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Differenza tra METEO e CLIMA

Il METEO e definito come lo stato dell'atmosfera in un
certo luogo e in un certo momento, solitamente
espresso in termini di temperatura, pressione
atmosferica, umidita, velocita e direzione del vento,
precipitazioni e nuvolosita. | meteorologi studiano il
tempo meteorologico.

Il CLIMA é definito in termini di media (valore medio)
degli elementi meteorologici (come temperatura e
precipitazioni) su un periodo di tempo specificato (30
anni secondo 'Organizzazione Meteorologica
Mondiale).
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Stato del clima attuale: Copernicus Climate Change

GLOBAL SURFACE AIR TEMPERATURE ANOMALIES

Data: ERAS 1940-2023 « Reference period: 1991-2020 « Credit: C3S/ECMWF
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All other years
since 1940
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Stato del clima attuale: Copernicus Climate Change

https://climate.copernicus.eu

Implemented by ECMWEF as part of The Copernicus Programme

News Events Press Tenders Help&Support Search

y "~ Climate
- Gp‘?fn'?% ¥ Change Service AboutUs ~Whatwedo Data
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., - GO¢FO!CH§ £ ECMWF

Climate Change

We provide authoritative information about the past, present and future climate, as well as tools to enable climate change

mitigation and adaptation strategies by policy makers and businesses.
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https://climate.copernicus.eu/

I 10 anni piu caldi dal 1850

2014 2018 2021 2022 2015 2017 2019 2020 2016 2023

https://www.climatecentral.org
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https://www.climatecentral.org/

I 10 anni piu caldi dal 1850

Rank

1=Warmest Anomaly °C Anomaly °F
Period of Record: 1850-2023

1 2023 1.18 2.12
2 2016 1.03 1.85
norrg National Centers for
3 2020 1.01 1.82 Environmental Information
NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION
4 2019 0.98 1.76
5 2017 0.95 171
6 2015 0.92 1.66
7 2022 0.91 1.64
8 (tied) 2018 0.86 1.55
8 (tied) 2021 0.86 1.55
10 2014 0.77 1.39

https://www.ncei.noaa.gov/access/monitoring/monthly-report/global/202313
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https://www.ncei.noaa.gov/access/monitoring/monthly-report/global/202313

Temperatura superficiale media globale 1850-2023

2 Met Office
Global mean temperature difference from 1850-1900 (° C)
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Temperatura superficiale media globale
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Warming is unprecedented
in more than 2000 years \
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http://ipcc.ch/

The Intergovernmental Panel on Climate Change
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INTERGOVERNMENTAL PANEL ON IPCC Bureau
climate change

Executive Committee

Working Group | Working Group Il Working Group Il Task Force
The Intergovernmental Panel on Climate The Physica pacts, Mitigation T
Change (IPCC) is the United Nations body Science Basis L . - Greethouse
for assessing the science related to SRt L7 2i0)
climate change. — — —

Authors, Contributors, Reviewers
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Il CLIMA e le sue basi scientifiche

B incc M
: INTERGOVERNMENTAL PaNEL on ClimaTe change
The Ocean and Cryosphere . Ay s
in a Changing Climate Climate Change 2021 @) &
wMo UNEP

The Physical Science Basis

INTERGOVERNMENTAL PANEL ON
climate change

| rapporti dell'lPCC sono redatti e rivisti in piu
tappe, garantendo cosi obiettivita e
trasparenza. Ogni 6-7 anni vengono pubblicati
dei rapporti di valutazione scientifica
, approfonditi; il sesto rapporto di valutazione,
i é stato pubblicato inizialmente nel 2021 e ha
.. = fornito la principale base scientifica agli
Sy s scienziati e ai responsabili politici. Nel 2022 e
T stato pubblicato il rapporto del WGlII sugli
o ' impatti, 'adattamento e la vulnerabilita.

