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INDICAZIONI PER OGGI

OBIETTIVO: fornire una comprensione fisica di base del
cambiamento climatico e delle relative incertezze, e mostrare
come la scienza possa orientare adattamento e mitigazione

FATE DOMANDE man mano che emergono
nella chat di Zoom



DOMANDA DI RISCALDAMENTO

QUALE PERCENTUALE DEL RISCALDAMENTO
GLOBALE PUO ESSERE ATTRIBUITA

ALLE ATTIVITA UMANE?



Il cambiamento

climatico e
un fattore
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Climate Change

causes
Impacts and Risks

Gli impatti
dipendono ANCHE:
da dove si vive (esposizione)
e da quanto
si € adattati (vulnerabilita)

Human Society Ecosystems

Limits to adaptation including biodiversity
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Gestire i rischi climatici significa
Capire che cosa sta succedendo

( scienza del clima )
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Gestire i rischi climatici significa
Capire che cosa sta succedendo

( scienza del clima )

Evitare quanto piu riscaldamento possibile
( mitigazione |

Affrontare | cambiamenti che avvengono
( adattamento )



SCIENZA
DEL CLIMA




The Earth's
Climate System

1
sistema '
climatico

terrestre

https://www.geomar.de/en/discover/ocean-and-
climate/model-simulations/the-earths-climate-
system




Che cos’e
Il clima?

https://www.alabamawx.com/wp-content/uploads/
2019/06/weather-vs-climate_orig.jpg

WHAT YOU GET

CONDITIONS OF THE
ATMOSPHERE OVER A SHORT
PERIOD OF TIME

CAN CHANGE WITHIN
MINUTES OR HOURS

Saturday Sunday

WHAT YOU EXPECT

HOW THE ATMOSPHERE BEHAVES
OVER A LONG PERIOD OF TIME
AND SPACE

AVERAGE REGIONAL WEATHER
PATTERN OVER DECADES
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CLIMA

e cio che ti aspetti

IL METEO

e cio che ti capita
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QUANDO PARLIAMO DI CAMBIAMENTO CLIMATICO,
NON CERCHIAMO DI PREVEDERE IL METEO

Piovera il 14 aprile 20917

Quanto fara caldo il 21 luglio 20857
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QUANDO PARLIAMO DI CAMBIAMENTO CLIMATICO,
NON CERCHIAMO DI PREVEDERE IL METEO

-> Quale sara la pioggia media
di aprile negli anni 20907

-> DI quanto saranno aumentati
gravita delle ondate di calore alla
fine del XXl secolo?



The Terrestrial Planets
 VENUS EARTH - MARS
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Natural

L’effetto
serra

Naturally occuring greenhouse
gases trap some heat from the sun
to maintain a livable climate.

vapore acqueo

anidride carbonica (CO,)

metano (CH,)

protossido di azoto (N,O)



Carbon dioxide concentration at Mauna Loa Observatory*
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Perché preoccuparsi della CO2? '

Natural Human-Enhanced

d&% Naturally occuring greenhouse Burning fossil fuels emits Q\\Q\
(% gases trap some heat from the sun greenhouse gases that trap more gv
(f,é to maintain a livable climate. heat & cause additional warming. g"
) S

SREENHOUSE Gygpe \OPE CREENHOUSE GASES



The relative warming potential of the
most important greenhouse gases

«——— Carbon dioxide = Global warming potential of 1 2 3 ’ 5 o o

28 €—— Methane Sulphur hexafluoride

Comes from both natural and human-caused sources .
Often used in electrical equipment

and semiconductor manufacturing

265 Nitrous oxide

Often used in the medical,

food, and automotive
12,400

Hydrofluorocarbons

Often used in air conditioning and refrigeration systems

11,100 16,100

Perfluorocarbons Nitrogen trifluoride

Often used in industrial processes

2 A ften in semicon r manuf rin
and semiconductor manufacturing Siisn L=ed in semiconductor manuiactiiieg

and flat-panel displays like LCDs

) Source: Globgl Warming Potentials (GWPs) given for 100 year time horizon, IPCC 2021
https://www.climatepartner.com/en/knowledge/qglossary/carbon-dioxide-equivalent
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Age (Ma)
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Cicli glaciali
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Cicli glaciali
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Cicli glaciali
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Calotte glaciali
durante 'UMG

chiaro = ~25.000 anni fa

images from: http://en.wikipedia.org/wiki/lce_age




IL MONDO SI STA RISCALDANDO
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RECORD DI CALDO: 2024
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Recent trends and 2026/2027 forecasts
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@Glacier Volume
ﬁAir Temperature

in the lowest few Km (troposphere)
Water Vapor
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Segnali di un

mondo che si riscalda



Ghiacciai /
calotte glaciali

Enormi
masse di ghiaccio
che si muovono
lentamente sulla terraferma

https://nsidc.org/cryosphere/glaciers/questions/located.html

S o



https://climate.nasa.gov/vital-signs/ice-sheets/

GREENLAND MASS VARIATION SINCE 2002 RATE OF CHANGE

Data source: Ice mass measurement by NASA's GRACE \1/264

satellites. Gap represents time between missions.

