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CO2 (parts per million)

Cape Grim Tasmania  CO,
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CH4 (parts per billion)
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1 Pg=1 Petagram=1X10g=1x 10"? kg
=1 x 10° metric tonnes = 1 gigatonne = 1 Gt

1 kg carbon (C) = 3.67 kg carbon dioxide (CO,)
1 Pg C=3.67 Gt CO,
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Global Flows of Carbon

118-119 ch.’)’f J ATMOSPHERE < 6.5 Pg(."yr
760 PgC (+3 PgClyr)

120 PgC/yr

100 PgClyr 97 PgClyr

LAND OCEAN 800 PgC
{Plants & Soils) ' STAcS Myer)

2,000 PgC

FOSSIL FUELS
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5,000 PgC

OCEAN
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http://science.nasa.gov/earth-science/
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ocean-carbon-cycle
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Observed Emissions




Global Fossil CO, Emissions
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Global Fossil CO, Emissions: Annual Changes
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Annual Fossil CO, Emissions and 2024 Projections
Projected global emissions growth: +0.8% (-0.3% to +1.9%)
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Projected Gt C in 2024

All others 4.0
A 1.1% (-1.0% to +3.3%)

China 3.3

A 0.2% (-1.6% to +2.0%)

V¥ 0.6% (-2.9% to +1.7%)
USA 1.3

A 46% (+3.0°/o to +6.1 o/o)
India 0.9
EU27 0.7

V 3.8% (-6.2% to -1.4%)

Bunkers 0.3
A 7.8%



Annual COs fluxes from land-use change
Mean of four bookkeeping models (range is max-min)
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GDP

Data: CDIAC/GCP/UNstats/Friedlingstein et al 2014
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Closing the Global Carbon Budget



Balance of sources and sinks

10 Gt C A

Fossil carbon
Includes carbonation sink

0L Land-use change
Ocean sink
Land sink
-5 -
Total estimated sources do
not match total estimated Atmosphere

.10 | sinks. This imbalance is an
active area of research.
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Fate of Anthropogenic CO, Emissions (2002-2011 average)

8.3+0.4 PgClyr  90% 4.320.1 PgCIyr
46%

> 2.6+0.8 PgClyr I [&
0/ &
1.0:40.5 PgClyr 10% T—> 28%pf
o R g | ;

Calculated as the residual [
of all other flux components 8

26%
2.520.5 PgClyr

Source: Le Quéré et al. 2012; Global Carbon Project 2012



http://www.earth-syst-sci-data-discuss.net/5/1107/2012
http://www.globalcarbonproject.org/carbonbudget/
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Fate of anthropogenic CO, emissions (2014-2023)
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9.7 GtC/yr

90%

10%

1.1 GtC/yr

Budget Imbalance: 4%

(the difference between estimated sources & sinks)

Source: Friedlingstd in_eOal'Zﬂiép,g%Mgl (arbon Project 2024



https://essd.copernicus.org/preprints/essd-2024-519
http://www.globalcarbonproject.org/carbonbudget/
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(@)  Fossil emissions
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Process models suggest
that increasing
atmospheric CO, drives
the land and ocean sinks
while climate change
reduces the carbon sinks;
the climate effect is
largest in tropical and
semi-arid land
ecosystems.

Globally during 2014-
2023, climate change
reduced the land sink by
~27% and the ocean sink
by 6%.
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Annual CO, Emissions
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Global Fossil CO, Emissions and Uptake: Cement*

*Excludes fossil energy used to produce cement
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Historical cumulative fossil CO, emissions since 1850
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2022 projected only for
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Annual Fossil CO, Emissions in China

2500 Mt C - Projected Mt C in 2024
Projected total emissi h: +0.2% (-1.6% to +2.0%
rojected total emissions growth: + (-1.6% to + ) Coal 2347.7
A 0.3% (-1.3% to +2.0%)
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1500 -
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500 - Oil 446.1
V¥ 0.8% (-3.1% to +1.5%)
A 8.0% (+5.7% to +10.0%)
. Gas 240.8
0 L Cement 180.7

; | W 8.1% (-11.2% to -5.0%)
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)@ Global Carbon Project



Annual Fossil CO, Emissions in USA
Projected total emissions growth: -0.6% (-2.9% to +1.7%)

800 Mt C -

Projected Mt C in 2024

Oil 611.5
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Annual Fossil CO, Emissions in EU27

