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Air Pollution: The Silent and often Invisible Killer

• Source: WHO



Latest EEA Report

• 41 European countries  - around 440,00 premature deaths in 2019

• Ireland – over 1,300 premature deaths in 2019



Particulate Matter: The problem pollutant

PM10 Particulate Matter with diameter less than 10 micrometres
PM2.5 Particulate Matter with diameter less than 2.5 micrometres

PM10 enters upper 
respiratory system

PM2.5 can penetrate 
deep into the lungs

Greater health risk 
associated with 
exposure to smaller 
particles

• Short term (hours, days) exposure: respiratory and cardiovascular morbidity, e.g. asthma
• Long term (years) exposure: death from cardiovascular and respiratory diseases, lung cancer



Latest Research

The Guardian 06/11/2020The Guardian 16/09/2018

• Tiny airborne particles found in almost all major organs



Main Air Pollutants and Sources

• Source: EPA/DCCAE



Centre for Research into Atmospheric Chemistry (CRAC Lab)

Mission: To improve our understanding of atmospheric composition and its influence
on climate, air quality, health and the environment

http://www.ucc.ie/en/crac

Simulation Chambers Mobile Laboratory Monitoring Station

Twitter: @CRAClabUCC

http://www.ucc.ie/en/crac


1. How did COVID-19 restrictions affect air quality?

2. How does air quality affect COVID-19 outcomes?



Impact of COVID-19 Restrictions on Air Quality in China and Italy

https://www.rte.ie/news/coronavirus/2020/0320/1124295-air-
pollution-is-down-will-we-take-heed-of-lessons/

• Large reductions in NO2
observed by satellite 
measurements

https://www.youtube.com/watch?time_contin
ue=5&v=SSnMuf4h-N0&feature=emb_logo

https://www.rte.ie/news/coronavirus/2020/0320/1124295-air-pollution-is-down-will-we-take-heed-of-lessons/
https://www.youtube.com/watch?time_continue=5&v=SSnMuf4h-N0&feature=emb_logo


Impact of COVID-19 Restrictions on Air Quality in India

https://www.bbc.com/news/world-asia-india-52313972

• Large reductions in 
PM2.5 significantly 
improve visibility

https://www.bbc.com/news/world-asia-india-52313972


Impact of COVID-19 Restrictions on Air Quality in Ireland

What can we expect during restrictions?

• NO2: 
Less traffic => less NO2 emissions => better air quality

• PM2.5: 
Less traffic => less PM2.5 emissions => better air quality
More time spent indoors => more residential heating emissions => worse air 
quality



Impact of COVID-19 on Air Quality in Ireland

What data can we make use of?

Meteorological observationsNational  AQ Monitoring Network



Meteorological Normalisation of Air Quality 

• Emissions are typically regular and predictable
• Removal processes depend on the weather
• Some emissions depend on the weather, e.g. 

residential heating

ØIn a given location, the main reason for 
variation in pollution levels is the weather 
(local and synoptic)
ØUnusual changes in emissions can be observed as 

model deviations from measured levels



Meteorological Normalisation of Air Quality 

Historic 
AQ 

data

Historic 
weather 

data

Weather 
data

Apply 
Predictive 

model
Predicted AQ 

Develop & validate 
predictive model

merge



Meteorological Normalisation of Air Quality 

Predicted AQ

Measured 
AQ

Compare
Agreement?

Situation is normal

Situation is changed!

YES

NO

• What do we mean by agreement?
• When does it become disagreement?



