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Introduzione ai GIS Installazione QGIS

Gli elementi geografici vengono localizzati nello spazio
attraverso dei Sistemi di Riferimento (o di coordinate):

Geografiche Proiettate

0:00 / 33:20
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QGIS

Un Sistema di Informazione Geografica Libero e Open Source

e

@ QGIS 3,36 Maidenhead

hds'been released! :

Muova versiona: 3.361

Crea, modifica, visualizza, analizza @ pubblica informazioni geospaziall su Windows, macOS, Linux. BSD e dispositivi mobil

NOTIZIE DEL PROGETTO

https://www.youtube.com/watch?v=hNLizEG952w https://www.youtube.com/watch?v=4ixD zQTyn8

Scaricare e installare

natural
INVEST NVEST

capital

Integrated Valuation of - -
EcosystemServices P ROJECT

https://naturalcapitalproject.stanford.edu/software/invest Sichliad eoffs

QGIS 3.34 LTR

Natural Capital Project
Stanford University
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https://climate.copernicus.eu/surface-air-temperature-april-2024
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World / Climate

ENMVIRONMENT / CLIMATE CHANGE

Planet endures record-hot April, as scientists  World extends temperature streak to 11
warn 2024 could beat heat records for second .., .. ths with hottest April ever
year in a row

By Laura Paddison, CNN
® 3 minute read - Published 10:00 PM EDT, Tue May 7, 2024

The

_____ Guardian

':.:' REUTERS World v  Business v  Markets ™ Sustainability ¥ Legal™~ Breakingviews ¥ Technology ¥ i ﬂ]lﬂl}?SiS

Cimre rergy | it chare Weather tracker: global average
World's record-breaking temperature temperature highest ever for April
streak extends through April James Parrish and Morgan Thomas for
SP— - MetDesk

| Figures from EU's Copernicus Climate Change Service show it was 11th

time in a row monthly record has been broken
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Guardian

World’s top climate scientists expect
global heating to blast past 1.5C target

Exclusive: Planet is headed for at least 2.5C of heating with
disastrous results for humanity, poll of hundreds of scientists finds

‘Hopeless and broken': why the world'’s top climate scientists are

in despair

O The climate crisis is already causing profound damage to lives and livelihoods across the world.
Illustration: Guardian Design/Halil Kahraman

https://www.thequardian.com/environment/article/2024/may/08/world-scientists-climate-failure-survey-global-temperature
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How high will global heating go?

How high above pre-industrial levels do you think average global temperature will rise between now and 21007

Count of answers given by IPCC climate experts

77% of climate scientists expect a rise of at least 2.5C

Each square
is 1 answer

l—-—

Below 1.5C

fAnardian aranhicr Snorce- Goardian survew nf dlimate evnerts 280 resnnnses

|

EEEE
5.0C or above
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Outline

* Forzanti esogeni (GHG)
« Climate feeback loops

» Tipping points
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Greenhouse gas emissions by economic sectors SRS Giimate Justics
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Electricity
and heat production Energy
25% 1.4%
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24%
Buildings —— Industry
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Transport Total: 49 Gt CO,-eq 0.3%
14% —— (2010)
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210f ——— Buildings
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Other J
energy
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Direct GHG emissions Indirect CO, emissions

Global anthropogenic GHG emissions by economic sectors (IPCC, 2014, pg. 47)
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Figure 2.13 | Total annual anthropogenic GHG emissions by major economic sector (IPCC, AR6, WGIII, Chapt. 2)
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{a} Long term trend of anthropogenic CO; emissions sources
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- . F Figure 2.7 | Historic anthropogenic CO 2 emission and
Cement - Flarmg - Oil cumulative CO2 emissions (1850-2019)
B Coal B G G (IPCC. AR6, WG, Chapt.2)
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1957 “large-scale geophysical experiment” on the planet by releasing greenhouse gases
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Dove misurare una concentrazione rappresentativa di WMGHG?
(es. CO,)
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NOAA Global Greenhouse Gas Reference Network (GGGRN)
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Figure 1. The NOAA Global Greenhouse Gas Reference Network (GGGRN), where greenhouse gases are measured in ambient air. Results

from subsets of these sites are used to determine global background greenhouse gas concentrations and the AGGI. Click on image to view
full size figure. https://gml.noaa.gov/aggi/aggi.html
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2) Forzanti endogeni:
Anthropogenic GHG

