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‘ View our latest news University of Exeter Homepage

Home About News Events Archive Contact us o, G lo ba l Ca rb o n Atla S

A platform to explore and visualize the most up-to-date data on
carbon fluxes resulting from human activities and natural processes
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The critical annual update revealing the latest trends in . ;.  Tokm s ooty Ucou e ntory
global carbon emissions a . ‘ ’muﬁ:'m
e >
More information, data sources and data files: More information, data sources and data files:
https://globalcarbonbudget.org/carbonbudget www.globalcarbonatlas.org

(cofunded in part by BNP Paribas Foundation)


https://globalcarbonbudget.org/carbonbudget
http://www.globalcarbonatlas.org/

GLOBAL'| CARBON
project

Download of figures and data

bowdond  Slide 12 ot Slide 13

Global Carbon Budget
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Additional country figures

chr—,‘_”-“ Dowrivag Argenting Tiowr st Al()(‘ﬂ’df‘—l Tiwnc o)
o S -
,-/\,\/,,-f A A /
o~
Argenting Powiowd  Argenting Uowiced  Argenting oeetond

ol Y.

Australia Rowrised  Australia Dowieat  Australia Towniont

Figures and data for most slides available friomgurl.com/GCB25figs

andfrom https://globalcarbonbudget.org/carbonbudget



https://tinyurl.com/GCB25figs
https://globalcarbonbudget.org/carbonbudget

GLOBAL'| CARBON
project

All the data is shown in billion tonnes JGtCQ)
1 Gigatonne (Gt) = 1 billion tonnes x1D'>g = 1 Petagram (Pg)
1 kg carbon (C) = 3.664 kg carbon dioxide,JCO

1 GtC = 3.664 billion tonnes £€3.664 GtCO

(Figures are available frohitps:/globalcarbonbudget.org/carbonbudggt

Most figures in this presentation are available for download as PNG, PDF and SVG files
from tinyurl.com/GCB25figalong with the data required to reproduce 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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License
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Creative Commons Attribution 4.0 International licersienply put, you may freely copy and

modify these figures and data, and use them in both commercial anecnommercial works,

as long as you give credit to the Global Carbon Project.
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GLOBAL@ON Atmospheric CQconcentration

project

The global CQOconcentration increased from277 ppm in 1750 to 422.8 ppm in 2024 (up 53%)

Atmospheric CO, concentration

Data: Scripps/NOAA-GML
420 ppm - A

400 m /
380 - P
360 -

340 -

Seasonally
320 - adjusted trend

1960 1970 1980 1990 2000 2010 2020

Globally averaged surface atmospheric, Cahcentration. Data from: NOABML after 1980;
the Scripps Institution of Oceanography before 1980
SourceNOAAGML, Scripps Institution of Oceanograpliriedlingstein et al 202%s51obal Carbon Project 2025



https://gml.noaa.gov/ccgg/trends/
https://gml.noaa.gov/ccgg/trends/
https://gml.noaa.gov/ccgg/trends/
https://scripps.ucsd.edu/
https://doi.org/10.18160/GCP-2025
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GLoBAL|CARBON Anthropogenic perturbation of the global carbon cycle

project

Perturbation of the global carbon cycle caused by anthropogenic activities,
global annual average for the decade 2Q2624 (GtCGyr)

The global carbon cycle

35.9+1.8 5.0 +2.6 / Atmospheric CO2
»1\ ¢ +20.4
3290 GtCO;
87+2.8 ® 18+15

0.00003

. Vegetation
Dissolved
Gas reserves ® O N inorganic
Neesll carbon

Organic Marine
Oil reserves .

carbon f\ biota

Permafrost . Rivers
Soils  and lakes coasts

Surface
sediments

Coal reserves

» Budget imbalance 0.1 <

Anthropogenic fluxes A Fossil CO, E J Land uptake S, » Budget Imbalance B,
2015-2024 average 1\ lared K g \lt & — ® Stock
and-use change
GtCO, per year ge E ¢ cean uptake S ., ocks
J' CDR not included in Eiie + Atmospheric increase G, LT Natural carbon fluxes

DR RlAakhAal CarkhAan DrAaiant
@® Global Carbon Project

CDR here refers to Carbon Dioxide Removal besides those associated witkdahdt are accounted for in the Lande change simate.
The budget imbalance is the difference between the estimated emissions and sinks.
SourceNOAAGML, Friedlingstein et al 202%s5lobal Carbon Project 2025
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https://doi.org/10.18160/GCP-2025
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Global Fossil CEmissions

