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Il clima del 2050 dipende dalle scelte di oggi. ( i I ( } \/ I [ s 2 OS O

Per questa data, la temperatura media globale ]
avra superato la soglia di 1,5 gradi in pia : TLa matematica e la fisica
rispetto alla seconda meta dell’Ottocento. peril e el didie

Quali conseguenze ci aspettano? I modelli climatici
ci aiutano a costruire proiezioni di possibili scenari
futuri e a prendere decisioni consapevoli.

Le leggi che descrivono il clima, dalla meccanica alla termodinamica,
sono note da secoli. Ma il clima, come il meteo, ¢ un sistema complesso,
in cuile variabili interagiscono tra loro e siinfluenzano a vicenda.

Per studiare i cambiamenti climatici, oggi la scienza usa computer
sempre pili potenti, capaci di elaborare grandi quantita di dati

e creare simulazioni sempre piti realistiche.

Dalla fisica e dalla matematica del clima, agli strumenti per prevedere
gli impatti globali e locali, questo libro & una guida per capire il lavoro
di chi fa ricerca dietro ai grafici e alle sigle che rimbalzano sui media,
compresa la «missione» piu difficile: comunicare i dati ai decisori
politici.

Gli ded Book offrono la possibilita di accedere a nuovi contenuti,
trasformando il libro in un punto di partenza per approfondire un tema,
% soddisfare una curiosita, nutrire una passione.
BOOK Perscoprirele risorse di questo libro controlla il frontespizio.
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Gli autori Processo di revisione

234 autori da 65 paesi 14,000 pubblicazioni scientifiche
sono state valutate

28% donne, /2% uomin 78,000+ commenti durante le tre

fasi di revisione
30% nuovi all’ |PCC
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CcoO, Sea level Arctic sea ice Glaciers
concentration rise area retreat

Highest Fastest rates Lowest level Unprecedented

in at least in at least in at least in at least

2 million years 3000 years 1000 years 2000 years
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Extreme heat Heavy rainfall Drought

More frequent More frequent Increase in some
_ _ regions
More intense More intense

Fire weather

More frequent

Ocean

Warming
Acidifying
Losing oxygen
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L'influenza umana ha riscaldato il clima a un ritmo che non ha
precedenti negli ultimi 2000 anni (almeno).

b) Change in global surface temperature (annual average) as observed and
simulated using human & natural and only natural factors (both 1850-2020)
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Importanza dei modelli numerici per lo studio del clima

Modelli globali del clima (,.///"“\\\
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Global greenhouse gas emissions and warming scenarios SURGEE

aeRe — Each pathway comes with uncertainty, marked by the shading from low to high emissions under each scenario. in Data
- Warming refers to the expected global temperature rise by 2100, relative to pre-industrial temperatures.

Annual global greenhouse gas emissions
in gigatonnes of carbon dioxide-equivalents

150 Gt

No climate policies
41-48°C

- expected emissions in a baseline scenario
if countries had not implemented climate
reduction policies.

100 Gt

Current policies
25-29°C

- emissions with current climate policies in
place result in warming of 2.5 to 2.9°C by 2100

50 Gt

Greenhouse gas emissions
up to the present

I Pledges & targets (2.1 °C)

- emissions if all countries delivered on reduction
pledges result in warming of 2.1°C by 2100.

2°C pathways
1.5°C pathways

1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

Data source: Climate Action Tracker (based on national policies and pledges as of November 2021). Last updated: April 2022,
OurWorldinData.org - Research and data to make progress against the world's largest prablems. Licensed under CC-BY by the authors Hannah Ritchie & Max Roser.
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Simulated changes...

...at 1.5°C

Ogni incremento del
riscaldamento globale
comporta ulteriori variazioni
nella temperatura

005115 2 25 3 35 4 455 55 6 65 7 >

Change(°C) ——
Warmer

¢) Annual mean precipitation change (%) Precipitation is projected to increase over high latitudes, the equatorial
. L Pacific and parts of the monsoon regions, but decrease over parts of the
relative to 1850-1900 subtropics and in limited areas of the tropics.

Simulated change at 1.5 °C global warming Simulated change at 2 °C global warming Simulated change at 4 °C global warming

... e nelle
p reC i p i taZi 0 n i . Relatively small absolute changes

may appear as large % changes in
regions with dry baseline conditions

< — 0, —_—
Drier SRR Wetter
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Il Clima del futuro
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Il cambiamento climatico sta gia interessando ogni regione abitata del mondo.
L'influenza umana contribuisce a molte variazioni osservate nelle condizioni
meteorologiche e negli estremi climatici.

