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https://climate.copernicus.

eu/copernicus-may-2024-

12th-consecutive-month-

record-high-temperatures

https://climate.copernicus.eu/copernicus-may-2024-12th-consecutive-month-record-high-temperatures
https://climate.copernicus.eu/copernicus-may-2024-12th-consecutive-month-record-high-temperatures
https://climate.copernicus.eu/copernicus-may-2024-12th-consecutive-month-record-high-temperatures
https://climate.copernicus.eu/copernicus-may-2024-12th-consecutive-month-record-high-temperatures
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Outline

- Feedback loop

- Tipping points

- Impatti del climate change: eventi meteo estremi

- Giustizia Climatica
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Rapid adjustments
aggiustamenti rapidi del sistema climatico su scale temporali brevi (settimane), attraverso 

meccanismi che non modificano direttamente il bilancio radiativo planetario e non inducono una 

variazione diretta della temperatura media superficiale terrestre. 
Questo tipo di risposta si attiva quando i forzanti provocano, oltre ai cambiamenti dei flussi radiativi, 

anche una variazione della copertura nuvolosa o di altre componenti del sistema che, a loro volta, 

modificano il bilancio radiativo. In questo senso gli aggiustamenti rapidi sono caratterizzati da una 

interazione indiretta con il bilancio radiativo, che non è mediata da una variazione della temperatura 

media superficiale ma è dovuta a rapidi cambiamenti atmosferici e superficiali. 

Feedback loops
retroazioni climatiche ricorsive (positive o negative), tempi scala medio-lunghi

Rapid adjustment e feedback loops

(Bagliani, 2019)
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Feedback loops (retroazioni climatiche ricorsive)

• Risposte del sistema climatico che agiscono direttamente sul bilancio radiativo inducendo 

modificazioni sulla T media superficiale terrestre

• Ricorsività

• Feedback positivi (amplificano il segnale, destabilizzano il sistema)

• Feedback negativi (riducono il segnale, stabilizzano il sistema)

• Tempi scala medio-lunghi (inerzia degli oceani)
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Feedback loops: il vapore acqueo 

(Bagliani, 2019)

Positivo

Positivo
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Feedback loops delle nubi
A.

(Cassandro, Unito 2022)

(cirrostrati)

ATLANTE DELLE NUBI

https://www.meteonetwork.it/meteo/atlante-delle-nubi/
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Feedback loop (+) metano-permafrost

https://e360.yale.edu/features/how-melting-permafrost-is-beginning-to-transform-the-arctic

https://www.nature.com/articles/s41467-018-08240-4

https://e360.yale.edu/features/how-melting-permafrost-is-beginning-to-transform-the-arctic
https://www.nature.com/articles/s41467-018-08240-4
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Feedback loops atmosfera-biosfera (ciclo del C) 

1) Aumento della decomposizione. Viene sottratto C dalla biomassa e rilasciato in atmosfera 

CO2 e CH4 (feedback positivo). Permafrost, torbiere, zone umide (LULC)

2) Aumento degli incendi forestali. Correlazione con innalzamento delle temperature 

(feedback positivo)

3) Fertilizzazione da aumento della CO2. Aumento dell’attività fotosintetica e una minore 

traspirazione di vapore (feedback negativo). 

https://www.imperial.ac.uk/media/imperial-college/grantham-institute/public/publications/briefing-
papers/Biosphere-feedbacks-and-climate-change-Briefing-Paper-No-12v2.pdf

https://www.imperial.ac.uk/media/imperial-college/grantham-institute/public/publications/briefing-papers/Biosphere-feedbacks-and-climate-change-Briefing-Paper-No-12v2.pdf
https://www.imperial.ac.uk/media/imperial-college/grantham-institute/public/publications/briefing-papers/Biosphere-feedbacks-and-climate-change-Briefing-Paper-No-12v2.pdf
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Fitoplancton — DMS: il feedback sulle nubi marine

Fotosintesi Solfuro dimetile**
DMS

Nuvolosità
Aerosol

**DMS non forma direttamente aerosol…→ deve essere convertito in acido solforico
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Forzante iniziale 
(riduzione delle nubi)

Radiazione solare 
(Temperatura)

+
DMS

+

Charlson, Lovelock, Andrea, Warren - “C.L.A.W.” Hypothesis

Fotosintesi

+

Aerosol e 
nuvolosità

+

-

I microbi svolgono un ruolo importante nel ciclo dello zolfo (aerosol), nel ciclo del carbonio (CO2), nell’O3 stratosferico, ...