Global fossil C{emissions: 37.& 2 GtCQin 2024, 69% over 1990
® Projection for 2025: 38.22 GtCGQ, 1.1% [0.2% to +2.2%] higher than 2024

Global Fossil CO, Emissions

2015-24
4%gt 7 +0.8%l/yr Projection 2025
2 38.1 Gt CO
52250/ 1/;r A 1.1%(0.2% t022.2%)
35 -
30 - 1995-2004 K. COVID'19
+1.9%/yr Global pancjemm
financial M
Crisis
25 - ¥ 1.5%
20 - \~ Dissolution of Uncertainty ist5% for
Soviet Union one standard deviation
| vk | | | | | oLt/ / atAlS
1990 1995 2000 2005 2010 2015 2020 2025
projected

The 2025 projection is based on preliminary data and modelling. The global total includes a cement carbonation sink@f 0.8 Gt
SourceFriedlingstein et al 202%s5lobal Carbon Project 2025
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GLOBAL@ON Emissions Projections for 2025

project

Fossil C@emissions growth is from different regions in 2025 compared to 2024:
The USA rising, and EU27 flat, reversing recent declines. China flat, India low growth, contrasting recent strong grc

Projected Gt CO; in 2025

Rest of World 13.7
A 1.1% (-1.1% to +3.3%)

Annual Fossil CO, Emissions

Projected global emissions growth: +1.1% (+0.2% to +2.2%)

12 Gt -
COs

A 1.9% (-0.2% to +4.1%)

USA 5.0

A 1.4% (-0.3% to +3.1%)
India 3.2

EU27 2.4 4210 128%)
Bunkers 1.2 as7%

Japan 0.9
V¥ 2.2% ('81 % to +3.7%)

1960 1970 1980 1990

2025

projected

2000 2010

The 2025 projections are based on preliminary data and modelling. o )
W. dzy ] SNBQ NS FT2aaAf FdzSsfa dzaSR F2NIAYUSNYI UGAZ2YI
SourcefFriedlingstein et al 202%slobal Carbon Project 2025
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GLOBAL@ON Fossil COemissions growth: 20282025

project

Emissions are projected to increase in USA and India, be flat to slight rise in China and the EU, decline in Japa
with growth in international aviation and the combined rest of the world (Others) in 2025

Changes in Global Fossil CO, Emissions

38.2 Gt -
002 Others

38.0 -

IndiaJapan

ChinaEU27
+0.00+0.04 -0.02+0.08

378 i Others

+0.02

37.6 -

IndiadJapan

374 B ChinagU27

0.03 014007

-0.06+0.13

37.2 -

2023 2024 2025

projected

@® Global Carbon Project

The 2025 projections are based on preliminary data and modelling.
SourcefFriedlingstein et al 202%slobal Carbon Project 2025
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GLOBAL@ON Summary of fossil CGemissions in 2024 and 2025
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2024 emissions 2024 arowth 2025 projected 2025 projected
Region / Country (billion ( ergent) emissions growt emissions
tonnes/yr) P (percent) (billion tonnes/yr)
China 12.3 0.7% 0.4% 12.3
USA 4.9 -0.6% 1.9% 5.0
India 3.2 4.0% 1.4% 3.2
EU27 2.4 -2.6% 0.4% 2.4
Japan 1.0 -2.8% -2.2% 0.9
International bunkers 1.2 9.8% 3.7% 1.2
All others 13.6 1.6% 1.1% 13.7
World 38.6 1.0% 1.0% 38.9
World (incl. cement 378 1.1% 1.1% 38 1

carbonation)

*Emissions from use of international aviation and maritime shipping bunker fuels are not usually included in national totals.
Cement carbonation sink only included in global (World) estimate.
SourcefFriedlingstein et al 202%slobal Carbon Project 2025
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GLOBAL@ON Landuse change emissions

project

Landuse change emissions are £0.6 GtCQper year for 201§2024, and show a negative trend in the last two decades
but estimates are still highly uncertaimProjection for 2025: 4.1 2.6 GtCQ

12 gt Annual CO, emissions from land-use change

CO2 Indonesian

10 -

0 T I I T T T I
1960 1970 1980 1990 2000 2010 2025

projected
low confidence

Estimates from three bookkeeping models
SourcefFriedlingstein et al 202%slobal Carbon Project 2025
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GLOBAL@ON Landuse change emissions

project

Combined laneuse change emissions from Brazil, Indonesia, and the DR Congo make up over half of the globaluset |a
change emissions. China moved from being a top emitter duringl®8D to the largest net remover in 2042024.