Credit: NASA billion metric tons per

year since 2002
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Mass balance of the Greenland Ice Sheet
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Ghiacciaio McCarty,
Alaska

http://www.windows2universe.org/teacher_resources/teach_glacier.html




Ghiacciaio Blomstrandbreen
Svalbard, Norvegia

https://www.theguardian.com/environment/2024/nov/05/people-do-not-want-to-believe-it-is-true-the-photographer-capturing-the-vanishing-of-glaciers




del livello del mare (cm, 1993-2023)

lazione

Var

https://www.climate.gov/news-features/understanding-climate/climate-change-global-sea-level
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Global sea level difference from 1981-2010 (mm)
Palmer et al. 2021
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Kopp et al. (2016)

[} = Kemp et al. (2018)
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Le ondate di calore aumentano quasi ovunque

Confidence in human contribution

North to the observed change
America Europe eee High
e e Medium

@ Low due to limited agreement
Asia © Low due to limited evidence

Small
Islands

Central

America
E E Small
‘ Islands
Type of observed change
in hot extremes
O Increase (41) South Afri
America rca .

Q Deciesse () Australasia

} Low agreement in the type of change (2)

' J Limited data and/or literature (2)

L Type of observed change since the 1950s



(C) Number of days exceeding
90th percentile (TX90p)

Tendenza, giorni
di caldo estremo
(1960-2018)

Colour| Significant trends ﬂ FEp— m

$xxx%| Non-significanttrends -8 -6 -4 -2 0 2 4 6 8
No data days / 10 years




CLIMATE CHANGE-FUELED EXTREME HEAT

Average annual extremely hot summer days made at least 2x more likely by climate change
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1970s 1980s 1990s 2000s 2010s 2020-2024

DENVER

Average annual summer (June-August) days with maximum temperatures at or
above 96.1°F (local 95th percentile) and a Climate Shift Index level of 2 or higher.

Source: ERAS and Climate Central's Climate Shift Index system. CLIMATE C.D CENTRAL
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MORE RISKY HUMID HEAT

Days with heat index of 80°F or higher
f
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DAYS
1979 BATON ROUGE 2023




onfidence in human contribution

North to the observed change
America Europe eee High
e e Medium
@ Low due to limited agreement

Asia © Low due to limited evidence

Small
Islands
Australasia
N
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<& Type of observed change since the 1950s
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Type of observed change
in heavy precipitation
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HEAVIER DOWNPOURS

Change in precipitation on heaviest 1% of days
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Come sappiamo che i cambiamenti che vediamo
sono dovuti alle attivita umane?

Rilevamento: COME sono cambiate le cose?
Es.: fa piu caldo?

Attribuzione: PERCHE sono cambiate le cose?
Es.: fa piu caldo a causa delle
emissioni antropiche di gas serra?



Concept diagram of climate modeling  **

3-D grid box emitted and momentum  incoming
(CO2, dust, H20) reflected radiation (winds) solar radiation

Modelli
climatici

programmi informatici che simulano
lo stato del sistema climatico in base
a forzanti prestabiliti (vulcani,
gas serra, variabilita solare, ecc.)

momentum
(currents)

mountains /. land \

- . \ \ “ heat transfer
’ . . AN
Strumenti |mp9ﬂantl perlattnbuzmne wastiar T \\ /" #\ (ocean to atmosphere)
e lo studio del clima futuro system . water

"\ vapour

la classe piu comune di modelli climatici
e il modello di circolazione generale (GCM)

https://www.nature.com/articles/s41612-025-00955-8 SOUI‘CGI 2000 W.F. Ruddiman



Hotter

What’s Really Warming the World?

Skeptics of manmade climate change offer various natural
causes to explain why the Earth has warmed 1.4 degrees
Fahrenheit since 1880. But can these account for the
planet’s rising temperature? Watch to see how much
different factors, both natural and industrial, contribute

to global warming, based on findings from NASA’s
Goddard Institute for Space Studies.

