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Global Carbon Atlas

Translate this site Media
Tee Global Carbon B udget - A platform to explore and visualize the most up-to-date data on

: Highiights carbon fluxes resulting from human activities and natural processes
Activities The 'Carbon Budget 2020°

is available in a compact

Mestngs carbon An annual update format for the media.
Publications Budget 2020 of the global carbon Country emissions @
SR budget and trends Press Releases

Research Programs
Carbon Neutral

Internet Resources

Published 11 December 2020

HIGHLIGHTS

Governance

Press releases from
various research
institutions that
participated in this years

Explore and download global and
country level CO, emissions from

human activity

update.

i 0 °% . ®
Site Ma L
nah Publications Presentation Data ‘ .' '..dg (J '.

Contact Us Papers, Contributors = Powerpoint and figures  Data sources, files and (9] 0..
and how to cite on Budget 2020 uncertainties & < Carbon Story go;
Budget 2020 See also L4 Take a journey through the history
R S ro- o oo & [ ) ° and future of human development
Infographics Images Visualisations G Lo BA L . Suderbon
Infographics Images available for Visualisations of the =

supporting Budget media coverage carbon cycle CA R Bo N
2020 ATLAS

Archive Data from previous carbon budgets

© GCP 2001-2020 Global Carbon Project Disclaimer

info@globalcarbonproject.org

More information, data sources and data files:

www.globalcarbonatlas.org
(co-funded in part by BNP Paribas Foundation)

Contactphilippe.ciais@lIsce.ipsl.fr

More information, data sources and data files:
http://www.globalcarbonproject.org/carbonbudget
ContactPep.Canadell@csiro.au



http://www.globalcarbonproject.org/carbonbudget
mailto:Pep.Canadell@csiro.au
http://www.globalcarbonatlas.org/
mailto:philippe.ciais@lsce.ipsl.fr

:\

CARBON
PROJECT

GLOBAL

Download of figures and data

Global Carbon Budget

To download figures or data, use the Download menu ta the upper right of each figure. The

Figure {PDF) precision provided in the data files is not indicative of certainty. For example, the data file
says that global emissions in 201E were 36.444 GtCOy, but this should be quoted as 36.4
Figure {FNE) GtC0. CSV data files have been prepared for many but not all figures on this page.
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All the data is shown In billion tonnes JGtCQ)
1 GigatonngGt) = 1 billion tonnes =%x110%g = 1Petagram(P9
1 kg carbon (C) = 3.664 kg carbon dioxide,YCO

1 GtC= 3.664 billion tonnes GG 3.664 GtCO

(Figures in units otCand GtC@are available fronttp:/globalcarbonbudget.org/carbonbudgét

Most figures in this presentation are available for download as PNG, PDF and SVG files
from tinyurl.com/GCB20figslong with the data required to produce them.

Disclaimer

The Global Carbon Budget and the information presented here are intended for those interested in
learning about the carbon cycle, and how human activities are changing it. The information contained
herein is provided as a public service, with the understanding that the Global Carbon Project team make
no warranties, either expressed or implied, concerning the accuracy, completeness, reliability, or suitability

of the information.
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The global C{roncentration increased from ~277 ppm in 1750to0 410 ppm in 2019 (up 48%)

Atmospheric CO, concentration

420 ppm - Scripps/NOAA-ESRL
Measured at Mauna Loa, Hawaii
400 -
380 -
360 -
340 -
Seasonally
320 corrected trend

1960 1970 1980 1990 2000 2010 2020

Globally averaged surface atmospheric,€@nhcentration. Data from: NOABSRL after 1980;
the Scripps Institution of Oceanography before 1980 (harmonised to recent data by adding 0.542ppm)
Source NOAAE SRIScripps Institution of Oceanograpliyiedlingstein et al 202Global Carbon Budget 2020
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Perturbation of the global carbon cycle caused by anthropogenic activities,
averaged globally for the decade 2@P019 (GtCGyr)

Fossil CO> Biosphere Atmospheric CO; Ocean
Anthropogenic fluxes
2010-2019 average
+19 GtCO; per year
Carbon cycling
® 9 GtCO, per year
13 (7-11)
. 9-16) Stocks
34 440
(33 -36)

Vegetation 330

o N\ Dissolved

Gas reserves ) inorganic carbon
. 330 )
Rivers Organic carbon Marine
° Permafrost . and lakes biota
. Soils
Oil reserves Coasts @
Surface
sediments u
o

Coal reserves
Budget imbalance -0.2

The budget imbalance is the difference between the estimated emissions and sinks.
Source CDIACNOAAESRIEriedlingstein et al 202Ciais et al. 201 %lobal Carbon Budget 2020
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We have used four methods to estimate 2020, E@issions
A Global Carbon Project (GCHBased on monthly energy data

