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Carbon dioxide emissions continue to grow
amidst slowly emerging climate policies

A failure to recognize the factors behind continued emissions growth could limit the world's ability to

pathway consistent with 1.5 °C or 2 °C of global warming. Continued support for low-carbon technologies needs to

be combined with policies directed at phasing out the use of fossil fuels.

G. P. Peters, R. M. Andrew, J. G. Canadell, P. Friedlingstein, R. B. Jackson, J. I. Korsbakken, C. Le Quéré and

A. Peregon

lobal fossil CO, emissions grew a
9% per y o - . ’
2t 0.9% per year n the 1990s and Arnual foesi GO, omissions end 2015 pIojcions

shifttoa

accelerated to 3.0% per year in the 0
2000s, but have returned to a slower growth
rate of 0.9% per year since 2010, with a more
pronounced slowdown from 2014 to 2016.
Despite modest declines in emissions in
the United States and the European Union
(EU) over the past decade, the growth
in emissions in China, India and most
developing countries has dominated global
emission trends over the past 20 years, The
Global Carbon Budget projection’ suggests
that global fossil CO; emissions will grow
by 0.6% (range -0.2% 1o 1.5%) in 2019, 7
with emissions projected to decline in the I e
United States and the EU28, but projected to < B
increase in China, India and the rest of the 0= L — T T
world (Fig. 13) s TR ol
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Abstract

Amidst decharations of planetary emergency and reports that the window for linutingelimate change ©0
5°Cis rapidiy closing, global 1 fossil fuel emi i

fossl L0, € I three years ¢

dower central projection of +Q6% in 2019 (range of -0
etal 2016 Farth Syst. Sci. Da ted), after 2 tempor.
indicators and trends in global natural gas and od use suggest a further rise in emissions in 2020
€0, emissi decreasii lyinmany i ialized regions, inclading the Furopean Unioa
{preliminary sstimate of — 1. 196) for 2019, —0.8%/yr for 2003-2018) and United
States(—1.7% while emissions continue growing
inlndia(+ 8), China (+2.6% [+0.7%t0 1.4%)
in 2019, +0.4%/yr odd ((+0.59%[ ~0.8% to 1.§%] in 201
for 2003-2018) Two under et continued Joog-teem growth i both o
natural gas use islikely. Because per capitz ol consumpeion in the US and Furope remains 5- t0 20-fold
higher thanin nd India, increxsing vehide hip and sir travel in Asiaare poised
szl CO emissions from oil over the next decade or more. Liquitied natural gas expors from Australia
andthe United States arcsunging, lowering naturl gas prices in Asia and increasing global access to this
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Download of figures and data

Global Carbon Budget

To download figures or data, use the Download menu ta the upper right of each figure. The

Figure (PDF) precision provided in the data files is not indicative of certainty, For example, the data file
says that global emissions in 2018 were 36.444 GtC0:, but this should be quoted as 36.4
Figure {FNE) GtCO2. SV data files have been prepared for many but not all figures on this page.

Slide 07 Downlezd— Slide 09 Dawnload — Slide 10 Download
Perturhatian of the carbon rycle Glnbal fossil fuel and cement emissions Glahal fassal fuel and cement emissions
\T //_/ /’/
e o N v
Slide 11 Duwnleed — Slide 12 Dawriiad— Slide 13 Diwnlaad

Frniz=ians of the tap fanr emitters Fmissions nf the top four emitters Per-rapita emissians of the tap faur emirters

Additional country figures

Argentina Dewnlaad — Argenting Dawnlead — Argenting Downlazd
Emissions Emissions Energy

Argentina Uowrload — Argenting Dowilcad — Argentina Dl
Energy Enengy Kaya Identity

Australia Downlaad — Australia Dawnload — Aystralia Downlazd

Fmiszinns Emissions Enerqy

Figures and data for most slides available from tinyurl.com/GCB19figs
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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)

Most figures in this presentation are available for download as PNG files
from tinyurl.com/GCB19figs 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.
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The global CO, concentration increased from ~277ppm in 1750 to 407ppm in 2018 (up 46%)
2016 was the first full year with concentration above 400ppm

Atmospheric CO, concentration

420 ppm 7 Scripps/NOAA-ESRL
Measured at Mauna Loa, Hawaii
400 -
380 -
360 -
340 -
Seasonally
320 - corrected trend

