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Outline

The role of science in shaping air quality policies:

1) A historical perspective and recent developments

 🏭 Historical evolution of air pollution science and policies

🌍 Emergence of international and EU frameworks

🇪🇺 Scientific input into recent EU air quality policies and 
legislative updates

2) Modern scientific tools for policy support
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📑 What do you believe was 
the first instance where air 
pollution shaped a public 
action or policy? 
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... this goodly frame, the earth, seems to me a sterile promontory, this 
most excellent canopy, the air, look you, this brave o'erhanging firmament, 
this majestical roof fretted with golden fire, why, it appears no other thing 
to me than a foul and pestilent congregation of vapours.

William Shakespeare (1564-1616), Hamlet, Act II, Scene II

Getty Images
Jeff J Mitchel
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Knowledge and policy development
a short history

Early 21st century
Continued urbanization and 
emissions efforts

Current era
Global efforts towards clean energy 
and reducing emissions

Late 20th Century
Regulation of industrial and 

hazardous pollutants

Mid 20th Century
Urban smog problems become 

prominent

Ancient Rome
Air pollution from wood and 

charcoal burning

Medieval Period
Increased indoor and urban air 

pollution from open hearths

Industrial Revolution
Coal-powered factories increase 

urban air pollution

Late 19th Century
Steam engines contribute to air 
pollution

Early 20th Century
Rise of automobiles increases 
emissions
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61 d.C. Seneca

“As soon as I have left the heavy air of Rome and 
the fetor of the smoking chimneys that, mixed, 
pour their stinking vapours and soot I noticed a 
change in my conditions. You can imagine how 
stronger I felt after arriving at my vineyards.“
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Effects and first policies 

Corpus Ippocratico 
(400 b.C.)  Air, Water, 
Sites: underlines the 
importance of good 

air quality

Jurist Aristo (I century 
a.C.), declare that “a 
cheese shop should 
not emit smoke into 

the upper floor"

Justinian (535 a.C.) 
“For the law of nature 
the following things 
are common goods 

for mankind: air, 
water and sea"
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England: first actions and research!
(XIII-XV century)

Angus Stevenson

1285 

In London a commission to investigate the 
issue of bad air quality due to the use of 
coal is established 
 

1307-1327  1377-1399 1413-1422

Edward I: enacts a royal decree to prohibit 
the use of coal due to its negative effects on 
citizens and the damage to human health

Edward II: a man is tortured for having 
polluted air with the stinking smell of coal

Riccardo III, Enrico V: first kind of taxation 
to reduce the use of coal, committee to 
investigate coal flows in the city of London   
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The dawn of knowledge...

1661 John Evelyn

Understands sources, effects and control 
aspects. Suggests a correlation between 
the mortality rate contained in documents 
from London and the frequencies of 
particularly severe fog episods 
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1760

Agricultural
commercial

craft
system

1830 1870 1970

Development of
textiles and metallurgy

Electricity and chemical products
are introduced

coal

oil

First industrial 
revolution

Second industrial  
revolution

natural gas

The industrial revolution
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Acid rain…………… and ordinances

Robert Angus Smith

1848 England

Public Health Act, followed by other 
attempts to limit emissions

1880 United States of America

Ordinances to limit emissions of 
smoke and ashes

1852 Detailed publication about connection 
between acid rain, due to sulphates and 
nitrates and air pollution

Acid Rain – expression is invented

(we have to wait until the 1960s for a more 
deepened study!)
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year

(Data from U.S. Energy Inf. Admin, BP, Int. Energy Agency, and UN)
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The boost of development prevails: 
the big disasters

1930 Meuse Valley, Belgium
6 days: combination of low T, 
fog and lack of wind; 
63 deaths and 6000 ill 

1948 Donora, USA
6 days: cold, lack of wind, 
thick fog; 
20 deaths and 6000 ill

1943 Los Angeles, USA
1 day: smog invades the city
Inflammation of throat and eyes
People believe it is a Japanese 
attack



