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Luigi Catani, In the presence of the Grand Duke, Galileo performs the experiment of the
falling bodies from the Tower of Pisa







Outline

 Scientific principles of climate change

* The air we breathe: understanding air quality

Climate Air pollution
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What is climate?
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It is the long-term average of conditions of the atmosphere,
oceans, and glaciers together, typically described over long-time
intervals such as months, seasons, years, decades
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The difference between
weather and climate
is a matter of time

Weather . Climate
refers to short-term changes in the atmosphere. E describes the average weather conditions in a specific

It can change minute-to-minute, hour-to-hour and day-to-day area over a long period of time — 30 years or more

of Earth's weather as well as provide essential
data over decades to monitor how

our climate is changing ; I |
1995 2000 2005 2010 2015 2020 2025 2030 2035 2040

Satellites measure several aspects ) I ‘
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Climate has always changed

)
@ S .
= N\ Temperature rises perhaps due
5 248 to carbon dioxide (CO,) emetted by volcanoes
E in the atmosphere
©
E 19"
3%
600-700 mil. years ago: Earth was covered by an
545 ice layer of 1 km from tropics to the Poles

Geological time scale



The Greenhouse effect

The visible solar is absorbed by some of
radiation arrives the gases and reemitted

with the

transformed
passes through

the atmosphere




The greenhouse gas effect is natural

'r-

Since the beginning of the Earth its atmosphere
contained

The existence of the atmosphere and
of the natural greenhouse effect

Without greenhouse gases,
the global temperature would be around




Climate has always changed
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Antarctic Ice Sheet

N. Hemisphere Ice Sheets
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545
Geological time scale
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CO, rate of change is unprecedented over millenia
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B Ice Core Data
Modern Instrumental Data

For millennia, atmospheric carbon dioxide had never been above this line

800,000 700,000 600,000 500,000 400,000 300,000 200,000

Years Before Today
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climate.nasa.gov
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Change of temperature
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% 2024 hottest year on record
% 45 years with a positive trend
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1870s
1880s
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1970s
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1990s
2000s
2010s

2020s

One for each year,
showing cooler
(blue) and warmer
( ) regions.

The warming of
the planet is
obvious
everywhere




T anomaly (°C) vs average T 1901-2000
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Change of greenhouse gases
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- T increase coinciding with increase of CO,
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How do we know humans are the cause?

o€*‘
2.0
1.5
observed
’ simulated
1.0 / human &
2 natural
0.5
simulated
Ay 2o\ BA A AT L natural only
G0 NV\ - Tt ' = (solar &
' volcanic)
-0.5
I )
1850 1900 1950 2000 2020

IPCC, Climate Change 2021: The Physical Science Basis, 2021
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Greenhouse gasses from human act

CO, CH,N,O
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Natural system Human activities

B228] Forest fire [ Ocean (I wetland B Permafrost

Volcano Mud volcano Human activities




Global emissions of GHG

major sectors

GHG emissions by sector
Power Industry I Fuel Exploitation
M Industrial Combustion and Processes WM Agriculture
' Buildings M Waste
M Transport
60000

Mt CO5eq

GHG % in 2023

C02 73.7~
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/—N20 47

~CH4 189

—~——F-gases 2.7

50000

1990
1992
1994
1996
1998
2000
2002

Global
25 financial
crisis

JRC SCIENCE FOR POLICY REPORT

GHG EMISSIONS OF
ALL WORLD COUNTRIES

EMISSION DATABASE FOR' 4 dBA 'ATMOSPHERIC RESEARCH
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Photo credits @https://science.nasa.gov/

climate-change/evidence/



Changes emerging across the climate system @ ITIN=RIS

Instrumental period

400 ) ! + Carbon dioxide increasing
4 [ ¢ 46% above pre-industrial levels

£ 350 - . :
a 5
2.300 - : '
250 : : Ocean warming 400
| ' +409 ZJ since 1971
E ; 200 R}
s s 0
20 Sea level rising
\ ' +22cm since 1900
— £ 10 5
0- Global temperature increasing r1.2
' +1.2°C above pre-industrial 0.8
: 8
: -0.4°
: 0
0.8 :
[ Troposphere warming
© 0.3 H ! +0.71°C since 1980s
\ : : :
-0.2 - . H : 8
. : £
. i Arctic sea ice melting 6 5
H E -34% in summer extent since 1980s g
3 : 4

Cherry blossom earlier
by 12 days in Kyoto

H H 0.5
: : i+ Humidity over land increasing -
H 5 H v +4% si 1970
Greenhouse: Climate Global: i o 0.2 ’\é
gases! sensitivity ! warming !
identified | estimated | discovered | -0.1
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1850 1860 1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

Ed Hawkins, 2025
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https://fediscience.org/@ed_hawkins/1097104621462639532025



c) Observed impacts and related losses
and damages of climate change

Water availability

Physical water availability
and food production ¢

Agriculture/crop production E‘;

Animal and livestock g
health and productivity

Fisheries yields and aquaculture production »¢»

