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G L o BA 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.
CA R B o N ATLAS Human impacts on the carbon cycle are the most important cause of climate change.
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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,

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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Global emissions from fossil fuel and industry: 35.9 £ 1.8 GtCO, in 2014, 60% over 1990
®Projection for 2015: 35.7 = 1.8 GtCO,, 59% over 1990

Data: CDIAC/GCP/BP/USGS | | | Projection 2015
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Estimates for 2012, 2013, 2014, and 2015 are preliminary
Source: CDIAC; Le Quéré et al 2015; Global Carbon Budget 2015
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The emission pledges submitted to the Paris climate summit avoid the worst effects of climate
change (red), most studies suggest a likely temperature increase of about 3°C (brown)

Data: CDIAG/GCP/IPCC/Fuss et al 2014

0 RCP8.5

100+ Scenario categories L 35_5 4°C
——>1000 ppm CO.eq o relative to 18501900
% - 720-1000 ppm /
2 5 807 580-720 ppm B T
Tg o 480-580 ppm
O % 60 ~— 430-480 ppm L
5= > RCP6
= 0 2015 Estimate 2.0-3.7°C
§= 40 | -
S 8
)
»n 9 e
£ & 20 0= ) RCP4.5
= Historical emissions 1.7-32°6
0 RCP2.6
net-negative global emissions 0.9-2.3°C
-20

N\ SN

1980 2000 2020 2040 2060 2080 2100
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Source: Fuss et al 2014; CDIAC; Global Carbon Budget 2015
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The top four emitters in 2014 covered 59% of global emissions
China (27%), United States (15%), EU28 (10%), India (7%)

Dlalta: CDIAC/QCP
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Bunker fuels are used for international transport is 3.0% of global emissions
Statistical differences are between the global estimates and sum of national totals is 1.1% of global emissions
Source: CDIAC; Le Quéré et al 2015; Global Carbon Budget 2015
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Countries have a broad range of per capita emissions reflecting their national circumstances
China’s per capita emissions have passed the EU28 and are 43% above the global average
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Source: CDIAC; Le Quéré et al 2015:; Global Carbon Budget 2015



http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://dx.doi.org/10.5194/essd-7-349-2015
http://www.globalcarbonproject.org/carbonbudget/

sLosaL|carson  Consumption-based emissions (carbon footprint)

PROJECT

Allocating emissions to the consumption of goods and services provides an alternative
perspective on emission drivers

Data: CDIAC/QCP/Peters et aII 2011
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Consumption-based emissions are calculated by adjusting the
standard production-based emissions to account for international trade
Source: Le Quéré et al 2015; Peters et al 2011; Global Carbon Project 2015
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Depending on perspective, the significance of individual countries changes

Data: CDIAC/GCP/IMF
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Source: CDIAC; United Nations; Le Quéré et al 2015; Global Carbon Budget 2015
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Perturbation of the global carbon cycle caused by anthropogenic activities,
averaged globally for the decade 2005-2014 (GtCO,/yr)

Global carbon dioxide budget

(gigatonnes of carbon dioxide per year)
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Data: CDIAC/NOAA-ESRL/GCP

Source: CDIAC; NOAA-ESRL; Le Quéré et al 2015; Global Carbon Budget 2015
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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

Datai CDIAC/NIOAA—ESBL/GCP/JCI)OS et al 291 3/Khativyala et al 2|01 3
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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 2015; Global Carbon Budget 2015
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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 397ppm in 2014 (up 43%)
Mauna Loa registered the first seasonally-corrected monthly mean over 400ppm in March 2015

Qata: Scrippe:/NOAA—ESIRL
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Globally averaged surface atmospheric CO, 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; Global Carbon Budget 2015
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COMMENTARY:

Reaching peak emissions

Robert B. Jackson, Josep G. Canadell, Corinne Le Quéré, Robbie M. Andrew, Jan Ivar Korsbakken,
Glen P. Peters and Nebojsa Nakicenovic
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Global CO, emissions from fossil fuel use and industry (left axis) and emissions per unit
economic activity (right axis). Red symbols are projections for 2015

