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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 4+ 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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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 Rockstrim 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.



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™"

*Nativanl Oesanagraphy Contie, Eurapaan Wy, Southampon S04 334, UK

" NCAS-Climats, Departmant of Matsorcdogy, Unbwersity ol Rasding, Reptding ROA 668, LK

* Clmailic Repearch Unil, Uiniversity of East Sngiia, Schal of Ensironmenial Scances, Nonwich MR T, LK

*Canter of Excellance for Climate Change RessarchiDept of Metearciogy, King Abdulasic Univarety, Jeddeh, Sesudi Arabin

Climate warming during the couwrse of the twenty-first
century is projected to be betwwesn 1.0 and 3.7 °C depend-
ing on future gresnhouse gas emissions. based on the
ensamble-mean résults of stats-ol-the-art Esrth System
Models ([ESHs). Just how relisble sre these projections,
given the complexity of the climate system? The sarly
history of climate research provides insight into the
urnderstanding and science nesded to answer this gues-
von, We sxamine the mathematicsl gquantilications of
planatary anergy budget developad by Svanta Arrhanius
118581927} wned Gary Stewant Callendar (1898-1964) and
construct an empisical approximation af the lattes, which
wa show 1o be successful at retrospectively predicting
global warming over the course of the twentieth century,
This apgproximation is then usad 1o calculate warming in
responss to increasing atmospheric greenh gases
during the twenby-first century, projecting a tempersturs
increase at the lower bound of results generated by an
ensmmhble of ESMs (ns presented in the Intest nssessment
by the Intergovernmental Panel on Climate Changs), This
result can be interpreted as follows. The dimate system
is gonceptually complea but has at its heart the physical
lnws of radistive transfer. This basic. or “oore™ physics is
relatively stroightorecard to compate mathem aticslly, a5
exarmpdified by Collendar's calculations, leading to quan-
titatively robust projections of baseline warming. The
EShs include not anly the physical core but akso climaste
feaclh pcks that introduce uncertainty into the prajsctions
n terms of magnitude, bul not sign: positive {amplifica-
tion of warmingl. As such, the projections of end-ol-
eantury global warming by ESMs are fundamentally
trustworthy: quantitatively robust basalineg warming
based on the well-understond physics of radiative trans-
fior, wiith extra warming dus to climate feedbacks. Thess
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projections thus provide a compelling case that global
alimate will continue to undergo significant warming in
responss to ongoing smissions of C0y and other gresn-
house gases to the stmasphers

Introduction

Climate charge b n mnjor risk Sacing mankind. AL the United
Mationa Chimate Change Conforonoe beld in Prirs st the
o of s voar, 195 coumbrios agrensd on a plan Lo mdues
emiasions of 00, and other greenhouse gases, siming e lmit
glohal tensperaiume inoemeas 1o wall below 20 (rolstive @
pre-industrial olimate, maaning o foturs warming of less
tham 1.4 'C beenuse tomperatore hod already meressed by
i3 “C by the ond & tha twentseth cemitury). The link betwoon
O3, and climate wirming has canght the attention of scien-
tislz and politicians, s wall as the geneml poblsc, win the
wull-linown “groenhooss effoct™ (Figum 1), Selar radintion
pssns lnrgeky onhindemed through the atmosphere, ating
the: Enrth's surfaee. In turn, enengy is re-emitted as inframed.
musch of whirch is whasrbed by GOy and water vapour in the
atmosphere, which thus ads as a blanket surroumling the
Earth. Without this natwrn] greenhouse offect, the avernge
surficr bemperniare woukl plummed b sbout —21 °C,' rath-
er less plessant than the 14 °C experienced teday.

The concentration of OO0y, inihe stmespheore (= inerous-
Ing yonr on year &8 we burmn foutsil Punils, whibch enliances the
matviral greenhouse effecl and warms the planst, To what
extent, then, st COy emizsbms be kopt andor cantrol in
ordir to restrict global temperature rise to within 2 'C?
The projoctions of complox Earth Systom Models (ESMs)
provide guantitative smewers to this gquestion, Run on
superromputors, these modeks intograte the many process:
en tnking place in the ainsosphere, on lond and i the sosin
Arcording to the Intergovernmental Panel on Climnie
Change (IFCC, the Intest mesults of these models indicnis
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Charles David Keeling’s first observations, 1958-60

* Unequivocal evidence
that CO, concentrations |
are rising steadily
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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
pages 12 d'aria sigillate nel
ghiaccio permette

di ricostruire le
concentrazioni
storiche di CO2 e

metano




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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NATURE GEOSCIENCE ARTI(C
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Consistent multidecadal variability in global
temperature reconstructions and simulations
over the Common Era

PAGES 2k Consortium®

Multidecadal surface temperature thll‘_‘l m.'l:r III forced by natural as well as anthropogenic factors, or arise unforced from
the climate system. Distinguishing th tinl far sstimatime ssnsitivity to multipls climatic farcings and the
amplitude of the unforced varlabllity. Here we pmunt Mm-mr—wm mean temperature r:cnnstrul:ﬂnn: using scven
differnnt statistical methods that draw from a global collection of tempoerature-sensithvs pal firmarte r Dhuir recon=
structions display qndrnmmulﬂduﬂﬂiﬂlmlhuwmﬂlalm coherant with one another amd with fully forced
millennial model simulations from the Coupled Model intercomparison Project Phase 5 across the © Era. A substantial
portion of pre-industrial (1300-1800 ca) wvariabllity at lwuhhhund.ll timescales is attributed to volcanle asrosol forcing.
Reconstructions and simulations gualitatively agres on the amplitude of the wnforced global mean multidecsdal temperature
wariability, thereby increasing confidenco in Tulure projections of dimate change on these timescales. The largest warming
trends at timescales of Iﬂ'yurl and longer occwur during the sscond half of the teenticth century, highlighting the unusual
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
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Giugno 2019 e
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.



June 2019 L-OTI(°C) Anomaly vs 1951-1980 0.92
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Luglio 2019: il mese piu caldo
della storia meteorologica terrestre

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

Arctic sea-ice cover for July 2019

Average cover Anomaly relative to 1981-2010
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- Average ice edge July 1981-2010
Data: ERA5
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Epocali incendi in Siberia




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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APRES NATURE, PAR M. A A. NEALY.

Ghiacciaio di Teleccio (Gran Paradiso)




Global Climate Models

Schematic for Global
Atmospheric Model
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Climate models reproduce observed warming only
when human influences are included

1:D

- (Observed global average temperature
w— Models with human and natural drivers

- Models with natural drivers alone

Warming relative to 1861-1880 (°C)
S
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Richardson et al, 2017 )
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