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Summary  
Estimating the impact of the COVID-19 crisis on air quality is not as simple as it seems. In this report, the 
effects of the COVID-19 related lockdown on the concentrations of various pollutants are estimated 
ǳǎƛƴƎ ŀ άwŀƴŘƻƳ CƻǊŜǎǘέ όwCύ ƳƻŘŜƭ όŦƻǊ ǿŜŜƪǎ мн ǘƻ мф ƛƴ нлнлύΦ 

With an RF model, the effect of the meteorological conditions can be separated from the effects of 
changes in the emissions as a result of the corona lockdown which started in mid-March 2020. 

This exercise was carried out for different types (traffic, urban, background) of measuring stations in the 
three Belgian regions1. 

Based on the RF model exercise, it appears that the (soft) lockdown measures had a variable effect on 
air quality (weeks 12 - 19): 

- There is a clear positive impact on the concentrations of typical traffic-related pollutants such as 
nitrogen oxides (NOx), nitrogen dioxide (NO2) and black carbon. Without the COVID-19 crisis, the 
concentrations of these substances would have been more than 50% (NOx) and 35-40% (NO2 
and black carbon) higher at the most motor vehicle congested measurement locations. This 
impact decreases when or where there is less motorised traffic in the vicinity of the measuring 
stations. 

- The corona measures seem to have only a limited impact on the particulate matter 
concentrations (PM2.5 and PM10). After all, the ŎƻƴǘǊƛōǳǘƛƻƴ ƻŦ ǘƘŜ άǇǊƛƳŀǊȅέ ƻǊ ŘƛǊŜŎǘly 
emitted particulate matter to the total concentration of particulate matter is limited: particulate 
matter has many sources other than motorised traffic. Industry, households and agriculture are 
also important sources of particulate matter. These sectors were less affected by the corona 
crisis.  

- There is a negative effect on the ozone concentrations: ground-level ozone (troposphere) is a 
complex game between ozone formation and depletion. The amount of substances (nitrogen 
oxides and volatile organic compounds) to form ozone remained high enough despite the 
reduction in emissions of these substances. However, with less traffic there was less ozone 
depletion, resulting in an increase in ozone concentrations. 

 
The results from this report were used in the VMM report άhet Effect van COVID-19-maatregelen op de 
luchtkwaliteit in VlaanderenέΦ  

 

1 The air quality monitoring networks are operated by the Vlaamse Milieumaatschappij (https://www.vmm.be) in Flanders, by 
l´Institut Scientifique de Service Public (https://www.issep.be) and the Agence Wallonne de l'Air et du Climat (AWAC) 
(http://airclimat.wallonie.be) in Wallonia, and in Brussels by the Brussels Institute for Environmental Management 
(https://www.ibgebim.be). 

https://www.vmm.be/publicaties/effect-van-covid-19-maatregelen-op-de-luchtkwaliteit-in-vlaanderen
https://www.vmm.be/publicaties/effect-van-covid-19-maatregelen-op-de-luchtkwaliteit-in-vlaanderen
https://www.vmm.be/
https://www.issep.be/
http://airclimat.wallonie.be/
https://www.ibgebim.be/


1. Separating the influence of meteorological conditions and changes i n 

emissions  
Quantifying the impact of the lockdown measures on air quality on the basis of (only) measurements is 

not as simple as it seems. After all, the concentrations of harmful substances in the air are not only 

determined by the emissions, but also by the weather conditions. By comparing the measurements after 

the start of the lockdown with periods immediately before the lockdown or with periods in previous 

years, it is not easy to distinguish the effect of changes in emissions and weather conditions. This 

problem was already outlined in the news report at the beginning of April 2020. 

