
CARISMA Centre

CLIMA: Cosa ci aspetta?

Marco Gaetani

Ricercatore Senior

marco.gaetani@iusspavia.it

1

mailto:marco.gaetani@iusspavia.it


2M. Gaetani - Clima: cosa ci aspetta? Biblioteca Maffei, Foligno, 21 gennaio 2022

Cos’è il clima? Quale relazione con il meteo?

[https://www.theguardian.com/world/2021/jul/02/cana
da-heatwave-500-deaths]

[https://www.bbc.com/news/world-
us-canada-57678054]

https://www.theguardian.com/world/2021/jul/02/canada-heatwave-500-deaths
https://www.bbc.com/news/world-us-canada-57678054
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Cos’è il clima? Quale relazione con il meteo?

Meteo: stato dell’atmosfera in questo momento.
Clima: stato medio dell’atmosfera su lunghi periodi (30 anni).

[dati ERA5] climatologia di gennaio

[https://cds.climate.copernicus.eu/cdsapp#!/home]

[previsioni ECMWF] 21 gennaio 2022

[https://apps.ecmwf.int/webapps/opencharts/]

https://cds.climate.copernicus.eu/cdsapp#!/home
https://apps.ecmwf.int/webapps/opencharts/
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Cos’è il clima? Quale relazione con il meteo?

Definizione statistica: il clima è definito dalle caratteristiche (es. media, variabilità) della 
distribuzione di probabilità delle variabili climatiche (es. temperatura, precipitazione)  il clima 
è la probabilità di osservare il meteo.

[https://www.ecad.eu/download/ensembles/download.php]

media

variabilità

estremi estremi

https://www.ecad.eu/download/ensembles/download.php
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Cambiamento climatico: cambiamento statisticamente significativo nella distribuzione di 
probabilità delle variabili climatiche.

[https://www.ecad.eu/download/ensembles/download.php]

Cos’è il clima? Quale relazione con il meteo?

https://www.ecad.eu/download/ensembles/download.php
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Cos’è il clima? Quale relazione con il meteo?

Classificazione di Köppen-Geiger (1936)

[Beck et al. 2018: https://www.nature.com/articles/sdata2018214.pdf]

Tropical     Arid        Temperate                       Cold                 Polar

https://www.nature.com/articles/sdata2018214.pdf
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Clima Mediterraneo

[Peel et al. 2007, www.hydrol-earth-syst-sci.net/11/1633/2007/]

http://www.hydrol-earth-syst-sci.net/11/1633/2007/
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Clima Mediterraneo

[Seager et al. (2019) https://journals.ametsoc.org/view/journals/clim/32/10/jcli-d-18-0472.1.xml]

Precipitazione
Temperatura

https://journals.ametsoc.org/view/journals/clim/32/10/jcli-d-18-0472.1.xml
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Clima Mediterraneo

North Atlantic Oscillation



13M. Gaetani - Clima: cosa ci aspetta? Biblioteca Maffei, Foligno, 21 gennaio 2022

AB

Rodwell & Hoskins 1996 [https://rmets.onlinelibrary.wiley.com/doi/10.1002/qj.49712253408]

Indian Monsoon

Monsone

Clima Mediterraneo

https://rmets.onlinelibrary.wiley.com/doi/10.1002/qj.49712253408


14M. Gaetani - Clima: cosa ci aspetta? Biblioteca Maffei, Foligno, 21 gennaio 2022

Clima Mediterraneo, in evoluzione

Temperatura

[https://interactive-atlas.ipcc.ch/]

https://interactive-atlas.ipcc.ch/
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Clima Mediterraneo, in evoluzione

[https://interactive-atlas.ipcc.ch/]

Precipitazione

https://interactive-atlas.ipcc.ch/
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Clima Mediterraneo, in evoluzione

[Ulbrich U. et al. (2013) https://doi.org/10.1007/978-94-007-5781-3_2]

Siccità Siccità
Siccità

https://doi.org/10.1007/978-94-007-5781-3_2
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Clima Mediterraneo, in evoluzione

[https://interactive-atlas.ipcc.ch/]

Temperatura del mare

https://interactive-atlas.ipcc.ch/
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Clima Mediterraneo, in evoluzione

[Ulbrich U. et al. (2013) https://doi.org/10.1007/978-94-007-5781-3_2]

https://doi.org/10.1007/978-94-007-5781-3_2


19M. Gaetani - Clima: cosa ci aspetta? Biblioteca Maffei, Foligno, 21 gennaio 2022

Cambiamenti climatici

Medio Olocene (10-5 mila anni fa)
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Cambiamenti climatici

Heinrich Barth
(1821-1865)
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Cambiamenti climatici

Medio Olocene (10-5 mila anni fa)

[https://www.nature.com/scitable/knowledge/library/green-sahara-african-humid-periods-paced-by-82884405]

https://www.nature.com/scitable/knowledge/library/green-sahara-african-humid-periods-paced-by-82884405
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Cambiamenti climatici, cause (naturali?)

[Marcott et al. 2013, https://www.science.org/doi/10.1126/science.1228026] 

?

https://www.science.org/doi/10.1126/science.1228026
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Cambiamenti climatici, cause (naturali?)
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Cambiamenti climatici, cause (naturali?)