Fitoplancton — DMS: il feedback sulle nubi marine
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Feedback loops legati agli oceani 
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Feedback loops: risorse web

https://climate.nasa.gov/nasa_science/science/

https://feedbackloopsclimate.com/ (docu-film)

https://explainingclimatechange.com/lesson7/lesson7.html

https://www.climaterealityproject.org/blog/how-feedback-loops-are-making-climate-crisis-worse

https://earthhow.com/climate-feedback-loops/

Docu-film

Climate Emergency (Dec. 2021) 

https://explainingclimatechange.com/lesson7/lesson7.html
https://www.climaterealityproject.org/blog/how-feedback-loops-are-making-climate-crisis-worse
https://earthhow.com/climate-feedback-loops/
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Tipping points (punti di non ritorno)



Cambiamenti climatici e adattamenti negli ecosistemi e nelle società – Ingegneria per l’Ambiente ed il Territorio Prof. Salvatore Pappalardo

Tipping points (punti di non ritorno)

“Tipping Point – a position in a system where a small, additional increase in an external 

forcing factor triggers internal processes that drive system change – often rapid and 

unexpected, sometimes irreversible” (Steffen, 2008)

Tipping element: componenti che possono oltrepassare il tipping point in area >1000 km2

Caratteristiche delle dinamiche di sistemi NON lineari

Lenton et al. 2008; Steffen et al 2018 
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9 tipping points climatici

(Lenton et al 2019, NATURE)

Climate tipping points:

too risky to bet against
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1) Ghiaccio marino artico

2) Calotta glaciale groenlandese

3) Circolazione termoalina nell’Atlantico (rallenta la Corrente del Golfo) 

4) Calotta glaciale antartica occidentale (quella più piccola, più instabile)

5) Monsone indiano estivo

6) Sahara e monsone occidentale africano

7) Foresta amazzonica . 

8) Foresta boreale

Principali tipping points climatici
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Carta delle potenziali 

cascate di non 

ritorno, i cui elementi 

sono classificati in 3 

gruppi, in base 

all’aumento della 

temperatura media

In giallo gli elementi più 

vicini all’aumento delle 

temperature attuale

Tipping points (punti di non ritorno)

(Steffen et al., 2018)
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https://www.nature.com/articles/d41586-020-00508-4 Google Earth  Pro
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Tipping points: bioma amazzonico

ruolo cruciale nelle dinamiche globali:

• sistema climatico

• ciclo idrologico

• ciclo del carbonio (rilascio di 90 109 tCO2)

• sistema circolazione generale atmosferica 

teleconnessioni e atmospheric rivers

• rete globale degli ecosistemi

https://e360.yale.edu/features/how-deforestation-affecting-global-water-cycles-climate-change
https://research.noaa.gov/News/ArtMID/451/ArticleID/2778/Deforestation-warming-flip-part-of-Amazon-forest-from-carbon-sink-to-source

https://e360.yale.edu/features/how-deforestation-affecting-global-water-cycles-climate-change
https://research.noaa.gov/News/ArtMID/451/ArticleID/2778/Deforestation-warming-flip-part-of-Amazon-forest-from-carbon-sink-to-source


Cambiamenti climatici e adattamenti negli ecosistemi e nelle società – Ingegneria per l’Ambiente ed il Territorio Prof. Salvatore Pappalardo

(Luciana Gatti, Brazilian National Institute for Space Research, 2021)

https://www.nature.com/articles/s41558-022-01287-8
https://research.noaa.gov/News/ArtMID/451/ArticleID/2778/Deforestation-warming-flip-part-of-Amazon-forest-from-carbon-sink-to-source