1960 1970 1980 1990 2000 2010 2020
@®

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; Friedlingstein et al 2019; Global Carbon Budget 2019
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Perturbation of the global carbon cycle caused by anthropogenic activities,
averaged globally for the decade 2009-2018 (GtCO,/yr)

Fossil CO, Biosphere Atmospheric CO, Ocean
Anthropogenic fluxes
2009-2018 average
+18 GtCO; per year
Carbon cycling
12 ® 7 91 1 GtCO; per year
k
. (9 14) Stocks
440
35
(33-37)
Vegetation 330
o N\ Dissolved
Gas reserves N\, ) inorganic carbon
. . N 330 _
Rivers Organic carbon Marine
° Permafrost Soils and lakes biota
Oil reserves Coasts
Surface
sediments
o

Coal reserves

Budget imbalance +2

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
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Fossil CO, Emissions

from fossil fuel use and industry
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Global fossil CO, emissions: 36.6 + 2 GtCO, in 2018, 61% over 1990
® Projection for 2019: 36.8 + 2 GtCO,, 0.6% higher than 2018 (range -0.2% to 1.5%)
Fossil CO, emissions will likely be more than 4% higher in 2019 than the year of the Paris Agreement in 2015

Global Fossil CO, Emissions 2010-18
38 Gt | +0.9%/yr > " Projection 2019
CO; P 36.8 Gt CO,
A 0.6% (-0.2%—1.5%)
34 - | o
2000-09 g
+3.0%/yr
1990-99 ‘'
26 - +O.9%/y[}_w_ >
.,-———7-/

Uncertainty is £5% for
2 T~ one standard deviation
(IPCC “likely” range)

18 T T T I T T 1
1990 1995 2000 2005 2010 2015 2019

projected

The 2019 projection is based on preliminary data and modelling.
Source: CDIAG; Friedlingstein et al 2019; Global Carbon Budget 2019
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Global fossil CO, emissions have risen steadily over the last decades & show no sign of peaking
Fossil CO, emissions will likely be 62% higher in 2019 than the year of the 1%t IPCC report in 1990

40 Gt -
COo

30 A

20 -

Global Fossil CO, Emissions

10 |

0

1

960 1970 1980

Projection 2019

36.8 Gt CO,

A 0.6% (-0.2%—-1.5%)

The 2019 projection is based on preliminary data and modelling.
Source: CDIAG; Friedlingstein et al 2019; Global Carbon Budget 2019
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The SSPs lead to a broad range in baselines (grey), with more aggressive mitigation leading to lower temperature outcomes.
The bold lines are scenarios that will be analysed in CMIP6 and the results assessed in the IPCC AR6 process.

Global CO, Emissions from Energy & Industry

120 Gt /

Baseline (3.0-5.1°C)

6.0W/m2 (3.2-3.3°C)

4.5W/mz2 (2.5-2.7°C)

——— 3.4W/m2 (2.1-2.3°C)
== 2.6W/m2 (1.7-1.8°C)

S , 1.9W/m?2 (1.3-1.4°C)

net-negative global emissions =

-40 I I T I I T
1980 2000 2020 2040 2060 2080 2100

©@@®Global Carbon Project ¢ Data: Riahi et al (2017), Rogelj et al (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; IASA SSP Database; IAMC; Global Carbon Budget 2019
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Global fossil CO, emissions are projected to rise by 0.6% in 2019 [range: -0.2% to +1.5%]
The global growth is driven by the underlying changes at the country level.

Annual Fossil CO, Emissions and 2019 Projections

16 Gt 1 — _ Projected Gt CO, in 2019
002 Projected global emissions growth: +0.6% (-0.2% to +1.5%) L3 All others 15.1
A 0.5% (-0.8% to +1.8%)
12 -
China 10.3
A 2.6% (+0.7% to +4.4%)
8 -
. USA 5.3
o T V¥ 1.7% (-3.7% to +0.3%)
41 o P Moo, EU28 3.4
o W 1.7% (-3.4% to +0.1%)
”’&ﬂ i %3 India 2.7
— - .8% 7% 7%
) ‘,,'f"‘".’ : A 1.8% (+0.7% to +3.7%)
0 e e | | |
1960 1970 1980 1990 2000 2010 2019

projected

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

Annual Fossil CO, Emissions: Top Six Emitters

10 Gt - . China +2.3%
002 /”ﬁ/ Growth over 2017

ey USA +2.8%

L T e
EU28 -2.1%
India +8.0%

2 1 Russia +3.9%

o

A e Japan -2.2%

..................
.‘..

