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Download of figures and data

Global Carbon Budget
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All the data is shown in billion tonnes CO, (GtCO,)
1 Gigatonne (Gt) = 1 billion tonnes = 1x10%°g = 1 Petagram (Pg)
1 kg carbon (C) = 3.664 kg carbon dioxide (CO,)

1 GtC = 3.664 billion tonnes CO, = 3.664 GtCO,

(Figures are available from https://globalcarbonbudget.org/carbonbudget)

Most figures in this presentation are available for download as PNG, PDF and SVG files
from tinyurl.com/GCB25figs along 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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Our intention is that these figures and data are used. That’s why they're released under the
Creative Commons Attribution 4.0 International license. Simply put, you may freely copy and
modify these figures and data, and use them in both commercial and non-commercial works,
as long as you give credit to the Global Carbon Project.

If you’re just tweeting a figure or using a figure in a presentation, then it already says at the
bottom that it’s by the Global Carbon Project, so you’re good to go! If you use the data

directly or modify the figure, then you will need to make sure the attribution is in place.

For details on the license, visit the Creative Commons website.

Suggested citation for use in a book: “Used with permission of the Global Carbon Project
under the Creative Commons Attribution 4.0 International license.”
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GLOBAL| CARBON Atmospheric CO, concentration

project

The global CO, concentration increased from ~277 ppm in 1750 to 422.8 ppm in 2024 (up 53%)

Atmospheric CO, concentration

Data: Scripps/NOAA-GML
420 ppm - 4
400 -
380 -
360 -
340 -
Seasonally
320 - adjusted trend

1960 1970 1980 1990 2000 2010 2020

Globally averaged surface atmospheric CO, concentration. Data from: NOAA-GML after 1980;
the Scripps Institution of Oceanography before 1980
Source: NOAA-GML; Scripps Institution of Oceanography; Friedlingstein et al 2025; Global Carbon Project 2025
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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 2015-2024 (GtCO,/yr)

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 Permafrost ‘ Rivers ' carbon biota
Soils  and lakes coasts ®
Surface
sediments u
Coal reserves
» Budget imbalance 0.1 <
Anthropogenic fluxes A Fossil CO, E J Land uptake S, » Budget Imbalance B,
2015-2024 average
Land-use change E
GCO, per year ’I‘ u = \l, Ocean uptake S, @ Stocks
J' CDR notincluded in Eiie + Atmospheric increase G, LT Natural carbon fluxes

®@® Global Carbon Project

CDR here refers to Carbon Dioxide Removal besides those associated with land-use that are accounted for in the Land-use change estimate.
The budget imbalance is the difference between the estimated emissions and sinks.
Source: NOAA-GML; Friedlingstein et al 2025; Global Carbon Project 2025
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bal Fossil CO, Emissions

Global fossil CO, emissions: 37.8 + 2 GtCO, in 2024, 69% over 1990

® Projection for 2025: 38.1 + 2 GtCO,, 1.1% [0.2% to +2.2%] higher than 2024

40 Gt

CO;

35

30

25

20 -

Global Fossil CO, Emissions

i 2015-24
+0.8%/yr Projection 2025
38.1 Gt CO
fg 350/ 1/;r A 1.1% (0.2% t022.2%)
E 1995-2004 K. COVI D'? 9
+1.9%/yr Global pancjemm
financial e
crisis
T W 1.5%
\~ Dissolution of
Soviet Union
V¥ 3.3%
1990 1995 2000 2005 2010 2015 2020 2025
projected

Uncertainty is 5% for
one standard deviation
(IPCC “likely” range)

The 2025 projection is based on preliminary data and modelling. The global total includes a cement carbonation sink of 0.8 G{CO,.

Source: Friedlingstein et al 2025; Global Carbon Project 2025
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Fossil CO, 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 growth.

