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2020 secondo anno piu caldo dal 1860

Temperature difference 2020 and 1981-2010

[ 2020 é stato
I'anno piu caldo dal
1860 per I'Europa;
a livello globale,

il 2020 si attesta

al secondo posto,
a breve distanza

dal 2016, I'anno piu

caldo mai registrato.
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Air temperature at a height of two metres for 2020, shown relative to its 1981-2010
average. Source: ERAS. Credit: Copernicus Climate Change Service/ECMWF
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Temperature superficiale globale: anni piu caldi dal 1880

RANK

1 = WARMEST ANOMALY °C
PERIOD OF RECORD: 1880-2020

1 2016 1.00 ENSO++
2 2020 0.98
3 2019 0.95
4 2015 0.93
5 2017 0.91
6 2018 0.83
7 2014 0.74
8 2010 0.72
9 2013 0.68
10 2005 0.67

Global combined land and ocean annually averaged temperature rank and anomaly for each of
the 10 warmest years on record (1910-2000) [cit. NOAA]



Andamento temperatura globale superficiale

Change in global surface temperature relative to 1951-1980 average temperatures
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Incendi in
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California e
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In Siberia, il
permafrost fonde ad
una velocita senza

precedenti

La Groenlandia sta
perdendo miliardi di
tonnellate di ghiaccio

ogni anno
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* E ora, il ghiacciaio pi

solido della terra,
I' Antartide orientale,
sta diventando

instabile



Gli oceani si stanno riscaldando

Where's the Heat?

Earth's Accumulated Energy

Air, Land & Ice: 1%
Oceans:93%
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Causes of Sea Level Rise
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Global sea level since 1700
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Global sea level since 1880

Spatial distribution of the 1420 tide
gauges
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Change in sea level since 1880 as observed by coastal tide gauge*
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Global sea level since 1993
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— AVISO/CNES: trend = 3.31 mm yr”' Cazenave et al. 2018
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Regional Sea Level

180° 270° 360°

-20° e -20°
e T 3
R TR e oy vt =
-80 = — - - B0°
180°  270°  360° 90°

T T [ .

I 1 I 1
-20.0 -175 -15.0 -125 -100 -75 -50 -20 -10 00 10 20 50 75 100 125 150 175 200

mm/year

Regional sea-level trends from satellite altimetry for the period: October 1992 to July 2009

m Spatial differences are due to the steric effect. Nicholls & Cazenave, 2010



Causes of R-SLR at obal, egional and ocal scale

= Melting Greenland and Antarctica

= Melting Glaciers and ice caps

= QOcean Thermal expansion

" (QOcean Circulation

= Postglacial rebound, self-attraction and loading
= Land Hydrology

" Tides, Storm surge, Subsidence
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The Koppen-Geiger climate classification system

World map of Képpen climate classification for 1901-2010
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Am As Aw BWh BWk BSh BSk Csa Csb Csc Cwa Cwb Cwc Cfa Cfb Cfc Dsa Dsb Dsc Dsd Dwa Dwb Dwc Dwd Dfa Dfb Dfc Dfd ET EF

First letter Second letter Third letter Data source: Terrestrial Air Temperature/Precipitation:

A: Tropical f. Fully humid T: Tundra h: Hot arid 1900-2010 Gridded Monthly Time Series (V 3.01)

B: Dry m: Monsoon F: Frost k: Cold arid Resolution: 0.5 degree latitude/longitude

C: Mild temperate s: Dry summer a: Hot summer o .

D- Snow w: Dry winter b: Warm summer Website: http://hanschen.org/koppen

E: Polar W: Desert ¢: Cool summer Ref: Chen, D. and H. W. Chen, 2013: Using the Képpen classification
S: Steppe d: Cold summer to quantify climate variation and change: An example for 1901-2010.

Environmental Development, 6, 69-79, 10.1016/j.envdev.2013.03.007.

The Koppen climate classification was first published in 1884, with several later modifications by K&ppen, notably in 1918

and 1936. Later, the climatologist Rudolf Geiger (1954, 1961) infroduced some changes to the classification system,

which is thus sometimes called the Koppen-Geiger climate classification system.
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The Koppen-Geiger climate classification system
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First letter Second letter Third letter Data source: Terrestrial Air Temperature/Precipitation:
A: Tropical f. Fully humid T: Tundra h: Hot arid 1900-2010 Gridded Monthly Time Series (V 3.01)
#B: Dry - m: Monsoon F: Frost - k: Cold arid Resolution: 0.5 degree latitude/longitude
C: Mild temperate s: Dry summer a: Hot summer oo )
D Snow w: Dry winter b: Warm summer Website: http://hanschen.org/koppen
E: Polar W: Desert c: Cool summer Ref: Chen, D. and H. W. Chen, 2013: Using the Képpen classification
S: Steppe d: Cold summer to quantify climate variation and change: An example for 1901-2010.

Environmental Development, 6, 69-79, 10.1016/j.envdev.2013.03.007.