1880
- [ D U N BN BB

Colder 1880 2014 Based on an interactive by Bloomberg




Nel 2019 1l
mondo SI era
riscaldato di
~1,1 °C dal

1850-1900

2010-2019 relative to
1850-1900
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| soli gas serra
umani
avrebbero
riscaldato
Il mondo di

1.90

2010-2019 relative to
1850-1900
°C
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Ma altri
fattori umani
(aerosol,
cambiamenti
d'uso del suolo)
hanno compensato
parte di questo
riscaldamento

2010-2019 relative to
1850-1900
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Nel complesso,
tutti |
forzanti umani
hanno riscaldato Il

pianeta di 1,1°
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SOLO i
modelli che
includono i

fattori umani
riescono a
riprodurre
iIn modo simile il
riscaldamento
osservato

C
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Il cambiamento climatico sta gia aumentando

gravita e rischio di molti eventi estremi

Heat (261)

67 Inconclusive

81 Had no influence

® /43 More severe or likely @ 76 Less severe or likely

n-studies/index.html

tive.carbonbrief.org/attributio

https://interac



Il cambiamento climatico sta gia aumentando
gravita e rischio di molti eventi estremi

Heat (261)
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Rain & flooding (223)

® /43 More severe or likely @ 76 Less severe or likely 81 Had no influence 67 Inconclusive

https://interactive.carbonbrief.org/attribution-studies/index.html



Il cambiamento climatico sta gia aumentando
gravita e rischio di molti eventi estremi

Heat (261)
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Come sara il futuro?

Uncertainty in Global decadal mean ANN temperature

| modelli climatici

sono il nostro strumento principale
Molte fonti

di Incertezza

L'incertezza
NON significa che

non sappiamo nulla
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Le principali incertezze cambiano nel tempo

Uncertainty in Global decadal mean ANN temperature

Variazioni

naturali del

meteo e
del clima
(variabilita

interna)
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Le principali incertezze cambiano nel tempo

Uncertainty in Global decadal mean ANN temperature
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Le principali incertezze cambiano nel tempo

Uncertainty in Global decadal mean ANN temperature
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Confidenza

«Nei rapporti IPCC la confidenza E Statement of fact
e espressa in modo qualitativo e indica

guanto siamo certi della validita dei Very high confidence
risultati scientifici. Dipende

da tipo, quantita, qualita O — High confidence
e coerenza delle evidenze»

o—— Medium confidence

Confidence Terminology Degree of confidence in being correct

Very high confidence At least 9 out of 10 chance
High confidence About 8 out of 10 chance

Medium confidence About 5 out of 10 chance - I—OW Confidence

Low confidence About 2 out of 10 chance
Very low confidence Less than 1 out of 10 chance

o—— Very low confidence

https://theconversation.com/lost-in-translation-confidence-and-certainty-in-climate-science-17181

https://www.ipcc.ch/report/ar6/wg1/chapter/chapter-1/



Probabilita

«La certezza dei risultati scientifici € poi espressa tramite
probabilita. | risultati sono valutati in modo probabilistico sulla base di
osservazioni, risultati dei modelli o giudizio esperto.»

Likelihood Outcome probability

Virtually certain 99-100%

Allison Crimmins: Extremely likely 95-100%

Very likely 90-100%

«Quando guardate un prodotto su Likely 66-100%

Amazon, il numero di stelle More likely than not ~ >50-100%
e la probabilita e il About as likely as not  33-66%

numero di recensioni & la Unlikely 0-33%
confidenza.» Very unlikely 0-10%

Extremely unlikely 0-9%
https://theconversation.com/lost-in-translation-confidence-and-certainty-in-climate-science-17181 EX Cep t,onally Un l, ke Iy O- 1 0/0

https://www.ipcc.ch/report/ar6/wg1/chapter/chapter-1/




Temperatura e precipitazioni.

(a) Global temperature change
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10, —

50 11 31 27 32




Simulated change at 2°C global warming

Temperatura

Diffusa, unidirezionale;
risposta robusta dei modelli;

Coerente con le tendenze osservate Simulated change at 4°C global warming
(es. maggiore riscaldamento sulle terre,
amplificazione polare)

https:/Iwww.ipcc.ch/report/ar6/wg | [#SPM

0 05 1 15 2 25 3 35 4 45 5 55 6 65 7 -->
Change (°C)

Warmer 72



Temperature estreme
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Scenario a basso riscaldamento Scenario ad alto riscaldamento
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Ido estremfwenip tdeceanpadese E\alto cinquantennale

Variazioni degli eéstremi di caldo decennal

Future global warming levels

1850-1900 Present 1°C
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Ido estremfwenip tdeceanpadese E\alto cinquantennale

Variazioni degli eéstremi di caldo decennal

Future global warming levels

1850-1900 Present 1°C 1.5°C
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Ido estremfwenip tdeceanpadese E\alto cinquantennale