A Chemical Transport Model (CTM)  can be used to isolate the individual effect of the corona measures 

on air quality from the effects of meteorological conditions. CTMs are models that simulate the complex 

physical and chemical processes in the atmosphere with mathematical algorithms. These models use 

emissions, meteorological and geographical data as input. If the effect of the corona measures on the 

emissions can be estimated, a CTM model can be used to determine the impact of only the change in 

the emission (the meteorological conditions remain the same) on the concentrations in the air. Two 

ƳƻŘŜƭ Ǌǳƴǎ Ƴǳǎǘ ǘƘŜǊŜŦƻǊŜ ǘŀƪŜ ǇƭŀŎŜΥ ƻƴŜ ǿƛǘƘ άƴƻǊƳŀƭέ ƻǊ ά.ǳǎƛƴŜǎǎ !ǎ ¦ǎǳŀƭέ ό.!¦ύ ŜƳƛǎǎƛƻƴǎ ǿƘŜǊŜ 

it is assumed that there would have been no corona crisis and one with the emissions as estimated 

during the lockdown. The difference between the calculated concentrations of the two model runs is the 

separate effect of the corona measures on air quality. 

These kind of model calculations have a number of advantages (you can make a calculation for the 

entire territory, also in places where no measurements are available) but are complicated. In addition, a 

correct estimate of the emission changes during the lockdown is necessary. This is not easy: a decrease 

in motorised traffic volume results in less traffic-related pollution, but it is not easy to estimate exactly 

how much. It is also not yet clear what the impact is of the corona measures on emissions in other 

sectors. 

2. Random Forest models  
Random Forest (RF) models are a relatively new type of machine learning models that are able to 

determine non-linear correlation between variables from large datasets 

(https://link.springer.com/article/10.1023/A:1010933404324). For this, an RFmodel is first trained: the 

model uses decision trees to determine the relationship between a parameter (in this case the 

concentration of an air pollutant) and variables (for example the wind direction, temperature, ...), that 

individually have only a limited predictive value in many cases. All the decision trees are then bundled 

into one so-called "random forest". By combining all the decision trees you obtain an algorithm that 

makes a robust prediction for a parameter (in this study the concentration of a pollutant in the air) with 

a set of variables (for example, meteorological parameters) that you used in the training process. 

Based on the measured concentrations and the associated set of meteorological (and possibly) other 

variables froƳ ǘƘŜ ǇŀǎǘΣ ǿŜ Ŏŀƴ άǇǊŜŘƛŎǘέ ǘƘŜ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ ǘƘŜ ƳŜŀǎǳǊŜŘ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ŀƴŘ 

those weather and other variables using a Random Forest model. Using an RF model we can also try to 

https://www.irceline.be/nl/nieuws/impact-van-de-coronamaatregelen-op-de-luchtkwaliteit
https://link.springer.com/article/10.1023/A:1010933404324


estimate the individual effect of the lower emissions from motorised traffic during the corona lockdown 

by comparing the model results with measured concentrations. The big difference with CTM models is 

that with this approach it is not necessary to use emission data as input. 

Various tools are now available to set up a Random Forest model. In this exercise we used the 

άǊƳǿŜŀǘƘŜǊέ όhttps://CRAN.R-project.org/package=rmweather) package for the statistical software 

ǇǊƻƎǊŀƳ άwέΦ ¢ƘŜ ǇŀŎƪŀƎŜ ƛǎ ǎǇŜŎƛŦically designed to study the variation in pollutant concentrations due 

to varying meteorological conditions using the Random Forest technique. 

3. Validation of the  Random Forest model  
An RF model was set up and trained with the daily mean pollutant concentrations and a series of 

weather parameters (daily mean, minimum and maximum wind speed, wind direction, daily mean, 

minimum and maximum temperature, relative humidity, atmospheric mixing layer height and 

cloudiness). The day in the year (as a seasonal trend), the day of the week (to estimate the effect of the 

weekday and weekend day) and the elapsed time (as an indicator for the long-term trend) since 

1/1/1970 (the so-ŎŀƭƭŜŘ άǳƴƛȄ ǘƛƳŜǎǘŀƳǇέύ ŀǊŜ ǳǎŜŘ ŀǎ ŀŘŘƛǘƛƻƴŀƭ ǾŀǊƛŀōƭŜǎ ǘƻ ǘǊŀƛƴ ǘƘŜ ƳƻŘŜƭΦ CƻǊ ǘƘe 

training data from 1/1/2015 to 29/2/20202 was used, i.e. the period until just before the introduction of 

the corona measures. 

The meteorological dataset was created based on the measurements in the telemetric weather stations. 

The list of measuring stations used can be found in Table 1. 

Table 1: Weather stations from the monitoring networks of the three regions used for the meteorological 

dataset. 