3.5 gt Annual CO; fluxes from land-use change

Mean of three bookkeeping models (range is max-min)
CO;

3.0 -
2.5
2.0 -
1.5 - Brazil
1.0 4
7 " \1 ¥ Indonesia
0.5 | asmnp™ DR Congo
0 '
China

-0.5

1960 1970 1980 1990 2000 2010 2020

Estimates from three bookkeeping models
SourcefFriedlingstein et al 202%slobal Carbon Project 2025
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GLOBAL@ON Forecast of global atmospheric GConcentration
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The global atmospheric GConcentration is forecast to average 425.7 parts per million (ppm) in 2025, increasing by 2.3

Global average atmospheric CO, concentration
425 ppm - \/
420 -
415 -
410 -

405 -

Observations | Projections
400 : l

2017 2018 2019 2020 2021 2022 2023 2024 2025

SourceFriedlingstein et al 202%lobal Carbon Project 2025
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GLOBAL | CARBON Mauna Loa atmospheric CO

project

Atmospheric CQconcentration has increased every single year,
including in 202@ despite the drop in fossil G@missions; because of continued emissions

Weekly atmospheric CO, at Mauna Loa

435 ppm

430

2025 425

2024

2023
2022
2021

420
415
410

405

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ 400
\uﬂ\/\\\\_\

January December
@® Global Carbon Project

SourceFriedlingstein et al 202%lobal Carbon Project 2025


https://doi.org/10.18160/GCP-2025
http://www.globalcarbonproject.org/carbonbudget/

GLOBAL@ON Sared Socioeconomic Pathways (SSPSs)

project

The SSPs were designed to span the range of potential outcomes. Te&h{S8ions are currently tracking in the middle o
the range. The temperature outcomes are based on assessed scenarios in IPCC AR6 Working Group .

Global CO, Emissions

SSP, median °C (very likely range)
SSP5-8.5: 4.4°C (3.3-5.7)
120 Gt -

CO;

SSP3-7.0: 3.6°C (2.8-4.6)
80 -

40 -

SSP4-6.0

SSP2-4.5: 2.7°C (2.1-3.5

— % o _SSP1-2.6: 1.8°C (1.3-2.4)
e T SSP1-1.9: 1.4°C (1.0-1.8)
- ~—  \-SSP4-3.4

net-negative global emissions

1980 2000 2020 2040 2060 2080 2100

@®Global Carbon Project e Data: Riahi et al (2017), Rogelj 2018), SSP Database (version 2)

This set of quantified SSPs are based on the output of six Integrated Assessment Models (AIM/CGE GCAM, IMAGE, MESENGECREMIN
Net emissions include those from lande change and bioenergy with CCS.
SourceRiahi et al. 201Rogelj et al. 2018IASA SSP DatabakeMC Global Carbon Project 2025
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Global fossil COemissions



GLOBAL@ON Global fossil COemissions
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Global fossil Cemissions have risen steadily over the last decades.
Emissions are set to grow 1.1% in 2025, after growing 1.1% in 2024, and 0.8%/yr from 2015 to 2024.

Global Fossil CO, Emissions

40 Gt - Projection 2025
CO, 38.1 Gt CO,
A/ A 1.1% (0.2% to 2.2%)
o ..- i
30 - ya K
\, Global ~ COVID-19
financial pandemic
crisis ¥ 5.6%
20 k' Dissolution of T '>”
k, Second Soviet Union
V¥ 3.3%
k Oil crisis
10 | First
) Qil crisis
0 I I | | | I |
1960 1970 1980 1990 2000 2010 2025

projected

The 2025 projection is based on preliminary data and modelling.
SourceFriedlingstein et al 202%lobal Carbon Project 2025
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GLOBAL@ON Global fossil COemissions
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For the last 100 years, it has generally taken a crisis to drive global emissions reductions.
To stabilise temperatures, intentional, planned, sustained global reductions must begin.