A Carbon Monitor (CM)Daily absolute difference in emissions
between 2019 and 2020

A University of East Anglia (UEADaily relative difference in
emissions between 2019 and 2020 using confinement levels

A Priestley Centre Daily relative difference in emissions
between 2019 and 2020 using Google Mobility data



GLOBAL CARBON 2020 and COVH29: Synthesis of four separate studies

PROJECT

University of East Anglia (UEA)
nature ARTICLES

Cllmate Change https://doi.org/10.1038/541558-020-0797-x
'.') Check for updates

Temporary reduction in daily global CO, emissions
during the COVID-19 forced confinement

Corinne Le Quéré ©"2%, Robert B. Jackson ©®345, Matthew W. Jones®'2, Adam J. P. Smith'?,
Sam Abernethy ©3¢, Robbie M. Andrew ©7, Anthony J. De-Gol"?, David R. Willis*?, Yuli Shang,
Josep G. Canadell ©®°, Pierre Friedlingstein®™", Felix Creutzig®'" and Glen P. Peters®’

https://doi.org/10.1038/s41558020-079 7-x

Carbon Monitor

L

COMMUNICATIONS

ARTICLE (@ cteok oo
https://doi.org/10.1038/541467-020-18922-7 OPEN

Near-real-time monitoring of global CO, emissions
reveals the effects of the COVID-19 pandemic

Zhu Liu® et al.*

https://doi.org/10.1038/s41464020-189227

Priestley Centre

nature ARTICLES
climate change https://doi.org/10.1038/541558-020-0883-0

M) Check for updates

Current and future global climate impacts
resulting from COVID-19

Piers M. Forster ®'™, Harriet |. Forster?, Mat J. Evans ®34, Matthew J. Gidden>$, Chris D. Jones®?7,
Christoph A. Keller®®, Robin D. Lamboll ©™, Corinne Le Quéré ®™'?, Joeri Rogelj©5'°, Deborah Rosen’,
Carl-Friedrich Schleussner ©®5'%, Thomas B. Richardson', Christopher J. Smith©®"¢ and

Steven T. Turnock®”

https://doi.org/10.1038/s41558020-08830

Global Carbon Project (GCP)

Earth Syst. Sci. Data, 12, 1-72, 2020 g Earth System
httpsz//doi.org/10.5194/essd-12-1-2020 ;(“J Science
© Author(s) 2020. This work is distributed under s

the Creative Commons Attribution 4.0 License. & Da ta

Global Carbon Budget 2020

Pierre Friedlingstein'2, Michael O’Sullivan?, Matthew W. Jones®, Robbie M. Andrew?, Judith Hauck®,
Are Olsen®’, Glen P. Peters®, Wouter Peters®?, Julia Pongratzm’”, Stephen Sitch!2, Corinne Le Quéré?,
Josep G. Canadell'®, Philippe Ciais'*, Robert B. Jackson'®, Simone Alin'®, Luiz E. O. C. Aragio!”'2,
Almut Arneth'®, Vivek Arora!®, Nicholas R. Bates2’2!, Meike Becker®’, Alice Benoit-Cattin?2,
Henry C. Bittig”?*, Laurent Bopp®*, Selma Bultan'®, Naveen Chandra®>?°, Frédéric Chevallier',
Louise P. Chini?7, Wiley Evans2®, Liesbeth Florentie®, Piers M. Forster??, Thomas Gasser-?,
Marion Gehlen'*, Dennis Gilfillan®', Thanos Gkritzalis*?, Luke Gregor**, Nicolas Gruber™®,

https://doi.org/10.5194/essd12-3269-2020
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GLOBAL| CARBON 2020 Results Summary

err?igiigc))ns 2019 growth 2020 projected 2020 projected

Region / Countr: . growth** emissions**
(billion (percent) i

tonnes/yr) (percent) (billion tonneskr)
China 10.2 2.2% -1.7% 10.0
USA 5.3 -2.6% -12.2% 4.7
EU27 2.9 -4.5% -11.3% 2.6
India 2.6 1.0% -9.1% 2.4
World (incl 36.4 0.1% 6.7% 34.1
bunkers*)

*bunkers: Emissions from use of international aviation and maritime navigation bunker fuels are not usually include dahtotztie
**Median of the four studies
SourceFriedlingstein et al 202@lobal Carbon Budget 2020
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Global fossil Cmissions: 36.4 2 GtCQin 2019, 61% over 1990
® Projection for 2020: 34.42 GtCO2, about 7% lower than 2019

