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G L o B A L The Global Carbon Atlas is 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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All the data is shown in billion tonnes CO, (GtCO,)
1 Gigatonne (Gt) = 1 billion tonnes = 1 X 101°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 in units of GtC and GtCO, are available from http://globalcarbonbudget.org/carbonbudget)

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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Perturbation of the global carbon cycle caused by anthropogenic activities,
averaged globally for the decade 2006-2015 (GtCO,/yr)

Global carbon dioxide budget

(gigatonnes of carbon dioxide per year)

2006-2015
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industry growth Land sink
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Data: CDIAC/NOAA-ESRL/GCP

Source: CDIAC; NOAA-ESRL; Le Quéré et al 2016; Global Carbon Budget 2016
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Emissions from fossil fuel use and industry

Global emissions from fossil fuel and industry: 36.3 £ 1.8 GtCO, in 2015, 63% over 1990
® Projection for 2016: 36.4 = 2.3 GtCO,, 0.2% higher than 2015

Dlata: CDIAC/GICF’/BP/USG:S
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Estimates for 2014 and 2015 are preliminary. Growth rate is adjusted for the leap year in 2016.
Source: CDIAC; Le Quéré et al 2016; Global Carbon Budget 2016
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The emission pledges to the Paris Agreement avoid the worst effects of climate change (4-5°C)
Most studies suggest the pledges give a likely temperature increase of about 3°Cin 2100

Data: CDIAQ/GCP/IPCC/Fuss et al 2|014
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The IPCC Fifth A‘s‘sess}ment Report assessed about 1200 scenarios with detailed climate modelling on four Representative
Concentration Pathways (RCPs)
Source: Fuss et al 2014; CDIAC; IASA AR5 Scenario Database; Global Carbon Budget 2016
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In the lead up to the IPCC’s Sixth Assessment Report new scenarios have been developed to
more systematically explore key uncertainties in future socioeconomic developments
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Five Shared Socioeconomic Pathways (SSPs) have been developed to explore challenges to adaptation and mitigation.
Shared Policy Assumptions (SPAs) are used to achieve target forcing levels (W/m?).

Source: Riahi et al. 2016; IIASA SSP Database; Global Carbon Budget 2016
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The top four emitters in 2015 covered 59% of global emissions
China (29%), United States (15%), EU28 (10%), India (6%)

Dlata: CDIAC/IGCP
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Bunker fuels are used for international transport is 3.1% of global emissions.
Statistical differences between the global estimates and sum of national totals are 1.2% of global emissions.
Source: CDIAC; Le Quéré et al 2016; Global Carbon Budget 2016
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Countries have a broad range of per capita emissions reflecting their national circumstances

Dlata: CDIAC/QCP
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Source: CDIAC: Le Quéré et al 2016; Global Carbon Budget 2016
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Emissions per unit economic output (emissions intensities) generally decline over time
China’s intensity is declining rapidly, but is still much higher than the world average

ElJata: CDIAC/GICP/IEA/IMF
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GDP are measured in purchasing power parity (PPP) terms in 2005 dollars.
Source: CDIAC; IEA 2015 GDP to 2013, IMF 2016 growth rates to 2015; Le Quéré et al 2016; Global Carbon Budget 2016
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Depending on perspective, the significance of individual countries changes

Data: CDIAC/GCP/IMF
100% 1 1 1 1

90% - -

80%

70% -

60% -

I India

50%

40% - | EU28
30%

USA
20% -

Proportion of global total

10% " China

0% -
Cumulative Production Consumption Population GDP
101816 1751-2014 2014 2014 2014 2014

GDP: Gross Domestic Product in Market Exchange Rates (MER) and Purchasing Power Parity (PPP)
Source: CDIAC; United Nations; Le Quéré et al 2016; Global Carbon Budget 2016
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Share of global emissions in 2015:
coal (41%), oil (34%), gas (19%), cement (6%), flaring (1%, not shown)

Dlata: CDIAC/QCP
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Source: CDIAC; Le Quéré et al 2016; Global Carbon Budget 2016
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Energy consumption by fuel source from 2000 to 2015, with growth rates indicated for the
more recent period of 2010 to 2015
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The biggest changes in emissions were from a decline in coal and an increase in oil

