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TIME SERIES: 2002-2016
Data source: Atmospheric Infrared Sounder (AIRS).
See the video here:  http://climate.nasa.gov/vital-signs/carbon-dioxide/

Greenhouse effect

Explore more at: https://climate.nasa.gov/

http://climate.nasa.gov/vital-signs/carbon-dioxide/
https://climate.nasa.gov/
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Atmosphere composition (ppm CO2)

CLIMATE SYSTEM 
FUNCTIONING 

(e.g. temperature increase)

Meinshausen, M., S. J. Smith, K. V. Calvin, J. S. Daniel, M. L. T. Kainuma, J.-F. Lamarque, K. Matsumoto, S. A. Montzka, S. 
C. B. Raper, K. Riahi, A. M. Thomson, G. J. M. Velders and D. van Vuuren (2011). "The RCP Greenhouse Gas 
Concentrations and their Extension from 1765 to 2300." Climatic Change (Special Issue), DOI: 10.1007/s10584-011-0156-z, 
freely available online (PDF) 

tn

Land-
atmosphere 

models

Technological-
economic models

Human activities (e.g. energy use)

GREENHOUSE GAS 
EMISSIONS (e.g. tCO2 from 
combustion of fossil fuels)

http://download.springer.com/static/pdf/609/art:10.1007/s10584-011-0156-z.pdf%3Fauth66=1425899638_452a1bfa3aff873b681a62a6996e0c6a&ext=.pdf
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Global Carbon Budget

2019
http://www.globalcarbonproject.org/carbonbudget/index.htm
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All the data is shown in billion tonnes CO2 (GtCO2)

1 Gigatonne (Gt) = 1 billion tonnes = 1×1015g = 1 Petagram (Pg)

1 kg carbon (C) = 3.664 kg carbon dioxide (CO2)

1 GtC = 3.664 billion tonnes CO2 = 3.664 GtCO2

(Figures in units of GtC and GtCO2 are available from http://globalcarbonbudget.org/carbonbudget) 

Most figures in this presentation are available for download as PDF or PNG
from tinyurl.com/GCB17figs along 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.

http://globalcarbonbudget.org/carbonbudget
https://tinyurl.com/GCB17figs
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Anthropogenic perturbation of the global carbon cycle

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

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

CO2

Carbon Balance

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/
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Global Methane Budget 2003-2012

http://www.globalcarbonatlas.org

CH4

Global Methane BudgetMethane Balance

http://www.globalcarbonatlas.org/
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©2006 Myron B. Thompson Academy

Global Nitrous oxide (N2O) Budget

MTN= millions of tons of nitrogen per year.

N2O Balance
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CFCs & HFCs F-gases evolution
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IPCC, 2013

(t, Mt, Gt | unidades de massa)

(ppm, ppb, ppt | 
unidades de volume)

Mt = milhão de toneladas (106 t) 
Gt = mil milhões de toneladas (109 t)
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Fossil CO2 Emissions

from fossil fuel use and industry
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Global Fossil CO2 Emissions

Uncertainty is ±5% for 
one standard deviation 

(IPCC “likely” range)

Global fossil CO2 emissions: 36.6 ± 2 GtCO2 in 2018, 61% over 1990
Projection for 2019: 36.8 ± 2 GtCO2, 0.6% higher than 2018 (range -0.2% to 1.5%)

Fossil CO2 emissions will likely be more than 4% higher in 2019 than the year of the Paris Agreement in 2015

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

https://energy.appstate.edu/research/work-areas/cdiac-appstate
https://doi.org/10.5194/essd-11-1783-2019
http://www.globalcarbonproject.org/carbonbudget/
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Fossil CO2 Emissions by source

Share of global fossil CO2 emissions in 2018:
coal (40%), oil (34%), gas (20%), cement (4%), flaring (1%, not shown)

Source: CDIAC; Peters et al 2019; Friedlingstein et al 2019; Global Carbon Budget 2019

https://energy.appstate.edu/research/work-areas/cdiac-appstate
https://doi.org/10.1038/s41558-019-0659-6
https://doi.org/10.5194/essd-11-1783-2019
http://www.globalcarbonproject.org/carbonbudget/
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Fossil CO2 Emissions by source

