
Global Carbon Budget

Published on 4 December 2019

2019

PowerPoint version 1.0 (released 4 December 2019)

The GCP is a Global
Research Project of

and a Research
Partner of

The Role of Atmospheric Observations in the



Contributors 76 people | 58 organisations | 13 countries

P Friedlingstein UK | MW Jones UK | M O’Sullivan UK | RM Andrew Norway | J Hauck Germany |
GP Peters Norway | W Peters Netherlands | J Pongratz Germany | S Sitch UK | C Le Quéré UK | DCE Bakker UK |  

JG Canadell Australia | P Ciais France | RB Jackson USA 

Peter Anthony Germany | Leticia Barbero USA | Ana Bastos Germany | Vladislav Bastrikov France | Meike Becker 
Norway | Laurent Bopp France | Erik Buitenhuis UK | Naveen Chandra Japan | Frédéric Chevallier France | Louise P. 
Chini USA | Kim Currie New Zealand | Richard Feely USA | Marion Gehlen France | Dennis Gilfillan USA | Thanos 
Gkritzalis Belgium | Daniel S. Goll USA | Nicolas Gruber Switzerland | Sören Gutekunst Germany | Ian Harris UK | 
Vanessa Haverd Australia| Richard A. Houghton USA | George Hurtt USA | Tatiana Ilyina Germany | Atul K. Jain USA | 
Emilie Joetzjer France |Jed Kaplan Hong Kong | Etsushi Kato Japan | Kees Klein Goldewijk The Netherlands | Jan Ivar 
Korsbakken Norway | Peter Landschützer Germany | Siv Lauvet Norway | Nathalie Lefèvre France | Andrew Lenton 
Australia | Sebastian Lienert Switzerland | Danica Lombardozzi USA | Greg Marland USA | Patrick McGuire UK | Joe 
Melton Canada | Nicolas Metzl France | David R. Munro USA | Julia E. M. S. Nabel Germany | Shin-ichiro Nakaoka
Japan | Craig Neill Australia | Abdirahman M. Omar Norway | Tsueno Ono Japan | Anna Peregon France | Denis Pierrot
USA | Benjamin Poulter USA | Gregor Rehder Germany | Laure Resplandy USA | Eddy Robertson UK | Christian 
Rödenbeck Germany | Roland Séférian France | Jörg Schwinger Norway | Naomi Smith USA | Pieter P. Tans USA | 
Hanqin Tian USA | Bronte Tilbrook Australia | Francesco N. Tubiello Italy| Guido R. van der Werf The Netherlands | 
Andrew J. Wiltshire UK | Sönke Zaehle Germany

Atlas Team Members at LSCE, France
P Ciais | A Peregon | P Peylin | P Brockmann

Communications Team
A Scrutton | N Hawtin | A Minns | K Mansell (European Climate Foundation)



Constructing the Global Carbon Budget

Perturbation of the global carbon cycle caused by anthropogenic activities,
averaged globally for the decade 2009–2018 (GtCO2/yr)

Source: CDIAC; NOAA-ESRL; Friedlingstein et al 2019; Ciais et al. 2013; Global Carbon Budget 2019

https://energy.appstate.edu/research/work-areas/cdiac-appstate
http://www.esrl.noaa.gov/gmd/ccgg/trends/
https://doi.org/10.5194/essd-11-1783-2019
http://www.climatechange2013.org/
http://www.globalcarbonproject.org/carbonbudget/


Anthropogenic perturbation of the global carbon cycle

The budget imbalance is the difference between the estimated emissions and sinks. 
Source: CDIAC; NOAA-ESRL; Friedlingstein et al 2019; Ciais et al. 2013; Global Carbon Budget 2019

𝐺𝐺𝐴𝐴𝐴𝐴𝐴𝐴 ≈ 𝐸𝐸𝐹𝐹𝐹𝐹 + 𝐸𝐸𝐿𝐿𝐿𝐿𝐿𝐿 − 𝑆𝑆𝐿𝐿𝐴𝐴𝐿𝐿𝐿𝐿 − 𝑆𝑆𝑂𝑂𝐿𝐿𝑂𝑂𝐴𝐴𝐿𝐿

https://energy.appstate.edu/research/work-areas/cdiac-appstate
http://www.esrl.noaa.gov/gmd/ccgg/trends/
https://doi.org/10.5194/essd-11-1783-2019
http://www.climatechange2013.org/
http://www.globalcarbonproject.org/carbonbudget/


Anthropogenic perturbation of the global carbon cycle

The budget imbalance is the difference between the estimated emissions and sinks. 
Source: CDIAC; NOAA-ESRL; Friedlingstein et al 2019; Ciais et al. 2013; Global Carbon Budget 2019

𝐺𝐺𝐴𝐴𝐴𝐴𝐴𝐴 = 𝐸𝐸𝐹𝐹𝐹𝐹 + 𝐸𝐸𝐿𝐿𝐿𝐿𝐿𝐿 − 𝑆𝑆𝐿𝐿𝐴𝐴𝐿𝐿𝐿𝐿 − 𝑆𝑆𝑂𝑂𝐿𝐿𝑂𝑂𝐴𝐴𝐿𝐿 − 𝐵𝐵𝐼𝐼𝐴𝐴

https://energy.appstate.edu/research/work-areas/cdiac-appstate
http://www.esrl.noaa.gov/gmd/ccgg/trends/
https://doi.org/10.5194/essd-11-1783-2019
http://www.climatechange2013.org/
http://www.globalcarbonproject.org/carbonbudget/