Health and wellbeing Infectious diseases #

HUMAN SYSTEMS

Heat, malnutrition and harm from wildfire ‘*}_’

Mental health @

Displacement Z-

Inland flooding and ...
associated damages =

Flood/storm induced ;i
damages in coastal areas =

Damages to infrastructure &=
=~

Cities, settlements
and infrastructure

Damages to key economic sectors 5

IPCC, Climate Change 2023:
Synthesis Report
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Global
Africa

Asia

Australasia

ECOSYSTEMS
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= E & S
Es § £% = g -
£ § 52 ¢ Environmental and societal
Impacts
HUMAN SYSTEMS
[l Adverse impacts
B Adverse and positive impacts
ECOSYSTEMS
I Climate-driven changes observed,
no assessment of impact direction
S
% “g )
S|ls o S E= 8 3
= - 4] c > = =
C|% 2 2 83 32 2%
Changes in Terrestrial (%)

ecosystem structure

Species range shifts

Changes in seasonal
timing (phenology)

Freshwater _\/

Ocean ¥=
Terrestrial (%)
Freshwater _I

Ocean Y=
Terrestrial (%)
Freshwater _

Ocean Y=

Small Islands



Key events in 2024

( KEYEVENTS )O

© Heatwave @ Coldwave

@ Wildfire @ Flood

@ Drought O Marine heatwave
@ Storm O Windstorm

@ Climate resilience initiatives

Impacts*

////; V:\\x
At least
‘v‘ 335 lives lost =
\ due to storms |

and flooding 413.000 \
/ »

; N\ ) people affected

e ‘s‘ by storms and flooding

F " 42,000

people affected
€18.2bn \ by wildfires

' estimated losses'

\
| 85% attributed |
: to flooding / "7

L /

*According to preliminary estimates for 2024 from the International Disaster Database

European State of the Climate, Report 2024
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= 4 W Number of heatwave
. days in summer 2024
: 1 [ <0

Average of

43 of 97 days 55000
had heatwaves heat-related

deaths per
year

1 June to 5 September

European State of the Climate, Report 2024
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Mitigation and adaptation strategies

Mitigation: reducing GHG emissions
~ Transition to Renewablg Energy

- Energy Efficiency Improvements

- Carbon Capture and Storage (CCS)

‘. Sustainable Agriculture

~. Reforestation and Conservation

32



Questions?




#® What are the limitations
of current scientific
evidence in informing

climate change policies?




Let's take a break
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Air quality

Cleanliness of the air in our
environment

Presence and concentration of
pollutants and other substances
in the air that can affect human
health, ecosystems, and the
climate
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Breathing Easy? Indoor & Outdoor Air Pollution

Ambient (outdoor) air pollution Householék(indoor) air pollution

38



Air pollutants

PM NO,
Particulate matter: Nitrogen oxides
PM, s PM,,

CH,

Methane Ammonia

VOC

Volatile Organic
Compounds

@ITINERIS

SO

Sulphur oxides

p.

(surface) Ozone




From which sources?

#® Quick Poll: What do
you think is the biggest
source of air pollution

in your city?
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100 %
90 %
80 %
70 %
60 %
50 %
40 %
30 %
20%
10 %

0%

Where and in which proportion?

100 %
N I I I I
60 %

40 %

20 %

0% l .

m ] - International Shipping
®2.1- Domestic Aviation
2.2 - International Aviation
3 - Energy
m4.1- Industry
4.2 - Fugitive
4.3 - Solvents
B5.1- Road Transport
W 5.2 - Brake and Tyre wear
5.3 - Domestic_shipping
# 5.4 - Other ground transport
W6 - Residential
u7 - Waste
m8.1- Agricultural waste burning
m8.2 - Agriculture livestock
H8.3- Agriculture crops

a global picture
L

NOx CO NMVOC NH3 PM10 PM25

SO2 NOx CO NMVOC NH3

PM10

1
PM2.5

@ITIN=RIS

" Europe

B Middle East

m Latin America and Caribbean

mNorth America

mAfrica

HEurasia
Asia-Pacific Developed
South-East Asia and developing Pacific
Southern Asia
Eastern Asia

uInt. Aviation

m]Int. Shipping

Crippa et al, ESSD, 2023
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Weather, geography and the air we breathe
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health buildings ecosystems and agriculture




The invisible killer

Premature deaths: 21%

5§ 19%

7%

20%

34%
World Health Organisation
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Effects on enviroment

Biodiversity loss

Ecosystem degradation

@ITIN=ERIS
Food loss




Mapping pollutants and effects

PM

Particulate matter: Nitrogen oxides

PM, s PM,,

Methane Ammonia

VOC

Volatile Organic
Compounds

@ITINERIS

(surface) Ozone
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Annual mean PM2.5 concentrations ']
in 2023

Year lif

per 100,(
K

Unit: pg/m?