Projected Gt CO; in 2025

Annual Fossil CO, Emissions
Rest of World 13.7

Projected global emissions growth: +1.1% (+0.2% to +2.2%)
A 1.1% (-1.1% to +3.3%)
12 Gt -
CO,
8 -
A 1.9% (-0.2% to +4.1%)
USA 5.0
4 - A 1.4% (-0.3% to +3.1%)
India 3.2
EU27 2.4 20 126%)
Bunkers 1.2 a3z7%
Japan 0.9
0 = . ; : : ‘ : W 2.2% (-8.1% to +3.7%)
1960 1970 1980 1990 2000 2010 2025
projected

The 2025 projections are based on preliminary data and modelling.
‘Bunkers’ are fossil fuels used for international shipping and aviation
Source: Friedlingstein et al 2025; Global Carbon Project 2025
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Emissions are projected to increase in USA and India, be flat to slight rise in China and the EU, decline in Japan,
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

378 i Others

+0.00+0.04-0-02+0.08

+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.
Source: Friedlingstein et al 2025; Global Carbon Project 2025
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2024 emissions 2024 erowth 2025 projected 2025 projected
Region / Country (billion g emissions growth emissions
(percent) o
tonnes/yr) (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% 11% 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.
Source: Friedlingstein et al 2025; Global Carbon Project 2025
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GLOBAL @0N Land-use change emissions

project

Land-use change emissions are 5.0 + 2.6 GtCO, per year for 2015-2024, and show a negative trend in the last two decades,
but estimates are still highly uncertain. eProjection for 2025: 4.1 £ 2.6 GtCO,

12 gt Annual CO, emissions from land-use change

CO2 Indonesian

10 -

0

1960 1970 1980 1990 2000 2010 2025

projected
low confidence

Estimates from three bookkeeping models
Source: Friedlingstein et al 2025; Global Carbon Project 2025
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GLOBAL @0N Land-use change emissions
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Combined land-use change emissions from Brazil, Indonesia, and the DR Congo make up over half of the global net land-use
change emissions. China moved from being a top emitter during 1960-1980 to the largest net remover in 2015-2024.

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
‘Y A Indonesia
0.5 | asmnp™ DR Congo
0 '
China

-0.5

1960 1970 1980 1990 2000 2010 2020

Estimates from three bookkeeping models
Source: Friedlingstein et al 2025; Global Carbon Project 2025



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

GLOBAL @w Forecast of global atmospheric CO, concentration

project

The global atmospheric CO, concentration is forecast to average 425.7 parts per million (ppm) in 2025, increasing by 2.3 ppm.

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

405 -

Observations | Projections
400 : l

2017 2018 2019 2020 2021 2022 2023 2024 2025

Source: Friedlingstein et al 2025; Global Carbon Project 2025
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GLOBAL | CARBON Mauna Loa atmospheric CO,

project

Atmospheric CO, concentration has increased every single year,
including in 2020 — despite the drop in fossil CO, emissions — because of continued emissions

Weekly atmospheric CO, at Mauna Loa

435 ppm
430
2025 425
2024
420
2023
2022
2021 415
410
405
""""""""" \/\ . 4400

January December
@® Global Carbon Project

Source: Friedlingstein et al 2025; Global Carbon Project 2025
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GLoBAL|CARBON Shared Socioeconomic Pathways (SSPs)

project

The SSPs were designed to span the range of potential outcomes. Total CO, emissions are currently tracking in the middle of
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)

= — _ SSP1-2.6:1.8°C (1.3-2.4)
N SSP1-1.9: 1.4°C (1.0-1.8)
- ~ —  \-SSP4-34

net-negative global emissions

1980 2000 2020 2040 2060 2080 2100

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

This set of quantified SSPs are based on the output of six Integrated Assessment Models (AIM/CGE GCAM, IMAGE, MESSAGE, REMIND, WITCH).
Net emissions include those from land-use change and bioenergy with CCS.
Source: Riahi et al. 2016; Rogelj et al. 2018; IIASA SSP Database; IAMC; Global Carbon Project 2025
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Global fossil CO, emissions
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Global fossil CO, emissions

Global fossil CO, emissions 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.

40 Gt

CO;

30

20

Global Fossil CO, Emissions

Projection 2025

38.1 Gt CO,

A 1.1% (0.2% to 2.2%)

20 Globalk COVID-19

financial pandemic

crisis MR
| k' Dissolution of © °”
K, Second Soviet Union
V¥ 3.3%
k Qil crisis
10 - First
' Qil crisis

1960 1970 1980 1990 2000 2010 2025

projected

The 2025 projection is based on preliminary data and modelling.
Source: Friedlingstein et al 2025; Global Carbon Project 2025
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GLOBAL| CARBON Global fossil CO, emissions
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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 rlebound
CO, | i
Post-pandemic
1 5 1 Post-WWIl boom rebound
N
-
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 - Endof miner Oil crisis | Soviet Union crisis
World  gtrikes /
War Il Second
-1.5 - Qil crisis
COVID-19
pandemic
-2.0 4 | | | | |
1920 1940 1960 1980 2000 2020

