 2020 but the differences are 
small and not significant. Also for O3 there are small differences 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 during the restriction periods will presumably only be visible in O3 during short-
term episodes. For nearly all countries a reduction is seen (although not statistically significant) and 
this is an indication of slightly reduced levels of MDA8 in 2020 but the differences are within the 
uncertainty.  

For a number of countries, we estimate a reduction in the annual mean NO2 concentrations of 13 - 
19 % in 2020 compared to the expected concentrations. Slovenia and Slovakia (19 %), Spain (18%), 
Sweden (16 %) and France (15 %) are countries with the strongest signal of reduction in NO2. Ireland, 
however, show a substantially stronger reduction of 34 % but this is linked to the AirGAM estimating 
a strong upward trend during 2015-2019 caused by very low mean NO2 levels in Ireland in 2015 
combined with a minimum number of stations and thus we regard the estimated reduction in 2020 as 
an artefact. The strong reduction in NO2 in Sweden is somewhat surprising, considering that this was 
a country with a very different approach to the pandemic than most European countries ς the 
restriction ƳŜŀǎǳǊŜǎ ǿŜǊŜ ƻƴƭȅ άǊŜŎƻƳƳŜƴŘŜŘέΣ ƴƻǘ ŎƻƳǇǳƭǎƻǊȅ. As a median over the countries with 
at least five monitoring stations operating during 2015-2020, we estimate a reduction of 13.5 % in the 
annual NO2 concentration.  

For PM10 and PM2.5, a median reduction of the annual mean concentration of 4 % and 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 changes calculated 
for PM are negative, indicating that a small drop in the annual mean levels in 2020 occurred. For O3 
the analysis gets more difficult due to the complex and secondary nature of this species. In wintertime, 
NOx emissions tend to decrease the O3 levels and in the summer season NOx emissions tend to lead to 
increased ozone concentrations. The first and most dramatic restriction period occurred in the 
transition period (March-April) whereas the restrictions were reduced when entering the main ozone 
season (end of May ς early August). Thus, the estimated changes in the annual mean MDA8 are very 
small with a median reduction of 4 % only, presumably 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 areas and thus 
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 and changes in mean levels. To what extent the changes in 
SOMO35 shown in Figure 2.7 and Table 2.1 reflects real changes or are just reflecting uncertainties in 
the method is hard to evaluate. The basic way to read the boxplots in Figure 2.2 - Figure 2.7 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, implying that the estimated changes are not significant. 
Nevertheless, overall, a median reduction of 8 % over all countries with sufficient number of stations 
is found.  

Table 2.1 Mean relative differences (percent) in 2020 between measured and modelled annual 
mean concentrations (100 x (measured-modelled)/modelled) as given by the AirGAM 
model for all stations data in each country, separately. The table gives the values for 
annual means of NO2, PM10, PM2.5, and MDA8 for O3 as well as SOMO10 and SOMO35. 
Only countries with at least 5 stations were included 

Country NO2 PM10 PM25 MDA8 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 

CZ -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 -7 -18 

FI -13 1  -4 -6 -16 

FR -15 -4 -2 -4 -5 -10 

HR  -13  -6 -7 -8 

HU -13   -7 -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 changes in the exceedances of the annual limit values in 2020 as 
shown in Figure 2.8. These limit values are 40 ug/m3 for NO2 and PM10, and 25 ug/m3 for PM2.5. Stations 
predicted to be below the limit value while the measured value exceeded it are marked in red, stations 
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 mean concentrations for NO2 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 11 % of the traffic stations. This reflects that many sites are close to 
the limit value and just a minor reduction leads to the sites falling below these values. Also, for PM10 
and PM2.5 very few sites are found to fall below the annual limit values, but substantially fewer than 
for NO2.  

It is important to 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 exceedance show reductions is, however, a 
strong argument for the fact that many sites actually reduced their concentrations below the limit 
value due to the effect of restriction measures in 2020.  
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Figure 2.8 Monitoring stations for which the AirGAM model estimates that the annual mean levels in 2020 passed above (red) or dropped below (blue) the 
limit values for NO2, PM10 and PM2.5, respectively. Stations exceeding the limit value and for which the model estimates no change relative to the 
limit value are marked in white 
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2.1.2 Results by country and station type 

The time series of observed and predicted daily data from the AirGAM modelling have been merged 
into country- and station-type based average plots as well as difference plots for all years, species, 
countries, and station types. This section presents some examples of these results while the reader is 
referred to Annex 8 for all details.  

2.1.1.1 NO2 

All time-series plots in Annex 8 are of the type shown in Figure 2.9  that gives the mean daily NO2 levels 
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 interval and restriction periods 
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 NO2 a clear signal of the restrictions is seen in many countries, and particularly 
for Spain and other countries that introduced the toughest restriction measures from mid-March 2020. 
As seen from , at traffic stations in Spain a sudden drop in the observed NO2 levels relative to the 
expected levels occurred exactly as the restrictions were introduced. 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 October-November) the measured levels are 
again lower than the predictions, but the difference is much smaller than in spring. 

As an example of a country that shows a less clear signal of the restriction period, Figure 2.10 gives the 
mean results for NO2 at traffic sites in the Czech Republic. In contrast to the results for Spain, the 
reduction in NO2 during the first restriction period (which also was considerably shorter than in Spain) 
is very minor and within the uncertainty of the AirGAM calculations. On the other hand, when a second 
restriction period was 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 year for most of the days.  

For more details on each individual country and station category, the reader is referred to the plots in 
Annex 8. 
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Figure 2.9 The upper panel shows the average observed (blue) and predicted (red) daily mean NO2 
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 95 % confidence interval. The start and the end of the first restriction period is 
marked with dotted lines 

 

  




















































































































































