Global Fossil CO, Emissions 2010-19
38 Gt +0.9%/yr _—

Projection 2020

34 1 ¥ 34.1 Gt CO,
2000-09 - | Yer%
+3.0%/yr/ . ‘

30 -

1990-99 4

26 - +0'9°/°/y,_r,.___,,_,_,.,. 4

Uncertainty i55% for
one standard deviation A
oLt/ / af A1 St eé NIy

22

18 T T T T T T 1
1990 1995 2000 2005 2010 2015 2020

projected

The 2020 projection is based on preliminary data and modelling, and is the median of the four studies.
Source CDIACFriedlingstein et al 202@lobal Carbon Budget 2020



https://energy.appstate.edu/research/work-areas/cdiac-appstate
https://doi.org/10.5194/essd-12-3269-2020
http://www.globalcarbonproject.org/carbonbudget/

GLOBAL CARBON Emissions Projections for 2020

PROJECT

Global fossil C{missions are projected to decline by about 7% in 2020
Based on the median of four different estimates

16 gt Annual Fossil CO, Emissions and 2020 Projections
002 Projected global emissions growth: -6.7% . Projected Gt CO, in 2020

All others 14.3
W 7.4%

China 10.0
¥ 1.7%

USA 4.7

i _ C vz
e P p ) s . EU27 2.6
Yo * B ¥ 11.2%

) . . v9.1%

O 7;-13:-:‘-:\;--- —--'-(‘I I | I |
1960 1970 1980 1990 2000 2010 2020

projected

The 2020 projections are based on preliminary data and modelling, and is the median of the four studies.
Source CDIACFriedlingstein et al 202@lobal Carbon Budget 2020



https://energy.appstate.edu/research/work-areas/cdiac-appstate
https://doi.org/10.5194/essd-12-3269-2020
http://www.globalcarbonproject.org/carbonbudget/

N . .
GLOBAL CARBON Forecast of global atmospheric GConcentration

PROJECT

The global atmospheric GConcentration is forecast to average 412 ppm in 2020, increasing 2.5 ppm in 2020
Lower emissions in 2020 due to the COY#pandemic have had little effect on the atmospheric Cdhcentration

Global CO, concentration

Forecast increment for GLO in 2020: +2.50 + 0.42 ppm using 8 months' data.
414 ppm - That's an increase of 5.30 + 0.90 GtC.
Average for 2020: 412.32 ppm.

412 -
410 -
408 -
406 -
404 -
402 -
400 -
398 -

396 ;
2015 2016 2017 2018 2019 2020 2021

@@® Global Carbon Project e Data: NOAA

ppm: parts per million
Data source: Tans and Keeling (20R@MAAESRL


http://www.esrl.noaa.gov/gmd/ccgg/trends/

N L
GLOBAL CARBON Global emissions through 2020

PROJECT

Monthly emissions from three of the reime fossil CQemissions datasets included in the 2020 Budget
Daily datasets: Carbon Monitor, University of East Anglia (UEA), Priestley Centre

(a% 400 Mt “Monthly fossil CO, emissions estimates in 2020: World
Priestley Centre: Sep -14.1%, Dec -13.0%
CarbonMonitor: Sep -7.6%, Dec -6.5% .
A: Sep -7.6%, Dec -6.9% L CarbonMonitor
3000 -
————— UEA
. Priestl ntr
2600 - . iestley Centre
2200 -
1800

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

The GCP only estimates full year emissiet$%
SourceFriedlingstein et al 202Global Carbon Budget 2020
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Monthly emissions from the redime fossil CQemissions datasets included in the 2020 Budget
(b1)1 00 Mt _Mc?nthly fossil CO, emission.s estimates in 2020: China (0)550 Mt _quthly fossil CO; gmissions estimates in 2020: USA (d)260 wmt Monthly fossil CO, emissions estimates in 2020: India
Priestley Centre: Sep -10.5%, Dec -9.4% Priestley Centre: Sep -17.0%, Dec -16.3% estley Centre: Sep -21.2%, Dec -19.2% CarbonMonitor
CarbonMonitor: Sep -1.8%, Dec -0.3% v CarbonMonitor CICERO: Sep -12.1%, Dec -10.6% CICERO: Sep -12.7%, Dec -8.1% ’
UEA: Sep -4.1%, Dec -3.1% le ’ CarbonMonitor: Sep -13.4%, Dec -13.7% CarbogMonitor: Sep -12.0%, Dec -8.5% ,/ GCB
1000 - ! 500 -{ UER: Sep -11.1%, Dec -10.5% -12.4%, Dec -9.7% ¥ 2"
220 | S | WA
900 - e 450 | UEA |
GCB gt L2 Priestley Centre
------ UEA ST
800 1 400 CarbonMonitor ek
- Priestley Centre Priestley Centre
700 - ket 350
140
600 - 300 -
500 250 100