The 2025 projection is based on preliminary data and modelling.
Source: Friedlingstein et al 2025; Global Carbon Project 2025
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Fossil CO, emission intensity

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

50 Gt 'Global CO, Emissions and Intensity

CO;

40 -
Global
financial
crisis COVID-19

30 - Asian pandemic

\ _ financial
Dissolution of crisi

Seconoso"iet Union
Oil cgisis

20 - First

Oil crisi

10 -

0

- 700 grams

CO,/USD

- 600

- 9500

- 400

- 300

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.
Source: Friedlingstein et al 2025; Global Carbon Project 2025
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Fossil CO, emissions by country



GLOBAL @0N Top emitters: Fossil CO, emissions 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 CO, in 2024

12 Gt - / China 12.3 A 0.7%
CO; /

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.
Source: Friedlingstein et al 2025; Global Carbon Project 2025



https://doi.org/10.18160/GCP-2025

GLOBAL @0N Top emitters: Fossil CO, emissions per capita to 2024
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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.
Source: Friedlingstein et al 2025; Global Carbon Project 2025
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GLOBAL | CARBON Fossil CO, emissions — Kaya decomposition
projec
Globally, decarbonisation and declines in energy per GDP are largely responsible for the reduced growth rate in
emissions over the last decade. 2020 was a clear outlier with a sharp decline in GDP.
20 %iyr China 8 %y usa
g o,y _Kaya decomposition of emissions growth: Global i I‘ | nIIIIIII‘llIIlIII i II II II |I i
ofy Percentage change relative to previous year 0 I | |||IIII III i
Adjusted for leap years 6 -Z%“.EJSLL“E.M
6 51 :E 1 =Energyf('33DP
4 " 1980 1 8‘95 2000 2005 2(;1 0 2015 20‘20 ' 1990 19‘95 2000 2005 20‘1 0 20‘1 5 20‘20
B lyr Euz7 20 %yt India
2 GDP/Population 6+ 15
_EOSSill ?Oz ‘ I I
opulation 2 10
° T Yy B
CO./Energy al 0

-2 Interactions 5| 5
'4 T JZ . - - . :15 | - T r
-6 10 autyr et of Werld 8 ouyr O1o0al
-8 T T T T T T T g} =

1990 1995 2000 2005 2010 2015 2020 ! z

@® Global Carbon Project o 2

Source: Friedlingstein et al 2025; Global Carbon Project 2025



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

GLOBAL'| CARBON
project

Decarbonisation progress

Fossil CO, emissions are declining in 35 countries while economic output is rising (2015-2024)

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

Source: Friedlingstein et al 2025; Global Carbon Project 2025
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GLOBAL @w Historical cumulative fossil CO, emissions

project

The USA and EU have the highest accumulated fossil CO, emissions since 1850, but China is a close third.

Historical cumulative fossil CO, emissions since 1850

Il 18502024

Il 2025

2025 projected only for
five regions

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

S. Africa

0 50 100 150 200 250 300 350 400 450 GtCO,

Calculated using territorial emissions.
Source: Friedlingstein et al 2025; Global Carbon Project 2025
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GLOBAL'| CARBON
project

Fossil CO, emissions by source



GLOBAL | CARBON Fossil CO, emissions by source

project

Share of global fossil CO, emissions 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%)

Oil 12.6

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% to +2.6%)
Q= \ | | | ‘ : Non-fuel emissions
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projected

The 2025 projection is based on preliminary data and modelling.
Source: Friedlingstein et al 2025; Global Carbon Project 2025
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GLOBAL @ow Fossil CO, emissions growth: 2023-2025

project

Global emissions grow in all categories in 2025, but more slowly than in 2024 apart from the “Others” category,
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

Source: Friedlingstein et al 2025; Global Carbon Project 2025
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GLO BAL@ON Fossil CO, 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 | [
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0 |
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Source: Friedlingstein et al 2025; Global Carbon Project 2025
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GLOBAL'| CARBON
project

Energy use by source

Consumpt

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

Source: Energy Institute 2025; Global Carbon Project 2025
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GLOBAL'| CARBON
project

Fossil CO, emission by source for top emitters



GLOBAL | CARBON Fossil CO, emissions in China

project

China’s coal consumption was flat in 2025, with only weak growth in oil and gas,
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

Source: Friedlingstein et al 2025; Global Carbon Project 2025
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GLOBAL@ON Fossil CO, emissions in USA

project

The USA’s emissions from coal have been declining for many years, and despite an expected rebound in 2025,
are still at their lowest level since 1902. Emissions from oil are still below 2019’s level.