IZI)ata: CDIAC/CIECP/IEA/Jacks?on et al. 2015I
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Source: Jackson et al 2015a; Global Carbon Budget 2015
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Energy consumption by fuel source from 2000 to 2014, with growth rates indicated for the
more recent period of 2010 to 2014 for China
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Source: BP 2015; Jackson et al 2015; Global Carbon Budget 2015
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Energy consumption by fuel source from 2000 to 2014, with growth rates indicated for the
more recent period of 2010 to 2014 for India
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Source: BP 2015; Jackson et al 2015; Global Carbon Budget 2015
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Energy consumption by fuel source from 2000 to 2014, with growth rates indicated for the
more recent period of 2010 to 2014 for the globe
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Top: Annual change in global CO, emissions relative to 2011
Bottom: Annual for the EU, US, China, India, and the rest of the world
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Source: Jackson et al 2015; Global Carbon Budget 2015
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Two or Three Degrees

€O, Emissions and Global Temperature Impacts

Robert B. Jackson, Pierre Friedlingstein,

Josep G. Canadell, and Robbie M. Andrew
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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 (red)

Data: CDIAC/GCP
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The red shaded areas are the chance of exceeding different temperatures above
pre-industrial levels using the cumulative emissions concept
Source: Jackson et al 2015b; Global Carbon Budget 2015
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Biophysical and economic limits to negative
CO, emissions
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Schematic representation of carbon flows among atmospheric, land, ocean
and geological reservoirs for different technologies

a Fossil Fuel Energy b Bioenergy

Fossll fuel EB'|°9_E“'°
Emlsslcns missions
Geological Geological

C Carbon Capture & Storage (CCS) d Bioenergy + CCS (BECCS)

Fossil fuel Bi_og_enic
Emisslons Emissions

@ Direct Air Capture (DAC) f  Enhanced Weathering

Capture Reaction with
InTrasIruclure Minerals

T

g Afforestation/Changed Agricultural Practices h  Ocean Fertilization/Alkalinization

=N

I‘/ Carbon sink
Geological

Source: Smith et al 2015; Global Carbon Budget 2015
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The impacts and investment requirements of Negative Emissions Technologies
to limit warming to 2°C
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Source: Smith et al 2015; Global Carbon Budget 2015
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Factors potentially enhancing or limiting the global capacity
for Negative Emission Technologies
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Source: Smith et al 2015; Global Carbon Budget 2015
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Scenarios including Negative Emission Technologies for each scenario
category (colours), net land use change fluxes are included

Data: CDIACIJ/GCP/IPCQ/Smith et aI.I 2015
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The total remaining emissions from 2014 to keep global average temperature below 2°C
(900GtCO,) will be used in around 20 years at current emission rates

Data: IPCC/CDIAC/GCP/Peters et al. 2015
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The emission pledges compared to different ways of sharing the remaining 2°C quota
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The emission pledges from the US, EU, China, and India leave little room for other countries to
emit in a 2°C emission budget (66% chance)
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To remain consistent with 2°C and given the emission pledges from the US, EU, China, and
India, the ‘Rest of the World’ would need zero per-capita emissions by 2030
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Share of global emissions in 2014:
coal (42%), oil (33%), gas (19%), cement (6%), flaring (1%, not shown)

Dlata: CDIAC/QCP
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Coal accounted for 26% of the growth in global emissions in 2014,
0il 41%, gas 11%, and cement 22%.

Data: CDIAC/GCP
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Much of the growth in emissions in 2014 was in India and China,
while Europe’s emissions declined

Data: CDIAC/GCP
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Figure shows the top four countries contributing to emissions changes in 2014
Source: CDIAC; Le Quéré et al 2015; Global Carbon Budget 2015
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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
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Annex B countries had emission commitments in the Kyoto Protocol (excluding Canada and USA)
Source: CDIAC; Le Quéré et al 2015; Global Carbon Budget 2015
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Cumulative emissions from fossil-fuel and cement were distributed (1870-2014):
USA (26%), EU28 (23%), China (12%), and India (3%) covering 64% of the total share
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Cumulative emissions (1990-2014) were distributed USA (20%), China (19%), EU28 (15%), India (5%)
‘All others’ includes all other countries along with bunker fuels and statistical differences
Source: CDIAC; Le Quéré et al 2015; Global Carbon Budget 2015
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Cumulative emissions from fossil-fuel and cement (1870-2014)
North America and Europe responsible for most cumulative emissions, but Asia growing fast

