Gli scenari climatici del futuro
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Maps of CMIPS mutti-model mean rasults
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ANTHROPOCENE

approx. 1945 A.D. - present

A new gealogic era with no precise start date. Marked by significant human impact on climate and ecosystems
Coined by Paul Crutzen. Rise of agriculture. Deforestation. Cement. Combustion of fossil fuels. Coal, oll and gas
roused from the earth. Extraction and emission. Operation Crossroads vaporizes 70 acres of Bikini Atoll. Deep geologic
repositories. Pacific Trash Vortex, a swirling gyre of marine litter and plastic. 6.7 billion humans + growing. Palo Verde
Nuclear Power Plant. Hull-Rust-Mahoning open pit mine. Three Gorges Dam. Fresh Kills Landfill. Las Vegas. Dubai.
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LESSONS FROM THE FOSSIL RECORD

[

65 million years BC

A layer of iridium in the
rock strata marks the
point above which dinosaur
fossils ara very rare.

21st century AD

A layer of consumer goods
marks the point above which
humans are very rare,

The cause of the consumer

goods layer is implicatad in
the demise of the humans

The cause of the indium
layer is implicated in the
demise of the dinosaurs
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A safe operating space for humanity

Identifying and quantifying planetary boundaries that must not be transgressed could help prevent human
activities from causing unacceptable environmental change, argue Johan Rockstrbm and colleagues,
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Figure1|Beyond the boundary. The inner green shading represents the proposed safe operating

space for nine planetary systems. The red wedges represent an estimate of the current position for
each variable. The boundaries in three systems (rate of biodiversity loss, climate change and human
interference with the nitrogen cycle), have already been exceeded.
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http://scientistswarning.forestry.oregonstate.edu/

2 Oregon State

World Scientists’ Warning to Humanity:
A Second Notice

WILLIAM J. RIPPLE, CHRISTOPHER WOLF, THOMAS M. NEWSOME, MAURO GALETTI, MOHAMMED ALAMGIR, EILEEN CRIST,
MAHMOUD I. MAHMOUD, WILLIAM F. LAURANCE, and 15,364 scientist signatories from 184 countries

wenty-five years ago, the Union

of Concerned Scientists and more
than 1700 independent scientists, 2
including the majority of living Nobel o ’ IO ’ Jﬁ ﬁF
laureates in the sciences, penned the ~ r 4 "< e \ ‘
1992 “World Scientists Warning to ' o .
Humanity” (see supplemental file S1).
These concerned professionals called
on humankind to curtail environmen-
tal destruction and cautioned that
“a great change in our stewardship of
the Earth and the life on it is required,
if vast human misery is to be avoided.”
In their manifesto, they showed that
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A Second Notice




Effetto serra naturale e antropogenico

atmosphere
No




Terra senza effetto serra -18 °C
Con effetto serra naturale +15 °C

L’EFFETTO SERRA




The reason why: how air molecules interact with

electromagnetic radiation
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asymmetric stretching
vibrational motion rotational motion

Some of the many modes of
motion of a CO, molecule

@ The fewer modes of motion of
eCI an O, or N, molecule

Some of these modes
create asymmetrically-
charged “dipoles” which
iInteract with electromagnetic
radiation, particularly in the
Infra-red part of the

spectrum.
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Aomospraric Carban Dicxide
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CHARLES DAVID KEELING

Climute Science Pioneer

Climate is an angry beast and we are
poking at it with sticks
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20015 BENIAMIN FRANKLIN MEDAL

¢ LARTH AND ENVIRONMENTAL SCIENCE

Portrait ol

Willi Dansuaard

- a plonger in Banish ice core research
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Milestones in Climate Science
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Source: All events are from Spencer Weart's
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4°C warming from doubling  Models describe Earth systems,
of CO2 with H20 feedback, feedbacks, carbon cycle and climate
and refutes Angstrom

CO2 sourcees identified.