3000 Mt _Annual Fossil CO, Emissions in USA
002 Projected total emissions growth: +1.9% (-0.2% to +4.1%)

2500 - . .
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10001/
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Source: EIA 2025; Friedlingstein et al 2025; Global Carbon Project 2025
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GLOBAL@ON Fossil CO, emissions in India

project

India’s emissions growth dropped in 2025 as an early monsoon reduced
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
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Source: Friedlingstein et al 2025; Global Carbon Project 2025
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GLOBAL@ON Fossil CO, emissions in the European Union

project

The were only small changes in most categories of the EU’s emissions
The long-term decline in coal was interrupted by weather conditions

2000 Mt _Annual Fossil CO, Emissions in EU27
002 Projected total emissions gyowth: +0.4% (-2.1% to +2.8%)

Projected Mt CO, in 2025
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Source: Friedlingstein et al 2025; Global Carbon Project 2025
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GLOBAL| CARBON Fossil CO, emissions in Japan

project

Japan’s emissions continue their long decline, with lower emissions in 2025 driven by
further restarts of nuclear reactors and strong growth in solar PV

Annual Fossil CO, Emissions in Japan

800 Mt 4 -
CO2 Projected total emissions growth: -2.2% (-8.1% to +3.7%)
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Source: Friedlingstein et al 2025; Global Carbon Project 2025
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GLOBAL'| CARBON
project

Fossil CO, emissions in Rest of World

In the rest of the world, emissions from all categories are growing.
Oil in international aviation grew strongly again, surpassing pre-pandemic 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
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The Rest of the World is the global total less China, US, EU, India, and Japan.
Source: Friedlingstein et al 2025; Global Carbon Project 2025
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GLOBAL'| CARBON
project

Cement carbonation sink



GLOBAL @0N Cement carbonation sink

project

The production of cement results in ‘process’ emissions of CO, from the chemical decomposition of carbonates (a source).
During its lifetime, cement re-absorbs some CO, from the atmosphere (a sink).

50 Gt _Global Fossil CO, Emissions and Uptake: Cement*
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GLOBAL'| CARBON
project

Land-use change emissions



GLOBAL | CARBON Land-use change emissions

project
Land-use change emissions were 5.0 £ 2.6 GtCO, per Net land-use emissions are the result of multiple anthropogenic
year for 2015-2024 and show a negative trend in the last activities on land that lead to CO, emissions or removals

two decades, but estimates are still highly uncertain.

Annual CO, emissions from land-use change Sub-components of net land-use change
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Source: Friedlingstein et al 2025; Global Carbon Project 2025
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GLOBAL @on Land-use change emissions

project

Annual emissions from permanent deforestation declined over 2015-2024 but remain high at around 3.9 GtCO.,.
Carbon dioxide removals through permanent af/reforestation are 2.2 GtCO, per year over the same period.

Sub-components of deforestation and forest regrowth

10 Gt
CO;

Deforestation for
shifting cultivation

Permanent deforestation
Forest (re-)growth due
to af/reforestation

Forest regrowth from
shifting cultivation

-5 T T T T T T T
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@® Global Carbon Project

Estimates from three bookkeeping models
Source: Friedlingstein et al 2025; Global Carbon Project 2025
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GLOBAL|CARBON Regional patterns of land-use change emissions

project

The top three emitters over 2015-2024 — Brazil, Indonesia,
and the Democratic Republic of the Congo — contribute more
than half of the global net land-use emissions, while China is

now the largest remover.

