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Cos’e il clima? Quale relazione con il meteo?

{_} World Meteorological Organization £

=’ @WMO

Words cannot describe this historic event, says
@ECCCWeatherBC

British Columbia set more than 40 all-time records

2 Lytton broke #Canada's temperature record for the
THIRD straight day on 29 June with 49.5°C.

HIGHER than Las Vegas all-time record high of 47.2°C.

#Climatechange
Canada Lytton: Heatwave record
village overwhelmingly burned in
wildfire

NN

Record heatwave may have killed 500
people in western Canada

British Columbia reports jump in number of ‘sudden and
unexpected deaths’ and links them to extreme weather

COOLING
CENTRE

[https://www.theguardian.com/world/2021/jul/02/cana
da-heatwave-500-deaths]

[https://www.bbc.com/news/world-

2

us-canada-57678054]
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Cos’e il clima? Quale relazione con il meteo?
»
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Cos’e il clima? Quale relazione con il meteo?

Meteo: stato dell’atmosfera in questo momento.

Clima: stato medio dell’'atmosfera su lunghi periodi (30 anni).
[previsioni ECMWEF] 21 gennaio 2022
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https://cds.climate.copernicus.eu/cdsapp#!/home
https://apps.ecmwf.int/webapps/opencharts/

Cos’e il clima? Quale relazione con il meteo?

Definizione statistica: il clima e definito dalle caratteristiche (es. media, variabilita) della

distribuzione di probabilita delle variabili climatiche (es. temperatura, precipitazione) = il clima
e la probabilita di osservare il meteo.
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[https://www.ecad.eu/download/ensembles/download.php]
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Cos’e il clima? Quale relazione con il meteo?

Cambiamento climatico: cambiamento statisticamente significativo nella distribuzione di
probabilita delle variabili climatiche.

[E-OBS] Tmean | Foligno (Jun—Jul-Aug)
30 T T T I I I !

——1961-2000
——2001-2029
25_ ...... ........ ........ ........ ........ ................ TR ........ ........

N
o

Frequency [%]
o

—
o
T

0 : | | | | i i L = i
10 12 14 16 18 20 22 24 26 28 30 32 34
Temperature [°C]

[https://www.ecad.eu/download/ensembles/download.php]
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Cos’e il clima? Quale relazione con il meteo?

Classificazione di KOppen-Geiger (1936)
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[Beck et al. 2018: https://www.nature.com/articles/sdata2018214.pdf]
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Clima Mediterraneo

Table 1. Description of Kdppen climate symbols and defining criteria.

Ist 2nd 3rd Description Criteria*
A Tropical Teo1g=18
f - Rainforest Pdr),360
m - Monsoon Not (Af) & Pgyyy=100-MAP/25
w - Savannah Not (Af) & Pgyyy < 100-MAP/25
B Arid MAP<10xPireshold
\ - Desert MAP<5x Pﬂ].reshold
S - Steppe MAP=5xPirechold
h - Hot MAT=18
k - Cold MAT <18
C Temperate Thot=10 & 0<Tp1g<18
S - Dry Sunumer Psch'}-' <40 & Psdr}-“‘: Pwwet/3
w - Dry Winter Prdry <Powet/10
f - Without diy season  Not (Cs) or (Cw)
a - Hot Summer Thot=22
b - Warm Sumumer Not (a) & Tpon10=4
c - Cold Summer Not(aorb) & 1<Tyon10<4
D Cold Thot=10 & Teeig=0
s - Dry Sumumer Pogry <40 & PsdI},«c:waet..-"_%
W - Dry Winter Pwdry <Powet/10
f - Without dry season  Not (Ds) or (Dw)
a - Hot Summer Thot=22
b - Warm Summer Not (a) & Tioni0=4
c - Cold Summer Not (a. b or d)
d - Very Cold Winter  Not (a or b) & T,51q9<—38
E Polar Thot<10
T - Tundra Thot= 0
F - Frost Thot=<0

Fig. 8. Koppen-Geiger climate type map of Europe.