The Koppen climate classification was first published in 1884, with several later modifications by Képpen, notably in 1918

and 1936. Later, the climatologist Rudolf Geiger (1954, 1961) infroduced some changes to the classification system,

which is thus sometimes called the Képpen-Geiger climate classification system. ENEN
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Historic Global Surface Air Temperature
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Historic warming of the atmosphere at Global scale. Annual mean air
temperature anomalies are shown with respect to the preindustrial period
(1880-1899). Cramer et al. 2018 (NCC)



Global vs Mediterranean Surface Air Temperature

o157 After 1980 the rate of Mediterranean warming is 20% 0.4° 1
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Historic warming of the atmosphere at Global and Mediterranean scale.
Annual mean air temperature anomalies are shown with respect to the

preindustrial period (1880-1899). Adapted by Cramer et al. 2018 (NCC)



IPCC Assessment Report 5 - Projected Climate Change: surface
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IPCC Assessment Report 5 - Projected Climate Change: precipitation
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IPCC Assessment Report 5 - Projected Climate Change: precipitation
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IPCC Assessment Report 5 - Projected Climate Change: precipitation
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Representative Concentration Pathways (RCPs)
are four greenhouse gas concentration (not
emissions) trajectories adopted by the IPCC for its
fifth Assessment Report (ARS) in 2014
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This set of quantified SSPs are based on the output of six Integrated Assessment Models (AIM/CGE, GCAM, IMAGE,
MESSAGE, REMIND, WITCH). Net emissions include those from land-use change and bioenergy with CCS.

Source: Riahi et al. 2016; Rogelj et al. 2018; IIASA SSP Database; IAMC; Global Carbon Budget 2019



http://dx.doi.org/10.1016/j.gloenvcha.2016.05.009
https://www.nature.com/articles/s41558-018-0091-3
https://tntcat.iiasa.ac.at/SspDb/dsd?Action=htmlpage&page=welcome
http://www.globalchange.umd.edu/iamc/
http://www.globalcarbonproject.org/carbonbudget/

Future Mediterranean Surface Air Temperature
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Projected changes of mean annual temperature for mid (MID 2046-2065) and end (END 2081- 2100) of
twenty-first century with respect to the reference period (CTL 1986-2005), for three RCP pathways (RCP2.6: top
m row, RCP8.5: bottom row). Robustness and significance are indicated c



Future (2100) Mediterranean Surface Air Temperature

Summers will likely warm more than

winters. High temperature events
and heat waves (periods of
excessively hot weather) are likely to
become more frequent and/or

more exireme.

Average 2m temperature anomaly for 25-29 June 2019
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Future Mediterranean Precipitation
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Future (2100) Mediterranean Heat Waves
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Future (2100) Mediterranean Heat Waves

2021-2050 . 2071-2100 .

Multi-model average anomaly
of extreme SST99Q (° C) with
respect to corresponding

ensemble mean HIST (1976-

2005) of each scenario, for the
near and far future. The RCP2.6

scenario has only one
simulation (CNRM) . Darmaraki
et al. 2019

In response to increasing green-house gas forcing, the HW events become stronger and more
intense. By 2100 and under RCP8.5, simulations project at least one long-lasting MHW every year, up
to three months longer, about 4 times more intense than present-day events. They are expected to

occur from June-October and to affect at peak the entire basin.



ENEA Climate Model

Palma et al 2019 — Ocean Dynamic Sea Surface Height
Time: 2011-12-06 00:00
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ENEA Climate Model

40°N

10°W 0° 10°E 20°E 30°E 40°E
0 550 1100 1650 2200 2750 3300 3850 4400 4950
Depth (m)
GIBRALTAR DARDANELLES BOSPHORUS
36°15'N 40°40'N .
41°15'N
36°10'N
40°30'N
36°5'N 41°10'N -
36°N 40°20'N
35°55'N 41°5'N
35°50'N 40°10'N
41°N A
35°45'N \
T T T B 40°N - [ )
6°W  5°50'W 5°40'W 5°30'W 5°20'W 5°10'W 26°E 26°20'E 26°40'E 27°E o9°E  29%'E
Depth (m) Depth (m) Depth (m)

IR [ [ ([ [T | IR T [ [ [ [ [ [T I 1 [ [ 7 [ [ [T
m 1000 0 25 50 75 100 0 25 50 75 100

0 250 500 750



ENEA Climate Model
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ENEA Climate Model

Surface (15 m of
depth) and
intermediate (300 m
of depth) circulation,
averaged over the
simulation periods of
the hindcast (left
panel) and of the
historical (right

panel) experiments
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Future (2100) Mediterranean Sea Level
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Future (2100) Mediterranean Sea Level

Time evolution of the
components
contributing to the
projected mean sea
level in the
Mediterranean under
the RCP8.5. Solid lines
represent the central
estimate over available

models
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Future (2100) Mediterranean Sea Level
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Future (2100) Mediterranean Sea Level




Future (2100) Mediterranean Sea Level
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FLOODING SCENARIO AT FOUR ITALIAN COASTAL PLAINS USING
THREE RELATIVE SEA LEVEL RISE MODELS: THE NORTH ADRIATIC AREA
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