Svante August Arrhenius
(Nobel prize, Chemistry,1903)

Developed the hothouse theory for

CQ; in 1896, and in 1905 predicted that
raising CO, content of the atmosphere
would cause an increase in mean global
temperature similar in magnitude to
modern predictions
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CO,, the greenhouse effect and global
warming: from the pioneering work of
Arrhenius and Callendar to today’'s
Earth System Models

Thomas A Anderson™”, Ed Hawking™ and Philip D, Jones™"
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Callendar, 1938

THE ARTIFICIAL PRODUCTION OF CARBON DIOXIDE 223

§51.510.4:550.521.3:551.524.34
THE ARTIFICIAL PRODUCTION OF CARBON DIOXIDE
AND ITS INFLUENCE ON TEMPERATURE

By G. S. CALLENDAR

(Steam technologist to the British Electrical and Allied Industries
Rescarch Association,)

(Communicated by Dr. G. M, B. DoesoN, F.RS\)
IManuscriph received May 19, 1907-—read February 16, 134]

SUMMARY

By fuel combustion man has added about 150,000 million tons
of carbon dioxide to the air during the past half century. The author
estimates from the best available data that approximately three
quarters of this has remained in the atmosphere,

The radiation absorption coefficients of carbon dioxide and water
vapour are used to show the effect of carbon dioxide on ** sky radia-
tion.”" From this the increase in mean temperature, due to the
artificial production of carbon dioxide, is estimated to be at the rate
of 0'003°C. per year at the present time.

The temperature observations at 200 meteorological stations are
used to show that world temperatures have actually increased at an
average rate of 0003°C. per year during the past haif century.




Roger Revelle, 1957

* Explained how ocean buffer
chemistry limits the amount
of CO, taken up by the
oceans, even in equilibrium.

* Hence CO, emissions have a
permanent impact on
climate: we can’t rely on the
oceans to dilute them away.

OXFORD



Charles David Keeling’s first observations, 1958-60

* Unequivocal evidence
that CO, concentrations
are rising steadily

Scripps Institution of Oceanography
NOAA Earth System Research Laboratery

PARTS PER MILLION

1960 1970 1980 1990 2000 2010
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OXFORD



1.2 Brief history: Syukuro Manabe (1931-)

First predictions of global
warming based on
comprehensive global
climate models

Smagorinsky, J., S. Manabe, J. L. Holloway, Jr., 1965:
Numerical results from a nine-level general circulation

model of the atmosphere.
Monthly Weather Review, 93(12), 727-768.

. Manabe, S., and R. T. Wetherald, 1975:

The effects of doubling CO2 concentration on

the climate of a general circulation model.
Journal of the Atmospheric Sciences, 32(1), 3-15.

Manabe, S., K. Bryan, and M. J. Spelman, 1975:
A global ocean-atmosphere climate model.

Part |. The atmospheric circulation.

Journal of Physical Oceanography, 5(1), 3-29.

25



Carbon Dioxide and Climate:
A Scientific Assessment

Report to the National Academy of Sciences
Jule G. Charney and co-authors
1979
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When it is assumed that the COZ2 content of the
atmosphere is doubled and statistical thermal
equilibrium is achieved, the more realistic of the
modeling efforts predict a global surface warming of
between 2°C and 3.5 °C, with greater increases at

high latitudes.

- Oceans “could delay the estimated warming for several decades”
- “We may not be given a warning until the CO, loading is such that

an appreciable climate change is inevitable.”






Banchisa artica autunno 2018: sesto

caso di minima estensione dal 1978

September 23
median extent
(1981-2010)







L'analyse des
bulles d'air
emprisonnées
dans la glace
permet de retracer
I'histoire du
dioxide de carbone
et du méthane




fonte: progetto EPICA
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Temperatura media globale: +1°C in piu nell’ultimo secolo

Anomalie termiche globali 1850-2018
(rispetto a media trentennio 1961-90)
serie MetOffice - Hadley Center
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Torino - Temperature medie annue (°C) dal 1753 al 2018
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Torino - Temperature medie estive (°C) dal 1753 al 2018
(elaborazione dati: SMI - www.nimbus.it)
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E 2003, estate piu calda: Tmed 26,7 °C
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2005 2015
(f. Druetti) (f. L. Mercalli) (f. S. Jobard)

Ghiacciaio Pre de Bar (Monte Bianco):
ritiro della fronte di oltre 800 m dal 1897 al 2015

| ghiacciai alpini si sono ridotti di oltre il 50% in un secolo




Ghiaccialo
Meridionale del
Sabbione
(Ossola)
dalla diga.