T T T T T T T T T T T T T T T T T T T T T 1 T T T T T T T T T T T T
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

(9)320 Mt _Monthly fossil CO, emissions estimates in 2020: EU27 (f)1400 Mt “Monthly fossil CO, emissions estimates in 2020: Rest of World
Priestley Centre: Jul -14.8%, Dec -12.9% Priestley Centre: Sep -14.2%, Dec -13.0%
CICERO: Jul -16.9%, Dec -17.0% ICERO: Sep NaN%, Dec -6.4%
CarbonMonitor: Jul -11.6%, Dec -7.1% CarbonMonitor: Sep -8.4%, Dec -7.7%
ogQ | UEA: Jul-100% Dec-9.6% 1300 - UEA; Sep-7.6%, Dec -7.1% ) CarbonMonitor
CarbonMonitor 1200 - B i i il UEA
240 - Priestley Centre 4
UEA
1100 - _-  Priestley Centre
200 - GCB -
1000 -
1 |
6o 900 -
120 + 800

T T T T T T T T T T T T T T T T T T T T T T
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

The GCP only estimates fy#dar emissions for China (+0.5%) and Rest of WérkP)
SourceFriedlingstein et al 202Global Carbon Budget 2020
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Emissions are likely to decline in most countries in 2020, with the largest drops in USA, EU, and India
| KAYIlI Qa SYArAaaizya KIS RNRPLILISR fSaa o0SOldzasS 27

37.0 Gt Changes in Global Fossil CO, Emissions

China USA

Others China

36.5 -

India
USA

-0.14 +0.03 +0.06

36.0 -

35.5 -

35.0 -

34.5 -

34.0 -

2018 2019 2020

projected
@® Global Carbon Project ¢ Data: CDIAC/GCP/BP/USGS

Figure shows the top four countries contributing to emissions changes
Source CDIACFriedlingstein et al 202@lobal Carbon Budget 2020
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2 KAETS / KAYIlI Qa SYAadaaAirzya RSOftAYSR aiNRy
emissions declines in the rest of the world reached their peaks in April.

Change in global daily fossil CO, emissions

MtCO, day‘1
0
Rest of the World
-5 -
-10 ~
-15
T T T
Jan Apr Jul Oct
Year 2020
@ @ Updated from Le Quéré et al. Nature Climate Change (2020); Global Carbon Project -Figure: @Jones Mallw

SourceLe Quéré et al 2020ttps://www.icos-cp.eu/gcpcovid19
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Global emissions from surface transport, especially road transport,
have been affected the most by the restrictions aimed at reducing infection rates.

Global daily fossil CO, emissions

MtCO, day‘1
Residential
01 Public
Aviation
Power
-5 - v
Industry
-10
Surface Transport
-15
-20 ] T T T
Jan Apr Jul Oct
Year 2020
@ ® Updated from Le Quéré et al. Nature Climate Change (2020); Global Carbon Project -Figure: @Jones_Mattw

SourceLe Quéré et al 2020ttps://www.icos-cp.eu/gcpcovid19
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Carbon Monitor estimates absolute daily emissions in 2019 and 2020 and compares the two years
| KAYlIFI Qa SYAaaAzya INB [t NBIFIRe | 020S tS@OSta 2

Estimated monthly CO, emissions in 2019/20

1200 Mt - Dashed: 2020, Solid: 2019
RoW
1000 - -476 Mt CO;
\ oo T A
- = t 2
800 %, L=
\ 7/
A Y Vs
\ /
600 -
- -556 Mt CO
400 - <. CecTTT ~ .- USA
-233 Mt CO,
200 - = India
-209 Mt CO,
0 T T T T [ T

I T I
Jan Feb Mar Apr May Jun Jul Aug Sep Oct
@®@robbie_andrew e Data: CarbonMonitor

Sourceliu et al 2020https://carbonmonitor.org/
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GLOBAL CARBON Carbon Monitor: Overall impact of COVAI® on emissions by sector

PROJECT

Carbon Monitor estimates absolute daily emissions in 2019 and 2020 and compares the two years
Many sectors are already back to their gfE©VID levels, except transport where declines remain

Estimated monthly CO, emissions in 2019/20: WORLD

1400 Mt -
1200 -
Power
1000 - -376 Mt CO,
Industry
800 - -219 Mt CO»
600 -
Ground Transport
-841 M
200 8 t CO,
~ Residential
200 - "7 8Mmico,
0 -_—— = Domestic Aviation