[https://ourworldindata.org/co2-and-other-greenhouse-gas-emissions]

https://ourworldindata.org/co2-and-other-greenhouse-gas-emissions
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Cambiamenti climatici, cause (naturali?)
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[https://www.ipcc.ch/report/ar5/syr/]

Cambiamenti climatici e attività umane

https://www.ipcc.ch/report/ar5/syr/
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Cambiamenti climatici e attività umane

[https://www.ipcc.ch/report/ar5/syr/]

https://www.ipcc.ch/report/ar5/syr/
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Effetto Serra
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Ciclo del carbonio ed effetto serra
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Effetto serra, una vecchia storia

[https://earthobservatory.nasa.gov/features/ModelingIntro]

Svante Arrhenius 
(1859-1927)

1 − 𝑎 𝑺𝜋𝑟2 = 4𝜋𝑟2𝜺𝜎𝑻𝟒
Legge di Stefan-Boltzmann

https://earthobservatory.nasa.gov/features/ModelingIntro
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Effetto serra, una vecchia storia

Syukuro Manabe
[Nobel per la Fisica 2021]

[https://www.nobelprize.org/uploads/2021/10/sciback_fy_en_21.pdf]

https://www.nobelprize.org/uploads/2021/10/sciback_fy_en_21.pdf
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Effetto serra, una vecchia storia
1988

 https://www.climatefiles.com/exxonmobil/1982-memo-to-exxon-
management-about-co2-greenhouse-effect/
 https://www.climatefiles.com/shell/1988-shell-report-greenhouse/

https://www.climatefiles.com/exxonmobil/1982-memo-to-exxon-management-about-co2-greenhouse-effect/
https://www.climatefiles.com/shell/1988-shell-report-greenhouse/
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Modelli climatici

Condizioni al 
contorno

Stato iniziale

Forzante
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Attribuzione del cambiamento climatico

[https://www.ipcc.ch/assessment-report/ar6/]

https://www.ipcc.ch/assessment-report/ar6/
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Attribuzione del cambiamento climatico

Klaus Hasselmann
[Nobel per la Fisica 2021]

[https://www.nobelprize.org/uploads/2021/10/sciback_fy_en_21.pdf]

https://www.nobelprize.org/uploads/2021/10/sciback_fy_en_21.pdf
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Attribuzione del cambiamento climatico
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Sensibilità climatica

[https://www.ipcc.ch/assessment-report/ar6/]

https://www.ipcc.ch/assessment-report/ar6/
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Scenari di emissione

[https://www.ipcc.ch/assessment-report/ar6/]

Business as usual

Riduzione

Zero Emissioni

https://www.ipcc.ch/assessment-report/ar6/
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Proiezioni climatiche

[https://www.ipcc.ch/assessment-report/ar6/]

https://www.ipcc.ch/assessment-report/ar6/


58M. Gaetani - Clima: cosa ci aspetta? Biblioteca Maffei, Foligno, 21 gennaio 2022

Proiezioni climatiche

[https://www.ipcc.ch/assessment-report/ar6/]

Zero nel 2050

Zero nel 2075

https://www.ipcc.ch/assessment-report/ar6/
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Proiezioni climatiche

[https://www.ipcc.ch/assessment-report/ar6/]

https://www.ipcc.ch/assessment-report/ar6/
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Proiezioni climatiche

[https://www.ipcc.ch/assessment-report/ar6/]

https://www.ipcc.ch/assessment-report/ar6/
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Proiezioni climatiche, in pratica

[https://www.ipcc.ch/assessment-report/ar6/]

https://www.ipcc.ch/assessment-report/ar6/
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Proiezioni climatiche, in pratica

[https://www.ipcc.ch/assessment-report/ar6/]

https://www.ipcc.ch/assessment-report/ar6/
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Proiezioni climatiche, a Foligno

 Don’t try this at home! This is not a climate prediction! 

+1.5 °C +3.0 °C
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[https://nhess.copernicus.org/articles/21/2633/2021/]

Proiezioni climatiche, a Venezia

https://nhess.copernicus.org/articles/21/2633/2021/
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Proiezioni climatiche, Mediterraneo

[https://interactive-atlas.ipcc.ch/]

https://interactive-atlas.ipcc.ch/
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Proiezioni climatiche, Mediterraneo

[https://interactive-atlas.ipcc.ch/]

https://interactive-atlas.ipcc.ch/
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Soluzioni (per un clima a +2.0 °C)

[https://www.ipcc.ch/assessment-report/ar6/]

https://www.ipcc.ch/assessment-report/ar6/
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Scenari futuri che guardano al passato (remoto)
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[https://ourworldindata.org/]

Emissioni di gas serra

https://ourworldindata.org/
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Emissioni di gas serra
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Emissioni di gas serra
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Emissioni di gas serra
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Emissioni di gas serra
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Emissioni di gas serra
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Il riscaldamento globale è la 
conseguenza delle emissioni di gas 
serra accumulate dal 1850 a oggi 

Emissioni di gas serra
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2019 1751-2017
Emissioni di gas serra