Regresso frontale
circa 1200 m.
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Global Climate Models

Schematic for Global
Atmospheric Model
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Climate models reproduce observed warming only
when human influences are included
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Scenari 5° rapporto IPCC
(2013):
+2°C al 2100 se si applica
Accordo Parigi (linea azzurra),
oppure fino a +5°C in piu con
business-as-usual (linea rossa)

(a) Global average surface temperature change
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(b)
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(d)

Figure 9. Temperature climate projections, RCPE.5: seasonal differences (°C), between the average value over 2071-2100 and 1971 -2000 for (a)
DJF, (by MAM, (c) JIA and (d) SON (5, significant; NS, not significant).

E se non facessimo nulla? NW ltaliano + 8 ° C in estate

nel 2100! Torino come Karachi...

Bucchignani et al. (2015) High-resolution climate simulations with
COSMO-CLM over ltaly, Int. J. Climatol.



https://www.eea.europa.eu/publications/climat
e-change-impacts-and-vulnerability-2016
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Climate change, impacts and vulnerability in Europe 2016
Anindicator-based report




Map E5.1 Key observed and projected climate change and impacts for the main biogeographical
regions in Europe
Arctic region Atlantic region Mountain regions
Temperature rise much larger than Increase in heavy precipitation events Temperature rise larger than European
global average Increase in river flow averape

Decrease in Arctic sea ice coverage
Decrease in Greenland ice sheet
Decrease in permafrost areas
Increasing risk of biodiversity loss

Some new opportunities for the exploltation
of natural resources and for sea transportation

Risks to the [velinoods of indigenous peoples

Coastal zones and regional seas

Sea level rise

Increase in sea surface temperatures
Increase in ocean acidity

Morthward rmigration of marine species
Risks and some opportunities for fisheries
Changes in phytoplankton communities.
Increasing number of marine dead zones
Increasing risk of water-borne diseases

Mediterranean region

Large increase in heat extremes
Decrease in precipitation and river flow
Increasing risk of droughts

Increasing risk of biodiversity loss
Increasing risk of forest fires

Increased competition between different water users

Increasing water demand for agriculture
Decrease in crop yields

Increasing risks for livestock production
Increase in mortality from heat waves

Expansion of habitats for southern disease vectors

Decreasing potential for energy production
Increase in energy dermand for cooling

Decrease in summer tourism and potential Increase in other seasons

Increase in multiple climatic hazards
Most economic sectors negatively affected

High vulnerability to spillover effects of climate change

from outside Europe

Increasing risk of river and coastal flooding
Increasing damage risk fram winter storms

Decrease in energy demand for heating
Increase in multiple climatic hazards

Boreal region

Increase in heavy precipitation events
Decrease in snow, lake and river ice cover
Increase in precipitation and river flows

Increasing potential for forest growth
and increasing risk of forest pasts

Increasing damage risk from winter storms

Increase in crop yields

Decrease in energy demand for heating
Increase in hydropower patential
Increase in summer tourism

Decrease in glacier extent and volume
Upward shift of plant and animal species
High risk of species extinctions
Increasing risk of forest pests

Imcreasing risk from rock falls and
landslides

Changes in hydropower potential
Decrease in ski tourism

Continental region

Increase in heat extremes

Decrease in summer precipitation
Increasing risk of river floods
Increasing risk of forest fires

Decrease in economic value of forests
Increase in energy demand for cooling







Le zone:costiere risentiranno delllaumento del livello
manﬁe“e:d"'ranno essere adeguatamente protette
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Venezia: livello mare +30 cm in un secolo
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SLR Sea Level Rise, attuale +3,4 mm/yr,
+2°C = +50 cm al 2100, +5°C=+100 cm

Global mean sea level rise
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SO
o
Dallo studio dell'Enea: nei riquadn, i due valon indicano in millimetri
di quanto potrebbe alzarsi il livello del mare sulla base di due scenan
(di minore e maggiore gravita) che tengeno conto di due fatton:

i cambiamenti climatici (I'aumento della temperatura media della
Terra e lo scioglimento dei ghiacciai) e |e forze geologiche cui

& sottoposta lintera penisola.
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ential tipping cascades.