Global Fossil CO, Emissions: Annual Changes China's boom ~ POStGFC
2.0 Gt - A rebound
CO, | i
Post-pandemic
1 5 1 Post-WWIl boom rebound
AL
-
1.0 -
0.5
0
End of
-0.5 4 Great China's Great
Depression Leap Forward . T . . Global
US coal- First Dissolution of financia
-1.0 - End of miner Qil crisis Soviet Union crisis
World  gtrikes ]
War Il Second
-1 54 Qil crisis
COVID-19
pandemic
-2.0 4 | | | | |
1920 1940 1960 1980 2000 2020

The 2025 projection is based on preliminary data and modelling.
SourceFriedlingstein et al 202%lobal Carbon Project 2025
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GLOBAL@aN Fossil CQemission intensity

Global C@emissions growth has generally resumed quickly from global crises.
Emission intensity has steadily declined but not sufficiently to offset economic growth.

Global CO, Emissions and Intensity

50 Gt - - 700 grams
CO, CO,/USD

40 - - 600

Global

financial

As crisis COVID-19
sian ;
30 - financial pandemic - 500
Dissolution of crisi
Seconoso"iet Union
20 | Oil cysis L 400
10 - - 300
0 [ [ [ I I I I 200
1960 1970 1980 1990 2000 2010 2025

projected

Each trend line is based on the five years before the crisis and extended to five years after.
Economic activity is measured in purchasing power parity (PPP) terms in 2017 US dollars.
SourceFriedlingstein et al 202%lobal Carbon Project 2025



https://doi.org/10.18160/GCP-2025
http://www.globalcarbonproject.org/carbonbudget/

GLOBAL'| CARBON
project

Fossil COemissions by country



GLOBAL@ON Top emitters: Fossil C{&missions to 2024
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The top six emitters in 2024 covered 66% of global emissions
China 32%, United States 13%, India 8%, EU 6%, Russia 5%, and Japan 2%

Annual fossil CO, emissions: top six emitters

Gt COz in 2024
12 Gt - / China 12.3 A 0.7%
CO; Y
10

USA 4.9 vo.6%

India 3.2 A 4.0%

EU27 2.4 w 2.6%
Russia 1.8 a 25%

Japan 1.0 wv2s8%

0 H(EEEmmm
1960 1970

1980 1990 2000 2010 2024

International aviation and maritime shipping (bunker fuels) contributed 3.1% of global emissions in 2024.
SourceFriedlingstein et al 202%lobal Carbon Project 2025
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GLOBAL@ON Top emitters: Fossil C&@missions per capita to 2024

project

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

Annual fossil CO, emissions per capita: top six emitters

201 -
CO5
15 tonnes/person in 2024
USA 142 w1.1%
Russia 12.3 A 2.9%
10 -
——China 8.7 a0.9%
—dJapan 7.8 v23%
5 F _—EU27 5.4 w25%
Ve —World 4.7 ao0.2%
g o ) — India 2.2 A 3.1%
0 L o ,in_m“;, e i mm M

1 960 1 970 1 980 1990 2000 2010 2024

International aviation and maritime shipping (bunker fuels) contributed 3.1% of global emissions in 2024.
SourceFriedlingstein et al 202%lobal Carbon Project 2025
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GLOBAL|CARBON Fossil CQemissionst Kaya decomposition

project

Globally, decarbonisation and declines in energy per GDP are largely responsible for the reduced growth rate ii
emissions over the last decade. 2020 was a clear outlier with a sharp decline in GDP.

=

20 alyr 8 %iyr

[
4 4
] Igheed
8 %/ Kaya decomposition of emissions growth: Global I 0 I I I| l I I |
(e .
y Percentage change relative to previous year I II I i
Adjusted for leap years I Fopulat
-6 - -GDP/F' p ulat
6 8 I Ene: gnyDP
7 EECO.Enel vgv
1 _1p | I Interaction:
e Fos: ICO
-12
4 1980 1895 2000 2005 2010 2015 2020 1990 1995 2000 2005 2010 2015 2020
B lyr Fuzz 20 %yt India
2 GDP/Population 5
—Fossil CO, ‘
Population 2 l
0 Energy/GDP | [ I I
g 'l
CO./Energy 44
-2 Interactions 5]
-8
-10 |
'4 B -12 - r T -15 - T T
1980 1995 2000 2005 2010 2015 2020 1990 1995 2000 2005 2010 2015 2020
_6 B 10 %y _Rest of World 8 %iyr _Global
[
51 4
-8 T T T T T T T
2
1990 1995 2000 2005 2010 2015 2020 ! )
@® Global Carbon Project o 2
10 | 4
6
-15 T T T -8 T T T
1880 1895 2000 2005 2010 2015 2020 1880 1995 2000 2005 2010 2015 2020