Variazioni degli eéstremi di caldo decennal

Future global warming levels

1850-1900 Present 1°C 1.5°C 2°C
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Ido estremfwenip tdeceanpadese E\alto cinquantennale

Variazioni degli eéstremi di caldo decennal

Future global warming levels

1850-1900 Present 1°C 1.5°C 2°C 4°C
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3
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Simulated change at 2°C global warming

Precipitazioni
(pioggia + neve)

Risultati robusti per alcune aree: alte latitudini
piu umide, subtropici piu secchi;

Incertezza maggiore per via di piu processi
(umidita, stabilita, energia, ecc.)

https:/Iwww.ipcc.ch/report/ar6/wg | [#SPM
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Sicgjta agricqle ed ecoLogia nellrrgbaisbha'p' y Evento dexwpmardiennale

Variazioni delle piogge intense decennali

Future global warming levels

1850-1900 Present 1°C
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https://lwww.ipcc.ch/report/arb/wg | [#5PM 79



Sicgjta agricqle ed ecoLogia nellrrgbaisbha'p' y Evento dexwpmardiennale

Variazioni delle piogge intense decennali

Future global warming levels

1850-1900 Present 1°C 1.5°C
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Lul Once now likely will likely
8 occurs occur
e 1.3 times 1.5 times
o2 (1.2-1.4) (1A=17)

https://lwww.ipcc.ch/report/arb/wg | [#5PM 80



Sicgjta agricqle ed ecoLogiH

Variazioni

1850-1900 Present 1°C
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Sicgjta agricqle ed ecoLogiH nell

Variazioni

1850-1900 Present 1°C
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Simulated change at 2°C global warming

Umidita del suolo
e siccita

Risultati robusti per alcune
aree: alte latitudini piu

umide, subtropici piu secchi;

Incertezza maggiore per via
di piu processi (umidita, stabilita,
energia, ecc.)

https:/Iwww.ipcc.ch/report/ar6/wg | [#SPM
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mrshketieterre emerseSiccita agricole ed ecdiventodmdprmatiionaltshe si inaridiscono
3"

Variazioni delle siccita decennali del suolo

Future global warming levels

1850-1900 Present 1°C
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https://lwww.ipcc.ch/report/arb6/wg | [#5PM 84
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Variazioni delle siccita decennali del suolo

FREQUENCY per 10 years

1850-1900 Present 1°C

Once

now likely
OCCuUrs

1.7 times
(0.7-4.1)

Future global warming levels
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morsislictene emerseSiccita agricole ed ecdiventocdmdfrmetiionalkshe si inaridiscono
o fa

Variazioni delle siccita decennali del suolo

Future global warming levels

1850-1900 Present 1°C

https:/Iwww.ipcc.ch/report/ar6/wg | 1#SPM
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now likely
OCCuUrs

1.7 times
(0.7-4.1)

Variazioni delle siccita decennali del suolo

Future global warming levels

1:5°C
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2.0 times

(1.0-5.1)
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will likely
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2.4 times
(1.3-5.8)

4°C

will likely
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4.1 times
(1.7-7.2)



Ghiaccio marino artico

(b) September Arctic sea ice area
10¢ km?
10

1950 2000 2015 2050 2100
https://lwww.ipcc.ch/report/arb6/wg | [#5PM 88
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Innalzamento del livello del mare e inondazioni costiere

MHHW stands for Mean Higher High Water, which is defined as the average of the highest observed water level at the selected location on each tidal day during the period 1983-2001

Flooding days during the 21st century

The graph below shows the number of days per year that sea level in Montauk, NY is projected to exceed 53 cm above MHHW.
» Read more

NOAA Sea Level Rise Scenarios ®

Choose the local mean sea level projection(s) to use:

350 NOAA Intermediate
mmmmm NOAA Interm. Low
mwmm NOAA Interm. High

=00 Medians and likely

- ranges (17-83%)
©
g 250
| -
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Q
n 200
S
©
o
2 150
o
o)
o
L 100
50
2810 2020 2030 2040 2050 2060 2070 2080 2090 2100

https://sealevel.nasa.gov/flooding-days-projection/



Fattori climatici di impatto

BAR CHART LEGEND
B Regions with high confidence increase

B Regions with high confidence decrease

b B M B ALl B K B U NUMBER OF LAND & COASTAL REGIONS

O Extreme heat

Esempio: caldo estremo
50/55: regioni vulnerabilli
B 49/50: confidenza alta in un aumento del rischio
1/50: confidenza media in un aumento del rischio

https:/lwww.ipcc.chireport/arélwg | 1#SPM 90 https://interactive-atlas.ipcc.ch/



Number of land & coastal regions (a) and open-ocean regions (b) where each climatic impact-driver (CID) is projected

to increase or decrease with high confidence (dark shade) or medium confidence (light shade)
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RIFLESSIONE

QUAL E IL PUNTO PIU CONFUSO
FINORA? CIOE, CHE COSA
VI E MENO CHIARO?