Station code Region Municipality 

T2M802 Flemish Region Antwerp 

T4M701 Flemish Region Ghent 

T4N029 Flemish Region Veurne 

T1M003 Brussels-Capital Region Molenbeek 

T5M501 Walloon Region Charleroi 

T3M202 Walloon Region Liège 

T3M205 Walloon Region Sainte-Ode 

 

The following parameters measured in these stations were used: wind speed, wind direction, 

temperature and relative humidity. Data from the European Centre for Medium-Range Weather 

Forecast (ECMWF) were used for the mixing layer height and the degree of cloudiness. 

Figure 1 shows the shared dependencies of the input parameters after training of the RF model for 

nitrogen dioxide (NO2) in the traffic measuring station 42R802 in Borgerhout. These figures thus 

represent the individual effect of a parameter on the modelled concentration. This shows that the 

 

2 The time series is shorter for a number of measurement locations and pollutants. 

https://cran.r-project.org/package=rmweather


model can realistically estimate the relationships that exist between the weather parameters and air 

pollution (for example, higher NO2 concentrations at lower wind speed and mixing layer height). The 

relationships between the time-bound variables and the NO2 concentrations (such as lower NO2 in the 

summer months and during the weekend) are also within expectations. 

Figure 1: dependence of the different input parameters after training the Random Forest model. 

 

To assess the performance of the RF algorithm in predicting the concentrations of a pollutant at an air 

quality measurement station based on the meteorological and time-dependent variables, a random test 

set was made: 20% of all days in the measurement series between 1/1/2015 and 29/2/2020 were 

excluded to train the model. The selection of those 20% days was done randomly by the computer 

program. The remaining 80% of the days were thus used to train the model. When the concentrations 

ŎŀƭŎǳƭŀǘŜŘ ōȅ ǘƘŜ wC ƳƻŘŜƭ ƻƴ ǘƘŜ άǘŜǎǘ Řŀȅǎέ ŀǊŜ ŎƻƳǇŀǊŜŘ ǿƛǘƘ ǘƘŜ ŀŎǘǳŀƭƭȅ ƳŜŀǎǳǊŜŘ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎΣ 

an independent estimation of the performance of the model can be made. Independent because the 

test days were not included in the training. 

  



Table 2: measurement stations, classification and pollutants for which a Random Forest model was set 

up 

Code Measuring point Region Classification Weather 

station 
NOx NO2 PM2.5 PM10 BC O

3 

42R801 Antwerp (Borgerhout) VLA urban background T2M802 x x x x x x 

42R802 Antwerp (Borgerh-straat) VLA urban street T2M802 x x x x x  

42R803 Antwerp (park spoor N) VLA urban background T2M802 x x x x x  

42R804 Antwerp (Ring) VLA urban street T2M802 x x x x x  

42R805 Antwerp (Belgiëlei) VLA urban street T2M802 x x x x x  

42R817 Antwerp (Wilrijk) VLA suburban/inner city T2M802 x x x x x  

44R701 Ghent (Baudelo) VLA urban background T4M701 x x x x x x 

44R702 Ghent (Gustaaf Callier) VLA urban street T4M701 x x x x x  

44R703 Ghent (Lange Violettestraat) VLA urban street T4M701     x  

44N029 Veurne (Houtem) VLA background T4M029 x x x x x x 

42N040 Sint-Pieters-Leeuw VLA background T1M001 x x    x 

42N016 Dessel VLA background T2M8023 x x x x x x 

42N046 Lanaken (Gellik) VLA background T2M802Error! 
Bookmark not 

defined. 

x x    x 

41B001 Brussels (Kunst-Wet) BRU urban street T1M001 x x     

41R001 Molenbeek BRU urban street T1M001 x x x x x x 

41B004 Brussels (Katelijne) BRU inner city T1M001 x x    x 

41R012 Ukkel BRU urban background T1M001 x x x x x x 

45R501 Charleroi WAL urban background T5M501 x x x x   

45R502 Charlerloi (Lodelinsart) WAL urban background T5M501 x x x x  x 

43R401 Namur WAL urban background T5M501 x x x x  x 

43R222 Liège WAL urban background T3M202 x x x x  x 

43N060 Havinnes WAL background T5M501 x x x x  x 

43N063 Coroy-Le-grand WAL background T5M501 x x x x  x 

43N100 Dourbes WAL background T3M202 x x x x  x 

 

 

3 For the weather parameters (except mix layer height and cloudiness) in the monitoring stations Dessel (Kempen) and Lanaken (East Limburg), 

the weather station in Antwerp was used because no weather stations are available in the immediate vicinity of these stations. 