NOAA
GGGRN
(Since 1979)

https://eml.noaa.gov/aggi/aggi.html
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CO, Concentration (ppm)
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December 12, 2019
Ice-core data before 1958. Mauna Loa data after 1958.
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Quanto bisogna andare indietro per trovare 400 ppm di CO,?
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400 ppm nel periodo (geol) del Pliocene (3 M anni) 3
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Feedback loops climatici
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Rapid adjustment e feedback loops

Rapid adjustments

aggiustamenti rapidi del sistema climatico su scale temporali brevi (settimane), attraverso
meccanismi che non modificano direttamente il bilancio radiativo planetario e non inducono una
variazione diretta della temperatura media superficiale terrestre.

Questo tipo di risposta si attiva quando i forzanti provocano, oltre ai cambiamenti dei flussi radiativi,
anche una variazione della copertura nuvolosa o di altre componenti del sistema che, a loro volta,
modificano il bilancio radiativo. In questo senso gli aggiustamenti rapidi sono caratterizzati da una
interazione indiretta con il bilancio radiativo, che non € mediata da una variazione della temperatura
media superficiale ma é dovuta a rapidi cambiamenti atmosferici e superficiali.

Feedback loops
retroazioni climatiche ricorsive (positive o negative), tempi scala medio-lunghi

(Bagliani, 2019)
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* Risposte del sistema climatico che agiscono direttamente sul bilancio radiativo inducendo

modificazioni sulla T media superficiale terrestre
* Ricorsivita
« Feedback positivi (amplificano il segnale, destabilizzano il sistema)

« Feedback negativi (riducono il segnale, stabilizzano il sistema)

« Tempi scala medio-lunghi (inerzia degli oceani)

[ Input

T
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“feedback loop”

+/-
— State Variable process or

Initial Forcing coupling

+ increases state variable
- decreases state variable
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... € se la forzante iniziale causasse una diminuzione della temperatura?

Initial forcing (GHG)
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Figure 1 MET Office STORY MAP: Ice-Albedo Feedback in the Arctic

Cambiamenti climatici e adattamenti negli ecosistemi e nelle societa — Ingegneria per '’Ambiente ed il Territorio Prof. Salvatore Pappalardo



https://storymaps.arcgis.com/stories/3bb42858e99d492aaaf980b86bfea757
https://www.metoffice.gov.uk/research/climate/cryosphere-oceans/sea-ice/index
https://www.pmel.noaa.gov/arctic-zone/essay_serreze.html

KRRKL

—~. _— Climate Justice

a/l Eﬁ%ﬁ%ﬁl ICEA W}__Qm%. Centre of Excellence
Il feedback ghiaccio - albedo
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Arctic Sea Ice Loss

The September minimum Arctic sea ice extent Over the last four decades, September Arctic sea ice extent has declined
in 2019 was the 2" lowest on record. by over 87,000 km” per year equating to an average of 12% per decade* -

‘ 40 year loss

1 3.48 million km?

An area greater than
¢ India, Bangladesh and
&€ Bhutan combined.

Annual loss Decadal loss

A

B 87,055 km? m 870,550 km?

| Anarea greater
=1 than Scotland.

&8 An area greater than
&= the UK, Ireland and
France combined.

e Surface area of Scotland

- 3 s &
- £ — = B0, 226km? (\World Bank)

s — iy

Suriace area of UK, Irzland & Francs
= #6259 tkm? (World Bark)

Surface area of India, Bangladesh & Bhutan
= 3473283 km’ (World Bar <)

Cambiamenti climatici e adattamenti negli ecosistemi e nelle societa — Ingegner/a per 'Ambiente ed il Territorio o Prof. Salvatore Pappalardo



Extent (10° km?)