16

The boost of development prevails: 
the big disasters

1952 London, The Big Smoke
4 days: cold, lack of wind, thermal 
inversion; 3000-4000 deaths and 
about 100.000 ill

Preceded by a cold period with a 
larger use of coal in buildings and 
in power plants
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1956 CLEAN AIR ACT, UK
Ø Measures to reduce 

air pollution 
Ø 'smoke control areas' 

in some towns and 
cities where

ü only fuels that did not 
emit “smoke” could be 
burnt

ü reducing then the 
use of coal

1963 CLEAN AIR 
ACT, USA
Ø Promote good air quality
Ø encourage prevention 

and control programmes
Ø provide technical and 

financial assistance for 
prevention al local and 
national level

More efficient policies: Clean Air Acts
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Coal use surge and decay 



Coal consumption and air quality in London

airqualitystripes.info



The limits to growth, 1972
A groundbreaking environmental warning

Measured CO2 in 
2000: 370 ppm!19
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Europe ravaged by acid rain…
Protected areas from acidity

• Acid rain extensively described in the ‘60s

• Ground-level ozone threat to ecosystems 
identified in the ‘70s

• Forest decline recognized in the ‘80s

• Eutrophication of ecosystems by nitrogen 
deposition recognized in the ‘80s-’90s

Svante Oden



……with the public awareness growing…

Greenpeace (1971) Earth day (1970)

The German Green Party (1980)



…develops its environmental policies

1

4
3

2

1972
European Council 
establishes the 
European 
Environment Policy
First European 
Environmental 
Programme

1981
European 
Commissions sets 
up its Directorate 
General for 
Environment

1983
UN Convention on 
Transboundary Air 
Pollution enters into 
force

1985
European Commission 
launches CORINE 
programme that will 
inspire the birth of 
European 
Environment Agency
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Overview of Air Quality policies

1979

UN Convention 
on Long-Range 
Transboundary
Air Pollution

1996 2001

20081999

Gothenburg Protocol 
for multi-pollutants to 

abate acidification

Air Quality 
Framework

Directive
96/62/EC

National 
Emission 
Ceilings 
directive

2001/81/EC

IPPC directive 2008/1/EC
Air Quality directive

2008/50/EC
2012

2009

Revision of the 
Gothenburg Protocol

Air Quality
directive 
70/220/EEC

Air Quality
directive 

80/779/EEC
85/203/EEC

Air Quality
directive 
99/30/EC
99/13/EC

Fuel Quality 
directives
98/70/EC 
99/32/EC

EURO standards
for vehicles
99/13/EC

1980     1985

1987/94            1997/98

CLRTAP SO2 /VOC/NO2 
reduction Protocol

1993
Fuel Quality

directive 
93/30/EC

2005

Fuel Quality
directive 

2003/17/EC
2005/33/EC

Fuel Quality 
directive 

2009/30/EC
EURO 

standards
for vehicles

2009/126/EC

EURO 
standards 

for vehicles 
94/63/EC

Industrial 
Emissions 
Directive
2010/75/EU

2010

1970

CAFE Programme
COM(2001) 245

CAFE 
directive

COM(2005) 
446-447

2013

Clean Air Policy Package  
National Emission Ceilings
directive
COM/2013/0920
Emissions medium 
combustion plans 
Directive 
COM/2013/0919
Amendment to 1999 
Gothenburg Protocol  
COM/2013/0917

Fitness check of the 
Air Quality Directives

2017 2019

Adoption  
National Emission Ceilings
Directive (NEC)
COM/2016/2284

Air Quality 
directive
2004/107/EC

2004 2016

2024

The EU 
Green Deal

Zero Pollution 
Action Plan

2021

New Ambient 
Air Quality 
Directive

Revision of 
National 
Emission 
Reduction 
Commitments 

2025

Blue = European Union    Red = International
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Have EU air quality policies worked?
scientific evidence
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EU-27 population exposed to different 
concentrations of PM2.5

30 years of improvements
air quality in EU

The Fourth Clean Air Outlook, 2025

Above the 
limit value
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Achieved results
from Ispra site (VA) 

PM10 reduction
1 µg/m³/year

Ozone max and
average increased 
in the last 10 years

SO2 – levels 7 times
smaller than in the 90s

NO2 – levels 36% 
smaller than in the 90s

European 
Commission
Atmospheric 
Observatory
Ispra

https://publications.jrc.ec.europa.eu/repository/handle/JRC135626
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Key scientific inputs across time

1 2

3

45

6

WHO guidelines 
The WHO's evolving air quality 
guidelines have been central to setting 
EU air quality standards, with each 
update spurring tighter regulation.