(Summary for Policymakers)
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Temperatura superficiale media globale

oC oC
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Warming is unprecedented
in more than 2000 years \
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http://ipcc.ch/

Effetti del cambiamento climatico |D CC e

VI'.RNM[NT/\L PANEL ON
climate chanee

http://ipcc.ch
Concentrazione Innalzamento Estensione
Cco, livello del mare ghiaccio artico

la piu alta il piu rapido il piu basso
degli degli ultimi degli ultimi
2 milioni 3000 anni 1000 anni
di anni

Ritiro
ghiacciai

senza
precedenti
negli ultimi
2000 anni
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http://ipcc.ch/
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Extreme heat  Heavy rainfall Drought Fire weather Ocean
Warming

regions Acidifying
Losing oxygen

More frequent More frequent Increase in some More frequent
More intense More intense
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Cosa dice UIPCC

| recenti cambiamenti del

[
clima sono diffusi, rapidi, in )
intensificazione e senza @) @

precedentl da mlgllala dl INTERGOVERNMENTAL PANEL ON
] climate change
anni.

INTERGOVERNMENTAL PANEL on ClimMATe change
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Effetto Serra

Gas serra
contribuiscono
ariscaldare la
Terradi 33°C
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The Greenhouse Effect

climate.nasa.gov/
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QlEs and Space Administre

' buaget

The Earth’s energy budget describes the
various kinds and amounts of energy that
enter and leave the Earth system. It includes
reflected by both radiative components (light and heat),
clouds & reflected by total outgoing that can be measured by CERES, and other
atmosphere surface infrar or components like conduction, convection,
Incoming 77.0 22.9 239.9 an ration which also transport heat
solar radiation > > from Earth’s surface. On average, and over
3404 the long term, there is a balance at the top
of the atmosphere. The amount of energy
coming in (from t un) is the same as the
amount going out (f
and from emi

total reflected e—— atmospheric

solar radiation window
emitted by —e 40.1 latent heat
atmosphere (change of state)
169.9

»—— emitted by

absorbed by 4 absorbed by gglugds thermals

atmosphere atmosphere (conduction/
71 358.2 greenhouse gases  convection)

o

¥ absorbed by emitted by back
surface surface radiation
163.3 398.2 : 340.3

net absorbed evapotranspiration

All values are fluxes in Wnr? - Climate.nasa.gOV/

Loeb . Clim.
and are average values based on ten years of data ERCRN A0, SARE 2000

Wwww.nasa.gov NP-2010-05-265-LaRC
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Planets and atmospheres

Mars

Thin atmosphere

(Almost all CO2 in ground)
Average temperature : - 50°C

Earth
0,03% of CO2 in the atmosphere
Average temperature : + 15°C

Venus

Thick atmosphere

containing 96% of CO2
Average temperature : + 420°C

am——
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Arendal yNE?

GRAPHIC DESIGN | PHLIPPE REXACEW

Sourcas: Calin J. Hamilon, Views of the solar systam, www.planetscapes.comy Bill Amett, The nine planets, 8 mutimedia tour of the solar system, www.seds.org/hiliatinp/nineplansts mi
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Variabilita naturale del clima: effetti astronomici

Eccentricita Inclinazione Precessione
100,000 years 41,000 years 23,000 years Questi cicli
modificano la
quantita di energia
solare assorbita
dalla terra.

In gran parte sono
responsabili delle
passate ere glaciali
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Variabilita naturale del clima: effetti astronomici

Now 1000 kyr ago
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Eccentricity della Terra che causano le

95. 125, 400 kyr Fluttuazioni climatiche che si
verificano nell'arco di decine di

Solar Forcing migliaia di anni fino a centinaia

65°N Summer di migliaia di anni

Hot

Stages of

Glaciation

Cold
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Variabilita naturale del clima: attivita solare

Si pensa che una diminuzione dell'attivita solare abbia innescato la
Piccola Era Glaciale tra il 1650 e il 1850 circa, quando la Groenlandia

fu in gran parte isolata dal ghiaccio dal 1410 al 1720 e i ghiacciai
avanzarono nelle Alpi.