Arctic sea ice extent (1979-2018)
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Figure 3: Changes to the seasonal
12.5 A ; ]
cycle of Arctic sea ice cover shown
using decadal averages of daily
10.0 - extent. Data are from Met Office
Hadley Centre HadISST dataset
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https://www.metoffice.gov.uk/research/climate/cryosphere-oceans/sea-ice/index
https://www.metoffice.gov.uk/research/climate/cryosphere-oceans/sea-ice/index
https://www.metoffice.gov.uk/research/climate/cryosphere-oceans/sea-ice/index
https://www.metoffice.gov.uk/research/climate/cryosphere-oceans/sea-ice/index
https://www.metoffice.gov.uk/research/climate/cryosphere-oceans/sea-ice/index
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.

NASA Climate Change
www.youtube.com/watch?v=XZHmS1EPfXY http://nsidc.org/arcticseaicenews,
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https://www.youtube.com/watch?v=XZHmS1EPfXY
https://www.youtube.com/channel/UCP_hZt43bbGGf9ah6ATOvEg
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https://www.youtube.com/watch?v=VphzOHbbQVo
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Hydrocarbon extraction in the Arctic:
Geographical criteria towards a Multi-
Criteria Analysis for identifying
unburnable carbon areas

(In submission O
Codato D., Vezzelli D., F. Ammaturo, G. 4N
Lazazzera A. Stralla, Pappalardo SE, De
Marchi M.) !
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(F. Ammaturo, G. Lazazzera, A. Stralla, Master GlScience 2021)
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Forcing iniziale

Riscaldamento Feedback loops: il vapore acqueo
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(Bagliani, 2019)
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Feedback loops: il vapore acqueo

Il vapore acqueo e responsabile per circa il 75% dell’effetto serra:
* 50% direttamente
» 25% indirettamente, tramite I'effetto sulle nubi

Il vapore acqueo € un gas serra che condensa in atmosfera.
Le concentrazioni atmosferiche di vapore acqueo non dipendono tanto dalle emissioni quanto
dalla temperatura media dell’atmosfera.

L’effetto serra esercitato dal vapore acqueo non viene pertanto considerato come
forzante ma come retroazione, a partire da un forzante iniziale degli altri gas serra, che
cambia la temperatura media atmosferica.

(Bagliani, 2019)
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Atmospheric CO,: Principal Control Knob Governing
Earth's Temperature

ANDREW 4. LACIS , @AWIN A SO=RIDT, D10 RIMD, AND, FETD A RUEDY Authors Info & Affiliations

BCIEMCE - 1500t 2010 - ol 330, lesue 6002 - pp. 356-35% - DR 101126 ciencs 1190653
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Turning Up the Heat

The physical effect of atmospheric carbon dioxide on Earth's energy budget—that
is, its “greenhouse effect”™—has been understood for more than 100 vears, but its
role in climate warming is still not universally accepted. Lacis et al. (p. 356) con-
ducted a set of idealized climate model experiments in which various greenhouse
gases were added to or subtracted from the atmosphere in order to illustrate their
roles in controlling the temperature of the air. The findings clearly show that car-
bon dioxide exerts the most control on Earth's climate, and that its abundance de-
termines how much water vapor the atmosphere contains, even though the radia-
tive effect of the water vapor is greater than that of carbon dicxide itself.

Abstract

Ample physical evidence shows that carben dicxide (CO3) is the single most impor-
tant climate-relevant greenhouse gas in Earth’s atmosphere. This is because COz,
like ozone, N;0, CH,, and chlorofluorocarbons, does not condense and precipitate
from the atmosphere at current climate temperatures, whereas water vapor can
and does. Noncondensing greenhouse gases, which account for 25% of the total
terrestrial greenhouse effect, thus serve to provide the stable temperature struc-
ture that sustains the current levels of atmospheric water vapor and clouds via
feedback processes that account for the remaining 75% of the greenhouse effect.
Without the radiative forcing supplied by CO7 and the other noncondensing green-
house gases, the terrestrial greenhouse would collapse, plunging the global cli-
mate into an icebound Earth state.
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(Lacis et al 2010)

https://www.science.org/doi/abs/10.1126/science.1190653
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Feedback loops delle nubi (+ o -)

» | cirri (alta troposfera, 8.000 e i 12.000 m) e sono composte da cristalli di ghiaccio; essendo
trasparenti lasciano passare la radiazione solare incidente, mentre ne bloccano la radiazione
terrestre di ritorno ad onda lunga. Questo tipo di nubi incrementa I'effetto serra producendo un
riscaldamento della superficie terrestre (feedback positivo)