SourceFriedlingstein et al 202%lobal Carbon Project 2025



https://doi.org/10.18160/GCP-2025
http://www.globalcarbonproject.org/carbonbudget/

GLOBAL'| CARBON
project

Decarbonisation progress

Fossil C&emissions are declining in 35 countries while economic output is rising ¢2028)

509, Andorra Australia Austria Belgium Bulgaria Czechia Denmark
0%% é _% —_—— dé
-50%
509, Estonia Finland France Germany Greece Hungary Ireland
-50% \/\
50 Israel Jordan Latvia Luxembourg Netherlands New Zealand Norway
0% —— —-=:;EEfEEEEE
-50%
50 Poland Portugal South Korea Romania Serbia Slovakia Slovenia
0"/’04 45% 4 / % 4
-50%
50°, Spain Sweden Switzerland Taiwan Thailand United Kingdom |USA
=+ ‘a
0% /—\/______
-50%
2015 2020 2024 2015 2020 2024 2015 2020 2024 2015 2020 2024 2015 2020 2024 2015 2020 2024 2015 2020 2024

SourceFriedlingstein et al 202%lobal Carbon Project 2025
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GLOBAL@ON Historical cumulative fossil Cmissions

project

The USA and EU have the highest accumulated fossér@i€sions since 1850, but China is a close third.

USA
EU (27)
China
Russia
UK
Japan
India
Canada
Ukraine

S. Africa

Historical cumulative fossil CO, emissions since 1850

0 50

Il 18502024

Il 2025

2025 projected only for
five regions

100 150 200 250 300 350 400 450 GtCO,

Calculated using territorial emissions.
SourceFriedlingstein et al 202%lobal Carbon Project 2025
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Fossil COemissions by source



GLOBAL@ON Fossil C&emissions by source

project

Share of global fossil G@&missions in 2025: coal (41%), oil (32%), gas (21%),
cement (4%), flaring and others (2%, not shown)

Annual Fossil CO, Emissions: Global Projected Gt CO, in 2025
16 Gt - Projected total emissions growth: +1.1% (+0.2% to +2.2%) > Coal 15.9
CO5 g A 0.8% (-0.1% to +1.9%)
Qil12.6
12 - A 1.0% (+0.3% to +1.8%)
8 - Gas 8.1
A 1.3% (0.0% to +2.5%)
4
Cement 1.5
A 0.5% (-1.5% 10 +2.6%)
Q= \ | | | ‘ : Non-fuel emissions
1960 1970 1980 1990 2000 2010 2025
projected

The 2025 projection is based on preliminary data and modelling.
SourceFriedlingstein et al 202%lobal Carbon Project 2025
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GLOBAL@ON Fossil COemissions growth: 20282025

project
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which includes cement, lime, and flaring.

38.2 Gt _Changes in Global Fossil CO, Emissions

CO, Others
Gas

38.0 -

Coal
Gas Others

37.8 -

37.6 -

37.4 -

37.2 -

2023 2024 2025

projected
@® Global Carbon Project

SourceFriedlingstein et al 202%lobal Carbon Project 2025
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GLOBAL@ON Fossil C&emissions by source

project

Emissions by category from 2000 to 2025, with growth rates indicated for the more recent period of 2020 to 2025
Both coal and oil declined sharply in the pandemic year 2020, but are at record levels in 2025

Global Annual Fossil CO, Emissions, 2000-25

Annual growth rates from 2020-2025. Includes projection for 2025.
+2.1%/yr
16 Gt - —
COs
+2.8%/yr
12 -
+1.2%/yr
8 | [
4 -
-2.4%lyr
o +1.1%)yr
0 |
Coal Qil Gas Cement Flaring

SourceFriedlingstein et al 202%lobal Carbon Project 2025
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GLOBAL'| CARBON
project

Energy use by source

Consumption of natural gas picked up again in 2024, while oil and coal continue to grow
Renewable energy continued to grow but needs to grow even faster to replace fossil energy consumption.
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1

Annual global energy consumption oil

Bioenergy 2"
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- Other
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960

Data are for Total Energy Supply using Primary Energy accounting (Physical Energy Content method), based on the aigncal. data

SourceEnergy Institute 202%5lobal Carbon Project 2025



https://www.energyinst.org/statistical-review
http://www.globalcarbonproject.org/carbonbudget/

GLOBAL'| CARBON
project

Fossil COemission by source for top emitters



GLOBAL@ON Fossil CQemissions in China

project
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and cement emissions continuing their decline