Source: CDIAC; Jackson et al 2019; Global Carbon Budget 2019

Emissions by category from 2000 to 2018, with growth rates indicated for the 
more recent period of 2013 to 2018

https://energy.appstate.edu/research/work-areas/cdiac-appstate
https://doi.org/10.1088/1748-9326/ab57b3
http://www.globalcarbonproject.org/carbonbudget/
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Top emitters: Fossil CO2 emissions
The top six emitters in 2018 covered 67% of global emissions

China 28%, United States 15%, EU28 9%, India 7%, Russia 5%, and Japan 3%

Bunker fuels, used for international transport, are 3.4% of global emissions.
Source: CDIAC; Peters et al 2019; Friedlingstein et al 2019; Global Carbon Budget 2019

https://energy.appstate.edu/research/work-areas/cdiac-appstate
https://doi.org/10.1038/s41558-019-0659-6
https://doi.org/10.5194/essd-11-1783-2019
http://www.globalcarbonproject.org/carbonbudget/
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Fossil CO2 Emissions in China

China’s emissions are dominated by coal use, with strong and sustained growth in oil & gas
The recent declines in coal emissions may soon be undone if the return to growth persists

Source: CDIAC; Friedlingstein et al 2019; Global Carbon Budget 2019

Electricidade e calor
Indústria

https://energy.appstate.edu/research/work-areas/cdiac-appstate
https://doi.org/10.5194/essd-11-1783-2019
http://www.globalcarbonproject.org/carbonbudget/
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Fossil CO2 Emissions in USA

USA’s CO2 emissions have declined since 2007, driven by coal being displaced by 
gas, solar, & wind. Oil use has returned to growth. Emissions growth in 2018 was 

driven partly by weather.

Source: CDIAC; Friedlingstein et al 2019; Global Carbon Budget 2019

Electricidade 
e calor
Indústria

Transportes

https://energy.appstate.edu/research/work-areas/cdiac-appstate
https://doi.org/10.5194/essd-11-1783-2019
http://www.globalcarbonproject.org/carbonbudget/
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Fossil CO2 Emissions in the European Union (EU28)

Emissions in the EU28 declined steadily from 2008 (the Global Financial Crisis) to 2014, 
but oil and gas emissions are growing again. A small decline is expected in 2019.

Source: CDIAC; Friedlingstein et al 2019; Global Carbon Budget 2019

Electricidade 
e calor
Indústria

Transportes

https://energy.appstate.edu/research/work-areas/cdiac-appstate
https://doi.org/10.5194/essd-11-1783-2019
http://www.globalcarbonproject.org/carbonbudget/
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Fossil CO2 Emissions in India

India’s emissions are growing strongly along with rapid growth in economic activity.
Although India is rapidly deploying solar & wind power, coal continues to grow.

Source: CDIAC; Friedlingstein et al 2019; Global Carbon Budget 2019

Electricidade 
e calor
Indústria

Indústria
Transportes

https://energy.appstate.edu/research/work-areas/cdiac-appstate
https://doi.org/10.5194/essd-11-1783-2019
http://www.globalcarbonproject.org/carbonbudget/
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Fossil CO2 Emissions by Sector

Global fossil CO2 emissions are dominated by electricity, heat, & energy (45%), industry (23%), & national 
transport (19%).

International aviation and marine bunkers are 3.5% & remaining sectors 10%.

Source: IEA 2019; Peters et al 2019; Global Carbon Budget 2019

https://webstore.iea.org/world-energy-balances-2019
https://doi.org/10.1038/s41558-019-0659-6
http://www.globalcarbonproject.org/carbonbudget/
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Top emitters: Fossil CO2 Emissions per capita

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

Source: CDIAC; Friedlingstein et al 2019; Global Carbon Budget 2019

https://energy.appstate.edu/research/work-areas/cdiac-appstate
https://doi.org/10.5194/essd-11-1783-2019
http://www.globalcarbonproject.org/carbonbudget/
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Top emitters: Fossil CO2 Emission Intensity

20162018

Emission intensity (emission per unit economic output) generally declines over time.
In many countries, these declines are insufficient to overcome economic growth.