[Peel et al. 2007, www.hydrol-earth-syst-sci.net/11/1633/2007/]
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[Seager et al. (2019) https://journals.ametsoc.org/view/journals/clim/32/10/jcli-d-18-0472.1.xml]
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Clima Mediterraneo . .-
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Indian Monsoon
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igure 1.20: Schematic representation of the monsoon circulation. Adapted from Webster
and Fasullo (2003).
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https://rmets.onlinelibrary.wiley.com/doi/10.1002/qj.49712253408

Clima Mediterraneo, in evoluzione

Temperatura

Mean temperature (T) (Value, deg C)
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18-01-2022 13:53:17 http://www.ipcc.ch/copyright

[https://interactive-atlas.ipcc.ch/]
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Clima Mediterraneo, in evoluzione

Precipitazione

Total precipitation (PR) (Value, mm/day)
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Total precipitation (PR) - Trend (mm/day per decade)
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GPCC - Annual -Mediterranean

18-01-2022 13:54:25 http://www.ipcc.ch/copyright

[https://interactive-atlas.ipcc.ch/]
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Clima Mediterraneo, in evoluzione
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[Ulbrich U. et al. (2013) https://doi.org/10.1007/978-94-007-5781-3 2]
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Clima Mediterraneo, in evoluzione

Temperatura del mare

Sea Surface Temperature (S5T) (Value, deg C)
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[https://interactive-atlas.ipcc.ch/]
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Clima Mediterraneo, in evoluzione
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Fig. 2.7 Sea level rise in the Mediterranean from the tide-gauge in Trieste (corrected for atmo-
spheric pressure and glacio-isostatic rebound) (gray line); and reconstruction of basin wide sea
level from altimetry and tide gauges (black)

[Ulbrich U. et al. (2013) https://doi.org/10.1007/978-94-007-5781-3 2]
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Cambiamenti climatici

Medio Olocene (10-5 mila anni fa)

PolIen-baseg‘;/'veconstruction of 6ka mean annual precipitation [mm] PolIen-bas%/\n/’econstrucﬁon of 6ka mean summer temperature [K] Pollen-bas&% reconstruction of 6ka mean winter temperature [K]
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' Cambiamenti climatici
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Cambiamenti climatici

Medio Olocene (10-5 mila anni fa)

African Lake Levels, 9,000 yr BP vs. Present
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[https://www.nature.com/scitable/knowledge/library/green-sahara-african-humid-periods-paced-by-82884405]
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Cambiamenti climatici, cause (naturali?)
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[Marcott et al. 2013, https://www.science.org/doi/10.1126/science.1228026]
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Cambiamenti climatici, cause (naturali?)
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sreaniand mass (L)

Antarctica mass (1)

Cambiamenti climatici, cause (naturali?)
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Cambiamenti climatici, cause (naturali?)

Atmospheric CO; concentration

Global average long-term atmospheric concentration of carbon dioxide (CO,), measured in parts per million (ppm). ) Ruc
Long-term trends in CO, concentrations can be measured at high-resolution using preserved air samples from ice - Scripps Inslitution of Oceanography

cores. 400 - NOAA Global Monitoring Laboratory

Atmospheric CO, at Mauna Loa Observatory
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Source: EPICA Dome C CO; record (2015) & NOAA (2018) OurWorldInData.org/co2-and-other-greenhouse-gas-emissions « CC BY

[https://ourworldindata.org/co2-and-other-greenhouse-gas-emissions]
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Cambiamenti climatici, cause (naturali?)
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Cambiamenti climatici e attivita umane

Globally averaged greenhouse gas concentrations
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[https://www.ipcc.ch/report/ar5/syr/]
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Cambiamenti climatici e attivita umane

Global anthropogenic CO, emissions

Quantitative information of CH, and N,0 emission time series from 1850 to 1970 is limited
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[https://www.ipcc.ch/report/ar5/syr/]
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Effetto Serra

M. Gaetani - Clima: cosa ci aspetta? Biblioteca Maffei, Foligno, 21 gennaio 2022 29



Ciclo del carbonio ed effetto serra

(a)

Matural cycle Atmosphere
A 597 ch }ﬂ

Atm.CO, Land w "
uptake (yegetation,
0.4 Pg 13 ¥ soil & detritus)

Fossil fuel reserves

(b)

Human perturbation Atmosphere
+165 PgC
(+8-4.T PgCyr1)

Fossil fuel reserves
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Effetto serra, una vecchia storia
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[https://earthobservatory.nasa.gov/features/Modelingintro]
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Effetto serra, una vecchia storia

Syukuro Manabe
[Nobel per la Fisica 2021]
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Manabe’s climate model

Syukuro Manabe was the first researcher to
explore the interaction between radiation
balance and the vertical transport of air
masses due to convection, also taking account
of the heat contributed by the water cycle.