An RF model was set up for 6 pollutants and 13 measurement points in Flanders, 4 in Brussels and 7 in 
Wallonia. Based on these measurement locations, in a next step (see 4), we can obtain a global picture 
of the impact of the corona lockdown measures on air quality in Belgium (on urban street, urban 
background and background measurement locations). For more details about the measurement 
locations and the pollutants per measurement location, see Table 2. 
 
Figure 2 shows the scatter plots for the pollutants (NOx, NO2, O3, PM2.5, PM10 and BC) for the urban 
background measuring stations Antwerp-Borgerhout (42R801), Molenbeek (41R001) and Namur 
(43R401). On the x-axis the measured daily mean concentrations are shown, on the y-axis the predicted 
daily mean concentrations by the random forest, based on the weather conditions and time-dependent 
variables on those days, are displayed. All of the selected pollutants (6) are measured in these 3 
measuring stations. The scatter plots for the other monitoring stations are comparable. 
 
The graphs also contain a number of statistical measures that indicate how the model is performing (for 
more information about this, see Appendix I: Statistical validation indicator). Table 3 shows the median 
of these measures for all stations per pollutant. Based on these statistics, we can say that the RF model 
can reliably estimate the concentrations for NOx, NO2, O3 and BC (high R², low MB, and acceptable 
RMSE). For NOx, NO2, O3 and BC 75 to 80% of the variance can be explained by the RF model. For PM2.5 
and PM10 the validation statistics (especially the R²) show somewhat less agreement, but the results are 
still acceptable: 50 to 60% of the variance can be explained by the model. It is important to take this into 
account when the RF model is used to calculate the impact of the corona measures (see 4). 
 
The scatter plots also show that the RF model slightly overestimates the lowest concentrations and 
slightly underestimates the highest concentrations. This is clearly more pronounced for PM2.5 and 
PM10. 
 
This validation exercise shows that when the temperature, wind direction, wind speed, day of the week, 
etc. are known on a day and when there are no sudden changes in emissions, a reliable estimate can be 
made of the pollutant concentrations on that day. We can only perform this validation at places where 
measurements are available and where a sufficiently long time series of pollutant concentrations and 
weather variables are available. 
 

Table 3: Statistical validation parameters (median selection of measuring stations) per pollutant 

 R² RMSE RRMSE MB NMB 

NOx 0.73 11.80 28.8% 0.32 1.7% 

NO2 0.76 4.37 15.5% 0.19 0.5% 

PM2.5 0.61 4.33 34.7% 0.34 2.9% 

PM10 0.54 5.17 24.4% 0.27 1.8% 

BC 0.75 0.36 24.3% 0.03 0.8% 

O3 0.84 6.95 15.6% 0.15 0.1% 

  



Figure 2: validation of the RF model for the urban background measurement stations 42R801 (Antwerp-

Borgerhout), 41R001 (Brussels-Molenbeek) and 43R401 (Namur) for 6 pollutants. The measurement 

results are shown on the x-axis, the RF model results on the y axis. The blue line is the regression line. The 

black dashed line is the x = y line, the grey dashed lines mark the interval where the measurements and 

the RF model results differ by a maximum of a factor of 2. 