GDP is measured in purchasing power parity (PPP) terms in 2010 US dollars.
Source: CDIAC; IEA 2018 GDP to 2016, IMF 2019 growth rates to 2018; Friedlingstein et al 2019; Global Carbon Budget 2019

https://energy.appstate.edu/research/work-areas/cdiac-appstate
https://webstore.iea.org/co2-emissions-from-fuel-combustion-2018
https://www.imf.org/en/publications/weo
https://doi.org/10.5194/essd-11-1783-2019
http://www.globalcarbonproject.org/carbonbudget/
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Fossil CO2 emission intensity

Global CO2 emissions growth has generally resumed quickly from financial crises.
Emission intensity has steadily declined but not sufficiently to offset economic growth.

Economic activity is measured in purchasing power parity (PPP) terms in 2010 US dollars.
Source: CDIAC; Peters et al 2012; Friedlingstein et al 2019; Global Carbon Budget 2019

https://energy.appstate.edu/research/work-areas/cdiac-appstate
http://dx.doi.org/10.1038/nclimate1783
https://doi.org/10.5194/essd-11-1783-2019
http://www.globalcarbonproject.org/carbonbudget/
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Breakdown of global fossil CO2 emissions by country

Emissions in OECD countries have increased by 5% since 1990, despite declining 10% from their 
maximum in 2007. Emissions in non-OECD countries & from international shipping and aviation 

(bunkers) have more than doubled since 1990

Source: CDIAC; Friedlingstein et al 2019; Global Carbon Budget 2019

https://energy.appstate.edu/research/work-areas/cdiac-appstate
https://doi.org/10.5194/essd-11-1783-2019
http://www.globalcarbonproject.org/carbonbudget/
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Historical cumulative fossil CO2 emissions by country

Cumulative fossil CO2 emissions were distributed (1870–2018):
USA 25%, EU28 22%, China 13%, Russia 7%, Japan 4% and India 3%

Cumulative emissions (1990–2018) were distributed China 20%, USA 20%, EU28 14%, Russia 6%, India 5%, Japan 4%
‘All others’ includes all other countries along with international bunker fuels
Source: CDIAC; Friedlingstein et al 2019; Global Carbon Budget 2019

https://energy.appstate.edu/research/work-areas/cdiac-appstate
https://doi.org/10.5194/essd-11-1783-2019
http://www.globalcarbonproject.org/carbonbudget/
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Consumption-based emissions (carbon footprint)

Transfers of emissions embodied in trade between OECD and non-OECD countries grew slowly 
during the 2000’s, but has since slowly declined.

Source: CDIAC; Peters et al 2011; Friedlingstein et al 2019; Global Carbon Budget 2019

https://energy.appstate.edu/research/work-areas/cdiac-appstate
http://www.pnas.org/content/108/21/8903
https://doi.org/10.5194/essd-11-1783-2019
http://www.globalcarbonproject.org/carbonbudget/
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Major flows from production to consumption

Flows from location of generation of emissions to location of
consumption of goods and services

Values for 2011. EU is treated as one region. Units: MtCO2
Source: Peters et al 2012

http://www.biogeosciences.net/9/3247/2012/bg-9-3247-2012.html
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Land-use Change Emissions
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Land-use change emissions

Land-use change emissions are highly uncertain, with no clear trend in the last decade.

Indonesian 
fires

Estimates from two bookkeeping models, using fire-based variability from 1997
Source: Houghton and Nassikas 2017; Hansis et al 2015; van der Werf et al. 2017; 
Friedlingstein et al 2019; Global Carbon Budget 2019

https://dx.doi.org/10.1002/2016GB005546
http://dx.doi.org/10.1002/2014GB004997
https://doi.org/10.5194/acp-10-11707-2010
https://doi.org/10.5194/essd-11-1783-2019
http://www.globalcarbonproject.org/carbonbudget/
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Total global emissions

Total global emissions: 42.1 ± 2.8 GtCO2 in 2018, 55% over 1990
Percentage land-use change: 39% in 1960, 14% averaged 2009–2018

Land-use change estimates from two bookkeeping models, using fire-based variability from 1997
Source: CDIAC; Houghton and Nassikas 2017; Hansis et al 2015; van der Werf et al. 2017; 
Friedlingstein et al 2019; Global Carbon Budget 2019

https://energy.appstate.edu/research/work-areas/cdiac-appstate
https://dx.doi.org/10.1002/2016GB005546
http://dx.doi.org/10.1002/2014GB004997
https://doi.org/10.5194/acp-10-11707-2010
https://doi.org/10.5194/essd-11-1783-2019
http://www.globalcarbonproject.org/carbonbudget/
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Total global emissions by source

Land-use change was the dominant source of annual CO2 emissions until around 1950.
Fossil CO2 emissions now dominate global changes.