Tipping points: bioma amazzonico

• Analisi dati satellitari (1991-2016)

• Diminuzione carbon uptake flux

• Feedback da : 1) estesi incendi (amplificazione 

siccità) 2) deforestazione e degradazione

• Diminuzione dei regimi pluviometrici regionali

• oltre il 75% dell’Amazzonia ha perso 

capacità di resilienza dal 2000

• Dieback entro 2100

• Dieback più ampio

https://www.nature.com/articles/s41558-022-01287-8
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https://www.science.org/doi/10.1126/science.abn7950

https://www.science.org/doi/10.1126/science.abn7950
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https://www.nationalgeographic.com/science/article/earth-tipping-point
https://e360.yale.edu/features/as-climate-changes-worsens-a-cascade-of-tipping-points-looms
https://futurism.com/stephen-hawking-we-are-close-to-the-tipping-point-where-global-warming-becomes-irreversible
https://www.unsdsn.org/leading-scientists-gather-before-the-un-climate-summit-to-highlight-the-sense-of-urgency-in-
the-amazon
https://www.thesustainabilityagenda.com/podcast/episode-94-interview-with-will-steffen-climate-scientist/

Tipping points: risorse web

https://www.nationalgeographic.com/science/article/earth-tipping-point
https://www.unsdsn.org/leading-scientists-gather-before-the-un-climate-summit-to-highlight-the-sense-of-urgency-in-the-amazon
https://www.unsdsn.org/leading-scientists-gather-before-the-un-climate-summit-to-highlight-the-sense-of-urgency-in-the-amazon
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Climate change: eventi meteorologici estremi

Climate extremes
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https://www.ipcc.ch/report/ar6/wg1/chapter/chapter-11/

https://www.ipcc.ch/report/ar6/wg1/chapter/chapter-11/
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The frequency and intensity of hot extremes (including heatwaves) have increased, and those 

of cold extremes have decreased on the global scale since 1950 (virtually certain). This also 

applies at regional scale, with more than 80% of AR6 regions1showing similar changes assessed to 

be at leastlikely . In a few regions, limited evidence (data or literature) prevents the reliable estimation 

of trends. {11.3, 11.9}

Human-induced greenhouse gas forcing is the main driver of the observed changes in hot and 

cold extremes on the global scale (virtually certain ) and on most continents (very likely ). The 

effect of enhanced greenhouse gas concentrations on extreme temperatures is moderated or 

amplified at the regional scale by regional processes such as soil moisture or snow/ice-albedo 

feedbacks, by regional forcing from land-use and land-cover changes, or aerosol concentrations, and 

decadal and multi-decadal natural variability. Changes in anthropogenic aerosol concentrations have 

likely affected trends in hot extremes in some regions. Irrigation and crop expansion have attenuated 

increases in summer hot extremes in some regions, such as the Midwestern USA (medium 

confidence). Urbanization has likely exacerbated changes in temperature extremes in cities, in 

particular for nighttime extremes. {11.1, 11.2, 11.3}
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The frequency and intensity of hot extremes will continue to increase and those of cold extremes will 

continue to decrease, at global and continental scales and in nearly all inhabited regions1 with increasing global 

warming levels. This will be the case even if global warming is stabilized at 1.5°C. 

Relative to present-day conditions, changes in the intensity of extremes would be at least double at 2°C, and 

quadruple at 3°C of global warming, compared to changes at 1.5°C of global warming. 

The number of hot days and hot nights and the length, frequency, and/or intensity of warm spells or heatwaves will 

increase over most land areas (virtually certain). 

In most regions, future changes in the intensity of temperature extremes will very likely be proportional to 

changes in global warming, and up to two to three times larger (high confidence). T

he highest increase of temperature of hottest days is projected in some mid-latitude and semi-arid regions and in the 

South American Monsoon region, at about 1.5 times to twice the rate of global warming (high confidence). The 

highest increase of temperature of coldest days is projected in Arctic regions, at about three times the rate of global 

warming (high confidence). 