« Gli stratocumoli , essendo nuvole piu spesse e avendo un albedo maggiore rispetto alle nuvole
alte come i cirri, riflettono maggiormente la luce solare nello spazio e, diminuendo la quantita di raggi
solari che raggiungono la superficie terreste, tendono a raffreddare la Terra

* Nubi alte (cirri) agiscono da feedback positivo aumentando la temperatura terrestre
 Quelle basse (stratocumuli) fungono da feedback negativo riflettendo la radiazione solare e
diminuendo quindi la temperatura

https://www.weather.gov/Imk/cloud classification

https://www.metoffice.gov.uk/weather/learn-about/weather/types-of-weather/clouds/cloud-

names-classifications
(Bagliani, 2019) https://www.astrogeo.va.it/nuvole2/classificazione.htm ATLANTE DELLE NUBI
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https://www.meteonetwork.it/meteo/atlante-delle-nubi/
https://www.astrogeo.va.it/nuvole2/classificazione.htm
https://www.metoffice.gov.uk/weather/learn-about/weather/types-of-weather/clouds/cloud-names-classifications
https://www.metoffice.gov.uk/weather/learn-about/weather/types-of-weather/clouds/cloud-names-classifications
https://www.weather.gov/lmk/cloud_classification
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(Cassandro, Unito 2022)
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https://media.bom.gov.au/social/blog/895/whats-that-cloud/
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Feedback loop (+) metano-permafrost

140°W 160°W 180° 160°E 140°E

A

30°N

How Much of the Earth's Surface is
Underlain by Permafrost?

https://agupubs.onlinelibrary.wiley.co
m/doi/full/10.1029/2021JF006123

Permafrost zones :
- Continuous permafrost (>90 % coverage)

- Discontinuous permafrost (50 - 90 % coverag
- Sporadic permafrost (10 - 50 % coverage) =

30°N
20°N

Isolated patches (<10 % coverage)

D Glaciers
1
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https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2021JF006123
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2021JF006123
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Feedback loop (+) metano-permafrost

Forcing iniziale Riscaldamento

Aumento del
riscaldamento

Disgelo del
permafrost

Rilascio di

nature communications CO2e CH4in
atmosfera

Article | Open Access | Published: 16 January 2019

Permafrost is warming at aglobal scale

Boris K. Biskaborn &, Sharon L. Smith, ... Hugues Lantuit =+ Show authors

Nature Communications 10, Article number: 264 (2019) | Cite this article

47k Accesses | 481 Citations | 993 Altmetric | Metrics

https://www.nature.com/articles/s41467-018-08240-4
https://e360.yale.edu/features/how-melting-permafrost-is-beginning-to-transform-the-arctic

Cambiamenti climatici e adattamenti negli ecosistemi e nelle societa — Ingegneria per '’Ambiente ed il Territorio

Prof. Salvatore Pappalardo


https://e360.yale.edu/features/how-melting-permafrost-is-beginning-to-transform-the-arctic
https://www.nature.com/articles/s41467-018-08240-4

	Diapositiva 1
	Diapositiva 2
	Diapositiva 3
	Diapositiva 4
	Diapositiva 5
	Diapositiva 6
	Diapositiva 7
	Diapositiva 8
	Diapositiva 9
	Diapositiva 10
	Diapositiva 11
	Diapositiva 12
	Diapositiva 14
	Diapositiva 15
	Diapositiva 16
	Diapositiva 17
	Diapositiva 18
	Diapositiva 19
	Diapositiva 20
	Diapositiva 21
	Diapositiva 22
	Diapositiva 23
	Diapositiva 24
	Diapositiva 25
	Diapositiva 26
	Diapositiva 27
	Diapositiva 28
	Diapositiva 29
	Diapositiva 30
	Diapositiva 31
	Diapositiva 32
	Diapositiva 33
	Diapositiva 34
	Diapositiva 35
	Diapositiva 38
	Diapositiva 39
	Diapositiva 40
	Diapositiva 41
	Diapositiva 42
	Diapositiva 43
	Diapositiva 44
	Diapositiva 45
	Diapositiva 46
	Diapositiva 47
	Diapositiva 48