Pompenburg with Hofpoort in winter, by Bartholomeus
Johannes van Hove (1790-1880)
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Variabilita naturale del clima: vulcanismo

Un'eruzione vulcanica emette
una enorme quantita di
particelle e altri gas che ci

7 Condensation,

Nucleation  coagulation  Sedimentation, proteggono efficacemente
Circulation
dal Sole portando a un
T Sﬁ"c,‘:a?i'.f’:‘ﬂ_./ plerLoclio di raffreddamento
globale

Troposphere

Fonte: https://earthdata.nasa.gov/learn/sensing-our-planet/volcanoes-and-climate-change
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https://earthdata.nasa.gov/learn/sensing-our-planet/volcanoes-and-climate-change

Variabilita naturale del clima: vulcanismo

oc °F
4T Globally averaged surface temperature change 1T7-2
3l (relative to 1870-1899 baseline) ElChichon 154

21 Krakatau

Al Santa Maria
0 -'—'L\""'{f"" _aad

1880 1800 1920 1940 1960 1980 2000
Year

Gary Strand (NCAR / DOE) M oo — 1, 55
(i 4

N zey Condensation,
- s

e

Circulation
Cirrus Cloud
Nucleation 4—/

Troposphere

Acid Rain
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Temperature vs Solar Activity

Solar Irradiance Temperature
11-year average
Yearly

Andamento della
temperatura
superficiale della
Terra in funzione
della radiazione
solare
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T source: GISTEMP 3.1
TSI source: SATIRE-T2 + PMOD
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Gas atmosferici

ueo (H,0), la
cui percentuale e
jiuttosto variabile
llo 0% al 6%),
na media
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Gas atmosferici

1.000.000 molecole in aria nel 1860 erano cosi suddivise:

~780.000
~210.000
~ 9.000
~ 3.900

~ 280
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molecole di Azoto (N,)

molecole di Ossigeno (0,)

molecole di Argon (Ar)

molecole di Vapore Acqueo (H,0)
molecole di Anidride Carbonica (CO,)

molecole di Protossido di Azoto (N,O) [300xC0,]
molecole di Metano (CH,) [30xco,]

Gas effetto serra
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Gas atmosferici

1.000.000 molecole in aria nel 1860 erano cosi suddivise:

~780.000
~210.000
~ 9.000
~ 3.900

~ 280
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molecole di Azoto (N,)

molecole di Ossigeno (0,)

molecole di Argon (Ar)

molecole di Vapore Acqueo (H,0)
molecole di Anidride Carbonica (CO,)

molecole di Protossido di Azoto (N,O) [300xC0,]
molecole di Metano (CH,) [30xco,]

Gas effetto serra
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Andamento della temperatura superficiale e CO,

GLOBAL
TEMPERATURE AND CARBON DIOXIDE

C
° (1.98°F
t 1 1 ( ) TEMPERATURE

9
0.7
+0.5°
.3
+0.1°
-0.1°

https://www.climatecentral.orqg/

nd adjusted to early industrial baseline (1881-1910)
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https://www.climatecentral.org/

Andamento concentrazione COZ2 in atmosfera

|

|

V Il grafico mostra i livelli di
g anidride carbonica
= = atmosferica (CO2) misurati
g da NOAA presso
£ oo TLAS ['Osservatorio di Mauna
o .o .
o Loa, nelle Hawaii, a partire
O 340 dal 1958.
320 —jiAAARAN
1960 1970 1980 1990 2000 2010 2020

Source: climate.nasa.gov YEAR
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Prima stazione di monitoraggio della CO2
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Prima stazione di monitoraggio della CO2

Charles David Keeling

(April 20, 1928 — June 20, 2005)