The frequency of hot temperature extreme events will very likely increase nonlinearly with increasing global 

warming, with larger percentage increases for rarer events. {11.2, 11.3, 11.9; Table 11.1; Figure 11.3}
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La variabilità del clima

Il clima è definito come il tempo meteorologico medio o, in maniera più rigorosa, come la descrizione statistica in 

termini di media e variabilità di grandezze rilevanti, nel corso di un periodo di tempo che va da mesi a migliaia o 

milioni di anni. 

Il periodo classico per calcolare la media di queste variabili è trent'anni, secondo la definizione 

dell'Organizzazione meteorologica mondiale (WMO - World Meteorological Organization). 

Estremi climatici (o eventi estremi)
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Aumento della T media:

i valori aumentano tutti della stessa quantità. 

La distribuzione trasla verso valori maggiori ma mantiene la 

stessa forma

Risultato? Meno eventi estremi freddi, più eventi estremi caldi

Estremi climatici (o eventi estremi)



Cambiamenti climatici e adattamenti negli ecosistemi e nelle società – Ingegneria per l’Ambiente ed il Territorio Prof. Salvatore Pappalardo

Aumento della varianza:

La distribuzione dei valori cambia forma, si «appiattisce»

La T media non cambia, ma le code sono più popolate

Risultato? Più eventi freddi, più eventi caldi

Estremi climatici (o eventi estremi)



Cambiamenti climatici e adattamenti negli ecosistemi e nelle società – Ingegneria per l’Ambiente ed il Territorio Prof. Salvatore Pappalardo

Aumento della T media e della varianza («appiattimento»):

La distribuzione trasla verso valori maggiori e cambia forma

Risultato? Un po’ meno eventi freddi, ma molti più eventi 

estremi caldi

Estremi climatici (o eventi estremi)
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Heatwaves (Ondate di calore)

Heat wave (also referred to as extreme heat event)

A period of abnormally hot weather. Heat waves and warm spells have various and, in some cases, 

overlapping definitions (IPCC, SR Glossary of terms in Managing the Risks of Extreme Events and Disasters to 

Advance Climate Change Adaptation, 2012)

A UK heatwave threshold is met when a location records a period of at least three consecutive days with daily 

maximum temperatures meeting or exceeding the heatwave temperature threshold. 

The threshold varies by UK county (Met Office)

A heatwave occurs when the maximum and the minimum temperatures are unusually hot over a three-day period at a 

location. This is considered in relation to the local climate and past weather at the location (Australina Bureau 

of Meteorology)

A heat wave as a period during which the daily maximum temperature exceeds for more than five consecutive days 

the maximum normal temperature by 5 degrees Celsius, the normal period being defined as 1961–1990 (WMO 

2021).
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Misurare e comparare Heatwaves (ondate di calore)

Periodo di minimo tre giorni consecutivi in cui, in una determinata area, la temperatura massima giornaliera 

supera il 90° percentile della distribuzione  delle temperature massime registrate nel periodo di 

riferimento, all’interno di una finestra mobile di 31 giorni centrata nel giorno di indagine 

Heatwave Index (Russo et al. 2014) Heatwave Magnitude Index (Russo et al. 2015)
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a. Anomalia della temperatura JJA (media 1961-

1990)

b) T medie JJA in Svizzera nel periodo 1864-2003

c) T simulate utilizzando un modello climatico regionale

del clima nel periodo 1961-1990

d) Temperature simulate con lo stesso modello nel 

periodo 2071-2100 per un possibile scenario futuro

https://archive.ipcc.ch/publications_and_data/ar4/wg2/en/figure-c1-1.html

Heatwave 2003 in Europa 

https://archive.ipcc.ch/publications_and_data/ar4/wg2/en/figure-c1-1.html
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Heat wave 2003 in Europe (‘the days after’…)

• 30.000 morti per heat-stress (14.000 in Francia, 4.000 in Italia)

• Uno tra i 10 disastri più fatali in Europa negli ultimi 100 anni, il peggiore negli ultimi 50

• Heat-risk: vulnerabilità differenziate (età, genere, reddito, quartiere)