Land-use 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 2015-2024 3 5 gt Annual CO; fluxes from land-use change

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

Estimates from three bookkeeping models
Source: Friedlingstein et al 2025; Global Carbon Project 2025
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GLOBAL|CARBON 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 national
Greenhouse Gas Inventories (NGHGI) reported to UNFCCC

When natural fluxes on managed forests (-6.9 GtCO, per year for 2014-2023) are added to land-use emissions (5.0 GtCO, per year), the GCB2025
estimates (-1.9 GtCO, per year) are closer to the country-reported data (-3.8 GtCO, per year), linking the anthropogenic carbon budget estimates of
land CO, fluxes 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:
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. co, s ! )
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&sa“""-—f% G [
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Source: Friedlingstein et al 2025; Global Carbon Project 2025
Figure from Grassi et al., ESSD 2023
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GLOBAL@aN Total global emissions

Total global emissions, projected to reach 42.2 + 3.2 GtCO, in 2025, 49% over 1990
Percentage land-use change: 45% in 1960, 12% averaged 2015-2024

Annual CO, Emissions
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40 - ) fw Total

Fossil carbon
Includes cement
carbonation sink
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Land-use change
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Land-use change estimates from four bookkeeping models, using fire-based variability from 1997
Source: Friedlingstein et al 2025; Global Carbon Project 2025
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GLOBAL | CARBON Carbon Dioxide Removal

project

Equivalent to ~5% of annual Fossil CO, emissions Equivalent to ~1 millionth of annual Fossil CO, emissions

| \

2.2 GtCO, per year 0.001 MtCO, per year 0.007 MtCO, per year

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



Closing the Global Carbon Budget



GLOBAL @0N Fate of anthropogenic CO, emissions (2015-2024)

project

Sources| = |Sinks
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35.9 GtCO,/yr
2 50%
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5.0 GtCO,/yr 29%
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Budget Imbalance: <1%

(the difference between estimated sources & sinks) 0.1 GtCO,/yr

Source: Friedlingstein et al 2025; Global Carbon Project 2025
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GLOBAL

CARBON Global carbon budget

project

Carbon emissions are partitioned among the atmosphere and carbon sinks on land and in the ocean
The “imbalance” between total emissions and total sinks is an active area of research

Balance of sources and sinks

50 Gt -
CO;

Fossil carbon
Includes carbonation sink

Land-use change

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

sinks. This imbalance is an
active area of research.
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Source: Friedlingstein et al 2025; Global 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 of CO, in the 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.
Source: Friedlingstein et al 2025; Global Carbon Project 2025
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GLoBAL|CARBON Global carbon budget

project

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

(@) Fossil emissions (b)  Land-use emissions
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GLO BAL@ON Atmospheric concentration

project

The atmospheric concentration growth rate has increased steadily.
The high growth in 1997-98, 2015-16 and 2023-24 reflect a strong El Nifio, which weakens the land sink.
The 2025 growth rate is expected to return to pre-El Nifio level
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Source: NOAA-GML; Friedlingstein et al 2025; Global Carbon Project 2025
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GLOBAL 6’;&?&" Airborne Fraction

The airborne fraction is the proportion of the total annual CO, emissions that remains in the atmosphere.
The rest of the CO, emissions are removed by the land and ocean sinks.
Around 45% of CO, emissions remain in the atmosphere despite sustained growth in CO, emissions.
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GLOBAL | CARBON Ocean sink

project

The ocean carbon sink, estimated by Global Ocean Biogeochemical Models and observation-based data products,
amounts to 11.8 + 1.5 GtCO,/yr for 2015-2024 and 12.4 + 1.5 GtCO,/yr in 2024.
The ocean sink increased in 2024, in line with the expected sink response to the 2023-24 El Nifio conditions.
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GLOBAL @gy Terrestrial sink

The land carbon sink, estimated by Dynamic Global Vegetation Models, was
8.7 £ 3.2 GtCO,/yr during 2015-2024. The effects of 2023-24 El Nifio reduced the
land CO, sink to 7.1 GtCO, in 2024, 18% below its decadal mean.
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Source: Friedlingstein et al 2025; Global Carbon Project 2025
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GLOBAL| CARBON Land and ocean sinks — Effects of CO, vs climate change

project

Process models suggest that increasing atmospheric CO, drives the land and ocean sinks while climate change
reduces the carbon sinks. On average for the 2015-2024 period, the land and ocean CO, sink are respectively 25%
and 7% smaller than what they would have been without the effects of climate change and variability
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GLOBAL | CARBON Land and ocean sinks — The 2023-2024 El Niho