Projected Gt CO, in 2025

Annual Fossil CO, Emissions in China
Coal 8.9

Projected total emissions growth: +0.4% (-0.9% to +2.0%)
A 0.3% (-0.7% to +1.6%)
8 Gt -
CO,
6 -
4 -
2 - Oil 1.7
A 2.1% (-0.2% to +4.4%)
A 1.3% (-0.5% to +3.1%)
. Gas 0.9
0 - i SRS S el Cement 0.6
- ! ’ ‘ ' W 2.8% (-5.8% to +0.2%)
1960 1970 1980 1990 2000 2010 2025 Non-fuel emissions

projected

SourceFriedlingstein et al 202%lobal Carbon Project 2025



https://doi.org/10.18160/GCP-2025
http://www.globalcarbonproject.org/carbonbudget/

GLOBAL@ON Fossil C&emissions in USA

project
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3000 Mt -

Annual Fossil CO, Emissions in USA

Projected total emissions growth: +1.9% (-0.2% to +4.1%)
CO;

2500 - | |
Projected Mt COs in 2025
Oil 2206.2
2000 | A 1.1'%: ('0.2‘:70 to +2.4c70)
Gas 1763.1
A 1.1% (-1.3% to +3.5%)
1500 -
10001/
Coal 785.8
A 7.5% (+1.6% 10 +13.4%)
500 -
e o o Cement 34.2
1960 1970 1980 1990 2000 2010 2025 807 (10.0% 10-6.0%)

SourceEIlA 208; Friedlingstein et al 202%slobal Carbon Project 2025
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GLOBAL@ON Fossil CQemissions in India

project
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cooling demand and solar capacity grew strongly

2500 Mt _Annual Fossil CO, Emissions in India

CO Projected total emissions growth: +1.4% (-0.3% to +3.1%)
2 Projected Mt CO, in 2025

Coal 2137.2

2000 - A 1.7% (-0.0% to +3.4%)

1500

1000 -
Qil 746.2
A 0.1% (-1.0% to +1.2%)
500 -
A 9.9% (+7.3% to +12.5%)
Cement 203.8
; e s Gas 139.4
S e o | — W 6.4% (-10.5% to -2.4%)
1960 1970 1980 1990 2000 2010 2025
projected

SourceFriedlingstein et al 202%lobal Carbon Project 2025
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GLOBAL@ON Fossil COemissions in the European Union

project
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The longterm decline in coal was interrupted by weather conditions

2000 Mt
CO;

1000

500 - 4

0F

Annual Fossil CO, Emissions in EU27

Projected total emissions gyowth: +0.4% (-2.1% to +2.8%)

Projected Mt CO, in 2025

0il 1195.3
A 0.6% (-1.4% to +2.6%)

Gas 654.8
A 0.9% (-2.2% to +3.9%)

Coal 467.8
W 0.3% (-3.3% to +2.7%)

Cement 59.6
' V¥ 4.1% (-6.1% to -2.1%)

1960 1970 1980 1990 2000 2010 2025 Non-fuel emissions

projected

SourceFriedlingstein et al 202%lobal Carbon Project 2025
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GLOBAL@ON Fossil CQemissions in Japan
pTOJECt
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further restarts of nuclear reactors and strong growth in solar PV

800 Mt _Annual Fossil CO, Emissions in Japan
CO2 Projected total emissions growth: -2.2% (-8.1% to +3.7%)

600 -

Projected Mt CO; in 2025

V¥ 3.1% (-8.0% to +1.7%)
Coal 368.1

Oil 349.9

W 0.8% (-6.8% to +5.3%)

400 -

200 Gas 189.5

W 2.7% (-10.8% to +5.3%)

Cement 19.6
‘ ' W 3.0% (-6.7% to +0.7%)
2010 2025 Non-fuel emissions

projected

1960 1970 1980 1990 2000

SourceFriedlingstein et al 202%lobal Carbon Project 2025
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GLOBAL@ON Fossil CQemissions in Rest of World

project

In the rest of the world, emissions from all categories are growing.
Oil in international aviation grew strongly again, surpassingparedemic levels.