• Impatti sulla produzione agricola

• Impatti sugli ecosistemi urbani 

(vegetation-stress, 

da carbon sink a carbon source)

https://www.unisdr.org/files/1145_ewheatwave.en.pdf

Giustizia climatica

https://www.unisdr.org/files/1145_ewheatwave.en.pdf
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https://www.nature.com/articles/s41467-022-31432-y

Europa come heatwave hotspot

“Here we identify Europe as a heatwave hotspot, exhibiting upward trends that are three-to-four times faster compared to the 

rest of the northern midlatitudes over the past 42 years” (Rouse et al. 2022)

Using a previously employed temperature threshold to define extremely hot summers, we find that 

events that would occur twice a century in the early 2000s are now expected to occur twice a 

decade

https://www.nature.com/articles/s41467-022-31432-y
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• The chance of at least one year between 2022 and 2026 exceeding the warmest year on record 

(2016) is 93% 

• The chance of the five-year mean for 2022-2026 being higher than the last five years (2017-2021) 

is also 93%

“Extreme events are the new norm” (Petteri Taalas, WMO)

Extreme weather events are the “daily face” of climate emergency (WMO, 2022)

Climate extremes

The state of climate 2021
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https://www.who.int/europe/news/item/07-11-2022-statement---climate-change-is-already-killing-us--but-strong-action-

now-can-prevent-more-deaths

https://www.who.int/europe/news/item/07-11-2022-statement---climate-change-is-already-killing-us--but-strong-action-now-can-prevent-more-deaths
https://www.who.int/europe/news/item/07-11-2022-statement---climate-change-is-already-killing-us--but-strong-action-now-can-prevent-more-deaths
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(Scott Duncan, 2022)

(Scott Duncan, 2022)(Scott Duncan, 2022)
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Heat waves impacts on energy supply
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“400 000 deaths worldwide in 2019 were 

linked to extreme heat events”

Heat waves impacts on the people

https://www.thelancet.com/journals/lanplh/article/PIIS2542-5196(21)00081-4/fulltext

https://www.thelancet.com/journals/lanplh/article/PIIS2542-5196(21)00081-4/fulltext
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https://www.cmcc.it/wp-content/uploads/2020/09/en_EXECUTIVE_SUMMARY_CMCC_climate_RISK_in_ITALY.pdf

• Climate change in Italy is linked to increases in temperature, changes in 

rainfall patterns and increased frequency and duration of extreme 

weather events.

• The climate scenarios analyzed in this report show a generalized +5°C 

increase in average temperature in 2100 compared to the beginning of 

the century (worst case scenario, RCP8.5).

• The precipitation regime shows significant differences throughout the 

region.

• All the scenarios considered show an increase in the number of hot 

and dry days during the year.

https://www.cmcc.it/wp-content/uploads/2020/09/en_EXECUTIVE_SUMMARY_CMCC_climate_RISK_in_ITALY.pdf


Cambiamenti climatici e adattamenti negli ecosistemi e nelle società – Ingegneria per l’Ambiente ed il Territorio Prof. Salvatore Pappalardo

• Urban environment

Urbanized areas will suffer strong negative impacts from climate change,

especially in reference to extreme climate phenomena (heat waves and 

intense precipitation events).

The most fragile segments of the population (children, the elderly and 

people with disabilities) will be the primary victims of the most negative 

effects.

Intense heat represents a health risk for the population.

Urban centers experience temperatures 5-10°C higher than their 

surrounding rural areas.

In 2019, there were 29 more days of intense heat than in the period 1961-

1990. Climate projections predict an increase in these phenomena, which 

are exacerbated in urban area

https://www.cmcc.it/wp-content/uploads/2020/09/en_EXECUTIVE_SUMMARY_CMCC_climate_RISK_in_ITALY.pdf

https://www.cmcc.it/wp-content/uploads/2020/09/en_EXECUTIVE_SUMMARY_CMCC_climate_RISK_in_ITALY.pdf
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climate justice 
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(Figure TS.2, AR5, 

WGIII, SPM, 2015)

https://www.carbonbrief.or

g/in-depth-qa-what-is-

climate-justice/

https://www.carbonbrief.org/in-depth-qa-what-is-climate-justice/
https://www.carbonbrief.org/in-depth-qa-what-is-climate-justice/
https://www.carbonbrief.org/in-depth-qa-what-is-climate-justice/
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Global

CO2 emissions (Gt)

2017 36.2 Gt CO2

Who emits 

the most?

