ITALIAN NATIONAL AGENCY FOR
NEW TECHNOLOGIES, ENERGY AND
SUSTAINABLE ECONOMIC DEVELOPMENT

" 4

2 ) A. ",‘ v 13 : '_"
= 4 : ‘“53(‘ P
e 3 We ™ ¥ y 7
9 N i -M\;\— T 4
& ol e el R
/e

Il Mediterraneo:.

%Ho t-Spot Climatico

P ]

=

Dati Attuali-e-Prpiezioni Future

A

oS

Gianmaria Sannino

Models, Observations, and Scenarios for Climate Change and Air Quality Division




Background: The Climate System

Five components that interact among them through different overlapping and complex processes.

— -

5 i

¢ Biosphere

These five components are interconnected through various biogeochemical cycles (like the water
cycle and carbon cycle) and feedback loops. They influence each other on different spatial and
temporal scales, leading to the complex and dynamic nature of our planet.



Background: The Climate System

The components of the climate system, their processes, and interactions.
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Background: The Climate System

The Sun is the major source of energy for E a r t oce@urss, -atmosphere,
land, and biosphere. Averaged over an: entire year, approximately 342
watts of solar energy fall upon every square meter of Earth. This is a
tremendous amount of energy d 44 quadrillion (4.4 x 1016) watts of power
to be exact. : -




Background: Sun & Climate System

The Sun is the major source of energy for E a r toteéns, atmosphere, land, and biosphere. Averaged
over an entire year, approximately 342 watts of solar energy fall upon every square meter of Earth.
This is a tremendous amount of energy 0 44 quadrillion (4.4 x 10'%) watts of power. As a
comparison, a large electric power plant produces about 1 GW (1 x 10°watt) of power. It would take
44 million such power plants to equal the energy coming from the Sun.
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44 quadrillion watts = 5.5 million of the most powerful
nuclear power plant
Kashiwazaki-Kariwa
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(capacity 8 GW)




Background: The Climate System

S and Space Administration

eartn's energy 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 infrared radiation components like conduction, convection,
Incoming 77.0 22.9 239.9 and evaporation which also transport heat

solar radiation
340.4

from Earth’s surface. On average, and over
the long term, there is a balance at the top
of the atmosphere. The amount of energy
coming in (from the sun) is the same as the
amount going out (from reflection of sunlight
and from emission of infrared radiation).

total reflected e—— atmospheric

solar radiation . window
emitted by ——e 40.1 latent heat
atmosphere (change of state)
169.9
\ elmitéed 0)Y
absorbed by " § absorbedb Sohce
atmosphere | i pherey ‘ 29.9 the;zlalcgo

I = V«

o

absorbed by emitted by back
surface surface radiation
163.3 398.2 340.3

_ net absorbed = ~ evapotranspiration
(1X2)

All values are fluxes in Wnr2
based on ten years of data

Loeb et al., J. Clim. 2009
Trenberth et al., BAMS, 2009

www.nasa.gov NP-2010-05-265-LaRC



Background: The Climate System

The most basic way to characterize the climate system is describing it as a
nonequilibrium thermodynamic system, generating entropy by irreversible
processes and 1 if time-dependent forcings can be neglected T keeping a
steady state by balancing the input and output of energy and entropy with

the surrounding environment.

Schneider and Bony, Nature Geo. 2014



State of Cimate: Global Surface Temperature

= Met Office

Global mean temperature difference from 1850-1900 ( ° C)
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-industrial conditions. Four different data sets are shown

HadCRUT, NOAAGIobalTemp , GISTEMP, and Berkeley Earth - as well as two reanalyses - ERA5 and JRAS5. Dataset anomalies are

calculated relative to a 1981 to 2010 baseline and offset by 0.69

the 1850 -1900 average given in the IPCC sixth assessment report.

° C, which is the best estimate difference for that period from
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State of Cimate: Global Surface Temperature

N Surface air temperature anomalies in 2024
& Data: ERAS « Reference period: 1991-2020 -« Credit: C3S/ECMWF
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Surface air temperature anomalies in 2024, relative to the average for the 188020 reference period. A notinear colour scalés used to
enhance the visibility of smaller anomalies and distinguish larger deviations. Data source: ERA5. Credit: C3S/ECMWF. ENEN




State of Cimate: Global Surface Temperature

Data: ERAS 1979-2024 « Reference period: 1991-2020 « Credit: C3S/ECMWF

(/@\\ Anomalies and extremes in surface air temperature in 2024
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than average  than average average than average  than average
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Surface air temperature anomalies in 2024, relative to the average for the 188020 reference period. A notinear colour scalés used to
enhance the visibility of smaller anomalies and distinguish larger deviations. Data source: ERA5. Credit: C3S/ECMWF. ENEN



State of Cimate: Global Surface Temperature

Data: ERA5 (1979-2024) « Reference period: 1991-2020 « Credit: C3S/ECMWF
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(/«@\ Anomalies and extremes in sea surface temperature in 2024
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ice shelves than average than average average than average than average
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State of Cimate: water vapour in the atmosphere

@ Record amount of water vapour in the atmosphere in 2024

Annual global mean total column water vapour anomalies for 60°S-60°N
Data: ERAS - Reference period: 1992-2020 - Credit: C3S/ECMWF
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Annual anomalies in the average amount of total column water vapour over thé &I50 ° N domain relative to the average for the 1992
2020 reference period. The anomalies are expressed as a percentage of theCl®D average. Data: ERA5. Credit: C3S/ECMWEF.