Others: Emissions from cement production and gas flaring
Source: CDIAC; Houghton and Nassikas 2017; Hansis et al 2015; Friedlingstein et al 2019; Global Carbon Budget 2019

https://energy.appstate.edu/research/work-areas/cdiac-appstate
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/
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Historical cumulative emissions by source

Land-use change represents about 30% of cumulative emissions over 1870–2018,
coal 33%, oil 25%, gas 10%, and others 2% 

Others: Emissions from cement production and gas flaring
Source: CDIAC; Houghton and Nassikas 2017; Hansis et al 2015; Friedlingstein et al 2019; Global Carbon Budget 2019

https://energy.appstate.edu/research/work-areas/cdiac-appstate
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/
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Closing the Global Carbon Budget
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Fate of anthropogenic CO2 emissions (2009–2018)

29%
11.5 GtCO2/yr

23%
9.2 GtCO2/yr

34.7 GtCO2/yr

86%

14%
5.5 GtCO2/yr

17.9 GtCO2/yr

44%

Sources  =  Sinks

4%
1.6 GtCO2/yr

Budget Imbalance: 
(the difference between estimated sources & sinks)
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Global carbon budget

Carbon emissions are partitioned among the atmosphere and carbon sinks on land and in the ocean
The “imbalance” between total emissions and total sinks reflects the gap in our understanding

Source: CDIAC; NOAA-ESRL; Houghton and Nassikas 2017; Hansis et al 2015; Joos et al 2013;
Khatiwala et al. 2013; DeVries 2014; Friedlingstein et al 2019; Global Carbon Budget 2019

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
http://www.atmos-chem-phys.net/13/2793/2013/acp-13-2793-2013.html
https://dx.doi.org/10.5194/bg-10-2169-2013
https://dx.doi.org/10.1002/2013GB004739
https://doi.org/10.5194/essd-11-1783-2019
http://www.globalcarbonproject.org/carbonbudget/
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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 CO2 in the atmosphere

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: CDIAC; NOAA-ESRL; Houghton and Nassikas 2017; Hansis et al 2015; Friedlingstein et al 2019; Global Carbon 
Budget 2019

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/
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Atmospheric concentration

The atmospheric concentration growth rate has shown a steady increase
The high growth in 1987, 1998, & 2015–16 reflect a strong El Niño, which weakens the land sink

Source: NOAA-ESRL; Global Carbon Budget 2018

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

Published on 12 December 2016

2016

PowerPoint version 1.0 (released 12 December 2016)

The Global Methane budget for 2000-2012



ãJúlia Seixas, FCT-UNL, 2020
42

Observed Concentrations Compared to IPCC Projections
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Global Methane Budget 2003-2012

http://www.globalcarbonatlas.org

http://www.globalcarbonatlas.org
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Fresh waters     122 [100%]
Wild animals       10 [100%]

Wild fires         3 [100%]
Termites         9 [120%]

Geological       40  [50%]
Oceans         3 [100%]

Permafrost         1 [100%]

Global methane emissions 2003-2012

ç Natural wetlands è

çOther natural emissionsè
çBiomass/biofuel burningè

ç Fossil fuel use è

ç Agriculture & waste è
167 [80%]185 [40%]

Top-down budget
Atmospheric inversions

559 TgCH4/yr [540-568]

Bottom-up budget
Process models, inventories, 

data driven methods
734 TgCH4/yr [596-884]

Mean [min-max range %]

64 [150%]199 [90%]
34 [55%]30 [30%]

105 [50%]121 [20%]

188 [65%]195 [15%]

Coal         42 [80%]
Gas & oil         79 [10%]

Rice         30 [10%]
Enteric ferm & manure       106 [20%]

Landfills & waste         59 [20%]

Source : Saunois et al. 2016, ESSD

Top-down budgetBottom-up budget

Bottom-up budget Top-down budget

(TgCH4/yr)

Mean [uncertainty=
min-max range %]

Mean [uncertainty=
min-max range %]
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Regional Methane Sources (2003-2012)

• 60% of global methane emissions come from tropical sources
• Anthropogenic sources are responsible for 60% of global emissions.