Estremi caldi a) Synthesis of assessment of observed change in hot extremes and

confidence in human contribution to the observed changes in the world’s regions
Type of observed change

in hot extremes North — 2~ e P o~
. America (1 ‘ Europe
Increase (41) J .
- e .
. Decrease (0)
Small

O Low agreement in the type of change (2) o
~. lslands

O Limited data and/or literature (2) Gentral ——

America |

\\,,

|
Small
Islands

Confidence in human contribution
to the observed change

eee High ’
South
ee Medium America
® Low due to limited agreement
© Low due to limited evidence
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Ad ogni incremento del riscaldamento globale i cambiamenti
previsti negli estremi saranno maggiori in frequenza e intensita

Estremi caldi sulle
terre emerse

Hot temperature extremes over land

10-year event 50-year event
Frequency and increase in intensity of extreme temperature Frequency and increase in intensity of extreme temperature
event that occurred once in 10 years on average event that occurred once in 50 years on average
in a climate without human influence in a climate without human influence
Future global warming levels Future global warming levels
Una volta 1850-1900 Present1°C  1.5°C 2¢C 4°c 1850-1900 Present1°C  1.5°C 2% 4°c Una volta
in 10 anni in 50 anni
oK >
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nel 1850-1900 ¢ - g “ ] o R nel 1850-1900
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E Once now likely will likely will likely will likely '-:',J Once now likely will likely will likely will likely
8 occurs occur occur occur o occurs occur occur occur
] 2.8 times 4.1 times 5.6times 9.4 times w 4.8 times 8.6times  13.9 times 39.2 times
& (1.8-32) (28-4.7) (38-6.0) ©8.3-9.6) o (2.3-64) (4.3-10.7) (6.9 - 16.6) (27.0-41.9)
8 +6°C o +6°C
O +5°C g +5°C
g +4 °C = +4 °C
E +3°C E +3°C
S a2 I Bl 2
z +1.°C I >4 +1°6 H
=l 0°% H Bl o< H
& +1.2°C +1.9°C +2.6°C +5.1°C 4 +1.2°C +2.0°C +2.7 °C +53.°C

hotter hotter hotter hotter hotter hotter hotter hotter
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Il cambiamento climatico sta gia interessando ogni regione abitata del mondo.
L'influenza umana contribuisce a molte variazioni osservate nelle condizioni
meteorologiche e negli estremi climatici.

b) Synthesis of assessment of observed change in heavy precipitation and

confidence in human contribution to the observed changes in the world’s regions
Type of ohserved change
in heavy precipitation North o

‘ - Estremi di  Amerc j
Increase {1%] .. . P
precipitazione

Decrease (0) :

O Intensa

/j Low agreement in the type of change (8)
~

T

\*-.

Central —

O Limited data and/or literature (18) America

Small
Islands

Confidence in human contribution
to the observed change

eee High
ee Medium
® Low due to limited agreement

America

0 Low due to limited evidence
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Ad ogni incremento del riscaldamento globale i cambiamenti
previsti negli estremi saranno maggiori in frequenza e intensita

Heavy precipitation over land

10-year event

Frequency and increase in intensity of heavy 1-day
precipitation event that occurred once in 10 years on
average in a climate without human influence

Future global warming levels E Stre m i d i
Una volta 1850-1900 Present1°C  1.5°C 2°C 4°C pl'eCipitaZione

in 10 anni £

Q
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i
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Si prevede che i futuri cambiamenti climatici aumenteranno la gravita degli impatti sui sistemi naturali e umani e
aumenteranno le differenze tra le diverse regioni del mondo.
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Rischio per le specie
d)RISKOT 11 ™ 80 100%

species losses / 7 e 7 o>
Percentage of animal N BESh 3 "Projected temperature conditions above
species and seagrasses . (A A A \ & ! the estimated historical (1850-2005)
exposed to potentially - " o L% maximum mean annual temperature
dangerous temperature e Pidhe e experienced by each species, assuming
conditions’? VA § ’ J no species relocation,

2Includes 30,652 species of birds,
mammals, reptiles, amphibians, marine
fish, benthic marine invertebrates, krill,
cephalopods, corals, and seagrasses.

