A.D. 1308 ==

unipg

DIPARTIMENTO
DI FISICA E GEOLOGIA

Past climate lesson
for future

b

Simonetta Cirilli, Roberto Rettori, Amalia Spina, Andrea Sorci, Luigi De Dominicis, Nicola Mitillo, Marco Urbani

Piano Triennale della Ricerca e Terza Missione (2021-2023) : Ambito «Earth System and Global Changes»
Tematiche:

Cause e conseguenze delle variazioni climatiche nella storia del pianeta Terra

Sviluppo di nuovi approcci nei sistemi di cattura, stoccaggio e riconversione della CO,

Azioni di Ateneo

Linea azione 5: Clima, energia e mobilita

WP 5.2 - Cambiamenti climatici: consapevolezza impatto sociale, modelli scientifici e soluzioni tecnologiche
WP 5.1 - Infrastrutture, sistemi energetici e produttivi a basso impatto ambientale

Linea azione 2: Cultura, creativita e societa inclusive
WP 2.2 - Tecniche e strategie di comunicazione della conoscenza
WP 2.3 - Individuo e societa: benessere e inclusione
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The Greenhouse Effect

Some solar radiation
is reflected by the
Earth and the
atmosphere.

o

4

Most radiation is abserbed
by the Earth’s surface 5

and warms it. ’ ~ Earth’s surface

;phere

Some of the infrared radiation
passes through the atmosphere.
Some is absorbed and re-emitted
in all directions by greenhouse
gas molecules. The effect of this
is to warm the Earth’s surface
and the lower atmosphere.

Infrared radiation
is emitted by the

< . 1 Earth’s surface.

Greenhouse

Water vapor is the most
abundant greenhouse gas, its
abundance in the
atmosphere does not change
much over time.

CO, less abundant but it has
a long residence time in the
atmosphere and added to
the atmosphere by human
activities

Nitrous oxide (N,0)

0=

Water vapor (H,0)

Carbon
dioxide (CO,)

Methane (CH,) 3

Most common greenhouse gases

Greenhouse gas emissions by economic sectors
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Monthly Carbon Dioxide Concentration
parts per million

420

atmCO, increasing

The Keeling Curve, Keeling et al., 2001
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Jan. 8, 2022 417.00 ppm
390 Jan. 8, 2021 415.22 ppm
380 1Year Change 1.78 ppm (0.43%)
Last CO2 Earth update: 3:35:02 AM on Jan. 9, 2022, Hawaii local time (UTC -10)
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The atmCO, concentration
is predicted to rise in the
21st century reaching up to
2000 ppm at rates ~100x
faster than has occurred

over the past

At the present rate of
increase, atmCO, may
reach 600 ppm by the end of
this century, a value that
appears not to have been
typical for at least 24My

compromise ecosystem resilience, global thermal-stress and alteration of
ocean chemistry, triggering responses of marine biota in terms of extinction,

innovation and/or temporary adaptations
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CO, has increased by 40% since
1750 and the rate of increase has

been the fastest during the last
decade
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| Present ' Global Warming
Global Wa rming PrOjeCtionS ‘0 Global Mean Estimates based on Land and Ocean Data
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Jajda et al., 2011
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NASA/GISS/GISTEMP v3

global average surface temperature change projections
6°C
5°C

More greenhouse gas emitted.
By 2100, there is the equivalent
of 1,313 ppm CO,.

Much less greenhouse gas emitted.
By 2100, there is the equivalent of
475 ppm CO,.

Gardiner/UCAR with
IPCC (2013)

L L
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Jajda et al., 2011

Land-ocean T° index, 1880 to present. black line: global annual mean;
red line: 5-year Lowess smoothing; blue uncertainty bars (95%
confidence limit) account only for incomple spatial samples

Increasing T up to 5°C in 2100
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| 'Presewt' Ocean Warming and Acidification

The oceans are absorbing about 80% to 90% of the additional heat. The top 2000 m of the ocean will increase in T° of about

0. 8 C at the end of 21 century
The oceans absorbe about 30% of CO,, which has an impact on marine organisms that secrete calcium carbonate shells.

OCEAN ACIDIFICATION
More CO, = More Acidic
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Studies on recent ecosystems have demonstrated that abrupt global warming

- and OA are detrimental for carbonate-secreting organisms and can determine
dramatic biotic shifts with the demise of carbonate platforms and coral reefs
as well as biocalcification failure of planktonic calcifiers.
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Decline of Antarctic ice mass from 2004 to 2016
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Rising Sea-Level

3.4 mm per year 0,8 -1 m end 21° century

Causes: melting of glaciers and thermal expansion, since 1970, account for 75% of the sea-level rise

GLOBAL SEA LEVEL
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Observed sea level from tide gauges (dark gray) and satellites (light gray) from
1800-2015, with future sea level through 2100 under six possible future scenarios

(colored lines). The scenarios differ based on potential future rates of greenhouse
gas emissions and differences in the plausible rates of glacier and ice sheet loss.
NOAA Climate.gov graph, adapted from Sweet et al., 2017.
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M atm O, lowering Acidification combined with warmer temperature and
lower oxygen levels is expected to have severe impacts

on marine ecosystems

Carbon Dioxide and Oxygen in Atmosphere
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Measurements at Alert, Nunavut, Canada

i C? " 0, lowering:

- Atmosphere: 0,1 % in the last

100 years

- Oceans: more than 2% in the
last 50 years

- 1% to 7% within 2100

(Schmidtko et al, 2017, Nature Letter)
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increased radiative forcing «¢
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Past for ﬂturc |

Past climates provide the only opportunity to observe how the Earth system responds to high
carbon dioxide, underlining a fundamental role for paleoclimatology in constraining future climate

change
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Understanding of the Earth system at time scales longer than human observations has became imperative, because
anthropogenic activities are likely to telescope by order of magnitude the rates of climatic change that usually result from

geologic (= natural) processes.
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Kick-off Meeting — Piano Triennale della Ricerca e Terza Missione (2021-2023)
Dipartimento di Fisica e Geologia
10-11 gennaio 2022

Azioni di Ateneo

Cambiamenti climatici: consapevolezza impatto sociale, modelli scientifici
e soluzioni tecnologiche

Linea azione 5:
Clima, energia e mobilita

Infrastrutture, sistemi energetici e produttivi a basso impatto ambientale

Tecniche e strategie di comunicazione della conoscenza

Linea azione 2:

Cultura, creativita e
societa inclusive

Individuo e societa: benessere e inclusione
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