T T T T T : [ !
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Mt CO,
@®@robbie_andrew e Data: CarbonMonitor

Sourceliu et al 2020https://carbonmonitor.org/
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GLOBAL CARBON Global Fossil C{EEmissions
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Global fossil C{missions have risen steadily over the last decades
While 2020 has witnessed an unprecedented drop, emissions will likely rebound in 2021

40 gt lobal Fossil CO, Emissions

CO;

Projection 2020

34.1 Gt CO,

V¥ 6.7%

30 -

20

10 4

0

1960 1970 1980 1990 2000 2010 2020

projected

The 2020 projection is based on preliminary data and modelling.
Source CDIACFriedlingstein et al 202@lobal Carbon Budget 2020
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GLOBAL CARBON
PROJECT

Top emitters: Fossil CEmissions to 2019

The top six emitters in 2019 covered 65% of global emissions
China 28%, United States 15%, EU27 8%, India 7%, Russia 5%, and Japan 3%

Annual Fossil CO, Emissions: Top Six Emitters
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@®Global Carbon Project ¢ Data: CDIAC/GCP

China 10.2 a22%
Gt CO, in 2019

USA 5.3 v26%

EU27 2.9 w45%
India 2.6 A 1.0%

Russia 1.7 wo0.8%
Japan 1.1 v26%

Bunker fuels, used for international transport, are 3.5% of global emissions.
Source CDIACPeters et al 201 %Friedlingstein et al 202@lobal Carbon Budget 2020
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GLOBAL CARBON Top emitters: Fossil CEmissions per capita to 2019

PROJECT

Countries have a broad range of per capita emissions reflecting their national circumstances

Annual Fossil CO, Emissions: per capita (selected countries)

51+
CO,
'S 1) —~ k"
= SN
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—Russia 11.5
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—Japan 8.7
_—China 7.1
——EU27 6.6
5 1 —World 4.7
—India 1.9
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@®Global Carbon Project ¢ Data: CDIAC/GCP

Source CDIACFriedlingstein et al 202@lobal Carbon Budget 2020
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GLOBAL CARBON

Key statistics for emisions in 2019

”“a\P\ROJECT
Emissions 2019
. Per capita Total

Region/Country tCQ per person GtCQ

Global (including bunkers) 4.7 36.44
OECD Countrles
JOECD 9.4 12.23 33.6
USA 16.1 5.28 14 5
OECD Europe 6.5 3.21
Japan 8.7 1.11
South Korea 11.9 0.61
Canada 15.4 0.58
Non-OECD Countrles
Non-OECD 3.6 22.94 63.0
China 7.1 10.17 27 9
India 1.9 2.62
Russia 11.5 1.68
Iran 9.4 0.78
Indonesia 2.3 0.62
International Bunkers

Bunkers - 1.27 3.5

Source CDIACFriedlingstein et al 202@lobal Carbon Budget 2020
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GLOBAL CARBON Fossil COEmissions by source

PROJECT

Share of global fossil G@missions in 2019: coal (39%), oil (33%), gas (21%), cement (4%), flaring (1%, not showi
Projection by fuel type is based on monthly data (GCP analysis)

Annual Fossil CO, Emissions: Global

16 Gt - Projected total emissions growth: -5.6% (-6.8% to -4.3%)
CO'2 Projected Gt CO, in 2020
Coal 13.7
V¥ 5.1% ('6.50/0 to -3.60/0)
12 - :
Oil11.4
W 7.6% (-8.8% to -6.5%)
8 -
Gas 7.4
W 3.6% (-4.9% to -2.3%)
4 -
Cement 1.5
() WV 4.0% ('7.80/0 to -0.1 O/o)
O - T T T T T T
1960 1970 1980 1990 2000 2010 2020
projected

Source CDIACFriedlingstein et al 202@lobal Carbon Budget 2020
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GLOBAL CARBON Fossil COEmissions by source

PROJECT

Emissions by category from 2000 to 2019, with growth rates indicated for the more recent period of 2014 to 20183
Coal use has declined since 2014, while other fossil fuels continue to grow close to historical rates

Global Annual Fossil CO, Emissions, 2000-19

Annual growth rates from 2014-2019
16 Gt 4 -0.6%l/yr
CO2 —
+1.0%/yr
12
M +3.0%/yr
8 I [
4 -
+1.3%/yr
e +4.2%/yr
0 WHW- CrrT T
Coal Oil Gas Cement Flaring

SourceCDIACGIlobal Carbon Budget 2020
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GLOBAL CARBON Fossil COemissions growth: 20182020

