Gli scenari climatici del futuro
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Maps of CMIP5 muiti-model mean results
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Issue Section: Viewpoint

Scientists have a moral obligation to clearly warn humanity of any catastrophic
threat and to “tell it like it is.” On the basis of this obligation and the graphical
indicators presented below, we declare, with more than 11,000 scientist signatories
from around the world, clearly and unequivocally that planet Earth is facing a
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ANTHROPOCENE

approx. 1945 A.D. - present

A new geologic 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, oil 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

w

65 million years BC

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

The cause of the indium
layer is implicated in the
demise of the dinosaurs
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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 implicated in
the demise of the humans
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Vol 46124 Septemnber 2009

Rockstrom et al., 2009

FEATURE

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 Reckstrdm and colleagues,

pH si é spostato verso
il basso negli ultimi 250
anni di circa 0.1 unita

140Mton
N, 100%

minerali fosfatici

. 200Mton/anno; 1/7
3860 km3, 9% risorse

interne acqua ciclo nat

(AQUASTAT&
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.



Terra senza effetto serra -18 °C
Con effetto serra naturale +15 °C
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Svante August Arrhenius
(Nobel prize, Chemistry,1903)

Developed the hothouse theory for

CO, 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 R. Anderson™”, Ed Hawkins” and Philip D. Jones®*

*National Oceanography Centre, European Way, Southampton S014 3ZH, UK

“NCAS-Climate, Department of Meteorology, University of Reading, Reading RGE 688, UK

“Climatic Research Unit, University of East Anglia, School of Environmental Sciences, Norwich NR4 7TJ, UK

“Center of Excellence for Climate Change Research/Dept of Meteorology, King Abdulaziz University, Jeddah, Saudi Arabia

Climate warming during the course of the twenty-first
century is projected to be between 1.0 and 3.7 °C d d

prwtctmm thus provide a compelling case that global

ing on future gr gas based on the
ensemble-mean results of state-of-the-art Earth System
Models (ESMs). Just how reliable are these projections,

will to undergo significant warming in
r to ongoi issions of CO; and other green-
houu gases to the mosphou

Climate change is a major risk facing mankind. At the United
Nations Climate Change Conference held in Paris at the
end of last year, 195 countries agreed on a plan to reduce

given the plexity of the cli ¥ 7 The early  Introduction
history of climat h provides insight into the
d ling and sci led to this ques-
'lion We ine the th tical quantificati of
budget developed by S Arrheni

15 of CO; and other greenhouse gases, aiming to limit

|1859-192'ﬂ and Guy Sﬁewart Callendar (1898-1964) and
construct an empirical approximation of the latter, which
we show to be ful at retrospectively predicting
global warming over the course of the twentieth century.
This appro)ﬂmatlon is then used to calculna warming in

P to i i t I gr gases
during the twenty- flm l:onmry. projectlng atemperature
increase at the lower b d of results g ted by an
ensemble of ESMs (as presented in the latest assessment
by the Intergovernmental Panel on Climate Change). This
result can be i foll The cl system
is conceptually complex but has at its heart the physical
laws of radiative transfer. This basic, or "cora" phrsil:s is

relatively straightforward to p tically, as
plified by Callendar’s calculations, leading to quan-
itati jecti of baseline warming. The

ESMs lru:ludu not only the physical core but also climate
feedbacks that introduce uncertainty into the projections
in terms of magnitude, but not sign: positive (amplifica-
tion of warming). As such, the projections of end-of-
century globnl warming by ESMs are fundnmantally

global temperature increase to well below 2 "C (relative to
pre-industrial climate, meaning a future warming of less
than 1.4 "C because temperature had already increased by
0.6 “C by the end of the twentieth century). The link between
C0y and climate warming has caught the attention of scien-
tists and politicians, as well as the general public, via the
well-known “greenhouse effect” (Figure 1). Solar radiation
passes largely unhindered through the atmosphere, heating
the Earth’s surface. In turn, energy is re-emitted as infrared,
much of which is absorbed by COy and water vapour in the
atmosphere, which thus acts as a blanket surrounding the
Earth. Without this natural greenhouse effect, the average
surface temperature would plummet to about —21 “C," rath-
er less pleasant than the 14 “C experienced today.