0
s
)
-----------

O ; I I I I I T
1960 1970 1980 1990 2000 2010 2018
@® Global Carbon Project ¢ Data: CDIAC/GCP

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

Annual Fossil CO, Emissions: per capita (selected countries)

CO,

20 - /\/‘\ww‘f """"\-\
. A \"\, —USA 16.6

15 7 gt tonnes/person in 2018

Vocm D S Russia 11.7

10 - Pt DN
-' - e & gy W T~ —Japan 9.1
. A VS o ~_~-China7.0

oy 4 ST —EU286.7
5 - ' Z — World 4.8
——India 2.0

0

1960 1970 1980 1990 2000 2010 2018
@® Global Carbon Project ¢ Data: CDIAC/GCP

Source: CDIAC; Friedlingstein et al 2019: Global Carbon Budget 2019
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Emissions 2018

Region/Country Per capita Total -
tCO, per person GtCO, %
Global (with bunkers) 4.8 36.57 100
OECD Countries
loEcD 9.8 12.69 34.7
USA 16.6 5.42 14.8
OECD Europe 6.9 3.37 9.2
Japan 9.1 1.16 3.2
South Korea 12.9 0.66 1.8
Canada 15.3 0.57 1.6
Non-OECD Countries
Non-OECD 3.6 22.65 61.9
China 7.0 10.06 27.5
India 2.0 2.65 7.3
Russia 11.7 1.71 4.7
Iran 8.8 0.72 2.0
Saudi Arabia 18.4 0.62 1.7
International Bunkers
Bunkers - 1.24 3.4 _

Source: CDIAC; Friedlingstein et al 2019; Global Carbon Budget 2019
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Emissions in the China, India, and USA increased most in 2018.
In 2019 China continues to grow but India’s growth slows, while USA’s emissions are down.

Changes in Global Fossil CO, Emissions

China USA Others
EU28 India

37.0 Gt -

-0.06 +0.05

36.5

USA EU28

China
-0.07 +0.20

36.0

35.5 -

35.0 -

34.5

2017 2018 2019
projected
@® Global Carbon Project ¢ Data: CDIAC/GCP/BP/USGS

Figure shows the top four countries contributing to emissions changes in 2018
Source: CDIAC; Friedlingstein et al 2019; Global Carbon Budget 2019
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Fossil CO, Emissions by source

from fossil fuel use and industry



N\
GLOBAL CARBON Fossil CO, Emissions by source

PROJECT

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

Annual Fossil CO, Emissions: Global

16 Gt - Projected total emissions growth: +0.6% (-0.2% to +1.5%)
002 _ Projected Gt CO5, in 2019

Coal 14.5
W 0.9% (-2.0% to +0.2%)

Oil12.5

12 - A 0.9% (+0.3% to +1.6%)

Gas 7.7

A 2.6% (+1.3% to +3.9%)

Cement 1.6
A 3.7% (+0.4% to +7.3%)

0 7%}--_ = T I I T I I
1960 1970 1980 1990 2000 2010 2019

projected

Source: CDIAC; Peters et al 2019; Friedlingstein et al 2019: Global Carbon Budget 2019
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Emissions by category from 2000 to 2018, with growth rates indicated for the more recent period of 2013 to 2018

Global Annual Fossil CO, Emissions, 2000—18

Annual growth rates from 2013-2018
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GLOBAL CARBON Fossil CO, emissions growth: 2017-2019
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Natural gas is contributing the most to global emissions growth, followed by oil, while coal emissions are more variable
Since the potential peak in coal emissions in 2012, natural gas is responsible for more than half global emissions growth

Changes in Global Fossil CO, Emissions
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Source: CDIAC; Friedlingstein et al 2019; Global Carbon Budget 2019
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GLOBAL CARBON Fossil CO, Emissions in China

PROJECT

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

g gt Annual Fossil CO, Emissions in China
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Source: CDIAC; Friedlingstein et al 2019: Global Carbon Budget 2019
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PROJECT

USA’s CO, 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.

3.0 Gt Annual Fossil CO, Emissions in USA
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Source: CDIAC; Friedlingstein et al 2019: Global Carbon Budget 2019
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PROJECT

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.