Agli inizi degli anni '50 Keeling aveva
scoperto una tecnica per misurare
con precisione la CO2 presente in
atmosfera, facendo installare
all'osservatorio di Mauna Loa un
dispositivo che ne rilevavail valore.
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Stazioni di monitoraggio della CO2

[
/

/" /
o \‘J ,// - : I A.‘/}/
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¢ Ground-based + Aircraft 4 Ship + GHG comparison sites
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La rete globale Global
Atmosphere Watch (GAW)
per la misura dell'anidride
carbonica. La rete per la
misura del metano e simile.
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Stazione di monitoraggio della COZ2 italiana

(Roberto Sarao) sull'isola di
Lampedusa e un centro di
ricerca nel Mediterraneo

T T I I T I I T I I T I eI I T I T
_ wof :
8§ | 1 La Stazione di Osservazioni
s °F 1 Climatiche dell'ENEA
() - .

mlllllllllllllllllllllll

S T ' B B R 8 i e O R o I B (O R ) ) )
b 1 dedicato alla misurazione
g 1o00f- = dei Parametrl climatici
s f 1 dell'atmosfera.
5 1800 —

7 rv»q b [ I NS A o S S S G S O [ Y S IS U0 O S Y
1983 1968 1597 1999 2001 2003 2005 2007 2008 2011 2013 2015 m
Evoluzione dei valori settimanali (punti arancioni), mensili (curva rossa)

s . Agenzia nazionale per le nuove tecnologie,
ed annuali (curva blu) di CO2 e CH,4 (metano) a Lamp9dusa I’'energia e lo sviluppo economico sostenibile

www.enea.it
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Andamento concentrazione CO2 in atmosfera

M Ice Core Data
Modern Instrumental Data

Questo grafico, basato sul
confronto tra campioni
atmosferici contenuti in
carote di ghiaccio e
misurazioni dirette piu
recenti, Fornisce prove
che la CO2 atmosferica e
500,000, 700,000 600,000 0000 400,000, 300,000, 200,000 00,000 ~ aumentata dall'epoca

Years Before Today della Rivoluzione
Industriale.

For millennia, atmospheric carbon dioxide had never been above this line
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Flussi di CO2

Global carbon dioxide budget

(gigatonnes of carbon per year)

2003-2012
Fossil fuel & Atmospheric
cement growth 4 Land sink
8.6+ 0.4 43401 tanduse 1 58+08

change
0.9+0.5

Ocean sink
25+05

mental Data

climate.nasa.gov
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Flussi di CO2

Global carbon dioxide budget
(gigatonnes of carbon per year)

2003-2012

Fossil fuel & Atmospheric
cement growth Land sink

28+08

. i Emissions

Ocean sink
25205

CO, in the Atmosphere

Pro

e,
€

~Globy

rthep, Geological
bon p, e, 5
"Ojecy reservolrs

AWionay
¢ 20,(;”6005‘.1,’&,

h
CLIMATEINTERACTIVE Net Removals

Toolsfora thriving future

Overall framing by Dr. John Sterman, MIT Sloan
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Emissioni globali di CO2 dal 1990 al 2023

Global Fossil CO, Emissions

40 Gt
COs, 2010-19 Projection 2023
+1.0%/yr
Y 37.5 Gt CO,
A 1.1% (0.0% to 2.1%)
35 -
2000-09 ""‘\_\
+2.8%l/yr _‘ ~ COVID-19
30| -+ Global pandemic
1990.99 financial o
+1.0%/yr i”i'j
25 - o
AN . : ‘
20 ~= Dissolution of GLOBAL | CARBON
Soviet Union project
V¥ 3.1%

1990 1995 2000 2005 2010 2015 2020 23 hteps://globalcarbonbudget.org/

projected

ITALIAN

% ZE =\ CLIMATE

== 1 J
Zpr NETWORK

[ I DEASCUOLA

in condatta




Emissioni globali di CO2 dal 1990 al 2023

Annual CO, Emissions
50 Gt

CO,
Total
Fossil carbon

Includes cement
carbonation sink

) |
’*%.-a;x__mn@-/"“‘ﬂm Land-use change

1960 1970 1980 1990 2000 2010 2023

projected

https://globalcarbonbudget.org/
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I maggiori emettitori di CO2