Surface temperature relative to 1850-1900

Human influence has warmed the climate at a rate that is unprecedented in at least the

last 2000 years.
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Shifting Distribution of Land Temperature Anomalies, 19642024

Land Temperature Anomaly Distribution

1964

—/~/

a 2 0 +2 +4
Temperature Anomaly (°C)

The data visualization above shows how air temperatures between 1964 and 2024 departed from the average
1951-1980.) The darker shades of blue represent times when temperatures were significantly cooler than the
norm and the orange and red represent times when temperature was hotter than the norm.



State of Cimate: Global Surface Temperature

= Met Office  The effect of [EENIfi®l and [EaNifia on global temperature
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State of climate: Not only Temperature

Trends in
Climate Indicators

Climate Indicators show the long-term
evolution of several key variables that are
used to assess the global and regional

trends of our changing climate.
Find out more @
»>
@ @ Glaciers
‘ @ Sea ice
Temperature Ice sheets
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Changes at global scale

IpCC

INTERGOVERNMENTAL PANEL oN Climate chanee WMo UNEP
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Cimate status: Carbon Dioxide in Atmosphere

Latest Measurement: April 2024
427 ppm

The global CO, concentration increased from
~277 ppmin 1750 to 419.3 ppm in 2023 (up 51%)
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It Is Indisputable that human
activities are causing climate
change, making extreme climate
events, including heat waves,
heavy rainfall, and droughts,
more frequent and severe.

ipcC

INTERGOVERNMENTAL PANEL oN Climate chanee wMo UNEP




Human influence on climate change

b) Change in global surface temperature (annual average) as observed and
simulated using human & natural and only natural factors (both 1850-2020)
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Cimate status: Carbon Dioxide in Atmosphere

tY) WORLD The Global Atmosphere Watch (GAW) global network for carbon dioxide in the
g/l METEOROLOGICAL . L.
\-"# ORGANIZATION last decade. The network for methane is similar.
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Cimate status: ENEA Contribution (GHG Measurement)

The ENEA Station for Climate Observations (Roberto
Sarao) on the island of Lampedusa is a research

facility in the Mediterranean dedicated to the
measurement of climatic parameters.

Lampedusa is an excellent site for studies on the
atmospheric composition and structure, on the
transfer of solar and infrared radiation, and for
oceanographic investigations.
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Comparison of the evolution of atmospheric CO2
concentration at Madonie-Piano Battaglia since 2005 (red
dots) and at Lampedusa (blue curve)
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Cimate status: Carbon Dioxide

PROXY (INDIRECT) MEASUREMENTS .
Latest Measurement: April 2024
Data source: Reconstruction from ice cores.
Credit: NOAA 427 ppm
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Cimate status: Carbon Dioxide emissions

Global carbon emissions in 2023 remain at record levels i with no sign of the decrease that is

urgently needed to limit warming to 1.5° C, according to the Global Carbon Project science team.
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Cimate status: Carbon Dioxide emissions

Global carbon emissions in 2023 remain at record levels i with no sign of the decrease that is

urgently needed to limit warming to 1.5° C, according to the Global Carbon Project science team.
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Cimate status: Carbon Dioxide emissions

Global carbon emissions in 2023 remain at record levels i with no sign of the decrease that is

urgently needed to limit warming to 1.5° C, according to the Global Carbon Project science team.
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Cimate status: Carbon Dioxide emissions by sector

GREENHOUSE GAS EMISSIONS

Global Emissions by Sector
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Changes at global scale

INTERGOVERNMENTAL PANEL oN Climate chanee
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Cimate status: Arctic Sea Ice Minimum Extent

ANNUAL SEPTEMBER MINIMUM EXTENT Key Takeaway:

Data source: Satellite observations. Credit: NSIDC/NASA Summer Arctic sea ice extent is shrinking by 12.2% per
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Changes at global scale

IPCC
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Climate Status: Ice Sheets

ANTARCTICA MASS VARIATION SINCE 2002

Data source: Ice mass measurement by NASA's GRACE satellites. Gap
represents time between missions.

Credit: NASA RATE OF CHANGE
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