Health impact studies 
Research linking air pollutants (SO₂, 
NO₂, PM10, PM2.5, lead, ozone) to 
respiratory diseases, cardiovascular 
conditions, and premature death.

Transboundary 
pollution research 

Studies showing that air pollution 
crosses national borders have led to 
EU-wide emission ceilings and 
collective action to reduce pollution.

Technological 
advances 

Improved air quality monitoring and 
data collection have provided more 
precise measurements of pollution 
levels, informing policy decisions.

Integrated climate and 
air quality research 

Studies showing the co-benefits of 
reducing greenhouse gases and air 
pollutants have driven policies that 
address both climate change and air 
quality.

Real-Time and Long-
Term air quality data 

Increased data availability and the 
ability to monitor pollution trends 
over time have been critical in 
evaluating the success of policies and 
adjusting them as necessary.
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Questions?
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Let’s take a break
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How do air quality policies work together?

At international level
UNECE Air Convention and its 
Protocols (e.g. the Gothenburg 
Protocol with national emission 
limits for 2010 and 2020)

At EU level
STRATEGIC OBJECTIVES: EU Clean Air Programme
EMISSION LIMITS: National Emission Reduction 
Committments (NEC) Directive
AIR QUALITY LOCAL LIMIT VALUES: Ambient Air 
Quality Directives
SOURCE SPECIFIC LEGISLATION: Industrial Emissions 
Directive, Euro and energy efficient standard, etc.

At National level
National Legislation and local 
instruments
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Role of science in current air quality policies

UNECE Air Convention

At international level At EU level
EU Green Deal

Air Quality Directive

At National level
Cities and air pollution
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UN ECE Air Convention
United Nations Economic Commission for Europe

Since 1979
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UN ECE Air Convention
United Nations Economic Commission for Europe

8 PROTOCOLS
setting emission reduction 
commitments for various 
pollutants

INFORMING
Capacity-building programme

INVOLVING
outreach beyond the UNECE region

EFFECTIVE
compliance mechanism

SOLID
science-policy interface
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UN ECE Air Convention
United Nations Economic Commission for Europe

Science as major contributor of impressive results
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Role of science in current air quality policies

At EU level
EU Green Deal

Designing the new 
Air Quality Directive
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Air pollution costs 
and benefits

2050 vs 2015

Premature deaths 
ozone and PM 2.5
(1000 cases per year)

-146

Air pollution control 
costs (bn€/yr) -45

SUM pollution control 
costs & health 
damage (bn€/yr)

-218 to -459

Air Quality and the urgency to act 
a path toward a Clean Planet for All 

In depth analysis with scenarios in support to 
the Commission Communication “A Clean 
planet for all”, 2018

Maximising 
benefits 
Energy 
efficiency, 
renewables
,…

Embrace 
clean, safe, 
connected 
mobility

Competitive 
industry and 
circular 
economy

Full benefits of 
bioeconomy 
and carbon 
sinks

Develop 
Carbon 
capture and 
storage
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EU Green Deal 

01

02

03

04

05

Climate neutrality 
by 2050

Economic growth 
decoupled from 
resource use

Just transition

Protection and 
restoration of 
biodiversity

Zero pollution 
ambition

Achieve a toxic-free 
environment with 
clean air, water, and 
soil.
Reduce pollution from 
its sources

Ensure that the 
transition to a 
sustainable economy is 
fair and inclusive.
Provide support to 
regions, industries, and 
workers affected by the 
transition