Data: CDIAC/GCP
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Source: CDIAC; Le Quéré et al 2016: Global Carbon Budget 2016
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Fossil fuel and cement emissions growth

Emissions in the US, China and Russia declined
Emissions in India and all other countries combined increased

Data: CDIAC/GCP
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Figure shows the top four countries contributing to emissions changes in 2015
Source: CDIAC; Le Quéré et al 2016; Global Carbon Budget 2016
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Emissions from Annex B countries have slightly declined since 1990
Emissions from non-Annex B countries have increased rapidly in the last decade

D:Elta: CDIAC/GICP
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Annex B countries had emission commitments in the Kyoto Protocol (USA did not ratify, Canada withdrew)
Source: CDIAC; Le Quéré et al 2016; Global Carbon Budget 2016
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Cumulative emissions from fossil-fuel and cement were distributed (1870-2015):
USA (26%), EU28 (23%), China (13%), Russia (7%), Japan (4%) and India (3%)

Datal: CDIAC/GICP
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Cumulative emissions (1990-2015) were distributed China (21%), USA (20%), EU28 (14%), Russia (6%), India/Japan (4%)
‘All others’ includes all other countries along with bunker fuels and statistical differences
Source: CDIAC; Le Quéré et al 2016; Global Carbon Budget 2016
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Cumulative emissions from fossil-fuel and cement (1870-2015)
North America and Europe responsible for most cumulative emissions, but Asia growing fast

Data: CDIAC/GCP
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The figure excludes bunker fuels and statistical differences
Source: CDIAC; Le Quéré et al 2016; Global Carbon Budget 2016
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Global emissions growth has generally recovered quickly from previous financial crises
It is unclear if the recent slowdown in global emissions is related to the Global Financial Crisis

D:elta: CDIAC/IGCP/IEA/IIV!F/PeterS et Ial. 2012
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Economic activity is measured in Purchasing Power Parity
Source: CDIAC; Peters et al 2012; Le Quéré et al 2016; Global Carbon Budget 2016
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The 10 largest economies have a wide range of emissions intensity of economic production

IData: CDIACIIGCP/UN
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Emission intensity: CO, emissions from fossil fuel and industry divided by Gross Domestic Product
Source: Global Carbon Budget 2016
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The 10 most populous countries span a wide range of development and emissions per person

IData: CDIAC/GICP/UN
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Emission per capita: CO, emissions from fossil fuel and industry divided by population
Source: Global Carbon Budget 2016
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Emissions 2015

Region/Country Per capita Total
tCO, per person GtCO, %
Global (with bunkers) 4.9 36.26 100
Developed Countries (Annex B

Annex B 10.6 12.97 35.8

USA 16.8 5.42 14.9

EU28 7.0 3.51 9.7

Russia 11.3 1.62 4.5

Japan 9.8 1.24 3.4

Canada 12.9 0.46 1.3

Developing Countries (Non-Annex B

Non-Annex B 3.5 21.72 59.9

China 7.5 10.36 28.6

India 1.7 2.27 6.3

Iran 8.2 0.65 1.8

Saudi Arabia 19.0 0.60 1.7

South Korea 11.8 0.59 1.6

International Bunkers

Aviation and Shipping - 1.57 4.3 _

Source: CDIAC; Le Quéré et al 2016; Global Carbon Budget 2016
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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 emissions to the consumption of products provides an alternative perspective
USA and EU28 are net importers of embodied emissions, China and India are net exporters

Data: CDIAC/GICP/Peters et gl 2011
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Consumption-based emissions are calculated by adjusting the
standard production-based emissions to account for international trade
Source: Peters et al 2011; Le Quéré et al 2016; Global Carbon Project 2016
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Transfers of emissions embodied in trade from non-Annex B countries to Annex B countries grew at
about 19% per year between 1990 and 2007, but have since declined at nearly 4% per year.