600 MtC ; .
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Annual Fossil CO, Emissions in India Projected Mt C in 2024

600 Mt C - Projected total emissions growth: +4.6% (+3.0% to +6.1%) Coal 581.3
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Annual Fossil CO, Emissions: Global

Projected total emissions growth: +0.8% (-0.3% to +1.9%)

Projected Gt C in 2024
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@®Global Carbon Project ¢ Total growth rate includes cement carbonation sink



Global CO, Emissions and Intensity
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Major flows from Production to Consumption

Start of Arrow: fossil-fuel consumption (production)
End of arrow: goods and services consumption
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Values for 2007. EU27 is treated as one region. Units: TgC=PgC/1000

Source: Peters et al 2012b



http://www.biogeosciences.net/9/3247/2012/bg-9-3247-2012.html

Previous CO, emission reductions

Without climate policies, some countries have reduced emissions at 1-5%/yr
Repeating with modern low-carbon technologies can “kick-start” mitigation
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http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://www.globalcarbonproject.org/carbonbudget/

Ocean Acidification




Quantities of Gas in Air and Seawater

Gas In Dry Air %) In Surface Water-Air
Water (%) Ratio

Nitiogen (N,) 78.03 47.5 0.6

Oxygen (0O,) 20.99 36.0 1.7

Carbon Dioxide 0.03 15.1 503.3

(CO»)

H,, Inertgases 0.95 1.4 1.5

(He, Ar, Ne)
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Column Anthropogenic CO, (Sabine et al. 2004)



Present day sea—surface pH [—]
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The Biological Carbon Pump
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Ocean acidification and species composition

Chaetoceros costatus
(Diatom)

Emiliania huxleii
(Coccolithophorids)

Distephanus speculum
(Silicoflagellate)

Trichodesmium

(Cyanobacterium)
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C02 and CH4 Concentrations
Past, Present and Future

IPCC 2000
Scenarios
for 2100 AD
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cLosaL carson Qbserved emissions and emissions scenarios

PROJECT

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 . .
100- Scenario categories i ?E_ 52%
—— >1000 ppm COeq z relative to 1850-1900
% - 720-1000 ppm "
2 5807 580-720 ppm e -
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e ) RCP4.5
Historical emissions 1.7-3.2°C
0 RCP2.6
net-negative global emissions 0.9-2.3°C
-20
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Over 1000 scenarios from the IPCC Fifth Assessment Report are shown
Source: Fuss et al 2014; CDIAC; Global Carbon Budget 2015



http://www.nature.com/doifinder/10.1038/nclimate2392
http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://www.globalcarbonproject.org/carbonbudget/

Global surface warming (°C)
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Change in Precipitation

multi-model A1B DJF multi-model

©IPCC 2007: WG1-AR4
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Figure 1 Atmospheric release of CO, from the burning of fossil fuels may give rise to a marked increase in ocean acidity. a, Atmospheric
CO, emissions, historical atmospheric CO, levels and predicted CO, concentrations from this emissions scenario, together with changes
in ocean pH based on horizontally averaged chemistry. b, Estimated maximum change in surface ocean pH as a function of final
atmospheric CO, pressure, and the transition time over which this CO, pressure is linearly approached from 280 p.p.m.
A, glacial-interglacial CO, changes™; B, slow changes over the past 300 Myr; C, historical changes' in ocean surface waters; D, unabated
fossil-fuel burning over the next few centuries. Caldeira 2003



GAS HYDRATES




GAS HYDRATES

Map showing location and inferred thickness (in meters) of hydrates within sediments in
the high concentration area off North Carolina and South Carolina.



Ocean 983 '
(includes dissolved
organics, and biota)

Atmosphere 3.6

Lang 290 ————x
(includes soil,
biota, peat,
and detritus)

Gas
hydrates
10,000

Distribution of organic carbon in Earth reservoirs (excluding dispersed carbon in rocks
and sediments, which equals nearly 1,000 times this total amount). Numbers in gigatons
(10" tons) of carbon.
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Future Climate Change Experiments

= atmosphere — ocean — ice sheets — vegetation

— ocean biogeochemistry conerIé‘(’)"
= (CO, concentration increased from pre- XL
industrial (280 ppm) to 2 x, 3 x, or 4 x pre- 4x CO
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Change in surface air temperature
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12 GtC Global CO, pathways using Remaining Carbon Budgets
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