MITIGAZIONE DEL
AMBIAMENTO CLIMATIC
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AN "C _EMISSIONI EVITATE = RISCALDAMENTO EVITATO"
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Temperature change rel. 1850-1900 (°C)

(a) Temperature response to net-zero CO, by 2070
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IDENTITA DI KAYA

GHG . =pP*—*_—*_—
emissioni P G E

P = popolazione mondiale

G = PIL mondiale

E = consumo mondiale di energia

F = emissioni di gas serra di origine umana (combustibili fossili)




IDENTITA DI KAYA

G L F
GHG . . = P*—
emissioni y G E

/

PIL pro capite

(consumi economici)




IDENTITA DI KAYA

GHG =

emissioni

intensita energetica

(Quanta energia per unita di
produzione economica)



IDENTITA DI KAYA

G E | '
GHG .. =P*—
emissioni p G E

Intensita delle emissioni
deII energla
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Global greenhouse gas emissions by sector and end use, 2023

>76% delle
emissioni di gas serra
deriva dall’uso
finale dell’energia

. WORLD
Q/t/\ RESOURCES
"% INSTITUTE

https://www.wri.org/insights/4-charts-explain-greenhouse-gas-emissions-countries-and-sectors



Global greenhouse gas emissions by sector and end use, 2023 103

>76% delle
emissioni di gas serra
deriva dall’energia

. WORLD
Q/i/\ RESOURCES
"% INSTITUTE

https://www.wri.org/insights/4-charts-explain-greenhouse-gas-emissions-countries-and-sectors



Global greenhouse gas emissions by sector and end use, 2023

Elettricita + calore
e trasporti:
“componente principale
delle emissioni
legate all'energia

. WORLD

% D y by
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Trends in sectoral emissions, 1990-2023

Emissions for industrial processes, electricity/heat and transportation sectors are growing fastest

Electricity/Heat (Energy Subsector) Transportation (Energy Subsector)

MtCO2e MtCO2e

8,000
15,000

6,000

10,000
4,000

5000

2,000
7\\/, WORLD
Q/\/\ RESOURCES
A4 INSTITUTE 0 0

1990 2023 1990 2023

https://www.wri.org/insights/4-charts-explain-greenhouse-gas-emissions-countries-and-sectors



Sector/Subsector

106
“ .. WORLD

Flow of global greenhouse gas emissions in 2023 &\/3;\ KESOURGES

A7 INSTITUTE

Sector () Energy (@ Industrial Processes ([ Agricuiture () Land Use, Land-Use Change and Forestry () Waste

End Use

Electricity and Heat 33.6%

Buildings 6.3%
Other Fuel Combustion 1.2%

Buildings

Commercial Buildings 7.2%;
Fishing Energy,Use 1.8%

- i
-

-~

=

- Chemical;andpetrochemical 6.5%

77\

Manufacturing and Construction 12.2%

Transportation 14.3%

International Bunker 2.4%

72.3% C02

———y
1.8% Non‘ferrousmetals.

0.5% Transport.equipment
1:3% Food and tobacco

Road 12.7%

Fugitive Emissions 6.8%

Industrial Processes 6.2%

Agriculture 12.3%

Waste 3.8%

=
Flared 11%

Vented 4.2%
Cement:3%)

Livestocki&Manure!6:6%

Rice|Cultivation!1:4%)
AgriculturelSoilst3:7%)

Landills{2/4%;

https://www.wri.org/insights/4-charts-explain-greenhouse-gas-emissions-countries-and-sectors

P
0.6% Transmission and distribution

19.3% CH4

5.6% N20
2.8% F-Gases




Energy

supply

Agricoltura, =
silvicoltura  /~
e altri
usi del suolo

(AFOLU)

 Total: 59 Gt CO,-eq

(2019)

Industry
(indirect)

Figure data based on IPCC AR6 WG3 Report (2022). Percentages shown do not add to exactly 100% due to rounding to two significant figures.
Credit: Dr. Priya Donti



GHG Emissions (GtCO,-eq yr™)

10

(Og)

a. AFOLU global trends in GHG emissions and removals

10'Gt 11'Gt
—0.5%/yr | +1.4%/yr |

LULUCF (CO,)

Enteric Fermentation (CH,)

Managed soils and pasture (CO,, N,0)
Rice cultivation (CH,)

Manure management (N,0, CH,)
Synthetic fertilizer application (N,0)
Biomass burning (CH,, N,0)

https://www.ipcc.ch/report/ar6/wg3/chapter/chapter-7/

1990 2000 2010

+1.6%/yr
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Annual CO, emissions by world region Our World

Emissions from fossil fuels and industry® are included, but not land-use change emissions®. International aviation
and shipping are included as separate entities, as they are not included in any country's emissions.