The concentration of CO, in the atmosphere is increas-
ing year on year as we burn fossil fuels, which enhances the
natural greenhouse effect and warms the planet. To what
extent, then, must CO; emissions be kept under control in
order to restrict global temperature rise to within 2 "C?
The projections of complex Earth System Models (ESMs)
provide quantitative answers to this question, Run on

thy: quantitatively robust li
baud on the well-understood physics of radiative tunl—
fer, with extra warming due to climate feedbacks. These

*Corresponding author. Andersen, T.R. (trafinor.sc ukk
Hawking, B. (e huwhinsiireading ki; Jones, PI. {p jonesues.ac.uk)
Eeywords: Greenhouse effect; Global warming; Earth System Models: Arrhenius;
Callendar

supercomputers, these models integrate the many process-
es taking place in the atmosphere, on land and in the ocean.
According to the Intergovernmental Panel on Climate
Change (IPCC), the latest results of these models indicate

¥ Andrew A Lacis, Gavin A, Schoidt, David Rind, and Reto A Ruedy, “Atmosphenc

€O, Principal Control Kaob Governing Earth’s Temperature,” Science 330 (2010%
366-58,

www sciencedirect.com  0160-8327/C 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license |hip/creativecommons org/licenses by/d 0.
hitp:/idx.doi org 10,1016 endeavour 2016.07.002
Please cite this article in TR. etal, effort and globnl warming; frem the pioncering work of Arrhenius and Callendar to today's Earth System

pross as: Andersen, €O the greenhouse
Models, Endeavour (20161, hraptix dol org10. 10164 endeavour 2016 07,002



Charles David Keeling’s first observations, 1958-60

* Unequivocal evidence
that CO, concentrations
are rising steadily

400
Scripps Institution of Oceanography
' NOAA Earth System Research Laboratory
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Carbon Dioxide and Climate:
A Scientific Assessment

Report to the National Academy of Sciences
Jule G. Charney and co-authors
1979

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.”






25 November 2005

L'analisi delle bolle

Vol. 310

d'aria sigillate nel
ghiaccio permette
di ricostruire le
concentrazioni
storiche di CO2 e
metano
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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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Consistent multidecadal variability in global
temperature reconstructions and simulations
over the Common Era

PAGES 2k Consortium™

dal surface t perature ct rluy be forced by nntuml as “II as anthropogenic ‘hclors or arise unforced from
the climat t Disti ishing th s is 1 for £ sensitivit y to tic forcings and the
amplitude of the unforced varlahility Here we present 2,000-year-long global P e reconst i using
different statistical methods that draw from a global collecti of t atur itive pal limate records. Our recon-
structions display synchronous multidecadal temperature fluctuations that are coherent with one another and with il.lll]r loﬂ:ed
millennial model simulations from the Coupled Model lntercomparisnn Project Phase 5 across the C Era. A
portion of pre-industrial (1300-1800 ce) variability at I 1 ti ! is attributed to volcanic acrosol forcing.
Reconstructions and simulations qualitatively agree on the amplitude of the unfm-ced glohal meaﬂ multidecadal temperature
variability, thereby increasing confidence in future projections of cli 1 The largest warming

trends at timescales of 20 years and longer occur during the second half of the huanlieth tury, highlighti the
character of the warming in recent decades.
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Torino - Temperature medie estive (°C) dal 1753 al 2019
(elaborazione dati: SMI - www.nimbus.it)
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Average 2m temperature anomaly for 25-29 June 2019 Giugno 2019 e

°C risultato in Europa il
piu caldo in
assoluto mai
registrato.
Mediamente
anomalie dell’ordine
dei 2°C rispetto al
periodo 1981-2010,
ma alcune aree,
come Francia,
Svizzera, Germania
e Nord Italia,
hanno fatto
registrare anomalie
anche di 6-10°C nei
5 giorni piu caldi dal
25 al 29 giugno.
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June 2019 L-OTI(°C) Anomaly vs 1951-1980 0.92




Luglio 2019: il mese piu caldo

della storia meteorologica terrestre

Surface air temperature anomaly for July 2019 relative to 1981-2010

,,f . 3 C = 1 " e ‘\-‘-
A g f% e 12
\]f_,s\z { / ';‘ L
g O e i
2 -“w\g_.
sy
e 2 2
O °C
‘ : 0
AR 2
’\" 2 _4
) e
AN 6
. L) §
’ Ed - ks
o ‘, 12
(opernicus CECMWF




Settembre 2019: anche questo,
Il piu caldo della storia meteo

Surface air temperature anomaly for September 2019 relative to 1981-2010
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Ottobre 2019: ancora il piu
caldo della serie globale

Surface air temperature anomaly for October 2019 relative to 1981-2010
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Banchisa polare al minimi

Arctic sea-ice cover for July 2019

Average cover
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Epocali incendi in Siberia




(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.