Cold Haot air +
air latent heat

Infrared heat radiation from the
ground is partially absorbed in the
atmosphere, warming the air and
the ground, while some radiates
out into space.

Hot air is lighter than cold air, so it rises
through convection. |t also carries water
vapour, which is a powerful greenhouse
gas. The warmer the air, the higher the
concentration of water vapour. Further up,
where the atmosphere is colder, cloud
drops form, releasing the latent heat
stored in the water vapour.

[https://www.nobelprize.org/uploads/2021/10/sciback fy en 21.pdf]
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Effetto serra, una vecchia storia

1982 PROPRIETARY INFORMATION B 1988

FOR AUTHORIZED COMPANY USE ONLY .ll Repor: Series HSE 88-001

Figure 3
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Modelli climatici
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Modelli climatici

Forzante

Stato iniziale
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Attribuzione del cambiamento climatico

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

°C
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[https://www.ipcc.ch/assessment-report/ar6/]
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Attribuzione del cambiamento climatico

Identifying fingerprints in the climate

Klaus Hasselrmann developed methods for distinguishing between
natural and human causes [fingerprints] of atmospheric heating.

Comparison between changes in the mean temperature in relation to
the average for 1901-1950 [*C].

— bservations

mem=  Calculations that show
the etfect of only natural
sources, such as volcanic
eruptions.

memm Calculations of the effect
of both natural and
hurman sources.

. I ! I i Volzanic eruptions

Klaus Hasselmann . .
[Nobel per la Fisica 2021] 1 | - Pinatto

Obsa rvations of changes in temparatune [*C]
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Source: Hegerl and Zwelrs [2011) Use of models In detection &
attribution of cllmate change, WIREs Cmate Change.

[https://www.nobelprize.org/uploads/2021/10/sciback fy en 21.pdf]
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Attribuzione del cambiamento climatico

Atmospheric carbon dioxide and Earth’s surface temperature (1880-2019)
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Sensibilita climatica

Every tonne of CO, emissions adds to global warming

Global surface temperature increase since 1850-1900 (°C) as a function of cumulative CO, emissions (GtCO,)

°C
3
55P5-8.5
The near-linear relationship )
25 between the cumulative 25P3-7.0
CO; emissions and global
warming for five illustrative
2 scenarios until year 2050 SSP1-2.6
55P1-1.9
15
1
Historical global
warming
0.5
Cumulative CO, emissions since 1850
0

1000 2000 3000 4000 4500 GtCO,
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Scenari di emissione

Future emissions cause future additional warming, with total warming
dominated by past and future CO, emissions

{a) Future annual emissions of CO; (left) and of a subset of key non-CQ, drivers {right), across five illustrative scenarios

Carbon dioxide (GtCO,/yr) Selected contributors to non-CO, GHGs
140 Methane (MtCH,/yr)
Business as usual o — =0
SSP5-85 600
120 400 SSP5-8.5
200 o 55P1-26
100 0 S5P1-1.9
2015 2050 2100
80 S5F3-70 Nitrous oxide (MEN,O/yn)
20 ___ 5SP3-70
. — SSP5-85
o< ssmas
55P1-19
40 0
2015 2050 2100
20 One air pollutant and contributor to aerosols
Sulphur dioxide (MtSO,/yr)
0 120
e SSP1-2.6 T
. Zero Emissioni —— ssp1-19 80 T S5Pa70
40
2015 2050 2100 SSP5-8.5
0 = S55P1-19
S5P1-2.6
2015 2050 2100

[https://www.ipcc.ch/assessment-report/ar6/]

M. Gaetani - Clima: cosa ci aspetta? Biblioteca Maffei, Foligno, 21 gennaio 2022



https://www.ipcc.ch/assessment-report/ar6/

Proiezioni climatiche

(a) Global surface temperature change relative to 1850-1%00 (c) Global ocean surface pH (a measure of acidity)
°C 8.2
2 5SP5-8.5 g1
i _ 55P1-19
4 SSP3-7.0 8.0 —  S5P1-26
3
7.9 ocean
2 — SSP1-2.6 7.8 acidification cprro
1 ——\‘_,_‘/-\/\//// 55'3‘1_1'9 ?-? ‘
SSP5-8.5
0 7.6
. 1950 2000 2015 2050 2100
1950 2000 2015 2050 2100