Dlata: CDIAC/GQP/Peters et aII 2011
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Annex B countries were used in the Kyoto Protocol, but this distinction is less relevant in the Paris Agreement
Source: CDIAC; Peters et al 2011; Le Quéré et al 2016; Global Carbon Budget 2016
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Flows from location of generation of emissions to location of
consumption of goods and services
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Values for 2011. EU is treated as one region. Units: MtCO,
Source: Peters et al 2012
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Flows from location of fossil fuel extraction to location of
consumption of goods and services
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crosaL carson Land-use change emissions

PROJECT

Emissions in the 2000s were lower than earlier decades, but highly uncertain
Higher emissions in 2015 are linked to increased fires during dry El Nifio conditions in Asia

Dlata: GCP
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fires \

Indonesian
fires
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Three different estimation methods have been used, indicated here by different shades of grey
Land-use change also emits CH, and N,O which are not shown here
Source: Houghton et al 2012; Giglio et al 2013; Le Quéré et al 2016; Global Carbon Budget 2016
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http://onlinelibrary.wiley.com/doi/10.1002/jgrg.20042/abstract
http://dx.doi.org/10.5194/essd-8-605-2016
http://www.globalcarbonproject.org/carbonbudget/
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Total global emissions: 41.9 == 2.8 GtCO, in 2015, 49% over 1990
Percentage land-use change: 36% in 1960, 9% averaged 2006-2015

Dlata: CDIAC/IGCF’
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Source: CDIAC: Houghton et al 2012; Giglio et al 2013; Le Quéré et al 2016; Global Carbon Budget 2016



http://cdiac.ornl.gov/trends/emis/meth_reg.html
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http://onlinelibrary.wiley.com/doi/10.1002/jgrg.20042/abstract
http://dx.doi.org/10.5194/essd-8-605-2016
http://www.globalcarbonproject.org/carbonbudget/

crosar carson Total global emissions by source
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Land-use change was the dominant source of annual CO, emissions until around 1950

Datal: CDIAC/G:CP
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Source: CDIAC; Houghton et al 2012; Giglio et al 2013; Le Quéré et al 2016; Global Carbon Budget 2016



http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://www.biogeosciences.net/9/5125/2012/bg-9-5125-2012.html
http://onlinelibrary.wiley.com/doi/10.1002/jgrg.20042/abstract
http://dx.doi.org/10.5194/essd-8-605-2016
http://www.globalcarbonproject.org/carbonbudget/

crosaL|carson Historical cumulative emissions by source
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Land-use change represents about 26% of cumulative emissions over 1870-2015,
coal 35%, oil 26%, gas 10%, and others 3%

Data: CDIAC/GCP
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Source: CDIAC; Houghton et al 2012; Giglio et al 2013; Le Quéré et al 2016; Global Carbon Budget 2016
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http://onlinelibrary.wiley.com/doi/10.1002/jgrg.20042/abstract
http://dx.doi.org/10.5194/essd-8-605-2016
http://www.globalcarbonproject.org/carbonbudget/
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16.4 GtCO,/yr
0)
34.1 GtCO,/yr 44%
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Sources = Sinks
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3.5 GtCO, /yr
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9.7 GtCO,/yr

Source: CDIAC: NOAA-ESRL; Houghton et al 2012: Giglio et al 2013: Le Quéré et al 2016; Global Carbon Budget 2016



http://cdiac.ornl.gov/trends/emis/meth_reg.html
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http://www.biogeosciences.net/9/5125/2012/bg-9-5125-2012.html
http://onlinelibrary.wiley.com/doi/10.1002/jgrg.20042/abstract
http://dx.doi.org/10.5194/essd-8-605-2016
http://www.globalcarbonproject.org/carbonbudget/