Tipping elements atrisk:
 1°C-3°C
o 3°C-5°C
@ >5°C

Will Steffen et al. PNAS doi:10.1073/pnas.1810141115

©2018 by National Academy of Sciences



us, out of the glacial-interglacial limit cycle to its present position in the hotter Anthropocene.

Glacial-interglacial
limit cycle
r “
-, Holocene

N
b

/', Anthropocene

>
% ‘Stabilized Earth’
v
Temperature
v Cld  Hot

Will Steffen et al. PNAS doi:10.1073/pnas.1810141115 PN ! S

©2018 by National Academy of Sciences



FAQ1.2:How close are we to

.7

Human-induced warming reached approximately 1"C above

pre-industrial levels in 2017

Current
warming rate
2.00 ‘s
1.75 y

2017 —~, .

—-
[ ]
o

8

Human-induced
warnmng

o
~
o

3

Giobal temperature change
relative to 1850-1900 (*C)

0.25

0.00-

1960 1980 2000 2020 2040

2060 2080 2100

FAQL2, Figure 1: Human-indeced warming reached approximately |°C above pre-industrial levels in 2017

Al the prosent ruse, global temperatures would reach 1.57C around 2040



JINA MISSIONE IMPOSSIBILE
A MOLTO IMPEGNATIVA
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Promesse ambiziose di riduzione CO,, ma non
bastano: se applicate, circa +3 °C nel 2100 !

80

70 -

60

20

10

0

GHG / GDP 1990-2015:-1.8%/yr

—No Policy

- Reference

—— Global Mitigation

—INDC low
——INDC high

——History

1990

1995

2000

2005

\
B R e o -

-3%/yr

——

: -

—
—

-3.3%/yr

-7%/yr
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Fonte: "Analysis of scenarios integrating the INDCs"
(Joint Research Centre-EC)
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DON'T DELAY CLIMATE ACTION

Annual Global Emissions This infa-graphic shows how three different reduction
Gigatonne CO2-Equivalent 6\‘6 . pothwoys interact with the Global 2°C Carbon Budger.
(Includes all Greenhouse Gases) g

We need to STOP building the 5°C world,
We must ONLY build a 2°C world,

50

.
A
b
L]
L}
L]
: Pathways to Stay Below 2°C Warming
I Starting Now - Difficult

g Yearly Reduction: -2 Gt CO,-eq for 27 years

L]
,

\ 5 Year Delay - Very Difficult
Yearly Reduction: -4 Gt CO,-eq for 15 years

\ 10 Year Delay - Impossible
Yearly Reduction: -16 Gt CO,-eq for 4 years

"b«

| & | Amount of Global 2°C
oty | Carbon Budget we've
burnt since 2010,

30

Global Carbon Budget
Represented by the
qveenaro_a'uvmnhe
Green arrow.
luslnm‘ullwal—)
W will barn through
Global 2°C Carbon ‘
Mgeun{lzyears(zdlzn.

20 Each 5 Year Delay:
Results in earlier deadlines,
making getting to Zero GHGs

maore difficult and unlikely,

10

oo eoroore

Years o

from

now == -5 0 5 10 15 20 25 30 £
Year 2010 2015 2020 2025 2030 2035 2040 2045 2050

What'’s the big deal?

if we don't address cliimate chonge, the averoge globol temperature might rise 4°C 1o 5°C by 2100,
in Canada, sclentists say we've been experiencing temperature increases 1.5 - 2 times the globol average.
So for the year 2100, odd 8°C or 10°C to your locol temperatures.

Will your town be habitable in 21007 Where will Canadians be able to Nve? Where will you live?
Where will we put all those climate refugees from the USA?