(b) September Arcti ' (d) Global mean sea level change relative to 1900
eptember Arctic sea ice area

m
10° km? 2
10
15 — L .
8 Low-likelihood, high-impact storyline,
including ice-sheet instability
processes, under SSP5-8.5—— .-
1 55P5-8.5
. SSP3-7.0
b s | iy 0 )
55P1-2.6
0.5 ———55P1-1.9
0
1950 2000 2020 2050 2100

1250 2000 2015 2050 2100
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Proiezioni climatiche

Near term, 2021-2040 Mid-term, 2041-2060 Long term, 2081-2100
. . . Very likely . - Very likely . . Very likely
Scenario Best estimate (°C) range (°C) Best estimate (°C) range (°C) Best estimate (°C) range (°C)
ero nel 2050

55P1-1.9 15 1.2t0 1.7 1.6 1.2t02.0 1.4 1.0t01.8
S5P1-2.6 15 1.2t01.8 1.7 13to2.2 1.8 13t02.4
55P2-4.5 15 1.2t0 1.8 2.0 16to25 2.7 2.1t03.5
5S5P3-7.0 15 1.2t0 1.8 2.1 1.7t02.6 3.6 281046
SSP5-8.5 16 1.3t019 2.4 1.9t03.0 4.4 3.31t05.7
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Proiezioni climatiche

(b) Annual mean temperature change (°C) Across warming levels, land areas warm more than ocean areas, and the
relative to 1850-1900 Arctic and Antarctica warm more than the tropics.

Simulated change at 1.5°C global warming Simulated change at 2°C global warming Simulated change at 4°C global warming

0 051 152 25 3 35 4 455 55 6 65 7 >

Change (°C) ———
Warmer
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Proiezioni climatiche

(c) Annual mean precipitation change (%) Precipitation is projected to increase over high latitudes, the equatorial
relative to 1850-1900 Pacific and parts of the monsoon regions, but decrease over parts of the

subtropics and in limited areas of the tropics.

Simulated change at 1.5°C global warming Simulated change at 2°C global warming Simulated change at 4°C global warming

Relatively small absolute changes '-

may appear as large %_changes: i_n ¢ 40 -30 -20 -10 0 10 20 30 AQ --->
regions with dry baseline conditions. %)
Change (% :

Drier Wetter
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Proiezioni climatiche, in pratica

Hot temperature extremes over land

10-year event 50-year event
Frequency and increase in intensity of extreme temperature Frequency and increase in intensity of extreme temperature
event that occurred once in 10 years on average event that occurred once in 50 years on average
in a climate without human influence in a climate without human influence
Future global warming levels Future global warming levels
1850-1900 Present 1°C 1.5°C 2°C 4°C 1850-1200 Present 1°C 1.5°C 2°C 4°C
2 5 .
i o adg
= ° = o .. ..'..
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- s w [ ey "8 0 .... Ses
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(=N o Tag [
L]
o >
> 2
L Once now likely will likely will likely will likely 5 Once now likely will likely will likely will likely
a occurs occur occur occur o OCCurs occur occur occur
] 2.8 times 4.1 times 5.6 times 2.4 times e 4.8 times 8.6times 13.7? times 39.2 times
x {1.8-3.2) (2.8-4.7) (3.8-6.0) (8.3-9.6) e (2.3-6.4) {4.3-107) (6.9-16.6) (27.0-41.4)
©  16°C U 46°C
o +5°C g  +5°C
£ S saC
-~ +3°C - +3°C
= 42C £ +2C
Z  +1°C T H Z  +1°C T H
= 0°C HooocC
< +1.2°C +1.9°C +2.6°C +5.1°C Z +1.2°C +2.0°C +2.7°C +5.3°C
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Proiezioni climatiche, in pratica