Source: Saunois et al. 2016 ERL  (Fig 2) 

Top-down 
budget

Inverse models 
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Antropogenic GHG emissions and climate

Athmosphere composition (ppm CO2)

GREENHOUSE GAS 
EMISSIONS (e.g. tCO2 from 
combustion of fossil fuels)

CLIMATE SYSTEM 
FUNCTIONING 

(e.g. temperature increase)

tn

Land-
atmosphere 

models
Technological-

economic models
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How will the future look like?
Emission scenarios



ãJúlia Seixas, FCT-UNL, 2020
48

Emissions Scenarios 



ãJúlia Seixas, FCT-UNL, 2020
49

Shared Socioeconomic Pathways (SSPs)

The Shared Socioeconomic Pathways (SSPs) are a set of five socioeconomic narratives that are 
used by Integrated Assessment Models to estimate potential future emission pathways

Marker Scenarios are in bold. Net emissions include those from land-use change and bioenergy with CCS.
Source: Riahi et al. 2016; Rogelj et al. 2018; IIASA SSP Database; Global Carbon Budget 2018

http://dx.doi.org/10.1016/j.gloenvcha.2016.05.009
https://www.nature.com/articles/s41558-018-0091-3
https://tntcat.iiasa.ac.at/SspDb/dsd%3FAction=htmlpage&page=welcome
http://www.globalcarbonproject.org/carbonbudget/
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http://www.iiasa.ac.at/web-apps/tnt/RcpDb/dsd?Action=htmlpage&page=welcome

“The radiative forcing trajectories were thus termed “Representative Concentration 
Pathways” (RCPs). The RCPs are not associated with unique socioeconomic 
assumptions or emissions scenarios (including land-cover changes) but can result 
from different combinations of economic, technological, demographic, policy, and 
institutional futures”.
(Source: IPCC Scenario Process for AR5)

Emissions Scenarios

http://www.iiasa.ac.at/web-apps/tnt/RcpDb/dsd%3FAction=htmlpage&page=welcome
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Observed emissions and emissions scenarios

To know more on RCPs please read Meinshausen et al (2011)

ACORDO DE 
PARIS

https://link.springer.com/article/10.1007/s10584-011-0156-z
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Emissions must decline rapidly

CO2 emissions need to rapidly decline to follow pathways consistent with the Paris targets
(Projection for 2018 emissions in red)

Source: Huppmann et al 2018; IAMC 1.5C Scenario Database; IPCC SR15; Jackson et al 2018; Global 
Carbon Budget 2018

https://doi.org/10.22022/SR15/08-2018.15429
https://data.ene.iiasa.ac.at/iamc-1.5c-explorer/
https://www.ipcc.ch/report/sr15/
https://doi.org/10.1088/1748-9326/aaf303
https://doi.org/10.1088/1748-9326/af303
http://www.globalcarbonproject.org/carbonbudget/
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T<2.0ºC, >66%

Carbon quota for a >66% chance to keep below 2ºC 

Historical emissions 1870-2016: 2100GtCO2. All values rounded to the nearest 50 GtCO2

The remaining quotas are indicative and vary depending on definition and methodology (Rogelj et al 2016).
Source: IPCC AR5 SYR (Table 2.2); Le Quéré et al 2016; Global Carbon Budget 2016

2100
GtCO2

For a >66% chance to keep global average temperature below 2º C above pre-industrial levels,
society can emit 2900 billion tonnes CO2 from 1870 or about 800 billion tonnes CO2 from 2017

Indicative range
450-1050GtCO2

800
GtCO2

http://www.nature.com/nclimate/journal/v6/n3/full/nclimate2868.html
https://www.ipcc.ch/report/ar5/syr/
http://dx.doi.org/10.5194/essd-8-605-2016
http://www.globalcarbonproject.org/carbonbudget/
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Emissions Scenarios (put in a past perspective) 
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Steffen et al. The trajectory of the Anthropocene: The Great Acceleration (Anthropocene Review) 16 January 2015. Design: Globaia 

Increasing rates of change in human activity since the beginning of the Industrial Revolution. 
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