Model Training Period: NO2

R2 = 0.71



2020

12 March – 18 May

28/03

Average prediction 
error = -38 %

Average prediction 
error = 3 %

Model Test Period: NO2

Average prediction 
error = 3 %



Predicted v Measured NO2
Dublin Rathmines (48% reduction)Dublin Pearse St (57% reduction)

Cork UCC (27% reduction)

• Reductions observed at all urban sites
• Largest reductions at roadside locations
• After easing of restrictions: 

- Pollutant levels remained below 
expected levels at some sites 

- Return to business as usual for  others, 
e.g. UCC, Finglas, Phoenix Park



R2 = 0.63

Model Training Period: PM2.5



Model Test Period: PM2.5

Average prediction 
error = 4.7 %

Average 
prediction error = 
-36 %

Average prediction 
error = -77 %



Predicted v Measured PM2.5

Dublin Rathmines (47% reduction)Finglas (36% reduction)

Cork UCC (29% reduction)

• Reductions observed at all urban sites
• Largest reductions at roadside locations
• After easing of restrictions: 

- Pollutant levels remained below 
expected levels at some sites 

- Return to business as usual for others, 
e.g. Finglas, Phoenix Park



Summary 1

• COVID-19 restrictions led to reductions of 27-57% for NO2 levels at urban 
sites in Dublin and Cork

• Similar reductions in PM2.5 (20-47%) were observed at urban locations, 
although in some cases, this was surprising and needs further investigation

• The model predictions have proven to be a useful tool in understanding 
factors controlling air pollution and have great potential for determining the 
impact of interventions, e.g. travel restrictions.



How does air quality affect COVID-19 outcomes?



How does air quality affect COVID-19 outcomes?

• Exposure to PM2.5 causes inflammation and damage to the lining of the lungs over 
time, weakening the body’s ability to fend off respiratory infections.

• It is reasonable to expect that people exposed to higher levels of pollution will be 
more susceptible to COVID-19 and also have more severe symptoms

• Analysis of COVID-19 deaths and 
historic PM2.5 data (2000-2016) in USA

• An increase of only 1 𝜇g/m3 in PM2.5 is 
associated with an 11% increase in the 
COVID-19 death rate



How does air quality affect COVID-19 outcomes?

• Positive relationships between concentrations of both nitrogen oxides and PM with 
COVID-19 infectivity and mortality in England

• An increase of 1 𝜇g/m3 in the long-term average of PM2.5 was associated with a 12% 
increase in COVID-19 cases



How does air quality affect COVID-19 outcomes?

• An increase of 1 𝜇g/m3

in the annual average 
of PM2.5 was associated 
with a 5.1% increase in 
COVID-19 cases in 
Varese



Summary 2

• Rapid introduction of measures to reduce solid fuel burning will 
support the nationwide effort in tackling COVID-19

• A small increase in long term exposure to air pollution leads to a significant increase in 
COVID-19 infectivity and mortality

• Reductions in PM2.5 will provide the strongest benefits for public health
• Main sources are solid fuel burning (winter), traffic (year round) and agriculture 

(seasonal)
• Reduced emission from these sectors represent a win-win scenario for air quality, 

health  and climate

http://www.epa.ie/researchandeducation/research/researchpu
blications/researchreports/research318.html

http://www.epa.ie/researchandeducation/research/researchpublications/researchreports/research318.html
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Predicted v Measured O3
Dublin Rathmines (8% increase)

Cork UCC (2% reduction)

• Most sites show no real difference 
from the predicted value

• Increase in ozone  observed at two 
roadside locations in Dublin (Pearse
St., Rathmines) due to reduced 
emissions of NO from road vehicles



Modelling and meteorological normalisation

• A model is developed using historic air quality and meteorological data - used to 
explain and predict measured levels of air pollutants on the basis of weather and 
temporal cycles.

• Air Quality data from sites across Ireland provided by EPA Air Quality Team
• Meteorological parameters used to predict measured concentrations are:

wind speed, wind direction, rain, temperature, relative humidity, sunlight hours
In addition, the following parameters are included: 
Hour of the day, day of the week, month and year

• Used a random forest model with an ensemble of 300 regression trees and out-of-
bag sampling

• Model predictions validated against the training set (data up till end of 2019)
• Predicted concentrations of pollutants compared to measured values to quantify 

the impact of COVID-19 restrictions



Dublin city roadside (Pearse Street): 
wind speed, weekday and time of day

Cork Urban background (UCC): 
wind, time of day, season, temperature

Factors influencing the Model Predictions