6 Gt _Annual Fossil CO, Emissions in Rest of World

CO Projected total emissions growth: +1.1% (-1.1% to +3.3%)
2 Projected Gt CO, in 2025

5 - Qil 5.1
A 0.5% (-1.0% to +1.9%)
Gas 4.4
A 1.8% (-0.2% to +3.8%)
4 -
Coal 3.3
3 - A 1.0% (-2.2% to +4.3%)
2 i
Bunkers 1.2
1 4 A37%
Cement 0.6

A 2.4% (-1.9% to +6.8%)
Non-fuel emissions

= ‘
1960 1970

2025

projected

1980 1990 2000 2010

The Rest of the World is the global total less China, US, EU, India, and Japan.
SourceFriedlingstein et al 202%lobal Carbon Project 2025
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GLOBAL'| CARBON
project

Cement carbonation sink



CARBON

GLOBAL(\

Cement carbonation sink

project
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During its lifetime, cement rabsorbs some Crom the atmosphere (a sink).
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Landuse change emissions



GLoeaL|carBON Landuse change emissions

project

Landuse change emissions were 30.6 GtCQper Net landuse emissions are the result of multiple anthropoge
year for 201§2024 and show a negative trend inthelast | OUAGBAGASa 2y I yR (0KIFG f
two decades, but estimates are still highly uncertain.

12 Gt _Annual CO, emissions from land-use change 12 Gt Sub-components of net land-use change
CO, Indonesian C%
. _
104 fires —>
8 4
Total deforestation
8 6
4
6 - Wood harvest and
o 2 other forest management
Projection for 2025: w Peat drainage
4 «— 41+26 GtCO, 0 and peat fires
Other transitions
-2
2 4
-4 _—ﬁh-__-‘h‘h“—“a—-_______ Total forest
(re-)growth
0 T T T T T T T '6 T T T T T T T g
1960 1970 1980 1990 2000 2010 2025 1960 1970 1980 1990 2000 2010 2020

projected
low confidence

Estimates from three bookkeeping models
SourceFriedlingstein et al 202%s5lobal Carbon Project 2025
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GLOBAL@ON Landuse change emissions

project

Annual emissions from permanent deforestation declined over 22034 but remain high at around 3.9 GtCO
Carbon dioxide removals through permanent af/reforestation are 2.2 Gp€Oyear over the same period.

Sub-components of deforestation and forest regrowth

10 Gt
CO,
Deforestation for
5 shifting cultivation
Permanent deforestation
0
Forest (re-)growth due
to af/reforestation
Forest regrowth from
shifting cultivation
-5 4

1960 1970 1980 1990 2000 2010 2020
@® Global Carbon Project

Estimates from three bookkeeping models
SourceFriedlingstein et al 202%lobal Carbon Project 2025
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GLoBAL|CARBON Regional patterns of landise change emissions

project

The top three emitters over 20£2024¢ Brazil, Indonesia,
and the Democratic Republic of the Corggmontribute more
than half of the global net landse emissions, while China is

now the largest remover.

Landuse emissions are high in the tropics, driven
largely by deforestation. Net sinks occur in regions of
re/afforestation such as parts of Europe and China.

Land-use emissions, decadal average 2015i 2024 3.5 gt ./ \nnual CO; fluxes from land-use change

Mean of three bookkeeping models (range is max-min)
CO,
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The peak in Indonesia in 1997 was the Indonesian peat fires.

Estimates from three bookkeeping models
SourceFriedlingstein et al 202%s5lobal Carbon Project 2025
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GLOBAL@ON Linking global models to country reports

project

Mapping of global carbon cycle model land flux definitions to the definition of the LULUCF net flux used in natior
Greenhouse Gas Inventories (NGHGI) reported to UNFCCC

Whennatural fluxes on managed forest§ @ GtCQOper year for 20142023)are added tdand-use emissions (5.0 GtCger year) the GCB2025
estimates {1.9 GtCQper year) are closer to theountry-reported data {3.8 GtCQper year) linking the anthropogenic carbon budget estimates of
land CQfluxes directly to the Global Stocktake as part of UNFCCC Paris Agreement.