cosaL|carson  Global carbon budget
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The carbon sources from fossil fuels, industry, and land use change emissions are balanced by
the atmosphere and carbon sinks on land and in the ocean
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Source: CDIAC; NOAA-ESRL; Houghton et al 2012: Giglio et al 2013: Joos et al 2013; Khatiwala et al 2013:
Le Quéré et al 2016; Global Carbon Budget 2016
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http://www.esrl.noaa.gov/gmd/ccgg/trends/
http://www.biogeosciences.net/9/5125/2012/bg-9-5125-2012.html
http://onlinelibrary.wiley.com/doi/10.1002/jgrg.20042/abstract
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http://dx.doi.org/10.5194/essd-8-605-2016
http://www.globalcarbonproject.org/carbonbudget/
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crosaL|carson Changes in the budget over time
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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 CO, in the atmosphere
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http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://www.esrl.noaa.gov/gmd/ccgg/trends/
http://www.biogeosciences.net/9/5125/2012/bg-9-5125-2012.html
http://onlinelibrary.wiley.com/doi/10.1002/jgrg.20042/abstract
http://dx.doi.org/10.5194/essd-8-605-2016
http://www.globalcarbonproject.org/carbonbudget/

crosaL|carson Partitioning of total CO, emissions
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Atmospheric CO, growth rate was a record high in 2015 in spite of no growth in fossil fuel and
industry emissions because of a weaker CO, sink on land from hot & dry El Nifio conditions

Data: GCP
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The emissions (shown in black) include fossil fuels and industry and land-use change
Source: CDIAC: NOAA-ESRL: Houghton et al 2012; Giglio et al 2013: Joos et al 2013: Khatiwala et al 2013
Le Quéré et al 2016; Global Carbon Budget 2016



http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://www.esrl.noaa.gov/gmd/ccgg/trends/
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http://onlinelibrary.wiley.com/doi/10.1002/jgrg.20042/abstract
http://www.atmos-chem-phys.net/13/2793/2013/acp-13-2793-2013.html
http://www.biogeosciences-discuss.net/9/8931/2012/bgd-9-8931-2012.html
http://dx.doi.org/10.5194/essd-8-605-2016
http://www.globalcarbonproject.org/carbonbudget/
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The atmospheric concentration growth rate has shown a steady increase
The high growth in 1987, 1998, & 2015 reflects a strong El Niflo, which weakens the land sink
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Source: NOAA-ESRL; Global Carbon Budget 2016
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GLOBAL CARBON Ocean sink
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The ocean carbon sink continues to increase
9.7+1.8 GtCO,/yr for 2006-2015 and 11.1+1.8 GtCO,/yr in 2015
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Source: Le Quéré et al 2016; Global Carbon Budget 2016

Individual estimates from: Aumont and Bopp (2006); Buitenhuis et al. (2010); Doney et al. (2009); Hauck et al. (2016); Landschutzer et al. (2015);
Oke et al. (2013); Rodenbeck et al. (2014); Sérérian et al. (2013); Schwinger et al. (2016). Full references provided in Le Quéré et al. (2016).
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The residual land sink decreased to 6.9+3.2 GtCO,/yr in 2015, due to El Nifio conditions
Total CO, fluxes on land (including land-use change) are constrained by atmospheric inversions

this carbon budget
individual land models

fire-based estimate

Data: GCP
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Source: Le Quéré et al 2016; Global Carbon Budget 2016

Individual estimates from: Chevallier et al. (2005); Clarke et al. (2011); Jain et al. (2013); Kato et al. (2013); Krinner et al. (2005); Melton and Arora (2016); Oleson et al. (2013);
Peters et al. (2010); Reick et al. (2013); Rodenbeck et al. (2003); Sitch et al. (2003); Smith et al. (2014); Stocker et al. (2013); Tian et al. (2010); Woodward et al. (1995);
Zaehle and Friend (2010); Zhang et al. (2013). Full references provided in Le Quéré et al. (2016).
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Large uncertainties in the global carbon balance remain
and hinder independent verification of reported CO, emissions

Dlata:GCF’I
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The remaining uncertainty is the carbon left after adding independent estimates for total emissions, the atmospheric
growth rate, and model-based estimates for the land and ocean carbon sinks
Source: Le Quéré et al 2016; Global Carbon Budget 2016
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cosaL|carson Global carbon budget
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The cumulative contributions to the global carbon budget from 1870

Data;: CDIAC/NOAA-ESRL/GCP/Joos et al 2013/Khatiwala et al 2013
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The global CO, concentration increased from ~277ppm in 1750 to 399ppm in 2015 (up 44%)
2016 will be the first full year with concentration above 400ppm