Rischio per la saluta umana causato da umidita e calore 0days
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Historical 1991-2005 1.7-2.3°C 2.4-3.1°C 4.2 -5.4°C
Days per year where *Projected regional impacts utilize a global threshold beyond which daily mean surface air temperature and relative humidity may induce
combined temperature and  hyperthermia that poses a risk of mortality. The duration and intensity of heatwaves are not presented here. Heat-related health outcomes
humidity conditions pose a risk vary by location and are highly moderated by socio-economic, occupational and other non-climatic determinants of individual health and
of mortality to individuals®  socio-economic vulnerability. The threshold used in these maps is based on a single study that synthesized data from 783 cases to

determine the relationship between heat-humidity conditions and mortality drawn largely from observations in temperate climates.

Impatto sulla produzione di cibo

Resa del mais (variazione %) - 33-4.8°C 3.9-6.0°C

*Projected regional impacts reflect biophysical responses to changing temperature, precipitation, solar radiation, humidity, wind, and CO;
enhancement of growth and water retention in currently cultivated areas. Models assume that irrigated areas are not water-limited.
Models do not represent pests, diseases, future agro-technological changes and some extreme climate responses.

Areas with little or no

4 ’ e 4 4 ¢ % A production, or not assessed
Resa della pesca (variazione %) ‘ ¥ L ' ‘
’ 2 #/ Areas with model disagreement
potential > ;
3.4-5.2°C

*Projected regional impacts reflect fisheries and marine ecosystem responses to ocean physical and biogeochemical conditions such as
temperature, oxygen level and net primary production. Models do not represent changes in fishing activities and some extreme climatic
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Il mondo in cui vivranno i bambini e i giovani di oggi dipende dalle nostre scelte di adesso

. 2020
2011-2020 Was future experiences depend on

around 1.1°C warmer > dep
than 1850-1900 ‘_\ Future_emissinns (/how we address climate change
1980 scenarios: 2060 , 2100

very high
- warmin
hlgh continueg
beyond

intermediate 2100

low

very low
\

4°C Global temperature change above 1850-1900 levels

[ ]
B born \ 70 years

0 05 1 15 2 25 3 35 4 in 2020 old in 2090

-70 years
old in 2050

born 1 Al 70 years
n1950 1, X ) old in 2020




Sheial CO2 reductions needed to keep global temperature rise below 1.5°C

WOREs  Annual emissions of carbon dioxide under various mitigation scenarios to keep global average temperature rise
below 1.5°C. Scenarios are based on the CO, reductions necessary if mitigation had started — with global emissions
peaking and quickly reducing — in the given year.
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0t

1980 2000 2020

Source: Robbie Andrews (2019); based on Global Carbon Project & IPPC SR15
Note: Carbon budgets are based on a >66% chance of staying below 1.5°C from the IPCC's SR15 Report.
OurWorldInData.org/co2-and-other-greenhouse-gas-emissions « CC BY




P Qil  CO2 reductions needed to keep global temperature rise below 2°C

WEIeNEe  Annual emissions of carbon dioxide under various mitigation scenarios to keep global average temperature rise
below 2°C. Scenarios are based on the CO, reductions necessary if mitigation had started — with global emissions
peaking and quickly reducing — in the given year.
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Our World
in Data

Otl T T T T T
1980 2000 2020 2040 2060 2080

Source: Robbie Andrews (2019); based on Global Carbon Project & IPPC SR15
Note: Carbon budgets are based on a >66% chance of staying below 2°C from the IPCC's SR15 Report.
OurWorldInData.org/co2-and-other-greenhouse-gas-emissions « CC BY




Global temperature change (1850-2022)

1860 1890 1920 1950 1980 2010



Global temperature change . Temperature change in ltaly

Relative to average of 1971-2000 [°C] e Relative to average of 1971-2000 [*C]
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Ogni tonnellata di emissioni di CO2 fa aumentare il riscaldamento globale.

Global surface temperature increase since 1850-1900 (°C) as a function of cumulative CO, emissions (GtCO,)

©
3 -

The near linear relationship
between the cumulative
CO, emissions and global
warming for five illustrative
scenarios until year 2050
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1 -
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“I recenti cambiamenti climatici
sono generallizzati, rapidi e si
stanno intensificando. Non
hanno precedenti in migliaia di

anni.




Senza riduzioni immediate,
rapide e su larga scala delle
emissioni di gas serra, limitare
Il riscaldamento a 1,5°C sara
fuori portata.