LA TCUR 0L CRAND S1. PIiERR

APRES NATURE, PAR M. A. A. REILLY.

Ghiacciaio di Teleccio (Gran Paradiso)




Global Climate Models

Schematic for Global
Atmospheric Model

l Horizontal Grid (Latitude-Longitude)

| Vertical Grid (Height or Pressure)
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Climate models reproduce observed warming only
when human influences are included

1.5

- Observed global average temperature
= Models with human and natural drivers

|w— Models with natural drivers alone

Warming relative to 1861-1880 (°C)

11900 1920 1940 1960 1980 2000 2020

Richardson et al, 2017

OXFORD



- IDCC ww Scenari 5° rapporto IPCC
B Gl (AR5 2013):

+2°C al 2100 se si applica Accordo

Parigi 2015 (linea azzurra), oppure

fino a +5°C in piu con business-as-
usual (linea rossa)

climate chanee

(a) Global average surface temperature change
6.0 e Mean over
, 1 2081-2100
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(b)
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2528
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1.9-2.2
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T 1.3-1.6

[:] 1-1.3

D <1

(d)

Figure 9. Temperature climate projections. RCP8.5: seasonal differences (°C). between the average value over 2071-2100 and 1971-2000 for (a)
DIJE. (b) MAM. (c) JJA and (d) SON (S. significant: NS, not significant).

E se non facessimo nulla? NW lItaliano + 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.
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Lezgne Costlere risentiranno dell’aumento del livello
'marma“gd ranno essere adeguatamente protette
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Settembre 2019 -
Rapporto IPCC Oceano e criosfera

Fino a +5 m di livello marino nel 2300
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The Ocean and Cryosphere
in a Changing Climate
This Summary for Policymalers was formally approved at the Second Joint Session
of Working Grougs | and 11 of the IPCC and accepted by the 51th Session of the 1PCC,

Prindpality of Monaco, 24th September 2019
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- Cecina
207-1427

Dallo studio dell'Enea: nei riquadri, i due valori indicano in millimetri
di quanto potrebbe alzarsi il livello del mare sulla base di due scenari
(di minore e maggiore gravita) che tengono conto di due fattori:

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

e sottoposta l'intera penisola.
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Stability landscape showing the pathway of the Earth System out of the Holocene and
thus, out of the glacial—interglacial limit cycle to its present position in the hotter
Anthropocene.

Glacial-interglacial
limit cycle

Holocene

.........................

Time \
Anthropocene
Blosph/e/ \
degradatlon
2
5 ‘Stabilized Earth’
A
Temperature
D |
v Cold 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

C?

Human-induced warming reached approximately 1°C above

pre-industrial levels in 2017

Current
warming rate
2.00 o’
175
l..
1.25 2017
- _ : .
Human-induced Climate uncertainty

warming

for1

Lt
~
o

o

relative to 1850-1900 (°C)
3

Global temperature change

o
N
o

1.5°C pathway

0.00

1860 1980 2000 2020 2040

2060 2080 2100

FAQL1.2, Figure 1: Human-induced warming reached approximately 1°C above pre-industrial levels in 2017,

At the present rate, global temperatures would reach 1.5°C around 2040.



Promesse ambiziose di riduzione CO,, ma non

bastano: se applicate, circa +3 °C nel 2100 !
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Fonte: "Analysis of scenarios integrating the INDCs"
(Joint Research Centre-EC)
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United States
Australia
Canada
Netherlands
Japan
Germany
China

Jnited Kingdom
Spain

France
Sweden
Brazil

India

Uganda
Rwanda

Chad

Somalia

CO2 emissions per capita

16.5
15.4
15.1
9.9
9.5
8.9
7.5
I N B ‘e
5.0
4.6
4.5
2.6
17
0.1
0.1
0.1
0.0
20 40 60 80 100 120 140 160 180

0.0

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

2014
Italy 5.3 t
EU 6.4t

Global
mean 5.0t



How does potential oil and gas supply compare to
OIL & GAS SUPPLY AND STRANDED ASSET RISK demand under different global warming outcomes?