Dlata: ScrippL?/NOAA—ESIRL
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Source: NOAA-ESRL; Scripps Institution of Oceanography; Le Quéré et al 2016; Global Carbon Budget 2016



http://www.esrl.noaa.gov/gmd/ccgg/trends/
https://scripps.ucsd.edu/
http://dx.doi.org/10.5194/essd-8-605-2016
http://www.globalcarbonproject.org/carbonbudget/

crosat|carson Seasonal variation of atmospheric CO, concentration
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Weekly CO, concentration measured at Mauna Loa will stay above 400ppm throughout 2016

Data: Tans & Keeling, 2016 folk.uio.no/roberan
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An animation of this figure is available, and another on the drivers of the atmospheric growth
Source: Tans and Keeling (2016), NOAA-ESRL, Scripps Institution of Oceanography
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cLosat carson Carbon quota for a 66% chance to keep below 2°C
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The total remaining emissions from 2017 to keep global average temperature below 2°C
(800GtCO,) will be used in around 20 years at current emission rates

Data: IPCC/CDIAC/GCP/Peters et al. 2015
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http://iopscience.iop.org/article/10.1088/1748-9326/10/10/105004
http://www.globalcarbonproject.org/carbonbudget/

croeaL|carson Carbon quota for a >66% chance to keep below 2°C
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For a >66% chance to keep global average temperature below 2°C above pre-industrial levels,
society can emit 2900 billion tonnes CO, from 1870 or about 800 billion tonnes CO, from 2017

<2.0°C, >66%

SJ8l0D Indicative range
SHoe) *50-1050GICO;

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



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/

crosai(carson  Cumulative global CO, emissions and temperature
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Cumulative global CO, emissions from fossil fuels, industry, and land use change and four
simplified future pathways compared to probability of exceeding different temperatures

Data: CDIACIB/GCP
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croeaL carson  The emission pledges (INDCs) of the top-4 emitters
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The emission pledges compared to different ways of sharing the remaining 2°C quota

Data: CDIAC/GCP Data: CDIAC/GCP
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crosaL carson  The emission pledges (INDCs) of the top-4 emitters
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The emission pledges from the US, EU, China, and India leave no room for other countries to
emit in a 2°C emission budget (66% chance)

40
= 35 i 667 chance.
3
O 301
O
g 25 7
[72]
(- 20 7
2
B 15
£
S 10
Q
O S
0
1990 2000 2010 2020 2030 2040 2050
©OOO

Source: Peters et al 2015; Global Carbon Budget 2016



http://iopscience.iop.org/article/10.1088/1748-9326/10/10/105004
http://www.globalcarbonproject.org/carbonbudget/

GLOBAL CARBON
PPPPPPP

Additional Papers



GLOBAL CARBON
PROJECT

Negative emissions required for 2°C

To achieve net-negative emissions globally after 2050 requires deployment as early as 2020-2030
If negative emission technologies do not work at scale, society is locked into higher temperatures
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http://dx.doi.org/10.1126/science.aah4567

crosaL|carson  Reducing uncertainty through Bayesian analysis
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Bayesian optimization decreases the uncertainty in the land sink by 41%, ocean sink by 46%,
land-use change by 47%, while fossil fuel uncertainty is marginally improved
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http://www.pnas.org/content/early/2016/10/25/1603956113.abstract

cosac|carson  The Earth system response to negative emissions

PROJECT

Earth system models suggest significant weakening, even potential reversal, of the ocean and
land sinks under future low emission scenarios
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cLosaL|carson Impact/limit summary for Negative Emission Technologies
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The impacts and investment requirements of Negative Emissions Technologies
to limit warming to 2°C
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Global Carbon Budget 2016

Global emissions from fossil fuels and industry did not grow

in 2015 and are projected to rise slightly in 2016.
This is the third year in a row where global emissions are
below 1% growth while global GDP exceeds 3% growth

Atmospheric CO, levels
have crossed 400 ppm...

only near zero
emissions will
stop this rise
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