40 billion t _International
. aviation
Qu al e Ia i Int_err}ational
35 billion t shipping
rt t d I I — Oceania
po a a e a 1; Asia (expl. China
30 billion t f. d d I I and India)
25 billion t d b ' - ?
ecarbonizzazione~ .
20 billion t
15 billion t — India
— Africa
—~ South America
10 billion t ~ 1 North America
(excl. USA)
— United States
5 billion t European Union
(27)
_ Europe (excl.
Ot . - EU-27)
1750 1800 1850 1900 1950 2000 2024

Data source: Global Carbon Budget (2025) https:/ourworldindata org/co2-emissions OurWorldinData.org/co2-and-greenhouse-gas-emissions | CC BY



110
CO, emissions per capita Our Worid

Carbon dioxide (CO,) emissions from burning fossil fuels and industrial processes®. This includes emissions from
transport, electricity generation, and heating, but not land-use change?.

5t

World

4t

3t

2t

1%

https://ourworldindata.org/co2-emissions

Ote S | T T T 1
1750 1800 1850 1900 1950 2000 2024
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CO, emissions per capita

Carbon dioxide (CO,) emissions from burning fossil fuels and industrial processes®. This includes emissions from
transport, electricity generation, and heating, but not land-use change?.

https://ourworldindata.org/co2-emissions
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20t
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10t
China
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Our World

CO, emissions per capita, 2024 in Dats

Carbon dioxide (CO,) emissions from burning fossil fuels and industrial processes'. This includes emissions from
transport, electricity generation, and heating, but not land-use change’.

20.38t
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CO, emissions per capita, 2024

Carbon dioxide (CO,) emissions from burning fossil fuels and industrial processes. This includes emissions from
transport, electricity generation, and heating, but not land-use change’.
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Equita/giustizia climatica:

riconoscere che il cambiamento climatico
e una questione sociale, etica e politica,
ik e che affrontarne le radici richiede

di confrontarsi con la responsabilita storica,
le eredita coloniali e le
ingiustizie sistemiche.
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Our World

Kaya identity: drivers of CO, emissions, World in Data

Percentage change in the four parameters of the Kaya Identity, which determine total CO, emissions. Emissions
from fossil fuels and industry are included. Land-use change emissions are not included.
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Data source: Global Carbon Budget (2025) and other sources OurWorIdinData.org/coZ-and-greenouse-gas-eissions | CC BY 114

Note: GDP per capita is measured in 2011 international-$ (PPP). This adjusts for inflation and cross-country price differences.



Our World

Kaya identity: drivers of CO, emissions, World in Data

Percentage change in the four parameters of the Kaya Identity, which determine total CO, emissions. Emissions
from fossil fuels and industry are included. Land-use change emissions are not included.
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La portata della sfida
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L’Accordo di Parigi (COP 21, dic. 2015)

«L'obiettivo centrale dell’Accordo di Parigi e rafforzare la risposta globale alla
minaccia del cambiamento climatico mantenendo I'aumento della temperatura globale
In questo secolo ben al di sotto dei 2 gradi Celsius rispetto ai livelli preindustriali
e proseguendo gli sforzi per limitarlo ulteriormente a 1,5 gradi Celsius.»

Il imite dei 2° viene dall’economista di Yale William Nordhaus nel suo
articolo del 1975: «Can We Control Carbon Dioxide?»

Basato sull'idea che sarebbe ragionevole cercare di mantenere il cambiamento
climatico entro i limiti della «variazione normale»

Nordhaus sottolineo che il suo ragionamento era
«profondamente insoddisfacente»

http://unfccc.int/paris_agreement/items/9485.php http://theconversation.com/why-is-climate-changes-2-degrees-celsius-of-warming-limit-so-important-82058
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Real world action based on current policies t
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Real world action based on current policies t
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2035 EMISSIONS GAPS

CAT projections and resulting
emissions gaps in meeting the 1.5°C
Paris Agreement goal

—Policies & action
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https://climateactiontracker.org/global/cat-emissions-gaps/



Paesi: contributi propostl

If all countries followed the rated
country's approach, warming
could be held below—but not well
below—2°C for the "Almost
Sufficient” category. For the
“Insufficient” category, the range is
2°C to 3°C, for the "Highly
Insufficient” 3°C to 4°C, and for
“Critically insufficient” above 4°C.
Given that the overall rating is an
aggregate of different elements,
we do not provide a warming
range for it

http://climateactiontracker.org/countries.html
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ADATTAMENTO AL CAMBIAMENTO
CLIMATICO