(GCP 2017)

https://ourworldindata.org/co2-

emissions#annual-co2-

emissions

https://ourworldindata.org/co2-emissions#annual-co2-emissions
https://ourworldindata.org/co2-emissions#annual-co2-emissions
https://ourworldindata.org/co2-emissions#annual-co2-emissions
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Cumulative CO2

emissions 

1751-2017

Who 

emitted the 

most?



Cambiamenti climatici e adattamenti negli ecosistemi e nelle società – Ingegneria per l’Ambiente ed il Territorio Prof. Salvatore Pappalardo

https://ourworldindata.org/co2-emissions

https://ourworldindata.org/co2-emissions
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(Figure TS.3, AR5, WGIII, SPM, TS, 2015)
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Total anthropogenic GHG 

emissions in 1970, 1990 and 

2010 by five major economic 

sectors and country income 

groups

(Figure TS.3, AR5, WGIII, SPM, 2015)
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https://gain.nd.edu/our-work/country-index/download-

data/

(Hickel 2020, Lancet Planetary Health)

• USA 40%

• EU-28 29%

• G8 85%

• Paesi Annex1 (UNFCC) 90%

• Global North 92%

• Global South sotto soglia (tranne Cina)

‘’Quantifying national responsibility for climate 

breakdown: an equality-based attribution 

approach for carbon dioxide emissions in excess 

of the planetary boundary’’

https://www.thelancet.com/journals/lanplh/article/PIIS2542-5196(20)30196-0/fulltext
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What is ‘climate justice’? 
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The impacts of climate change will not be borne equally or fairly, between rich and poor, women and men, and 

older and younger generations. (UN Portal)

Climate Justice recognizes the disproportionate impacts of climate change on low-income communities and 

communities of color around the world, the people and places least responsible for the problem. It connects 

the climate crisis to the social, racial and environmental issues in which it is deeply entangled. It recognizes the 

disproportionate impacts of climate change on low-income and BIPOC communities around the world, the people 

and places least responsible for the problem.  (UC, Center for Climate Justice)

Climate justice means that countries that became wealthy through unrestricted carbon emissions have the 

greatest responsibility to not only stop warming the planet, but also to help other countries adapt to climate 

change and develop economically with nonpolluting technologies (MIT, Climate Portal)

Climate justice is a set of rights and obligations, which corporations, individuals and governments have towards 

those vulnerable people who will be in a way significantly disproportionately affected by climate change (Rosa, 

2021)

What is ‘climate justice’? 
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What is ‘climate justice’? 

https://centerclimatejustice.universityofcalifornia.edu/what-is-climate-justice/

https://yaleclimateconnections.org/2020/07/what-is-climate-justice/

https://climate.mit.edu/explainers/climate-justice

https://www.iucn.org/news/world-commission-environmental-law/202103/climate-equity-or-climate-justice-more-a-question-terminology

https://centerclimatejustice.universityofcalifornia.edu/what-is-climate-justice/
https://yaleclimateconnections.org/2020/07/what-is-climate-justice/
https://climate.mit.edu/explainers/climate-justice
https://www.iucn.org/news/world-commission-environmental-law/202103/climate-equity-or-climate-justice-more-a-question-terminology
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• Responsabilità storica dei cambiamenti climatici dei paesi più ricchi e degli attori più 

potenti

• I cambiamenti climatici impattano in maniera disproporzionata sugli attori più poveri e più 

vulnerabili

• Contrasto tra i paesi più industrializzati e i PVS

• Ineguale distribuzione degli impatti tra diversi ‘attori deboli’ (popolazioni indigene, etnie 

non occidentali, donne) in diverse aree geografiche e territori

• Giustizia ‘intergenerazionale’ tra le generazioni più vecchie che hanno beneficiato dei 

combustibili fossili e che lasciano a quelle più giovani il compito di affrontare e gestire le 

conseguenze

Climate justice 
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Climate justice 