Heavy precipitation over land Agricultural & ecological droughts in drying regions
10-year event 10-year event
Frequency and increase in intensity of heavy 1-day Frequency and increase in intensity of an agricultural and ecological
precipitation event that occurred once in 10 years on drought event that occurred once in 10 years on average across
average in a climate without human influence drying regions in a climate without human influence
Future global warming levels Future global warming levels
1850-1200 Present 1°C 1.5°C 2°C 4°C 1850-1900 Present 1°C 1.5°C 2°C 4°C
= >
E . . : . .y E [ e oy .. '-l‘l.
3, ]
=1 =N
b >
z >
L Once now likely will likely will likely will likely Ll Once now likely will likely will likely will likely
8, OCCurs occur occur occur a oCcurs occur occur occur
by 1.3 times 1.5 times 1.7 times 2.7 times ] 1.7 times 2.0 times 2.4 times 4.1 times
& (12-1.4) {14-1.7) {1.6-2.0) (2.3-3.6) T {0.7-4.1) {1.0-5.1) {1.3-5.8) (17-7.2)
o +405%, w +2sd
[y} 1]
E +30% E
E +20% E +1sd
2 i | .
= 0% N W osd Il
< +6.7% +10.5% +14.0% +30.2% < +0.3 sd +0.5 sd +0.6 sd +1.0 sd
wetter wetter wetter wetter drier drier drier drier
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Proiezioni climatiche, a Foligho

[E-OBS] Tmean | Foligno (Jun—Jul Aug) [E-OBS] Tmean | Foligno (Jun Jul- Aug)
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—> Don’t try this at home! This is not a climate prediction! ©
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Proiezioni climatiche, a Vene

200 |
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Proiezioni climatiche, Mediterraneo

HEAT AND COLD

Mean surface temperature 7 High confidence of increase
Extreme heat /A High confidence of increase
Cold spell ' High confidence of decrease
Frost ' High confidence of decrease

WET AND DRY

Mean precipitation “ High confidence of decrease
River flood Medium confidence of decrease
Heavy precipitation and pluvial flood Medium confidence of increase
Aridity /A High confidence of increase
Hydrological drought 7 High confidence of increase
Agricultural and ecological drought /A High confidence of increase
Fire weather / High confidence of increase

[https://interactive-atlas.ipcc.ch/]
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Mean wind speed

Severe wind storm

Snow, glacier and ice sheet
Permafrost

Lake, river and sea ice

Relative sea level
Coastal flood
Coastal erosion

Marine heatwave

Ocean acidity

<

<

<

'
'
N
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Proiezioni climatiche, Mediterraneo

WIND &
High confidence of decrease

Medium confidence of increase

SNOW AND ICE
High confidence of decrease
High confidence of decrease
High confidence of decrease

o

COASTAL &
High confidence of increase
High confidence of increase
High confidence of increase

High confidence of increase

High confidence of increase
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Soluzioni (per un clima a +2.0 °C)

Every tonne of CO, emissions adds to global warming

Global surface temperature increase since 1850-1900 (°C) as a function of cumulative CO, emissions (GtCO,)

°C
3
SSP5-8.5
The near-linear relationship .
25 between the cumulative S5P3-7.0
CO, emissions and global
warming for five illustrative
9 scenarios until year 2050 SSP1-2.6
SSP1-1.9
15 /

Historical global
warming
0.5

Cumulative CO, emissions since 1850

2000 3000 4000 4500 GtCO,

[https://www.ipcc.ch/assessment-report/ar6/]
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CO; reductions needed to keep global temperature rise below 2°C
Annual emissions of carbon dioxide under various mitigation scenarios to keep global average temperature rise
below 2°C. Scenarios are based on the CO, reductions necessary if mitigation had started — with global emissions
peaking and quickly reducing — in the given year.

Qur World
in Data
40 billion t

30 billion t

20 billion t

10 billion t

Ot

1980 2000 20‘20 2040 2060

Source: Robbie Andrews (2019); based on Global Carbon Project & IPPC SR15
Note: Carbon budgets are based on a >66% chance of staying below 2°C from the IPCC's SR15 Report.
OurWorldInData.org/co2-and-other-greenhouse-gas-emissions « CC BY
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Scenari futuri che guardano al passato (remoto)

Temperature of Planet Earth

cm/o|s|D| Cc|P|Tr|J]| K | Pal| Eocene | Ol | Miocene | Pliocene [ Pleistocene [ Holocene
Lisiecki and Rayme (2005) & Hansen et al (2013) = EPICA Dome C, Antarctica (x 0.5) ——— EPICA Dome C, Antarctica (x 0.5)
-|—14 - Lisiecki and Raymo (2005) & Hansen et al (2013) MNGRIP, Greenland (x 0.5)
i Marcott et al (2013)
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Emissioni di gas serra