12 Gt ‘Annual fossil CO, emissions: top six emitters Gt GO, in 2022

CO,

10 |

_~India 2.8 A 5.8%
~EU27 2.8 v 16%

Russia 1.7 v35% GLOBAL CARBON
Japan 1.1 vos% project

1960 1970 1980 1990 2000 2010 2022 https://globalcarbonbudget.org/
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Emissioni globali di CO2 pro capite

Annual fossil 002 emissions per capita: top six emitters

“\

{‘" I o x;.um
20t - / : s =\
2 N\

tonnes/person in 2022

JSA 14.9 a

Russia 11.4 v 3.2%
_—dJapan 8.5 vo0.3%

EU27 6.2 ¥v2.1%

World 4.7 a0.1%
GLOBAL' CARBON
project

() O o https://globalcarbonbudget.org/

T T T T

1960 1970 1980 1990 2000 2010 2022
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Emissioni globali di CO2 per fonte di energia

Annual Fossil CO, Emissions: Global

Projected Gt CQO5 in 2023
16 Gt - Projected total emissions growth: +1.1% (+0.0% to +2.1%)

Coal 15.4

A 1.1% (-0.1% to +2.4%)

Oil 12.1

A 1.5% (+0.6% to +2.3%)

Gas 7.8

A 0.5% (-0.9% to +1.8%)

Cement 1.6 GLOBAL'! CARBON
M A 0.8% (-0.7% to +2.4%) project

0 -%E 7 — ; . . : Non-fuel emissions
1960 1970 1980 1990 2000 2010 2023 https://globalcarbonbudget.org/
V//f ZE Y ITALIAN q DEASCUOLA
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Produzione di energia globale

200 EJ ‘Annual global energy consumption

Oil
Coal
150 -
Gas
100 -
50 - ~Hydro
~Nuclear
Other GLOBAL CAR_BON
L e P EEEEEERSS =R — - Bijofuels project
1960 1970 1980 1990 2000 2010 2022
https://globalcarbonbudget.org/
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Emissioni globali per settore
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https://www.climatecentral.org/

Cosa dice l'IPCC

E indubbio che le attivita umane

@)
stanno causando il cambiamento
climatico, rendendo gli eventi @ &

climatici estremi, tra cui le ondate

. 4 o INTERGOVERNMENTAL PANEL ON
di calore, le piogge intense e la climate change
siccita, piu frequenti e intense.

INTERGOVERNMENTAL PANEL on ClimaTe change wMo  UINEP
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Cosa dice l'IPCC

s
2.0

1.5

observed

simulated

h & .
e Variazione della temperatura

superficiale globale (media

annuale) come osservata e
. simulata utilizzando fattori
simulated . . .
naturalonly  Sia umani che naturali e solo
(solar & naturali (entrambi per il
volcanic) X

periodo 1850-2020)

-0.5

I
1850 1900 1950 2000 2020
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Il Sistema climatico e un sistema complesso

Ozone layer Solar energy

Upper-level winds

Snow and ice

Clouds

Land surface Human-produced . = - Hydrologic
processes emissiohcl s cycle

Soil moisture =TT
and temperature Realistic
geography
Marine Ocean currents,
ecosystems temperature
and salinity

Surface winds

Vertical
overturning

Other components

« Atmospheric chemisti
Ocean - 12 : (5%
bottom - « Evaporation

topography + Outgoing heat
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Le Equazioni dell'oceano
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First Assessment Report (1990) The World in Global Climate Models

0 Mid-1970s @ Mid-1980s

Second Assessment Report (1995)
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First Assessment Report (1990)

Second Assessment Report (1995)

Third Assessment Report (2001)