Global 2°C Carbon Budget:
The amount of O, (and other GreGs) that can be addaed to the atmosphore and still remain bolow 29C inerage warmivig,

Globwl 2°C Carbon Budget as of 2011 1,000 Gt CO equiveient’
GHGs emitted In 2010: 49 +/- 4% Gt COy-wquivalent’
GHG emissions Increase: 2000 - 2010: 2.2%/ypear’
PCC Climate Chonge 2014 Synthesis Report Summary for Polcymokers, poges 5 & 10

Mo grupine b Crang Memchey of EncsgranaChsrote Mo arg N3 2207 Tho o lerrdyseg | Bope Mae madie ervors. If you find soere, Aef mee Avoac Thanks,



United States
Australia
Canada
Netherlands
Japan
Germany
China

Jnited Kingdom
Spain

France
Sweden
Brazil

India

Uganda
Rwanda

Chad

Somalia

CO2 emissions per capita
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www.economicshelp.org | Source: World Bank - EN.ATM.CO2E.PC - Accessed 27 Oct 2017.
Metric tonnes per capita

2014
Italy 5.3
EU 6,4

Global
mean 5,0



Citta resilienti —4d
e sostenibili g

The Risks

As more people and assets become rapidly
concentrated in cities and as infrastructure struggles
to keep up with rapid growth, the risk from natural
disasters and climate change is rising. /
0 fires

collapsed buildings broken bridges

3 o“‘ 3 o

flooding
brownouts

O

landslides

O



Isola di calore urbana

z'.':‘:.m,

Campagna Zoria Residenziale : Residenziale

. industriale Urbana : Suburbana :
Residenziale Centro Citta Parco Campaéna
Suburbana

Adattamento =resilienza a eventi estremi, ondate di caldo e nubifragi/alluvioni
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Meno viaggl aerel, meno trasporti
INn genere, piu telelavoro




Al lavoro! Gli obiettivi UN dell’Agenda 2030

NO

R0 GOOD HEALTH QuALITY GENDER CLEAN WATER
POVERTY ' AND WELL-BEING EDUCATION EQUALITY

AND SANITATION

DECENT WORK AND : 1 0 REDUCED
ECONOMIC GROWTH INEQUALITIES

CLIMATE PEACE, JUSTICE PARTNERSHIPS .
1 1 AND STRONG 1 FOR THE GOALS @
INSTITUTIONS
v SUSTAINABLE
DEVELOPMENT

GALS

SUSTAINABLE DEVELOPMENT
SOLUTIONS NETWORK
\ A GLOBAL INITIATIVE FOR THE UNITED NATIONS

N

—



“The wedding cake” - organizzazione gerarchica dei Sustainable Development Goals
(SDGs) - Da Johan Rockstrom and Pavav Sukhdev - Stockholm Resilience Centre

BIOSPHERE

LES
28



Per ottenere risultati servono riduzioni delle emissioni ad alto
potenziale (high-impact), i piccoli gesti per 'ambiente non bastano piul!

y . ‘Ruplace : ) cnm
dothes b Yypieal ewr basd electric car nerqy trarsatiante ‘a—no <hild
ddw‘hr mw det 1o enr fre

Moderate Impact High Impact

0.8-021C0 > 0.81COe




&6 Climate change is the
defining issue of our
time - and we are at a
defining moment. gy

: -\ » .
3‘ y’@% Anténio Guterres,
g \ Y  United Nations Secreta -General,
S ry

- 10 September, 2018

“Climate change is moving faster than we are.”

“If we do not change course by 2020, we risk missing the point where we can

avoid runaway climate change, with disastrous consequences for people and all
the natural systems that sustain us.”




&,

&€ The transition to a
cleaner, greener future
needs to speed up.

We stand at a truly "use
it or lose it" moment. gy

RN Antonio Guterres,
V‘; } United Nations Secretary-General,

10 September, 2018




‘ Maggio 2015,
storica enciclica di

Papa Francesco
“Laudato si’”’: la
Chiesa sposa
ufficialmente la lotta
al cambiament

LAUDATO STI climatici e al

TESTO INTEGRALE DELLUENCICLICA

A degrado
ambientale:

CON GUIDA ALLA LETTURA DI S\I al necessarlol
CRISTINA SIMONELLI no al Superﬂuo

PRESIDENTE COORDINAMENTO TEOQLOGHE | TALIANI

PAPA FRANCESCO

PIEMME



LAT 45:.07:18 - LON. 07:24:30 - ALT. 500 M



Ostrich Effect

We tend to ignore or avoid negative and risky information
and situations. We 'bury our heads in the sand'.