project

The 2023-2024 El Nifio conditions led to a large reduction of the land carbon sink, particularly in the tropics with a 66%
reduction relative to the pre-El Nifo (2022) land sink.
The ocean sink was slightly larger in 2024 than in 2023, primarily due to the high atmospheric CO, growth rate in 2024.
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GLOBAL|CARBON Land and ocean sinks — Estimates from atmospheric inversions

project

Both atmospheric CO, inversions and atmospheric oxygen allow to estimate the land and ocean carbon
fluxes, independently from the land and ocean process-based models, confirming the global carbon budget
estimates of the land and ocean partitioning of anthropogenic CO,
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Bottom-up estimates and top-down atmospheric inversions broadly agree on the land and ocean sinks at large regional scales.
The interannual variability in the global total CO; flux is largely due to the variability of the land sink in the tropics.
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Source: Friedlingstein et al 2025; Global Carbon Project 2025
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Remaining carbon budget imbalance

Large and unexplained variability in the global carbon balance caused by uncertainty
and understanding hinder independent verification of reported CO, emissions

Budget Imbalance (By)

L5
10

positive values mean
overestimated
emissions and/or

5 underestimated sinks

CO, Flux (GtCO, yr?)
(]

-10 1

<13 = - . :
1960 1980 2000 2020

Year

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
Source: Friedlingstein et al 2025; Global Carbon Project 2025
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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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Source: Friedlingstein et al 2025; Global Carbon Project 2025
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The remaining carbon budget to limit global warming to 1.5°C, 1.7°Cand 2°C s
170 GtCO,, 525 GtCO,, and 1055 GtCO, respectively, equivalent to 4, 12 and 25 years from 2026.
A total of 2770 GtCO, has been emitted since 1850.

1.5°C 1.7°C 2.0°C

(50% likelihood) (50% likelihood) (50% likelihood)

m Consumed
Gt COz » Remaining

The remaining carbon budgets are the average of two estimates (IPCC AR6 and Forster et al., 2025), both updated by removing the most recent emissions.
Quantities are subject to additional uncertainties e.g., future mitigation choices of non-CO, emissions
Source: IPCC AR6 WG1; Forster et al., 2023; Friedlingstein et al 2025; Global Carbon Project 2025
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Global CO, emissions must reach zero to limit global warming.
All-else-equal, the later the net zero year, the higher the warming level.

45 Gt CO, -Global CO; pathways using Remaining Carbon Budgets
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Source: Friedlingstein et al 2025; Global Carbon Project 2025
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GLOBAL | CARBON Emissions changes 2023-2025
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Emissions from coal in China and India have been a core reason for global growth, but in 2025 this growth is low.
Both 2023 and 2024 were marked by post-pandemic recovery in international aviation (bunkers).

Changes in global fossil CO, emissions by region and fuel
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Bunkers is international
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other countries.
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Source: Friedlingstein et al 2025; Global Carbon Project 2025
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Emissions by country from 2000 to 2025, with the growth rates
indicated for the more recent period of 2020 to 2025

Global Annual Fossil CO, Emissions, 2000-25

Annual growth rates from 2020-2025. Includes projection for 2025.
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CO, —
+2.6%/yr
12 - -
8 -
+0.6%/yr
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Source: Friedlingstein et al 2025; Global Carbon Project 2025
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Per capita CO, emissions
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Annual growth rates from 2020-2025. Includes projection for 2025.
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Emission intensity (emission per unit economic output) generally declines over time.
In many countries, these declines are insufficient to overcome economic growth.

4.0 kg _Annual fossil CO, emissions per unit GDP (PPP): top four emitters
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GDP is measured in purchasing power parity (PPP) terms in 2017 US dollars.
Source: Friedlingstein et al 2025; Global Carbon Project 2025
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The Kaya decomposition illustrates that relative decoupling of economic growth from CO, emissions
is driven by improved energy intensity (Energy/GDP) and, recently, carbon intensity of energy (CO,/Energy)

Kaya decomposition of global emissions growth

Changes relative to 2000 , GDP
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Energy
1.5 1 / Fossil CO,

L ey
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f../
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GDP: Gross Domestic Product (economic activity)
Source: Friedlingstein et al 2025; Global Carbon Project 2025
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The 10 largest economies have a wide range of emission intensity of economic activity

Fossil CO, Emissions Intensity and GDP
0.5 kg Top ten by GDP - GDP measured using PPP in constant 2017 USD