Atmospheric concentration

Globally averaged surface atmospheric CO2 concentration. Data from: NOAA-ESRL after 1980; 
the Scripps Institution of Oceanography before 1980 (harmonised to recent data by adding 0.542ppm)

Source: NOAA-ESRL; Scripps Institution of Oceanography; Friedlingstein et al 2019; Global Carbon Budget 2019

Atmospheric 
Observations:

• 1959-1979: CO2 
programme at Scripps 
Institution of 
Oceanography (Mauna Loa 
and South Pole stations)

• 1979-Present: US National 
Oceanic and Atmospheric 
Administration Earth 
System Research 
Laboratory (NOAA ESRL)

http://www.esrl.noaa.gov/gmd/ccgg/trends/
https://scripps.ucsd.edu/
https://doi.org/10.5194/essd-11-1783-2019
http://www.globalcarbonproject.org/carbonbudget/


Atmospheric concentration

Improving atmospheric concentration measurements have led to reduced uncertainty in the 
growth rate of atmospheric CO2

Source: NOAA-ESRL; Global Carbon Budget 2019

http://www.esrl.noaa.gov/gmd/ccgg/trends/
http://www.globalcarbonproject.org/carbonbudget/


The 2019 projection is based on preliminary data and modelling.
Source: CDIAC; Friedlingstein et al 2019; Global Carbon Budget 2019

Global Fossil CO2 Emissions

Fossil CO2 Emissions
Estimate based on:

• UNFCCC national 
inventory reports

• Carbon Dioxide 
Information Analysis 
Center (CDIAC)

• BP Statistical Review of 
World Energy

• Cement emissions 
inventory from Andrew 
(2019)

https://energy.appstate.edu/research/work-areas/cdiac-appstate
https://doi.org/10.5194/essd-11-1783-2019
http://www.globalcarbonproject.org/carbonbudget/


Land Use Change Emissions

Source: Friedlingstein et al 2019 (see Table 4 for detailed references)

Land Use Change 
Emissions Estimate 

based on:

• 2 bookkeeping 
models

https://doi.org/10.5194/essd-11-1783-2019


Land Sink

Source: Friedlingstein et al 2019 (see Table 4 for detailed references)

Land Sink Estimate 
based on:

• 16 Dynamics Global 
Vegetation Models 
(DGVMs)

https://doi.org/10.5194/essd-11-1783-2019


Ocean sink

Source: SOCATv6; Bakker et al 2016; Friedlingstein et al 2019; Global Carbon Budget 2019
Individual estimates from: Aumont and Bopp (2006); Berthet et al. (2018); Buitenhuis et al. (2010); Doney et al. (2009); Hauck et al. (2016); Landschützer et al. (2016); Mauritsen et al. (2018); 

Rödenbeck et al. (2014); Schwinger et al. (2016). Full references provided in Le Quéré et al. (2018).

Ocean Sink Estimate based 
on:

• 9 Global Ocean 
Biogeochemistry 
Models (GOBMs)

• Uncertainty assessment 
informed by data-based 
flux products

https://www.socat.info/
https://doi.org/10.5194/essd-8-383-2016
https://doi.org/10.5194/essd-11-1783-2019
http://www.globalcarbonproject.org/carbonbudget/


Fate of anthropogenic CO2 emissions (2009–2018)

Source: CDIAC; NOAA-ESRL; Houghton and Nassikas 2017; Hansis et al 2015; Friedlingstein et al 2019; Global Carbon Budget 2019
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https://energy.appstate.edu/research/work-areas/cdiac-appstate
http://www.esrl.noaa.gov/gmd/ccgg/trends/
https://dx.doi.org/10.1002/2016GB005546
http://dx.doi.org/10.1002/2014GB004997
https://doi.org/10.5194/essd-11-1783-2019
http://www.globalcarbonproject.org/carbonbudget/


Inversion Models in the Global Carbon Budget

Source: Friedlingstein et al 2019 (see Table 4 for detailed references)

Total land and ocean fluxes show greatest interannual variability in the tropics

https://doi.org/10.5194/essd-11-1783-2019


The Global Carbon Budget 2019

And livestreamed
via the 
COP 25

side events 
webcast page

TAKING YOUR QUESTIONS ON: 

• the latest global carbon budget figures
• the remaining carbon budget
• what this means for the Paris Agreement  

Wednesday 4 
December 

16:45-18:15 CET
UNFCCC Pavilion

Room 5

Glen Peters | CICERO Center for International Climate Research, Norway
Matt Jones | Tyndall Centre for Climate Change Research, University of East Anglia, UK 
Joeri Rogelj | Imperial College London, UK

+
an expert 

discussion panel

https://unfccc.int/process-and-meetings/parties-non-party-stakeholders/non-party-stakeholders/side-events-webcast-page
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