This is particularly common when it comes to money.
It's the last week of the month. Rather than carefully budgeting
what's left, we choose not to look at our bank balance.

g ravity

BEHAVIOURAL CHANGE AGENCY



The only question is how to communicate the gravity of our situation to the non-
scientific public. In the words of Kaisa Kosonen, an observer at the negotiations,
“Scientists might want to write in capital letters, ‘ACT NOW, IDIOTS,’ but they need
to say that with facts and numbers.”




LUCA
MERCALLI
NON CE PIU TEMPO

COME REALDRT AGLI ALLARHD S ERTLI

UN PIANO PER SALVARCI

PREPARIAMOCI

A VIVERE IN UN MONDO CON MENO RISORSE,
MENO ENERGIA, MENO ABBONDANIA...
E FORSE PIU FELICITA
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Ricerca scientifica sistema
Terra

- climatologia

- meteorologia

- glaciologia

- geofisica e geochimica

- ecofisica

- oceanografia

- biologia (protezione ambiente e
biodiversita)

- geologia ambientale

- ingegneria ambientale

- idrologia

- remote sensing (satelliti)

- geoidrologia, eventi meteo
estremi, frane, valanghe, alluvioni



lentifica efficienza e‘;rr]er-getica, nuove fonti di en
arbonizzazione o : I
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Sviluppo efficienza energetica e nuove fonti energia a basse
emissioni (pannelli solari, turbine eoliche, reattore a fusione ITER,
biogas, isolamento termico, domotica, mobilita elettrica...)

- Fisica tecnica

- Fisica teorica

- Ingegneria elettrica

- Ingegneria elettronica

- Ingegneria civile / Architettura sostenibile

- Ingegneria meccanica (auto elettriche)

- Informatica applicata alla modellistica energetica e ambientale
- Biotecnologie (specie vegetali resistenti a siccita, alghe per
produzione di biocombustibili...)

- Architettura sostenibile, bioarchitettura, bioedilizia

- Urbanistica / citta resilienti e sostenibili / protezione civile

- Ingegneria idraulica, gestione reti idriche



Professioni applicate alla sostenibilita ambientale / risparmio energetico

Smart
government Smart health
@ Smart Smart 8ﬂd/
T Mobility/ : farming/
: Wi-Fi agrlculture utuhhos
Smart § : Smart/ . s : Smart I
manufacturing : digital citizens buildings

. : : . : > : transportation
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Economia circolare e gestione rifiuti

PRODUZIONE
RIFABBRICAZIONE

RIFIUTI RESIDUI



Agroecologia e agricoltura/ filiera agroalimentare sostenibile

of the United Nations

% Food and Agriculture Organization ?‘




Cambiamenti climatici e medicina / sanita / prevenzione
malattie da caldo e da insetti vettori di virus tropicali

Injuries, fatalities,
mental health impacts

Severe

- Weather
Heat-related illness

and death,
cardiovascular failure

Extreme

Environ-
mental

Forced migration, Degradation

civil conflict,
mental health impacts

Water and Food
Supply Impacts

Malnutrition,
diarrheal disease

Asthma,
cardiovascular disease

polﬁ,':,-o,, Malaria, dengue,’
encephalitis, hantavirus,
Rift Valley fever,
Changes Lyme disease,
‘2(‘3;‘“ chikungunya,
2 West Nile virus

Increasing
Allergens Respiratory
allergies, asthma

Water
Quality Impacts

Cholera,
cryptosporidiosis,
campylobacter, leptospirosis,
harmful algal blooms




ente, accordi internazionali
ambiente




Anche la moda e I’arte possono essere sostenibili!




Qualsiasi
disciplina tecnica,
scientifica,
economica, sociale
o artistica puo
essere declinata
verso la
sostenibilita
ambientale