Annual CO, emissions Global greenhouse gas emissions by sector

Carbon dioxide (CO,) emissions from the burning of fossil fuels for energy and cement production. Land use change is not This is shown for the vear 2016 - global greenhouse gas emissions were 49.4 hillion tonnes CO,eq.

included.
s World
35 billion t
C,.
30 billion t Ooy,
%, .
o Sk Agriculture,
\/;:_ L /(_L{m/ 0
25 billion t o Forestry &
" g’gg@' Land Use
Itewate, 1 3%')“ 18.4%
Chem;
20 billion t iy
t
Cemegrgg
i ) 0,
15 billion t crerey ilgqr{:%l:%%z 73.2%
10 billion t
5 billion t

gf?@r ’Q :

e\
0t 8Y Use in bulding
1750 1800 1850 1900 1950 2000 2019 CN &
’T?E’f"cfa/ (6.6 %6

A
%  Residential pulld

Source: Global Carbon Project; Carbon Dioxide Information Analysis Centre (CDIAC) OurWorldinData.org/co2-and-other-greenhouse-gas-emissions/ « CC BY
Note: CO, emissions are measured on a production basis, meaning they do not correct for emissions embedded in traded goods. OurWorldinData.org - Research and data to make progress against the world’s largest problems.

Source: Climate Watch, the World Resources Institute (2020). Licensed under CC-BY by the author Hannah Ritchie (2020)

[https://ourworldindata.org/]
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Emissioni di gas serra

Annual total CO, emissions, by world region
35 billion t o

Oceania

Asia (excl. China &

30 billion t India)
25 billion t
—— China
20 billion t
15 billion t
——— Africa
South America
— North America
10 billion t (excl. USA)
United States
5 billion t Europe (excl.
EU-27)
— EU-27
0t
1750 1800 1850 1900 1950 2000 2019
Source: Our World in Data based on the Global Carbon Project OurWorldInData.org/co2-and-other-greenhouse-gas-emissions « CC BY

Note: This measures CO; emissions from fossil fuels and cement production only — land use change is not included. 'Statitistical differences' (included in the GCP
dataset) are not included here.
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Emissioni di gas serra

Who emits the most CO,? Our World

Global carbon dioxide (CO-) emissions were 36.2 billion lonnes in 2017. in Data
Asia North America
19 billion tonnes CO, 6.5 billion tonnes CO,
53% global emissions 18% global emissions

China ndia el USA
9.8 billion tonnes GO, san "] 5.3 bilion tonnes CO,
27% global emissions 5% global emissions

Canada Mexico :
Japan Saudi Arabia Thailand KISTE 573M tonnes -LOOM tonnes [fE= |
lion tonnes 635 million tonnes onne: 1.6% ‘

1.8%

» ‘ e South Africa|Ni Australiaf international aviation
SQUth‘KO'ea ' VI tonnes [ & shipping
616 milion tonnes 5 1.15 billion fonnes
1.7% S
Iran
672 million tonnes Indonesia

1.9% 489 million tonnes
1.4%

Africa South America Oceania
1.3 bilion tonnes CO, 1.1 billion tonnes CO, 0.5 billion tonnes CO,
3.7% global emissions  3.2% global emissions 1.3% global emissions

Shown are national production-based emissions in 2017, Production-based emissions measure CO, produced domestically from fossil fuel combustion and cement,
and do not adjust for emissicns embedded in trade (i.e. consumption-basged)

Figures for the 28 countries in the European Union have been grouped as the ‘EU-28" since international targets and negotiations are typically set as a collaborative target
between EU countries. Values may not sum to 100% due to rounding.

Data source: Global Carbon Project (GCP).
This is a visualization from CurWorldinData.org,

here you find data and research on how the world is changing Licensed under CC-BY by the author Hannah Ritchie.



Emissioni di gas serra

Per capita CO, emissions, 2019 Our World
Carbon dioxide (CO,) emissions from the burning of fossil fuels for energy and cement production. Land use change is not
included.

<0t 251 75t 15t >50 t
No data 1t 5t 10t 20t

Source: Our World in Data based on the Global Carbon Project; Gapminder & UN OurWorldInData.org/co2-and-other-greenhouse-gas-emissions/ « CC BY
Note: CO, emissions are measured on a production basis, meaning they do not correct for emissions embedded in traded goods.
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Emissioni di gas serra

CO; emissions embedded in trade, 2018

Share of carbon dioxide (CO,) emissions embedded in trade, measured as emissions exported or imported as the percentage of
domestic production emissions. Positive values (red) represent net importers of CO, (i.e. "20%" would mean a country imported
emissions equivalent to 20% of its domestic emissions). Negative values (blue) represent net exporters of CO,.