• Coinvolgimento della sfera sociale e dei diritti circa gli effetti del climate change

• Riconoscimento che diversi attori (stakeholders, gruppi sociali) sono colpiti in maniera 

diversa dagli effetti del climate change

• Gli impatti del climate change possono esacerbare le condizioni sociali di ineguaglianza

Climate change

• Impatti sociali

• Impatti economici

• Impatti sulla salute pubblica
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“The impacts of climate change will not be borne equally or fairly, between rich and 

poor, women and men, and older and younger generations” (UN, 2019) 

“Climate change is happening now and to all of us. No country or community is 

immune and, as is always the case, the poor and vulnerable are the first to suffer 

and the worst hit.” 

(António Guterres, UN Secretary-General)

https://www.un.org/sustainabledevelopment/blog/2019/05/climate-justice/
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Hurricane Katrina

(New Orleans, August 2005)

Condizioni preesistenti di 

ingiustizia sociale: 

• povertà

• segregazione razziale

• divario educativo e culturale
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“400 000 deaths worldwide in 2019 were 

linked to extreme heat events”

Heat waves impacts on the people

https://www.thelancet.com/journals/lanplh/article/PIIS2542-5196(21)00081-4/fulltext

https://www.thelancet.com/journals/lanplh/article/PIIS2542-5196(21)00081-4/fulltext
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Achieving a climate justice pathway to 1.5 °C 

Key concepts:

• Climate risks to human rights

• Risks from climate action

• Risks from impacts versus 
action

• Just pathway to 1.5°C

Mary Robinson and Tara Shine 2015 
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https://www.nature.com/articles/s41467-022-33392-9

https://penniur.upenn.edu/uploads/media/Cohen.pdf

https://www.nature.com/articles/s41467-022-33392-9
https://penniur.upenn.edu/uploads/media/Cohen.pdf
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Climate Justice – Integrated heat-related Risk Analysis for vulnerable social groups

1. Heat-related Child Risk analysis (HCRI Index)

2. Heat-related Elderly Risk Index analysis (HERI)

3. Heat-related Alone Elderly Risk Index (HAERI)

4. Heat-related Foreigners Risk Index (HFRI)

5. Heat-related Low-Income Risk Index (HLIRI)

6. UHI Risk Index (UHIRI)

(Pappalardo SE, Zanetti C, Todeschi, 2023, in review)
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“Extreme heat costs lives. Climate change is wreaking havoc on subsistence farmers and is 

driving a steady stream of people from rural areas into informal settlements in cities”  

Yvonne Aki-Sawyerr, Mayor of Freetown, Sierra Leone
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Cambiamenti climatici e adattamenti negli ecosistemi e società

• Seminari ed eventi GIScience

• Iniziative ed incontri ESTATE GIS

• Festival Drones4Good

• Science4All Unipd

www.mastergiscience.it

https://em-stede.eu/

https://www.gishub.it/

.https://www.facebook.com/MasterGIScience

https://www.facebook.com/EMSTeDe

http://www.mastergiscience.it/
https://em-stede.eu/
https://www.gishub.it/
https://www.facebook.com/MasterGIScience
https://www.facebook.com/EMSTeDe
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https://www.climate-justice.earth/amazonya/index.html

https://www.youtube.com/watch?v=YkknFGyr3AY

https://www.youtube.com/watch?v=BNMfipCOtOk&t=7s

https://www.youtube.com/watch?v=xv4Q7twwR80&t=11s

https://www.youtube.com/watch?v=0E7eh3plCc4&t=20s

https://www.youtube.com/watch?v=xv4Q7twwR80

https://www.climate-justice.earth/amazonya/index.html
https://www.youtube.com/watch?v=YkknFGyr3AY
https://www.youtube.com/watch?v=BNMfipCOtOk&t=7s
https://www.youtube.com/watch?v=xv4Q7twwR80&t=11s
https://www.youtube.com/watch?v=0E7eh3plCc4&t=20s
https://www.youtube.com/watch?v=xv4Q7twwR80
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