(C E indiscutibile che siano le
attivita umane a causare |l
cambiamento climatico,
rendendo gli eventi climatici
estremi - tra cui ondate di calore,
forti piogge e siccita - piu
frequenti e gravi.




Il cambiamento climatico sta gia
colpendo ogni regione della
Terra, in molteplici modi.

| cambiamenti che gia vediamo
aumenteranno con l'ulteriore
riscaldamento



% ‘ ‘ Da alcuni cambiamenti

‘ climatici non si torna indietro.
Tuttavia, alcuni di essi
potrebbero essere rallentati e
altri potrebbero essere fermati
limitando 1l riscaldamento.



L £ Perlimitare il riscaldamento
globale sono necessarie
riduzioni forti, rapide e sostenute
di CO2, metano e altri gas serra.

Cio non solo ridurrebbe le
conseguenze del cambiamento
climatico, ma migliorerebbe
anche la qualita dell'aria.




SIXTH ASSESSMENT REPORT IDCC

Working Group | - The Physical Science Basis INTERGOVERNMENTAL PANEL on ClimaTe change WMo

Il Sesto IPCC Assessment Report

Gli ultimi Assessment Reports IPCC sono composti da tre parti:
Working Group | - The Physical Science Basis
Working Group | - Impacts, Adaptation and Vulnerability

Working Group Il - Mitigation of Climate Change

Del Sesto Rapporto fanno anche parte i rapporti speciali gia pubblicati:
Global Warming of 1.5 °C
Climate Change and Land

The Ocean and Cryosphere in a Changing Climate
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Atlante interattivo

@ DATASET VARIABLE
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CMIP6 - Mean temperature (T) Change deg C - Warming 2°C SSP5 8.5 (rel. to 1850-1900) - Annual (34 models)
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“I recenti cambiamenti climatici
sono generallizzati, rapidi e si
stanno intensificando. Non
hanno precedenti in migliaia di
anni.
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L'influenza umana ha riscaldato il clima a un ritmo che
non ha precedenti negli ultimi 2000 anni (almeno).

a) Change in global surface temperature (decadal average)

as reconstructed (1-2000) and observed (1850-2020) Variazioni rispetto al periodo 1850-1900

oC °C
r 2.0 20
Warming is unprecedented
in more than 2000 years !
1.5 15 m
Warmest multi-century ’
/ period in more than
100,000 years

10y 10

% !

7 observed

é 1 1

7

7%

. 05 1.1°C
-0.2% warmer

0.0 |
reconstructed
-0.5 05
= : — | - ] l |

T T | I 1 1 I

! . I 1 J 1
1 500 1000 1500 1850 2G¢y  4gs59 1900 1950 2000 2020



£ £ & indiscutibile che siano le attivita
umane a causare il cambiamento
climatico, rendendo gli eventi
climatici estremi - tra cui ondate
di calore, forti piogge e siccita -
piu frequenti e gravi.
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Il riscaldamento osservato € determinato dalle emissioni delle attivita umane,
con il riscaldamento dei gas serra parzialmente mascherato dal raffreddamento
degll aerOSO| a) Observed warming b) Aggregated contributions to

2010-2019 relative to 2010-2019 warming relative to
1850-1900 1850-1900, assessed from
°C attribution studies °C
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1.0 1.0
0.5 0.5
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L'influenza umana ha riscaldato il clima a un ritmo che
non ha precedenti negli ultimi 2000 anni (almeno).

Changes in global surface temperature relative to 1850-1900

a) Change in global surface temperature (decadal average) b) Change in global surface temperature (annual average) as observed and
as reconstructed (1-2000) and observed (1850-2020) simulated using human & natural and only natural factors (both 1850-2020)
OC OC
2.0 2.0
Warming is unprecedented
in more than 2000 years -
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L 024 /
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Il cambiamento climatico sta gia interessando ogni regione abitata del mondo.
L'influenza umana contribuisce a molte variazioni osservate nelle condizioni
meteorologiche e negli estremi climatici.