Promote economic 
growth that does not 
depend on increased 
resource use.
Foster a circular 
economy

Halt and reverse 
biodiversity loss by 
protecting natural 
habitats and species.
Expand protected areas 
and restore degraded 
ecosystems 

Achieve net-zero 
greenhouse gas 
emissions by 2050.
Implement measures 
to cut emissions across 
all sectors of the 
economy

Key objectives 01

02 03

04

05
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Cross-sectoral strategies
                                    agriculture, transport, energy  and industry                                

25 % the EU ecosystems 
where air pollution 

threatens biodiversity
Reduce by 55 % the 

health impacts 
(premature deaths)

2030

05 Zero pollution 
ambition

Zero Pollution monitoring and outlook, JRC and EEA, 2022

Air quality targets 
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Towards a new EU air quality Directive
setting new objectives, standards and limits

Ambient Air Quality (AAQ) Directives
Maximum concentrations of 

air polluting substances
(PM2.5, PM10, NO2, O3, SO2, CO, C6H6, BaP, As, Cd, Ni, Pb)

µg/m3 2008 Directives WHO guidelines 2021 New Directive
PM2.5

annual 25 5 10
daily 15 25
PM10

annual 40 15 20
daily 50 45 45
NO2, annual 40 10 20
Ozone, 8 hour average 120 100 120

New 
epidemiological 

studies
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Measured and reported data; exposure
to evaluate the status

European Environment Agency
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Scenario modelling of policy impacts
to design the new Directive

< 5
5 - 10

10 - 15 

15 - 20
20 - 25

25 - 50
> 50 

[COM
Proposal]

[2008
Directive]

PM2.5 concentration 
levels (µg/m³, annual)

PM2.5 levels in 2030 with COM proposalPM2.5 levels in 2020

Impact Assessment Report EC, Proposal for the new Air Quality Directive, 2022
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Towards a new EU air quality Directive
setting new objectives, standards and limits

Ambient Air Quality (AAQ) Directives
Maximum concentrations of 

air polluting substances
(PM2.5, PM10, NO2, O3, SO2, CO, C6H6, BaP, As, Cd, Ni, Pb)

µg/m3 2008 Directives WHO guidelines 2021 New Directive
PM2.5

annual 25 5 10
daily 15 25
PM10

annual 40 15 20
daily 50 45 45
NO2, annual 40 10 20
Ozone, 8 hour average 120 100 120
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Role of science in current air quality policies

At National level
Cities and air pollution
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Large geographical 
differences in sources and 
contributions: imply 
different actions at 
different scales

European Environment Agency, 2024

Contributions from different 
administrative areas: needed 
coordinated actions at 
different governance level 
(national, regional, local)

Up to 97% of EU 
urban population is 
exposed to pollution 
levels exceeding 
WHO air quality 
guidelines

Evaluation of issues
Multiple and diverse sources: requiring 
synergies between policies (energy, 
climate, transport, industrial,…) to 
avoid counterproductive effects



49 Urban PM2.5 Atlas, Air Quality in European Cities, 2023 Report, 2023

From challenges to solutions
Understanding city role to design a mitigation plan

from which sources? from where?
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📑 What factors have 
contributed to the success 
or failure of the air quality 
policies?
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Outline

The role of science in shaping air quality policies:

1) A historical perspective and recent developments

 🏭 Historical evolution of air pollution science and policies

🌍 Emergence of international and EU frameworks

🇪🇺 Scientific input into recent EU air quality policies and 
legislative updates

2) Modern scientific tools for policy support
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Assessing air quality: monitoring

Fixed monitoring stations

Crucial role of government and 
environmental agencies in 
maintaining networks of fixed air 
quality monitoring stations 

Satellite

Cover the broad coverage and 
high resolution of data with 
limitations, such as cloud cover 
and lower accuracy compared 
to ground-based measurements 

PM

CO2

CO
NO
NO2

O3

Temperature
Relative humidity

Pressure

3cm

Sensors

rise of low-cost, portable 
sensors available also to the 
public 
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Networks of fixed stations for a global view
United Nations Environmental Programme
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Observations for reporting obligations