Robustezza: resistere a una serie di
esitl senza impatto o con impatto minimo

Resilienza: riprendersi rapidamente dopo un impatto
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ADATTAMENTO

A Incremental ( adaptation through

adaptation through learning and feedback
successful coping ,

=

C Coping to maintain

Coping

status quo, undertake

adaptive strategies
\ \ \ where possible

Adapting

No |
—) il
response

) D Increased E Maladaptive outcome
Maladapt|ng vulnerability through of strategies initially set
inaction out to help adapt 128
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Target population
irreversibly more
vulnerable to climate
change

Spectrum
(Worst to Best)

Target population more
vulnerable to climate
change, still fixable

Higher vulnerability to
climate change than
before, vulnerability new
or different
Pathway Lock-in based on
choices/Future adaptation
opportunities in future
undermined

Outcomes

Gamma di esit

s://www.sciencedirect.com/science/article/pii/S2590332220304838#fi

2

Higher vulnerability to climate
change than before
High opportunity costs
High risk of pathway lock-in,
but some opportunities to
reverse remain

Others adversely
affected by strategy

Higher or new
vulnerability introduced
Limited or no options for

addressing new
vulnerability

Ineffective
Adaptation

Strategy has
negligible
positive or
negative impact

Short-medium
term effectiveness,
no negative
consequences in
the long term

Long-term
positive impact

Transformation to
climate resilient
pathway

Impacts of climate
change addressed, root
causes of vulnerability
still remain

Vulnerability to climate
change addressed

possiblli
delle strategie di (dis)adattamento

Root causes of vulnerability
addressed through system
transformation




Target population
irreversibly more
vulnerable to climate
change

Spectrum
(Worst to Best)

Target population more
vulnerable to climate
change, still fixable

Others adversely
affected by strategy

Higher vulnerability to
climate change than
before, vulnerability new
or different
Pathway Lock-in based on
choices/Future adaptation
opportunities in future
undermined

Outcomes

Un adattamento efficace aumenta
la resilienza a breve e lungo termine;

Higher vulnerability to climate
change than before
High opportunity costs
High risk of pathway lock-in,
but some opportunities to
reverse remain

genera co-benefici
e richiede cooperazione

https://www.sciencedirect.com/science/article/pii/S2590332220304838#fig2

Higher or new
vulnerability introduced
Limited or no options for

addressing new
vulnerability

Short-medium
term effectiveness,
no negative
consequences in

Ineffective the Iong term

Adaptation

Long-term
positive impact

Transformation to
climate resilient
pathway

Impacts of climate
change addressed, root
causes of vulnerability
still remain

Strategy has
negligible
positive or

negative impact

Small-scale irrigation is
developed for farmers,
but climate change
continues to pose

%hallenge for agriculture

Vulnerability to climate
change addressed

Mediation groups with
upstream/downstream
users are established to
help create sustainable
quotas for water use,
making everyone happy,
building social capital

Root causes of vulnerability
addressed through system
transformation

Few or no real-world
examples exist — this is
an ideal outcome




Target population
irreversibly more
vulnerable to climate
change

Spectrum
(Worst to Best)

Target population more
vulnerable to climate
change, still fixable

Others adversely
affected by strategy

Higher vulnerability to
climate change than
before, vulnerability new
or different
Pathway Lock-in based on
choices/Future adaptation
opportunities in future
undermined

Outcomes

Sell land when value almost
nothing due to climate
pressures, quit farming to
do wage labour in climate-
sensitive sector likely to
result in loss of
employment in the near
future

https://www.sciencedirect.com/science/article/pii/S2590332220304838#fig2

Higher vulnerability to climate
change than before
High opportunity costs
High risk of pathway lock-in,
but some opportunities to
reverse remain

Maintain land but engage in
seasonal wage labour
elsewhere, missing
opportunities to improve
farming conditions, making
changes to livelihood strategy
costly or impossible

Higher or new
vulnerability introduced
Limited or no options for

addressing new
vulnerability

Develop irrigation that
extends life of farming
practices in the location,
creates significant water
stress downstream leading
to new climate change
vulnerability

Short-medium
term effectiveness,
no negative
consequences in

Ineffective the long term

Adaptation

Long-term
positive impact

Transformation to
climate resilient
pathway

Strategy has
negligible
positive or
negative impact

Impacts of climate
change addressed, root
causes of vulnerability
still remain

Vulnerability to climate
change addressed

Root causes of vulnerability
addressed through system
transformation

Il maladattamento puo generare
benefici a breve termine, ma
creare conflitti e non portera

alla sostenibilita a lungo termine




INOLTRE, I'adattamento e piu facile ed
efficace a livelli di riscaldamento piu bassi