<-80% -40% -10% 10% 50% >450%
No data -60% -20% 0% 20% \ 100% \
— & | —
Source: Peters et al. (2012 updated); Global Carbon Project OurWorldinData.org/co2-and-other-greenhouse-gas-emissions/ « CC BY
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By Income Group

Emissioni di gas serra

o _ 15 tonnes High income

o i .

g § 1.2 billion people
@ 7 11.3 tCO,/person/y
E o

a} D_
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e

e
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c O

o =

o
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NN

&

16% of population 51% of population 49% of population 1 9% of population
38% of global CO, 86% of global CO, 14% of global CO, : 0.5% of global CO,
— -~
- P | ; o

Low income
0.7 billion people
0.26 tCO, /person/y

Upper-middle income
2.6 billion people
6.4 tCO /personfy

Lower-middle income
3 billion people
1.6 1CO,/person/y

16.6 billion tCO, 4.7 billion tCO,

0.17 billion tCO,
48% global emissions 13% global emissions

0.5% global emissions

2 billion 3 billion 4 billion 5 billion 6 billion 7 billion
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Emissioni di gas serra

Annual total CO, emissions, by world region
35 billion t o

Oceania

Asia (excl. China &

30 billion t India)
25 billion t

Il riscaldamento globale e la B
15 billion t .

conseguenza delle emissioni di gas

South America
North America
(excl. USA)

United States

5 billion t Ay Europe (excl.
vV EU-27)
— EU-27
0t
1750 1800 1850 1900 1950 2000 2019
Source: Our World in Data based on the Global Carbon Project OurWorldInData.org/co2-and-other-greenhouse-gas-emissions « CC BY

Note: This measures CO; emissions from fossil fuels and cement production only — land use change is not included. 'Statitistical differences' (included in the GCP
dataset) are not included here.
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Emissioni di gas serra
2019 1751-2017

Who has contributed most to global CO, emissions?

Curmnulalive carbon dioxide (C0-2) emissions over the period [rom 1751 Lo 2017. Figures are hased on production-hased emissions
which measure CO. produced domestically from fossil fuel cmnlms’[lon and cement, and do not correct for emissions embedded in trade
(i.e. consumplion-hased). Emissions [rom inlernalional travel are nol included.

Who emits the most CO.?

Global carbon dioxide (CO-) emissions were 36.2 billion tonnm in 2017

Asia North America North America Asia

457 billion tonnes CO,
29% global cumulativé emissions 29% global cumulativé emissions

USA dalChina Japan

399 billion tonnes CO, : 200 billion tonnes CO 62 billion t

19 billicn tonnes CO, 6.5 billien tonnes CO, 457 billion tonnes CO,
53% global emissions 18% global emissions

China
9.8 billion tonnes CO,
27% global emissions

global cumulative emissions 12.7% global cumulafive emissions | *

: India
EU-28 Russia "
353 billion tonnes CO, 101 billion tonnes 48 Dillion t
22% global cumulative emissions 6% global emissions |7

Canada
573 tonnes

IntH ional aviation
& shipping
it

th Korea
nillion tonn

\ndonesm
nillion ton

Oceania
20 billion tonnes CO,
1 1.2% global emissions

A " . Alfrica South America

Africa  South America Oceania 43 billien tonnes GO, 40 billion tonnes CO,

1.3 bilion tonnes CO, 1.1 billion tonnes CO, 0.5 billion tonnes GO, 3% global emissions 3% global emissions
3.7% global emissions  5.2% global emissions 1.3% global emissions

Shown are national production-based emissions in 2017, Production-based emissions measure CO, produced domestically from fossil fuel combustion and cement,
and do not adjust for emissions embedded in frade (i.e. consumption-based).

Figures for the 28 cauntries in the European Union have been grouped as the *EU-28" since international targets and negotiations are typically set as a collaborative larget between EL countries.
Values may not sum to WDO% due 1o rounding.

Figures for the 28 countries in the European Union have been grouped as the 'EU-28" since international targets and negotiations are typically set as a collaborative target
between EUJ roumnes Values may not sum o 100% due 1o raunding.
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