  

  



  

  

  



  

  

  



  
 

4. Impact of the corona lockdown measures on air quality   
Now that it is clear that with the RF model the concentrations can be reliably estimated based on a 

training set of meteorological and time-bound parameters, we can also use the method to estimate the 

individual effect of the corona measures. To this end, an RF model was set up per monitoring station 

and per pollutant with the same historical (daily mean) pollutant concentrations and meteorological 

measurements as in Chapter 3. The model was trained with data from 1/1/2015 to 29/2/2020 and 

applied to the period from 1/3/2020 to 10/5/2020. Because the period after the corona lockdown was 

not included for training the model, the RF model cannot take into account the impact of the corona 

measures on the pollutant concentrations. The concentrations calculated by the RF model after entering 

the lockdown are the concentrations as estimated by the model based only on the weather conditions 

and time-related variables such as long-term trend, seasonal trend and weekly trend in this period. Or in 

other words, the ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ŀŎŎƻǊŘƛƴƎ ǘƻ ŀ .ǳǎƛƴŜǎǎ !ǎ ¦ǎǳŀƭ ǎŎŜƴŀǊƛƻ όά.!¦έύΣ ƛŦ ǘƘŜǊŜ ǿƻǳƭŘ ƘŀǾŜ 

been no corona crisis and lockdown. 

The difference between the concentrations calculated by the RF model and the concentrations actually 

measured at a measurement location are then a measure of the impact of the corona lockdown 

measures (including significantly less motorised traffic) on the air quality during the lockdown period. 

The RF model was set up for the same pollutants and measuring stations as used in the validation of the 

model (see 3). 

In the period before the lockdown, there were a number of periods (February) with stormy weather and 

associated high wind speeds that resulted in favourable dilution conditions and little air pollution. The 

fact that the weather conditions became more adverse after the start of the lockdown is shown in 

Figure 3Φ ¢Ƙƛǎ ŦƛƎǳǊŜ ǎƘƻǿǎ ǘƘŜ ǿŜŜƪƭȅ ŀǾŜǊŀƎŜ άǾŜƴǘƛƭŀǘƛƻƴ ŦŀŎǘƻǊέ ŦƻǊ !ƴǘǿŜǊǇΣ Brussels, Charleroi and 

Liège. The ventilation factor is the product of the wind speed and the mixing layer height. 



 

The higher the ventilation factor, the better the dispersion or dilution conditions in the atmosphere. 

Equal emissions will result in lower concentrations at a high ventilation factor. If the ventilation factor is 

low, pollution accumulates and the concentrations are higher. This is also clearly visible on Figure 3: 

during week 4 in 2020 the average ventilation factor was very low. This resulted in very high 

concentrations (see later). The fact that the meteorological conditions became less favourable  for air 

quality (less dispersion) after entering the lockdown is an element that must be taken into account in 

what follows. 

Figure 3: weekly average ventilation factor (wind speed x mixing layer height) for the measurement 

locations Antwerp (T2M802), Brussels (T1M003), Charleroi (T5M501) and Liège (T3M202) during 

week 1 to week 19 in 2020. The vertical blue dotted line indicates when the (soft) lockdown period was 

introduced in Belgium (19 March 2020). 

 

 
 

Figure 4 shows (as an example) the measured and modelled daily mean NO2 concentrations in the 

period 1/1/2020 - 10/5/2020 for the street stations 41B001 (Brussels, Kunst-Wet) and 42R802 (Antwerp-

Borgerhout) and the background stations 44N029 (Veurne close to the coast) and 43N100 (Dourbes in 

the Ardennes) 



Figure 4: measured (blue) and modelled (red) daily mean NO2 concentrations in the urban street stations 

in Brussels (41B001) and Antwerp (42R802) and the rural background stations in Veurne (44N029) and 

Dourbes (43N100). The vertical blue dotted line indicates when the (soft) lockdown period was 

introduced in Belgium (19 March 2020). 

 

 



 

 
 

Figure 4 ŎƭŜŀǊƭȅ ǎƘƻǿǎ ǘƘŀǘ ǘƘŜ wC ƳƻŘŜƭ ǎƛƎƴƛŦƛŎŀƴǘƭȅ άƻǾŜǊŜǎǘƛƳŀǘŜǎέ ǘƘŜ NO2 concentrations in the 

urban street stations in Antwerp and Brussels on almost every day after the lockdown has started. Based 

on the weather conditions and the time-bound indicators, the concentrations in a BAU scenario or a 



ǎŎŜƴŀǊƛƻ άƛŦ ƴƻ ƭƻŎƪŘƻǿƴ ƘŀŘ ǘŀƪŜƴ ǇƭŀŎŜέ ǿƻǳƭŘ ƘŀǾŜ ōŜŜƴ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƘƛƎƘŜǊΦ ¢ƘŜ ŘƛŦŦŜǊŜƴŎŜ ōŜǘǿŜŜƴ 

the RF model results (red line) and the levels as measured in practice (blue line) can be considered as 

the impact of the corona measures on the NO2 concentrations in the street stations in Antwerp and 

Brussels. NO2 is a typical traffic-related pollutant. The reduction in car traffic causes a decrease in NO2 

concentrations at a measurement location that is strongly influenced by emissions from (local) road 

traffic. 