E. >25

2 0 >20and<=25
,‘ >10 and <= 20
>5and <= 10
B <s
[] Reported
[CJ No data

EU annual limit value: 25 pg/m’

WHO guideline: 5 pg/m?®

\J

© 2025 Mapbox © OpenStreetMap






Annual population-weighted PM, 5 (ug/m3)

90+

80+

70+

60

50

40

30+

20+

10
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Where do we stand at global level? % )

PMZ2.5 in world regions

.\./ o

Central Europe, Eastern Europe, Central Asia High-income countries

@ Latin America, Caribbean @ North Africa, Middle East ~ @ South Asia
Southeast Asia, East Asia, Oceana @ Sub-Saharan Africa / / \O’.\ . . .
./ -e-0 >4 times higher than High
o’ . .
—— income countries

o, = s N [ . T
— T =07 ‘7 soo-e-o P decreasing or stabilizing

—0

WHO Air Quality Guideline value of annual average PM, 5 (ug/m?)

53 Huang et al., Science, Air Pollution special issue, 2024



Annual population-weighted PM, 5 (ug/md)
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Where do we stand at global level?

PM2.5 in world regions and their sources

Central Europe, Eastern Europe, Central Asia High-income countries
901 @ Latin America, Caribbean @ North Africa, Middle East @ South Asia
80 Southeast Asia, East Asia, Oceana @ Sub-Saharan Africa
L)
70_ /
0\ /0—0
o
60
50
o, - L
40- .>:' - 0-g
301 )
o a
20 —
104 wHo Air Quality Guideline value of annual average PM, 5 (ug/m?)

O T T T T T T
1990 1995 2000 2005 2010 2015

Health Effects Institute, State of Global Air 2024, Special Report
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The two-way link
between Air Pollution & Climate

Air pollution Climate
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#® These two events are connected to both air quality
and climate change. How?

56



Sharing sources and emissions

CO,
—

CH,N,O

®ITINERIS

NO, PM, s VOC
CO, CH,




Climate and air quality impacts

Carbon Dioxide (CO,)
Methane (CH,)

Aerosols (PM, 5 and Black
Carbon)

Ozone (O3)

Sulphur dioxide (SO,) and
nitrogen oxides (NO,)

58

Traps heat, main driver of
climate change

Strong greenhouse gas,
contributes to ozone

Absorbs or reflects sunlight
(warming/cooling)

Greenhouse gas in
troposphere

Forms aerosols that cool the
atmosphere

@ ITIN=ERIS

Indirect—does not degrade
air quality directly

Contributes to ground-level
ozone (harmful)

Major health hazard, reduces
visibility

Respiratory health impacts,
smog formation

Acid rain, worsens air
pollution
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Feedback loops and interactions

climate change can exacerbate air quality issues

Heatwaves, increased solar radiation and summertime temperatures:

°

Increased levels of tropospheric ozone

More frequent occurrences of stagnant air, trapping pollutants near the

ground

More frequent and intense wildfires

Changes in precipitation and land use can lead to more frequent and

g o g intense dust storms

Exacerbate pathologies related to bad air quality 6 &

59
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Feedback loops and interactions

poor air quality can impact climate
Black carbon on ice and snow and also

Increasing ozone as potent greenhouse gas

Some aerosols, like sulfate particles, reflect
sunlight, causing a cooling effect

Aerosols can change cloud properties,
influencing precipitation patterns

High concentrations of air pollutants in
urban areas can exacerbate the urban heat
island effect

Ground-level ozone can damage plant
tissues, reducing their ability to
photosynthesize and sequester carbon
dioxide

. ‘ ‘warming and melting
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Air pollutants and GHG

similarities and differences LIFETIME IN THE
N/ ATMOSPHERE

GHG have a long atmospheric

\/ HUMAN CAUSE

Human activities contribute
significantly to the emission of
both

ENVIRONMENTAL
AND HEALTH
IMPACTS

Both can have detrimental
effects, although in different ways

REGULATION

Governments and international
bodies regulate both to mitigate
their negative impacts

61

v/

lifespan, (CO, lasting hundreds to
thousands of years); many APs
have a shorter lifetime, ranging
from hours to weeks

(IN)DIRECT EFFECTS

GHG'’s effects are mainly indirect
through the mechanism of climate
change; APs can have direct
harmful effects on human health
and the environment upon
exposure

REGULATORY
PURPOSE

GHGs Regulation often focuses on
reducing emissions: APs
Regulation typically focuses on
improving air quality
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Policy dilemma

fixing one problem“can_worsen another

Reducing SO, emissions helps air quality but reduces aerosol cooling,
which temporarily accelerates warming.

Transition from diesel to natural gas, while reducing NO, and PM,
methane from extraction and transport of gas can offset CO, reduction.

Using biomass instead of fossil fuel can reduce CO, emissions, but it
releases PM, s, NO, and VOCs.

Transitioning to electric vehicles reduces tailpipe emissions, without
cleaning the electricity production emissions of air pollutant may increase;
increased brake and tire wear from heavier cars



Questions?




#® Clean airis not a

privilege; it’s a right.

How can we ensure
future generations
breathe safely?

®ITIN=ERIS
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