PROJECT

Global emissions in 2020 have dropped across all categories, but particularly in coal from
reduced electricity demand, and in oil from reduced transportation

37.0 Gt Changes in Global Fossil CO, Emissions

36.5 - Coal Gas Cement Coal

0.13

36.0 - -0.26 +0.10 ’

35.5 -
35.0 -

34.5 -

34.0

2018 2019 2020
projected
@® Global Carbon Project ¢ Data: CDIAC/GCP/BP/USGS

Source CDIACFriedlingstein et al 202@lobal Carbon Budget 2020
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Fossil COEmission by source for top emitters

from fossil fuel use and industry
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GLosAL CARBON Fossil COEmissions in China

Annual emissions for China hide the story of 2020, suggesting no impact from the global pandemic
Emissions from oil and natural gas continue to grow strongly

g gt -Annual Fossil CO, Emissions in China

CcO Projected total emissions growth: +0.5% (-3.0% to +4.0%) Projected Gt CO; in 2020
2

Coal 7.2
¥ 0.3% (-2.5':70 to +1 .80/0)

A 3.3% (-3.1% t0 +9.7%)
Qil1.6

W 1.2% (-8.2% to +5.8%)
Cement 0.8

Gas 0.6

() oo P : o A 6.0% (-1.2% to +13.2%)

1960 1970 1980 1990 2000 2010 2020

projected

Source CDIACFriedlingstein et al 202@lobal Carbon Budget 2020
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GLOBAL CARBON Fossil COEmissions in USA

PROJECT

¢KS !'{! Qa

Coal emissions also decline, while the recent strong growth in natural gas falters.

3.0 Gt -
CO;
2.5 4

2.0 -

1.5 4
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0.5 -

0 -

1960 1970 1980 1990 2000 2010 2020
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Annual Fossil CO, Emissions in USA
Projected total emissions growth: -10.3% (-12.3% to -8.3%)

Projected Gt CO, in 2020

0il 2.0
W 13.7% (-14.8% 10 -12.6%)

Gas 1.7

W 1.7% (-4.2% to +0.8%)

Coal 0.9
W 17.8% (-23.1% t0 -12.5%)

------ - Cement 0.04
W 0.5% ('2.50/0 to +1 .50/0)

projected

Source CDIACEIA 2020Friedlingstein et al 202@Global Carbon Budget 2020
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R . Fossil COEmissions in the European Union (EU27)

PROJECT

Emissions in the EU see sharp declines in both oil and coal due to the pandemic, with less effect seen for natural

50 Gt Annual Fossil CO, Emissions in European Union (27)
002 Projected total emissions grgwth: -11.5% (-15.8% to -7.1%)

1.5 4

Projected Gt CO, in 2020

Oil 1.1

W 12.2% (-17.2% to -7.3%)

1.0 4

Gas 0.8

W 3.3% (-6.3% t0 -0.3%)
Coal 0.6

v 20.20/0 (-25.20/0 to '15.20/0)

05 /

Cement 0.1
W 5.3% (-8.3% to -2.3%)

O - I T I T I T I
1960 1970 1980 1990 2000 2010 2020

projected

Source CDIACFriedlingstein et al 202@lobal Carbon Budget 2020
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GLOBAL CARBON Fossil COEmissions in India

PROJECT
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[

economic activity because of strict lockdowns in response to the pandemic

Annual Fossil CO, Emissions in India

Projected total emissions growth: -8.1% (-12.1% to -4.1%)
al Projected Gt CO, in 2020
1'88t | ' { Coal 1.6
2 W 7.2% (-11.2% to -3.2%)
1.2 -
0.8 -
#: 0il0.6
W 10.1% (-14.1% to -6.1%)
0.4 -
W 2.0% (-6.0% to +2.0%)
=, GasO0.1
: _ - Cement 0.1
R 8 e | | | W 14.6% (-18.6% to -10.6%)
1960 1970 1980 1990 2000 2010 2020
projected

Source CDIACFriedlingstein et al 202@lobal Carbon Budget 2020
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GLOBAL CARBON Fossil COEmissions in Rest of World

PROJECT

Emissions in the Rest of the World are expected to drop sharply in 2020, on the back of weaker economic activit
Growth is estimated based on efficiency improvements of the last 10 years combined with projected economic grow

Annual Fossil CO, Emissions in Rest of World
Projected total emissions growth: -6.4% (-7.7% to -5.2%)

Projected Gt CO, in 2020

Qil 6.1
W 6.8% (-7.9% t0 -5.7%)

6 Gt -
CO;

Gas 4.2
W 5.7% (-7.5% to -4.0%)