In the background stations in Veurne (coast) and Dourbes (Ardennes) there is less difference between 

the measured and the calculated NO2 concentrations. This is an indication that less traffic during the 

corona lockdown had less impact on the NO2 concentrations in the monitoring stations that are more 

remote from motorised traffic sources. 

The RF model calculates daily mean concentrations. In the following sections, we use weekly averages to 

discuss the impact of the corona measures in more detail and per pollutant. For this purpose, the 

measured and the daily mean concentrations calculated by the model were averaged for week 1 to 

week 19 in 2020. 

4.1 Nitrogen oxides (NO x) 
NOx (or the molar sum of nitrogen dioxide or NO2 and nitrogen monoxide or NO) is the form in which 

nitrogen oxides are emitted by emission sources such as road traffic. When NOx is emitted by these 

sources, it is largely nitrogen monoxide (NO). In street stations, motorised traffic in the immediate 

vicinity is, in particular, the main source of NOx. 

Usually, no separate analysis is made in air reports for NOx in the open air. For this model exercise, NOx 

is used as a separate air pollutant because the amount of NOx in the air is more directly linked to the 

emissions (and the amount of) car traffic compared to nitrogen dioxide (NO2). NO2 is also directly 

emitted to a limited extent, but is mainly a secondary component that is formed in the troposphere4 

(among other things from very fast reactions between NO and ozone). The amount of NO2 in the air, 

also in street stations, is not only determined by local traffic but also by more distant sources. NOx is 

therefore one of the pollutants on which we expect the biggest effect from the lockdown, which 

resulted in a sharp drop in motorised traffic volume. 

Figure 5 shows the weekly mean measured concentration (blue) and the difference between the 

measured by the RF model and the measured weekly mean NOx concentration (red) for 4 types of 

measurement locations and two stations each for the first 19 weeks in 2020. The corona lockdown 

started in week 12. 

It is striking that the measured weekly average NOx concentration at the urban street monitoring 

stations is lower from week 12 (after the start of the lockdown) than the weeks before, despite  

significantly less favourable weather conditions for air quality (see Figure 3 and corresponding 

explanation above). The red bars, the difference between the expected (BAU) and the measured 

concentrations, however, indicate that based on this less favourable weather and the time-related 
 

4 the lowest layer of Earth's atmosphere 



variables, the RF model calculates higher NOx concentrations than what appears from the 

measurements. This effect is greatest for the urban street monitoring stations and is slightly less 

pronounced for the urban background and suburban/inner-city stations and much less for the 

background stations on the coast and in the Ardennes. The size of the red bar is a measure of the impact 

of the significantly lower traffic volumes after entering the lockdown, resulting in less NOx emissions and 

therefore lower NOx concentrations. 

The (relative) difference is shown by the blue bars per week. The (relative) mean difference for the 8 

weeks after the lockdown is indicated at the bottom of the figure. The difference in the 8 weeks before 

the lockdown is also shown. The fact that the reduction percentage in the weeks before the lockdown is 

not 0 indicates that the model cannot perfectly predict the concentrations based on meteorological 

parameters only (see 3). 

The decrease (or increase) in the concentrations for the other measuring stations are shown in Table 4 

(absolute figures) and Table 5 (relative or percentage figures).  



Figure 5: measured weekly mean (blue) and the difference between the expected (RF model) and the 

measured (red) NOx concentration for the first 19 weeks in 2020 in 4 types of monitoring stations. From 

top to bottom: urban street, suburban/inner city, urban background and rural background. The dotted 

blue line indicates week 12, the start of the corona lockdown measures. The percentages in the blue bars 

indicate the decrease (or increase) of the weekly mean NOx concentration compared to the (expected) 

concentrations calculated by the RF model. 

 

 












