5 Gt Annual Fossil CO, Emissions in European Union (28)
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Source: CDIAC; Friedlingstein et al 2019: Global Carbon Budget 2019
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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.

Annual Fossil CO, Emissions in India Projected Gt CO, in 2019
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e = | . Cement0.1
S -;::-.!-!32:23;!5..==. GaSO1
S e sEEm ‘ ‘ ‘ A 2.5% (+1.5% to +4.5%)
960 1970 1980 1990 2000 2010 2019
projected

Source: CDIAC; Friedlingstein et al 2019: Global Carbon Budget 2019
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Emissions in the Rest of the World are expected to grow weakly in 2019, on the back of weaker economic growth.
Growth is estimated based on efficiency improvements of the last 10 years combined with projected economic growth.

Annual Fossil CO, Emissions in Rest of World

Projected total emissions growth: +0.5% (-0.8% to +1.8%) Projected Gt CO5 in 2019
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The Rest of the World is the global total less China, US, EU, and India. It also includes international aviation and marine bunkers.
Source: CDIAC; Friedlingstein et al 2019; Global Carbon Budget 2019
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GLOBAL CARBON Fossil CO, Emissions by Sector

PROJECT

Global fossil CO, emissions are dominated by electricity, heat, & energy (45%), industry (23%), & national transport (19%).
International aviation and marine bunkers are 3.5% & remaining sectors 10%.

14 Gt _Fossil CO, emissions by sector
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Source: IEA 2019:; Peters et al 2019: Global Carbon Budget 2019
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Coal CO, emissions are dominated by electricity, heat, and industry,
with both showing significantly lower growth & even declines in the last few years

10 Gt 'CO; emissions from coal by sector
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Source: IEA 2019:; Peters et al 2019: Global Carbon Budget 2019
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PROJECT

Oil CO, emissions are dominated by national transport with almost linear growth over five decades
Road transport is half the total growing at 1.9% while national & international aviation is 8% growing at 3% per year

CO, emissions from oil by sector
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Gas CO, emissions are dominated by electricity & heat, industry, and other commercial & residential sectors
Gas CO, emissions are growing rapidly in most countries and sectors, dominating growth in CO, emissions in recent years.

3.0 Gt CO, emissions from gas by sector
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Source: IEA 2019:; Peters et al 2019: Global Carbon Budget 2019
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PROJECT

Renewable energy is growing exponentially, but this growth has so far been too low
to offset the growth in fossil energy consumption.

500 gy AAnnual global energy consumption
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This figure shows “primary energy” using the BP substitution method
(non-fossil sources are scaled up by an assumed fossil efficiency of 0.38)
Source: BP 2019; Jackson et al 2019; Global Carbon Budget 2019
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Energy consumption by fuel source from 2000 to 2018, with growth rates
indicated for the more recent period of 2013 to 2018

550 EJ _Annual global energy consumption, 2000-2018

Annual growth rates from 2013-2018
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This figure shows “primary energy” using the BP substitution method
(non-fossil sources are scaled up by an assumed fossil efficiency of 0.38)

Source: BP 2019: Jackson et al 2019: Global Carbon Budget 2019
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Coal consumption in energy units may have already peaked in China,
while consumption of all other energy sources is growing strongly

Annual energy consumption in China, 2000—2018
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Source: BP 2019: Jackson et al 2019: Global Carbon Budget 2019
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Coal consumption has declined sharply in recent years with the shale gas boom
and strong renewables growth. Growth in oil consumption has resumed.

50 EJ “Annual energy consumption in United States of America, 2000-2018

Annual growth rates from 2013-2018
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Source: BP 2019: Jackson et al 2019: Global Carbon Budget 2019
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Consumption of both oil and gas has rebounded in recent years, while coal continues to decline.
Renewables are growing strongly.

40 E Annual energy consumption in European Union (28), 20002018
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Source: BP 2019: Jackson et al 2019: Global Carbon Budget 2019
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Consumption of coal and oil in India is growing very strongly,
as are renewables, albeit from a lower base.

Annual energy consumption in India, 2000-2018
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Land-use change emissions are highly uncertain, with no clear trend in the last decade.