Data: CDIAC/GCP
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Source: CDIAC; Le Quéré et al 2015; Global Carbon Budget 2015
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Financial crises have had little lasting effect on emissions growth
Global carbon intensity has returned to a phase of improvement after stalling for some years

D:atta: CDIAC/IGCP/IEA/IMIF/PeterS et gl. 2012
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There is not a clear distinction between Annex B and non-Annex B countries based on
economic activity per capita or emissions per capita

Data: CDIAC/UNs}ats/GCP
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The 10 largest economies have a wide range of emissions intensity of economic production

IDaﬂa: CDIAC{GCF’/UN
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The 10 most populous countries span a wide range of development and emissions per person

IDaﬂa: CDIAC/GCIF’/UN
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Emissions 2014

Region/Country Per capita Total
tCO, per person GtCO, %
Global (with bunkers) 4.9 35.89 100
Developed Countries (Annex B)
Annex B 10.7 13.03 36.3
USA 17.4 5.56 15.5
EU28 6.6 3.34 9.3
Russia 11.1 1.59 4.4
Japan 9.7 1.23 34
Canada 15.7 0.56 1.6
Developing Countries (Non-Annex B)
Non-Annex B 3.4 20.20 56.3
China 7.1 9.68 27.0
India 2.0 2.60 7.23
Indonesia 2.5 0.64 1.78
Iran 7.9 0.62 1.72
Saudi Arabia 19.5 0.60 1.68
International Bunkers
Aviation and Shipping - 2.66 7.4 _

Source: CDIAC; Le Quéré et al 2015; Global Carbon Budget 2015



http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://dx.doi.org/10.5194/essd-7-349-2015
http://www.globalcarbonproject.org/carbonbudget/

GLOBAL CARBON
PROJECT

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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The net emissions transfers into Annex B countries more than offsets the Annex B emission reductions
achieved within the Kyoto Protocol

Dlata: CDIAC/GCIEP/Peters et al I2011
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Transfers of emissions embodied in trade from non-Annex B countries to Annex B countries grew at about 20% per year
between 1990 and 2007, but have since declined at about 3% per year.
Source: CDIAC; Peters et al 2011; Le Quéré et al 2015; Global Carbon Budget 2015
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Flows from location of generation of emissions to location of
consumption of goods and services
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Flows from location of fossil fuel extraction to location of
consumption of goods and services
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Global land-use change emissions are estimated as 3.3 £ 1.8 GtCO, during 2005-2014
The data suggests a general decrease in emissions since 1990, with large uncertainties
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Global Carbon Project

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 2015; Global Carbon Budget 2014
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Total global emissions: 39.9 == 3.8 GtCO, in 2014, 44% over 1990
Percentage land-use change: 36% in 1960, 19% in 1990, 10% in 2014

Dlata: CDIAC/IGCP
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Source: CDIAC; Houghton et al 2012; Giglio et al 2013; Le Quéré et al 2015: Global Carbon Budget 2015
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Land-use change was the dominant source of annual CO, emissions until around 1950
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Source: CDIAC; Houghton et al 2012; Giglio et al 2013; Le Quéré et al 2015; Global Carbon Budget 2015
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Land-use change represents about 27% of cumulative emissions in 2014,
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 2015; Global Carbon Budget 2015
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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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The atmospheric concentration growth rate has shown a steady increase
The growth in 2014 reflects the growth in fossil emissions, with small changes in the sinks
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Source: NOAA-ESRL; Global Carbon Budget 2015
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Ocean carbon sink continues to increase
9.5+1.8 GtCO,/yr for 2005-2015 and 10.7+£1.8 GtCO,/yr in 2014

I:?ata: GCP
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Individual estimates from Buitenhuis et al. (2010); Aumont and Bopp (2006); Doney et al. (2009); Assmann et al. (2010); llyiana et al. (2013); Sérérian et al. (2013); Oke et al. (2013);
Landschutzer et al. (2014); Park et al. (2010); Rodenbeck et al. (2014). References provided in Le Quéré et al. (2015).
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Terrestrial sink

The residual land sink is increasing with time to 15.0£2.9 GtCO,/yr in 2014, with large
variability Total CO, fluxes on land (including land-use change) are constrained by atmospheric

inversions
Data: GCP
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