B2DS demand 5D5 demand 160
b o ~

NP5 demand 140 o . i~

—_— — - o
Production from new oil fields 2019-2040 _§ 120 ™

< 100
The only way that fossil fuel companies can 8
be “Paris-aligned” is to commit to not 5 80 \\
sanctioning projects that fall outside the _g 40 A imate b
remaining carbon budget constraint. :

tE 40 _p-"'"--—-’-
In the context of the energy transition
towards a decarbonised economy, these 20
potential fossil fuel developments risk 0
destroying investor value as well as the 0 5 10 15 20 25 10 25 40
climate.

Cumulafive potential of oil field liquids supply 2019-2040, new oil fields [mmboe/d)
Source: Rystod Enerngy, IEA, CT1 analysis

Share of capital MNPS

expenditure at risk

of stranding in each  SDS IR 60%
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lI qsﬂc warming

In a 1.5°C world, no new oil & gas
project would be compliant

If no CCS is assumed, 1.5°C warming is
delivered by existing projects alone.

The oil and gas in projects that have already been sanctioned will take
the world past 1.5°C, assuming carbon capture and storage remains
sub-scale. Without a response sufficient to prematurely close existing
projects, a warming of a warming of 1.5°C is already effectively locked
in, and no new projects are compliant with the low end of the Paris goals.

Source: ‘Breaking the Habit - Why none of the large oil companies are “Paris-aligned”, and what they need to do to get there’, Carbon Tracker, Sep 2019



Oil and gas companies have approved $50 billion of

investment since 2018 in major projects that undermine
climate targets and threaten shareholder returns

Largest non-Paris compliant projects sanctioned by oil and gas majors since 2018

$2-2tn

at risk

by 2030

Carbon Tracker has identified $50 billion of investment in 19 major projects that are not even
consistent with a 1.7-1.8°C pathway and would require oil prices of nearly $60 per barrel or more to deliver adequate

returns. They include:

Resource Project 10C partners 2019-2030 Country Scenario
theme capex compliant
G Canad
Q B T ,?‘?::a ’ Shell $1 3 bn Canada NS o |
ﬂ Gorgonflansz  Shell, Chevran, $3 6
Stage 2 Exxontobil «J bn Australia M H
vl | an‘| ExxonMobil $2'6 bn Canada m H
m Amoca FFD Eni $ 1.4.. Mesxico Nl o |
ﬂ Zinia 2 EEE,’:“’E:‘:?&'; s 1.3 Angola N o |

Investment decisions on a further
$21 billion in 12 projects
inconsistent with a low-carbon
world are due this year.

These projects represent an
imminent challenge for investors
and companies looking to align
with climate goals.

Demand / global warming scenarios:
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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.

collapsed buildings broken bridges

; @5

brownouts
landslides
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Allevamento: vale 15% delle emissioni globali
Ridurre la quota di carne rossa nella dieta e sostenere

agricoltura biologica e a filiera corta

E MEGLIO

PER UNA VITAE UN
PIANETA PIU SANI




Fermare la cementificazione, il suolo non e infinito!

) 12,96% LOMBARDIA _g{ A0
ISPRA N 8o riazonoe
""'.’u"f:\r:... 'n..“:; - 2’91 OA del'Ambiente

164/

IL CONSUMO DI
SUOLO IN ITALIA

23.039

CHILOMETRI
QUADRATI (2016)

Legenda

Consumo di suolo (% 2016)
<3
3-5
5-7
7-9
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Al lavoro! Gli obiettivi UN dell’Agenda 2030

NO GOODHEALTH QUALITY GENDER
POVERTY AND WELL-BEING EDUCATION
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“The wedding cake” - organizzazione gerarchica dei Sustainable Development Goals
(SDGs) - Da Johan Rockstrom and Pavav Sukhdev - Stockholm Resilience Centre




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

; P
.57" | RN Anténio Guterres,
‘\ﬂ* Lk/' United Nations Secretary-General,

=<5 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. 5

‘g’ \\) Antonio Guterres,
&! A}‘/’ United Nations Secretary-General,

10 September, 2018
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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.”
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