Assessment Report 4 (2007)
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Scenari emissivi futuri

a) Future annual emissions of CO, (left) and of a subset of key non-CO, drivers (right), across five illustrative scenarios
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Scenari climatici: temperatura superficiale
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Scenari climatici: precipitazione
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IPCC Atlante Climatico Interattivo
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https://interactive-atlas.ipcc.ch/

IPCC Atlante Climatico Interattivo

https://interactive-atlas.ipcc.ch
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https://interactive-atlas.ipcc.ch/

IPCC Atlante Climatico Interattivo

https://interactive-atlas.ipcc.ch
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Scenari emissivi futuri

a) Future annual emissions of CO, (left) and of a subset of key non-CO, drivers (right), across five illustrative scenarios
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Adattamento e Mitigazione

ADATTAMENTO

Una varieta di azioni volte
a ridurre, compensare o
adattarsi agli impatti
negativi derivanti dal
cambiamento climatico
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MITIGAZIONE

Interventi o modifiche nelle
abitudini collettive attuate con
['obiettivo di diminuire o
annullare le emissioni di gas
serra e/o rimuovere tali gas
dall'atmosfera
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Scenari climatici: Livello del mare
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Scenari climatici: livello del mare
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Scenari climatici: livello del mare

The SROCC estimated regional sea-level changes from combinations of the
various contributions to sea-level change from CMIP5 climate model outputs,
allowing comparison with satellite altimeter and tide-gauge observations.
Closure of the regional sea-level budget is complicated by the fact that regional
sea-level variability is larger than GMSL variability and there are more
processes that need to be considered, such as vertical land movement and ocean
dynamical changes.

Since CMIP6 models are of fairly coarse (typically ~100km) resolution, and even
the models participating in HighResMIP (near 10km resolution) do not capture all
the phenomena that contribute to coastal ocean dynamic sea-level change, there
is low confidence in the details of ocean dynamic sea-level change along the
coast and in semi-enclosed basins, like the Mediterranean, where coarse
models can misrepresent key dynamic processes.
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Scenari climatici: livello del mare

Seasonal means
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Batimetria dello Stretto di Gibilterra
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Batimetria dello Stretto di Gibilterra
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Chart of the Strait of
Gibraltar, adapted from
Armi & Farmer (1988),
showing the principal
geographic features
referred to in the text.
Areas deeper than 400 m

are shaded
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Salto idraulico nello Stretto di Gibilterra

Chart of the Strait of Gibraltar,
adapted from Armi & Farmer
(1988), showing the principal
geographic features referred
to in the text. Areas deeper

than 400 m are shaded
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Modello climatico del Mediterraneo: batimetria
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Modello climatico del Mediterraneo
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Modello climatico del Mediterraneo
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Modello climatico del Mediterraneo: batimetria
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Modello climatico del Mediterraneo: batimetria

Surface Temperature projection - rcp 8.5
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Modello climatico del Mediterraneo: batimetria

Sea level rise projection - rcp 8.5
2022
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“What’s the use of having developed a science well enough to
make predictions if, in the end, all we're willing to do is stand

around and wait for them to come true?”

— F. Sherwood Rowland (Nobel laureate)
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NASA Global Climate Change

L CLIMATE CHANGE e,
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Understanding our
planet to benefit
humankind

NASA missions study global climate change
from air, sea, and space.
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I prossimi appuntamenti

https://formazione.deascuola.it/sos-clima

IN COLLABORAZIONE CON ICN E CESVI IN COLLABORAZIONE CON ICN E CESVI
Non solo ambiente, ma Conosciamo i dati scientifici
anche diritti ed equita per affrontare la sfida

08 Febbraio 2024, 17:00 17 Aprile 2024,17:00

con: Alessandra Morelli con: Francesca Cipollini
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https://formazione.deascuola.it/offerta-formativa/evento/conosciamo-i-dati-scientifici-per-affrontare-la-sfida-3/
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