Annual CO, emissions from land-use change UERARE regT I
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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
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Total global emissions: 42.1 + 2.8 GtCO, in 2018, 55% over 1990
Percentage land-use change: 39% in 1960, 14% averaged 2009-2018

Annual CO, Emissions
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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
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Sinks

Sources
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Budget Imbalance: 4%
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Source: CDIAC; NOAA-ESRL; Houghton and Nassikas 2017; Hansis et al 2015 Friedlingstein et al 2019: Global Carbon Budget 2019
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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

Balance of sources and sinks
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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
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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 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
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The atmospheric concentration growth rate has shown a steady increase
The high growth in 1987, 1998, & 2015-16 reflect a strong El Nifio, which weakens the land sink

o5 Gt _Annual atmospheric growth
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The airborne fraction is the ratio of the growth in atmospheric concentration and total annual CO, emissions.
Around 45% of CO, emissions remain in the atmosphere despite sustained growth in CO, emissions.
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The ocean carbon sink continues to increase
9.2+2.2 GtCO,/yr for 2009-2018 and 9.6+2.2 GtCO,/yr in 2018

15 Gt “Annual atmosphere-ocean CO; flux
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Source: SOCATv6; Bakker et al 2016; Friedlingstein et al 2019; Global Carbon Budget 2019
(see Table 4 for detailed references)
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Terrestrial sink

The land sink was 11.5+2.2 GtCO,/yr during 2009-2018 and 12.7+2.5 GtCO,/yr in 2018
Total CO, fluxes on land (including land-use change) are constrained by atmospheric inversions

CO, (Gt COyr)

=10+ T
1960 1970

-10 & T
1960 1970

25 ¢
20 4
15 1
10 -
5

0

-5

25
20 -
15 -
10 -
54
04
57

Land sink

Land-use change emissions

o~

- A A
= A NS

1980

1990 2000 2010 2020

Total land

1980

1990 2000 2010 2020

1960 1970 1980

1990 2000 2010 2020

+ 25
- 20
-15
-10
-5

0

-5

-10

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


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

GLOBAL CARBON
PROJECT

Total land and ocean fluxes

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

Annual atmosphere-ocean CO, flux
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Source: Friedlingstein et al 2019 (see Table 4 for detailed references)
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Large and unexplained variability in the global carbon balance caused by uncertainty
and understanding hinder independent verification of reported CO, emissions

15 Gt “Annual global carbon budget imbalance
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@®Global Carbon Project ¢ Data: GCP

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 2019; Global Carbon Budget 2019
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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: 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
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The global concentration of atmospheric CO, is forecast to average 410 ppm in 2019

Global CO, concentration

Forecast for GLO in 2019: +2.46 + 0.43 ppm using 8 months' data.
That's an increase of 5.22 + 0.92 GtC.
412 Average for 2019: 409.85 ppm.
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@® Global Carbon Project ¢ Data: NOAA

Data source: Tans and Keeling (2019), NOAA-ESRL
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CO, emissions grow amidst slowly emerging climate policies

Fossil CO, emissions grow more slowly... but do not yet decline
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Emissions by country from 2000 to 2018, with the growth rates
indicated for the more recent period of 2013 to 2018
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The US has high per capita emissions, but this has been declining steadily. China’s per capita emissions have levelled out and is
now the same as the EU. India’s emissions are low per capita.
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GLOBAL CARBON CO, emissions and economic activity
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The global economy continues to grow faster than emissions.
A step change is needed in emission intensity improvements to drive emissions down.
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Fossil CO, emission intensity

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

Global CO, Emissions and Intensity
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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
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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.

Annual Fossil CO, Emissions: Top Four Emitters per unit GDP
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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
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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)

Kaya decomposition of global emissions growth
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GDP: Gross Domestic Product (economic activity)
Energy is Primary Energy from BP statistics using the substitution accounting method
Source: Jackson et al 2019; Global Carbon Budget 2019
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The 10 largest economies have a wide range of emission intensity of economic activity

Fossil CO, Emissions Intensity and GDP
Top ten by GDP - GDP measured using PPP in constant 2010 USD
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@®Global Carbon Project e Data: CDIAC/UNFCCC/BP/USGS/UN e Data year: 2018

Emission intensity: Fossil CO, emissions divided by Gross Domestic Product (GDP)
Source: Global Carbon Budget 2019
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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
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Emission per capita: Fossil CO, emissions divided by population
Source: Global Carbon Budget 2019
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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
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@® Global Carbon Project ¢ Data: CDIAC/GCP/UNFCCC/BP/USGS/UN/IMF