Coal 3.4
W 6.7% (-9.5% to -3.8%)

------------------------ -  Cement 0.5
0 B o W 5.9% (-8.7% to -3.0%)

1960 1970 1980 2020

projected

1990 2000 2010

The Rest of the World is the global total less China, US, EU, and India. It also includes international aviation anchieagine b
Source CDIACFriedlingstein et al 202@lobal Carbon Budget 2020
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GLOBAL CARBON Cement carbonation sink

PROJECT
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During its lifetime, cement slowly absorbs, &Om the atmosphere

50 Gt 'Global Fossil CO, Emissions and Uptake: Cement*

*Excludes fossil energy used to produce cement
002 ay &

15 ~__» Process emissions

1.0 4

i’..‘ﬁ
mr

Carbonation uptake

-1.0
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SourceAndrew, 2019Guo et al 2020Cao et al 202CFriedlingstein et al 202@Global Carbon Budget 2020
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GLOBAL CARBON Energy use by source

PROJECT

Renewable energy is growing exponentially, but this growth has so far been too low
to offset the growth in fossil energy consumption.

Annual global energy consumption

200 EJ - o
= N~  Coal
150 - ;
/ Gas
100 -

50 ' Hydro
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.‘,.,-oo"”“’ﬂ;‘:-; == /_Other
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(nonfossil sources are scaled up by an assumed fossil efficiency of 0.38)
SourceBP 2020Global Carbon Budget 2020
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GLOBAL CARBON Energy use by source

PROJECT

Energy consumption by fuel source from 2000 to 2019, with growth rates
indicated for the more recent period of 2014 to 2019

Annual global energy consumption, 2000-2019

250 EJ - Annual growth rates from 2014-2019

+1.4%/yr

200 - bl

-0.3%/yr
150 - @0
100 - 4
50 - +1.2%l/yr —
+1 .2°/o/yl’ —  +11.9 /o/yr
0
Coal Oil Gas Nuclear Hydro Other

Renewables

CKA&a TFTAIAINB aK2éga AaLINAYIFINEB SYySNHeée¢ daAaAy3a GKS
(nonfossil sources are scaled up by an assumed fossil efficiency of approximately 0.38)
SourceBP 2020Jackson et al 201%lobal Carbon Budget 2020
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GLOBAL CARBON Energy use in China

PROJECT

Coal consumption in energy units may have already peaked in China,
while consumption of all other energy sources is growing strongly

Annual energy consumption in China, 2000-2019

100 EJ 4 Annual growth rates from 2014-2019
-0.1%/yr
80 -
60 -
40 -
+4.2%/yr
20 -
+10.6%/yr +2.7%lyr
— 1 +283.2%l/yr
+18.3%/yr —
0
Coal Oil Gas Nuclear Hydro Other
Renewables

SourceBP 2020Jackson et al 201%lobal Carbon Budget 2020
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GLOBAL CARBON Energy use in USA

PROJECT

Coal consumption has declined sharply in recent years with the shale gas boom
and strong renewables growth. Growth in oil consumption has resumed.

Annual energy consumption in USA, 2000-2019

50 EJ 4 Annual growth rates from 2014-2019
+1.2%l/yr
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+3.1%l/yr
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-8.1%/yr
20 [Ty |
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SourceBP 2020Jackson et al 201%lobal Carbon Budget 2020
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GLosAL cARBON Energy use in the European Union

Consumption of both oil and gas has rebounded in recent years, while coal continues to decline.
Renewables are growing strongly.

Annual energy consumption in European Union (27), 2000-2019

Annual growth rates from 2014-2019
30 EJ -
+1.1%/yr
20 -
+3.2%/yr
-5.1%lyr A
10 - — -1.7%/yr
—L +5.6%/yr
-2.8%l/yr
0 ;
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Renewables

SourceBP 2020Jackson et al 201%lobal Carbon Budget 2020
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GLOBAL CARBON Energy use in India

PROJECT

Consumption of coal and oll in India is growing very strongly,
as are renewables, albeit from a lower base.

Annual energy consumption in India, 2000-2019

25 EJ 1 Annual growth rates from 2014-2019
20 1 +3.0%l/yr
15 +
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+4.8%l/yr R
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SourceBP 2020Jackson et al 201%lobal Carbon Budget 2020
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GLaBALEE RECH Landuse change emissions

Net landuse emissions are the difference between,SQurce,
primarily from deforestation, and G@ink, primarily from
abandonment of agricultural land

Landuse change emissions are highly uncertain,
with no clear trend in the last decade.