Global models: Bookkeeping models DGVMs
Anthropogenic
1 - Natural
[ — 1 1
1
Direct anthropogenic effects Indirect anthropogenic effects
(e.g. land use changes, shifting cultivation, (response of land to human-induced environmental change:
harvest, regrowth) increasing CO,, N deposition, etc.)
co
C?’ co, €O, 22
. co, s ! )
RPN (N
&sa“""-—f% G [
Managed non-forest Intensively managed forest Less-intensively Unmanaged Unmanaged
( managed land forest non-forest
I I
Countries: Anthropogenic Natural

SourceFriedlingstein et al 202%lobal Carbon Project 2025
Figure fromGrasset al., ESSD 2023
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GLOBAL@ON Total global emissions

project

Total global emissions, projected to reach 4222 GtCQin 2025, 49% over 1990
Percentage landise change: 45% in 1960, 12% averaged 2024

Annual CO, Emissions
50 Gt -

CO;

40 - ) fw Total

Fossil carbon
Includes cement
carbonation sink

30 -

20 -

10 Do

Land-use change

0

1960 1970 1980 1990 2000 2010 2025

projected

Landuse change estimates from four bookkeeping models, usindgpised variability from 1997
SourceFriedlingstein et al 202%lobal Carbon Project 2025
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GLOBAL|CARBON Carbon Dioxide Removal

project

Equivalent to ~5% of annual Fossi,€@issions Equivalent to ~1 millionth of annual Fossil@®issions

2.2 GtCQper year 0.001 MtCQper year 0.007 MtCQper year

Vegetationbased CDR estimates from GCB2025
CDR not based on vegetation from the State of CDR report (2024)



Closing the Global Carbon Budget



GLOBAL@ON Fate of anthropogenic C{&missions (201§2024)

project

= Sinks
20.4 GtCQyr

Sourceq

UJ

35.9 GtCQyr

88%

12%

5.0 GtCQyr

11.8 GtCQyr

Budget Imbalance; < 1%

(the difference between estimated sources & sinks) ().1 GtCQyr

SourceFriedlingstein et al 202%5lobal Carbon Project 2025
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GLOBAL@ON Global carbon budget

project

Carbon emissions are partitioned among the atmosphere and carbon sinks on land and in the ocean
CKS aAYOlflyOSé o6SUGwSSy G20t SYArAaairizya | yR

Balance of sources and sinks

50 Gt -
CO;

Fossil carbon
Includes carbonation sink

Land-use change

0
Ocean sink
/ Land sink
Total estimated sources do
not match total estimated Atmosphere

sinks. This imbalance is an
active area of research.

50 -

1860 1880 1900 1920 1940 1960 1980 2000 2024
@®Global Carbon Project

SourceFriedlingstein et al 202%lobal Carbon Project 2025
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GLoBAL|CARBON Changes in the budget over time

project

The sinks have continued to grow with increasing emissions, but climate change affects
carbon cycle processes in a way that will exacerbate the increase,oh @@ atmosphere

Fossil Emissions (Eggs) Land Use Emissions (E y¢) Atmospheric Growth Rate (Garm)
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The budget imbalance is the total emissions minus the estimated growth in the atmosphere, land and ocean.
It reflects the limits of our understanding of the carbon cycle.
SourceFriedlingstein et al 202%5lobal Carbon Project 2025
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GLOBAL| CARBON Global carbon budget

project

Fossil emissions dominate in the Northern Hemisphere, while-lesedemissions are important in the tropics.
The North Atlantic and Southern Ocean are carbon sinks while the tropical ocean is a sourgce of CO
Tropical, temperate and boreal forest are the main terrestrial carbon sinks

(@) Fossil emissions (b)  Land-use emissions
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SourcefFriedlingstein et al 202%5lobal Carbon Project 2025
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GLOBAL@ON Atmospheric concentration

project

The atmospheric concentration growth rate has increased steadily.
The high growth in 19998, 201516 and 20234 reflect a strong El Nino, which weakens the land sink.
The 2025 growth rate is expected to return to gE€Nino level

Atmospheric Growth Rate (Garv)
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SourceNOAAGML, Friedlingstein et al 202%5lobal Carbon Project 2025
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GLOBAL@ON Airborne Fraction

project

The airborne fraction is the proportion of the total annual,@@issions that remains in the atmosphere.
The rest of the C{emissions are removed by the land and ocean sinks.
Around 45% of C{&missions remain in the atmosphere despite sustained growth ye@ixsions.

Airborne Fraction
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SourceFriedlingstein et al 202%lobal Carbon Project 2025
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GLOBAL @OtN Ocean sink
projec

The ocean carbon sink, estimated by Global Ocean Biogeochemical Models and obséasdidmata products,
amounts to 11.8& 1.5 GtCQYyr for 2015¢2024 and 12.4 1.5 GtCQyr in 2024.
The ocean sink increased in 2024, in line with the expected sink response to the£f2&23lino conditions.

SourceSOCATv202Bakker et al 201@Friedlingstein et al 202%slobal Carbon Project 2025
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