CO,/USD

0.4

0.3
World average
0.3 kg/USD
0.2
0.1
0
0 20 40 60 80 trillion USD

@@®Global Carbon Project e Data year: 2024

Emission intensity: Fossil CO, emissions divided by Gross Domestic Product (GDP)
Source: Friedlingstein et al 2025; Global Carbon Project 2025
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The 10 most populous countries span a wide range of development and emissions per capita

Fossil CO, Emissions Per Capita and Population
Top ten by population

121 CO,

World average
4.7 tonnes/capita

Pakistan
X/Bangladesh

/ \ZNigeria

European Union (27)

0
0 1 2 3 4 Dbillion

@® Global Carbon Project » Data year: 2024

Emission per capita: Fossil CO, emissions divided by population
Source: Friedlingstein et al 2025; Global Carbon Project 2025
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The responsibility of individual countries depends on perspective.
Bars indicate fossil CO, emissions, population, and GDP.

Fossil CO, emissions: Perspectives on responsibility

100% -~ s
80% - - All others
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EU27
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GDP: Gross Domestic Product in Market Exchange Rates (MER) and Purchasing Power Parity (PPP)
Source: United Nations; Friedlingstein et al 2025; Global Carbon Project 2025
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GLOBAL @on Breakdown of global fossil CO, emissions by country

Annual Fossil CO, Emissions
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Source: Friedlingstein et al 2025; Global Carbon Project 2025
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Asia dominates global fossil CO, emissions, while emissions in North America
are of similar size to those in Europe, and the Middle East is growing rapidly.

Annual Fossil CO, Emissions by Continent
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Source: Friedlingstein et al 2025; Global Carbon Project 2025
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Oceania and North America have the highest per capita emissions, while the Middle East has recently overtaken Europe.
Africa has by far the lowest emissions per capita.

Annual Fossil CO, Emissions by Continent: Per Capita
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Source: Friedlingstein et al 2025; Global Carbon Project 2025
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Additional Figures
Consumption-based Emissions

Consumption—based emissions allocate emissions to the location that goods and services are
consumed

Consumption-based emissions = Production/Territorial-based emissions minus emissions
embodied in exports plus the emissions embodied in imports
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Allocating fossil CO, emissions to consumption provides an alternative perspective.
USA and EU are net importers of embodied emissions, China and India are net exporters.

Annual Territorial and Consumption Emissions
14 Gt -
CO,

12

10 -

Territorial

O I T I T I I
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Consumption-based emissions are calculated by adjusting the
standard emissions estimates to account for international trade
Source: Peters et al 2011; Friedlingstein et al 2025; Global Carbon Project 2025
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The differences between fossil CO, emissions per capita is larger than the
differences between consumption and territorial emissions.

Annual Territorial and Consumption Emissions per capita
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Consumption-based emissions are calculated by adjusting the
standard emissions estimates to account for international trade
Source: Peters et al 2011; Friedlingstein et al 2025; Global Carbon Project 2025
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Transfers of emissions embodied in trade between OECD and non-OECD countries grew
slowly during the 2000’s, declined to 2015 and have been relatively flat since then.

Annual Territorial and Consumption Emissions
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Source: Peters et al 2011; Friedlingstein et al 2025; Global Carbon Project 2025
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Additional Figures
Historical Emissions
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Land-use change was the dominant source of annual CO, emissions until around 1950.
Fossil CO, emissions now dominate global changes.

Annual Global Emissions
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Others: Emissions from cement production, gas flaring and carbonate decomposition
Source: Friedlingstein et al 2025; Global Carbon Project 2025
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Cumulative Global CO, Emissions: Shares
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Source: Friedlingstein et al 2025; Global Carbon Project 2025
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Cumulative Shares of Historical Fossil CO, Emissions

100%

80%
United Kingdom
Japan
60% Russia
EU27
40% India
USA
20%
China

0%
1860 1880 1900 1920 1940 1960 1980 2000 2024
@®Global Carbon Project

‘All others’ includes all other countries along with emissions from international aviation and maritime shipping
Source: Friedlingstein et al 2025; Global Carbon Project 2025
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Cumulative fossil CO, emissions (1850-2024). North America and Europe have
contributed the most cumulative emissions, but Asia is growing fast

Cumulative Shares of Historical Fossil CO, Emissions
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The figure excludes emissions from international aviation and maritime shipping
Source: Friedlingstein et al 2025; Global Carbon Project 2025
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