GDP: Gross Domestic Product in Market Exchange Rates (MER) and Purchasing Power Parity (PPP)
Source: CDIAC; United Nations; Friedlingstein et al 2019; Global Carbon Budget 2019
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GLOBAL CARBON Breakdown of global fossil CO, emissions by country
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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

Annual Fossil CO, Emissions
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@® Global Carbon Project ¢ Data: CDIAC/UNFCCC/BP/USGS

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

l/ Asia

Annual Fossil CO, Emissions by Continent
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Source: CDIAC; Friedlingstein et al 2019: Global Carbon Budget 2019
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PROJECT

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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@®Global Carbon Project ¢ Data: CDIAC/UNFCCC/BP/USGS

The global average was 4.8 tonnes per capita in 2018.
Source: CDIAGC; Friedlingstein et al 2019; Global Carbon Budget 2019
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There are large differences in energy use per capita between countries, with some differences to emissions per capita due to
differences in the country-level energy mix
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Source: BP 2019: Jackson et al 2019: Global Carbon Budget 2019
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GLOBAL CARBON Per capita energy use
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There are large differences in energy use per capita between countries, with some differences to
emissions per capita due to differences in the country-level energy mix
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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



GLOBAL CARBON Consumption-based emissions (carbon footprint)
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Allocating fossil CO, emissions to consumption provides an alternative perspective.
USA and EU28 are net importers of embodied emissions, China and India are net exporters.

Annual Territorial and Consumption Emissions
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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; Friedlingstein et al 2019; Global Carbon Project 2019
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The differences between fossil CO, emissions per capita is larger than the differences between consumption and territorial

emissions.
o5 1 “Annual Territorial and Consumption Emissions per capita
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@® Global Carbon Project e Data: CDIAC/GCP/UN/Peters et al 2011

Consumption-based emissions are calculated by adjusting the
standard production-based emissions to account for international trade
Source: Peters et al 2011; Friedlingstein et al 2019; Global Carbon Project 2019
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GLOBAL CARBON Consumption-based emissions (carbon footprint)
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Transfers of emissions embodied in trade between OECD and non-OECD countries grew slowly during the 2000’s, but has since
slowly declined.

Annual Territorial and Consumption Emissions
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Source: CDIAC; Peters et al 2011; Friedlingstein et al 2019: Global Carbon Budget 2019
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GLOBAL CARBON Major flows from production to consumption
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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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Major flows from extraction to consumption

Flows from location of fossil fuel extraction to location of
consumption of goods and services
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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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Source: CDIAC; Houghton and Nassikas 2017; Hansis et al 2015; Friedlingstein et al 2019; Global Carbon Budget 2019
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GLOBAL CARBON Historical cumulative emissions by source
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Land-use change represents about 30% of cumulative emissions over 1870-2018,
coal 33%, oil 25%, gas 10%, and others 2%

Cumulative Global CO, Emissions: Shares
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Source: CDIAC; Houghton and Nassikas 2017; Hansis et al 2015; Friedlingstein et al 2019; Global Carbon Budget 2019
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Cumulative fossil CO, emissions were distributed (1870-2018):
USA 25%, EU28 22%, China 13%, Russia 7%, Japan 4% and India 3%
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@®Global Carbon Project ¢ Data: CDIAC/UNFCCC/BP/USGS
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
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Historical cumulative emissions by continent

Cumulative fossil CO, emissions (1870—-2018). North America and Europe have
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@®Global Carbon Project ¢ Data: CDIAC/UNFCCC/BP/USGS

The figure excludes bunker fuels

contributed the most cumulative emissions, but Asia is growing fast
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The IPCC Special Report on “Global Warming of 1.5°C” presented new scenarios:
1.5°C scenarios generally require halving emissions by ~2030, net-zero by ~2050, and negative thereafter

Global CO, Emissions from Energy & Industry
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@®Global Carbon Project e Data: IAMC 1.5°C Scenario Explorer Release 2 (hosted by IIASA)

Net emissions include those from bioenergy with carbon capture and storage (BECCS).
Source: Huppmann et al 2018; IAMC 1.5C Scenario Database; IPCC SR15; Global Carbon Budget 2019



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/
http://www.globalcarbonproject.org/carbonbudget/