Above the 
limit value
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Low-cost sensor systems

1) Allow for a finer scale assessment

2) Increase spatial cover over the 
territory

3) Suffer from higher level of 
uncertainties

4) Technological improvements led to 
more accurate measurements

5) Are practical options

PM
CO2

CO
NO
NO2

O3

Temperature
Relative Humidity

Pressure

3cm
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Analytical tools and methods

Machine learning and 
Artificial Intelligence

machine learning models can 
predict air quality levels based 
on historical data and weather 
patterns 

Statistical analysis

time-series analysis, spatial 
analysis, and statistical 
modeling: R, Python, and 
specialized software 

Fr
ee

pi
k

Air quality modelling

simulating transport and 
dispersion of pollutants and 
understanding source 
contributions 
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Main components

Understanding air pollution through models

Meteorology

Chemical processes Other components
Topography, land use, wet and dry 
deposition of pollutants

Emissions
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From global to local scale

Pleim et al, EPA, 2018DX = size of the model grid

• Long range transport
• Background pollution 

levels
• International policy 

assessments

Best use
• National/regional air 

quality planning
• Policy scenario 

assessment

• Episode analysis
• Urban air quality

• Hotspot 
identification

• Health exposure 
analysis
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Integrating measurements and models
each with distinct strengths and limitations

1) Model uncertainties mitigated through 
model validation with observations or their 
integration (data assimilation)

2) Model offer support in interpolation of 
measurements
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Assessing Impacts of Air Quality 

Economic impacts

Cost-Benefit Analysis: economic 
models are used to assess the 
financial impact of air pollution 
on healthcare costs and 
productivity 

Public health impacts

Epidemiological Studies: Cohort 
studies and time-series 
analyses that link air pollution 
exposure to health outcomes 

Harvard Six Cities study, 1993

Environmental impacts

Studies assessing the impact of 
air pollution on ecosystems, 
including acid rain and its 
effects on forests and lakes and 
on crop yields
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Is clean air worth it? 
evaluating economics behind pollution control

Costs
🪙 Curb air quality 

emissions
🪙 Administrative 

actions to 
improve AQ 

management

Benefits
🪙 Health
🪙 Environmental
🪙 Economic
🪙 Social
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Baseline Policy option 3 Policy option 2 Policy option 1
2025 To attain in 2030

Air Quality 
standard

PM2.5 25 µg/m3 15 µg/m3 10 µg/m3 5 µg/m3
N2O 40 µg/m3 30 µg/m3 20 µg/m3 10 µg/m3

Key economic impacts
Mitigation 
costs

0 € 3.3 bn € 5.6 bn € 7.0 bn

Benefits 0 € 29-90.4 bn € 36.2-115.7 bn € 37.9-123.6 bn

Cost-Benefit Analysis for EU policies
How cost-benefit analysis shaped the new Air Quality Directive

Impact Assessment Report, SWD(2022) 545 final, 2022

Attainment WHO 
guidelines

chosen 
option
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Emission inventories
central data to climate and air quality modelling and policy

An emissions inventory is a 
database that lists, by source, the 
amount of pollutants discharged 
into the atmosphere during a time 
period
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How to compile them?
Emission factors
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✖
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Global greenhouse gas emissions

At national and subnational level 

Crippa et al, ESSD, 2024
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Inform about the status of country emissions
reporting obligations; checking the target achievement

European Environment Agency, 
2025

Climate Action Progress Report 2023, 
Country profile: Italy

Total GHG 
emissions 
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Tracking changes in air pollutant emissions
for policy and scientific purposes

Crippa et al, ESSD, 2018

PM2.5 emissions

1970

2012
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Questions?
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📑 Using one scien:fic method we discussed today, what 
environmental ques:on would you try to answer and why?

made with MakeBeliefsComix.com
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THANKS!
Icons from https://icons8.com; https://www.flaticon.com. Parts of the graphics By PresentationGO.com. 

https://www.flaticon.com/