Estremi caldi a) Synthesis of assessment of observed change in hot extremes and

confidence in human contribution to the observed changes in the world’s regions
Type of observed change

in hot extremes North — 2~ e P o~
. America (1 ‘ Europe |
Increase {41) J .
g //’ N -
. Decrease (0)
Small

O Low agreement in the type of change (2) _—
~ ~. lslands

O Limited data and/or literature (2) Central —

America |

,

|
Small
Islands

Confidence in human contribution
to the observed change

eee High ’
South
ee Medium America
® Low due to limited agreement
© Low due to limited evidence
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Il cambiamento climatico sta gia interessando ogni regione abitata del mondo.
L'influenza umana contribuisce a molte variazioni osservate nelle condizioni
meteorologiche e negli estremi climatici.

b) Synthesis of assessment of observed change in heavy precipitation and

confidence in human contribution to the observed changes in the world’s regions
Type of ohserved change

T

in heavy precipitation North T

‘ ~ Estremidi Amerie j
Increase {19) .o . p
precipitazione

Decrease (0) .

O Intensa

/j Low agreement in the type of change (&)
~

Central —

O Limited data and/or literature (18) America

Small
Islands

Confidence in human contribution
to the observed change

eee High
ee Medium
® Low due to limited agreement

America

0 Low due to limited evidence
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Il cambiamento climatico sta gia interessando ogni regione abitata del mondo.
L'influenza umana contribuisce a molte variazioni osservate nelle condizioni
meteorologiche e negli estremi climatici.

) Synthesis of assessment of cbserved change in agricultural and ecological drought

and confidence in human contribution to the observed changes in the world’s regions
Type of observed change
North —

in agricultural and ecological drought o~ PN P
- America | Eurape (
Increase (12) |
P .

‘ 5 Estremi siccitosi
ecrease (1)

P
i j Low agreement in the type of change (28)

O Limited data and/or literature (£) Central

America \

Confidence in human contribution
to the observed change

eee High
ee Medium
® Low due to limited agreement
O Low due to limited evidence



Il cambiamento climatico sta gia
colpendo ogni regione della
Terra, in molteplici modi.

| cambiamenti che gia vediamo
aumenteranno con l'ulteriore
riscaldamento
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Le emissioni future causeranno un ulteriore riscaldamento. Il riscaldamento
totale e per la maggior parte dovuto alle emissioni di CO2 passate e future

a) Global surface temperature change relative to 1850-1900

°C
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Le emissioni future causeranno un ulteriore riscaldamento. Il riscaldamento
totale e per la maggior parte dovuto alle emissioni di CO2 passate e future

Very high CO, emissions
High CO, emissions

Intermediate
CO, emissions

Low CO, emissions
.i _5_ ;6 _________________________________________ Very low CO, emissions

1950 2000 2050

2100



Working Group | - The Physical Science Basis INTERGOVERNMENTAL PANEL on Climate change  wwo uNEP

SIXTH ASSESSMENT REPORT IDCC & @

Le emissioni future causeranno un ulteriore riscaldamento. Il riscaldamento
totale e per la maggior parte dovuto alle emissioni di CO2 passate e future
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Le emissioni future causeranno un ulteriore riscaldamento. Il riscaldamento
totale e per la maggior parte dovuto alle emissioni di CO2 passate e future
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Ogni incremento del riscaldamento globale comporta ulteriori variazioni nella
temperatura media e nelle precipitazioni.

c) Annual mean precipitation change (%) Precipitation is projected to increase over high latitudes, the equatorial
. _ Pacific and parts of the monsoon regions, but decrease over parts of the
relative to 1850-1900 subtropics and in limited areas of the tropics.

Simulated change at 1.5 °C global warming Simulated change at 2 °C global warming Simulated change at 4 °C global warming

Relatively small absolute changes

may appear as large % changes in co- 40 30 20 -10 0 10

regions with dry baseline conditions
Y Change (%)

Wetter



% ‘ ‘ Da alcuni cambiamenti

‘ climatici non si torna indietro.
Tuttavia, alcuni di essi
potrebbero essere rallentati e
altri potrebbero essere fermati
limitando 1l riscaldamento.
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La proporzione di CO2 emessa che viene immagazzinata nei pozzi di
assorbimento del carbonio terrestri e oceanici e inferiore negli scenari con
emissioni cumulative di CO2 piu elevate

Total cumulative CO, emissions taken up by land and oceans (colours) and remaining in the atmosphere (grey)
under the five illustrative scenarios from 1850 to 2100
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Senza riduzioni immediate,
rapide e su larga scala delle
emissioni di gas serra, limitare
Il riscaldamento a 1,5°C sara
fuori portata.

[Credit: Peter John Maridable | Unsplash]



“ The climate we experience
in the future depends on our
decisions now.