Agro-forestry
and forestry

Changes in cropping
pattern and crop system

Effectiveness I |
Large Moderate Small Negligible
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Co-benefici, maladattamento
ed efficacia

Maladaptation

nefits

Negligible e
//\:\\,
Small Lbjlgdérate
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. - : Climate
Biodiversity measures

change
. (& corresponding sections in the main text) e g
Co-benefici —
Avoiding deforestation (2.1) +
e CO m p ro m eSS | Avoiding degradation of permafrost areas
(2.1) +
d I I ) - Reforestation, avoiding forests degradation
+
el dZIONe ex
I- t Coastal restoration (2.1) +
C Ima ICa Restoring degraded semi-arid ecosystems )
(2.1) '
Restoring inland wetlands (2.1) ?
Contribution to climate change mitigation Reliability of the mitigation outcome
Significantly positive, strong scientific evidence Indirect positive ++ High
Potentially positive, incomplete evidence & quantification Loose or non-existent link + Medium

Unresolved, lack of evidence, system-dependent, tradeoffs Negative, strong scientific evidence ? Unresolved, lack of evidence

i wiley.com/doi/pdfdirect/10.1111/gcb.16109
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Reflecting solar radiation
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Non e teoria...

Inside Climate News raereemns s |nsight: How two weather balloons led
Mexico to ban solar geoengineering
Nistios & Healt By Cassandra Garrison / N ( N ¢ ‘
. - March 27, 2023 4:02 PM EDT - Updated March 27, 2023 ‘ D ‘ ‘ Aa ’ ‘ < ‘

An Indigenous Group’s Objection to
Geoengineering Spurs a Debate About Social
Justice in Climate Science

The Sami people of Northern Sweden say blocking out the sun with
reflective particles to cool the earth is the kind of thinking that
produced the climate crisis in the first place.

By Haley Dunleavy
July 7,2021

PLANET

A Private Company Wants to Block
the Sun, Responsibly

Stardust sold geoengineering to investors. Now it needs to sell it to the Climeworks Signs firSt AI car bon removal deal
public.

By Molly Burgess
By Alexander C. Kaufman ‘

8 hoursago - 2 min read [J Bookmark



Mar climeworks (impianto Mammgth):ﬂity

Located in Iceland, Mammoth is about ten times bigger than its predecessor
plant, Orca.

®* Azienda: ClimeWorks, sede: Islanda

* Alimentato al 100% da energia rinnovabile (geotermlca
capacita massima prevista di 36.000 t di CO2 'anno ¢
(in pratica un po’ meno)

® Emissioni umane globali annue di CO2: ~38,6
MILIARDI di tonnellate (2024)

® Per annullare queste emissioni di CO2 servirebbero
~1.072.222 impianti come questo di capacita equivalente
(es. alimentati interamente da rinnovabili).

https://climeworks.com/news/the-carbon-removal-production-waterfall




Svantaggi della CDR

Puo essere costosa da
attuare su larga scala

| benefici climatici possono
richiedere molto tempo

Puo avere altre
conseguenze impreviste
sugli ecosistemi (es.
fertilizzazione degli oceani)

Svantaggi della SRM

Richiede manutenzione continua,
che puo essere costosa

Non affronta affatto il problema
dell’acidificazione degli oceani

Incubo di governance globale

Puo avere altre conseguenze
climatiche impreviste (es. precipitazioni)

NESSUNA HA DIMOSTRATO DI FUNZIONARE SU UNA SCALA
SUFFICIENTE AD AFFRONTARE IL CAMBIAMENTO CLIMATICO (PER ORA).



L'unica cosa che sappiamo funzionare
e lasciarli sottoterra

a) CO, emissions (billion tonnes per year) | ¢) Warming relative to 1850-1900 (°C)
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https://www.nature.com/articles/s41586-024-08326-8 141




Ripensate alla sessione. Quali sono le
tre cose che volete ricordare
di piu? Prendetevi 60 secondi



PIU EMISSIONI = PIU RISCALDAMENTO

si ferma solo quando si fermano le emissioni

Evitare il peggio richiedera SIA
adattamento SIA mitigazione

Ogni decisione politica dovra considerare molte
Incertezze sulla risposta del sistema climatico,
sul co-benefici e sui compromessi

Le proposte di geoingegneria sono, nel migliore dei casi, palliativi
e non hanno mai dimostrato di funzionare su larga scala