Annual CO, emissions from land-use change Land-use change gross fluxes

10 Gt 25 Gt
CO, Indonesian CO;
fires —> 20 1
8 Gross source
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5 T —— o Gross sink
-15 |
0 -20

1960 1970 1980 1990 2000 2010 20210d 1960 1970 1980 1990 2000 2010 2019
projecte

@@®Global Carbon Project ¢ Data: GCP low confidence @®Global Carbon Project ¢ Data: GCP

Estimates from three bookkeeping models, usingbased variability from 1997
SourceHoughton and Nassikas 20Hansis et al 201%asser et al 2020an der Werf et al. 2017
Friedlingstein et al 202@lobal Carbon Budget 2020
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GLOBAL CARBON Total global emissions

PROJECT

Total global emissions: 43@B.3 GtCOQIn 2019, 56% over 1990
Percentage landise change: 39% in 1960, 14% averaged 2019

Annual CO, Emissions

40 Gt
Fossil carbon

Ll b e S lle are bl

Land-use
change

0
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Landuse change estimates from three bookkeeping models, usingpdised variability from 1997
SourceCDIACHoughton and Nassikas 20Hansis et al 201%asser et al 2020an der Werf et al. 2017
Friedlingstein et al 202@Global Carbon Budget 2020
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Closing the Global Carbon Budget
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Sources F Sinks

18.6 GtCQyr
34.4 GtCQyr 46

86%

12.5 GtCQyr

14%
5.7 GtCQlyr 230/
9.2 GICQlyr [

Budget Imbalance: (.4%

(the difference between estimated sources & sinks) (). 2 GtCQyr

Source Friedlingstein et al 2020Global Carbon Budget 2020
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CARBON Global carbon budget

PROJECT

Carbon emissions are partitioned among the atmospheigcarbon sinks on land and in the ocean
¢CKS aAYOlLftlIyOSeé 0SG8SSYy (G201t SYAaairzya

Balance of sources and sinks
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-30 - not match total estimated Atmosphere

sinks. This imbalance is an
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SourceFriedlingstein et al 202Global Carbon Budget 2020
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GLOBAL CARBON
PROJECT

Changes in the budget over time

The sinks have continued to grow with increasing emissions, but climate change will affect
carbon cycle processes in a way that will exacerbate the increase of (b@® atmosphere

CO, emissions (Gt CO./yr)

CO, flux (Gt COyr)

The budget imbalance is the total emissions minus the estimated growth in the atmosphere, land and ocean.
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It reflects the limits of our understanding of the carbon cycle.
Source:Friedlingstein et al 202@lobal Carbon Budget 2020
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GLoBAL cARBON Atmospheric concentration

PROJECT

The atmospheric concentration growth rate has shown a steady increase
The high growthin 1987, 1998, & 2011% reflect a strong El Nifio, which weakens the land sink

o5 Gt Annual atmospheric growth
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: h

15

10

0

1960 1970 1980 1990 2000 2010 2019

SourceNOAAE SRIEriedlingstein et al 202Global Carbon Budget 2020
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GLOBAL CARBON Airborne Fraction

PROJECT

The airborne fraction is the ratio of the growth in atmospheric concentration and total annyaid€sions.
Around 45% of C{e@missions remain in the atmosphere despite sustained growth ye@f3sions.

1.0 _Alrborne Fraction
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SourceNOAAE SRIGlobal Carbon Budget 2020
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GLOBAL CARBON Ocean sink

PROJECT

The ocean carbon sink continues to increase
9.252.1 GtCQyr for 2010;2019and 9.62.1 GtCQyrin 2019

15 Gt Annual atmosphere-ocean CO; flux

CO;

10 +
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Source SOCATv@akker et al 2016-riedlingstein et al 202@Global Carbon Budget 2020
(seeTable 4 for detailed references)
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Terrestrial sink

The land sink was 148.3GtCQ/yr during 201@2019 and 11.64.5 GtCQyrin 2019
Total CQfluxes on land (including langse change) are constrained by atmospheric inversions

CO, Emissions (Gt COo/yr)

CO, Flux (Gt COy/yr)
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crosaL(carson Total land and ocean fluxes
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Total land and ocean fluxes show more interannual variability in the tropics

Annual atmosphere-ocean CO, flux
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Large and unexplained variability in the global carbon balance caused by uncertainty
and understanding hinder independent verification of reported ERissions
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The budget imbalance is the carbon left after adding independent estimates for total emissions, minus the
atmospheric growth rate and estimates for the land and ocean carbon sinks using models constrained by observations
SourceFriedlingstein et al 202@Global Carbon Budget 2020
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The cumulative contributions to the global carbon budget from 1850
The carbon imbalance represents the gap in our current understanding of sources & sinks
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