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Atmospheric greenhouse gases in paleo-perspective
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“the average rate of increase of these three gases observed over the past century exceeds
any observed rate of change over the previous 20,000 years”
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The CO, problem: millennial scale
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Removal of fossil fuel CO,
from the atmosphere

The main natural processes that remove anthropogenic CO,, their relaxation timescales, and
main chemical reactions involved are:

Processes Timescale Reactions

(vr)
Land uptake: Photosynthesis —  1-107 6CO, + 6H,0 + photons — CcH;,0, + 60,
respiration C.H,,0; + 60, — 6CO, + 6H,0+heat
Ocean invasion: seawater buffer 10-10° CO, + CO;* + H,0 22 HCO™"
Reaction with calcium carbonate 10°-10* CO, + CaCO; + H,0 — Ca*" + 2 HCO’~
Silicate weathering 10*-10° CO, + CaSiO; — CaCO; + SiO,
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far Meteorologie

C)




Residence time of fossil fuel CO,
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Climate change problem = CO, problem
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Sizes and response times of carbon reservoirs

Reservoir Inventory, Gton C Response time, yrs

Atmosphere 750 1-10

Ocean 38,000 10-100

Land ecosystems 2,000 10 - 100

Permafrost carbon 1,200 10 - 100

Ocean methane 1,000-10,000 > 1,000

hydrates

Qil 173-263 (AR5, GEA) Will be depleted in
decades

Natural gas 383-1135 (AR5, GEA) Will be depleted in
decades to century

Coal > 5,000 "7 A few centuries at
current rates
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Closing the Global Carbon Budget

1 Gton C = 3.7 Gton CO,



crosaL|carson  Atmospheric CO, concentration
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Data: Scripps/NOAA-ESRL
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2016 is the full year with concentration above 400 ppm
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Fate of Anthropogenic CO, Emissions (2006-2015)

34.1 GtCO,/yr, 91% 16.4 GtCO,/yr
44%
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é 0
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26%

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




Land and ocean uptake response to CO, emissions

b Trends in satellite-observed LAl

 Land is greening, presumably due to the CO, /
fertilization effect /0 o
Greening is counteracted by increased respiration 'i,.‘
With stabilized CO, concentration, land uptake will \
cease soon |
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Zeng et al., Nature Clim. Change, 2017

Ocean uptake is proportional to CO, emissions
With stabilized CO, concentration, ocean uptake will
saturate at the level of surface-to-deep ocean CO, transfer

If atmospheric CO, concentration starts to decrease,
land and ocean carbon sinks will be strongly reduced
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From emissions to climate change: uncertainties
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Internal variability delays climate response to emission reduction by several decades
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Human perturbation: 2100 billion tonnes CO,, 1870-2016
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Temperature change is proportional to emissions

Cumulative total anthropogenic CO, emissions from 1870 (GtCO5)
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crosaL carson Emissions from fossil fuel use and industry
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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/(IE:CP/BP/USGIS
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closaL(carson Emissions from coal, oil, gas, cement
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Share of global emissions in 2015:
coal (41%), oil (34%), gas (19%), cement (6%), flaring (1%, not shown)

D:ata: CDIAC/IGCP
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crosat(carson Energy consumption by energy type
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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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Global carbon budget

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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cLosaL|carson TOp emitters: fossil fuels and industry (absolute)

PROJECT

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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croeaL carson Carbon intensity of economic activity
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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

Data: CDIAC/GCP/IEA/IMF/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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Will we burn all fossil fuels?

"The Stone Age did not end because we ran out of stones ...
The age of hydrocarbons is also already over"
Herman Gref, CEO of Russian Sberbank, January 2016
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srosa(carson  CH, Atmospheric Growth Rate
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Summary of global carbon cycle

* Anthropogenic CO, emissions cause millennium-long climate change

— Land and ocean sinks will decrease with emission decline, ocean will take 80-90% of
emissions on millennial scale

* Concentrations of all GHG emissions are increasing

— CO, concentration is above 400 ppm, CO, emissions are stabilized for a 3™ year in a
row

— CH, concentration/emissions increase after hiatus in 2000-2006, likely a growth in
tropical biogenic sources

— N,0 concentration grows with relatively constant increase rate
* Coalis the most abundant fossil fuel, burning all coal reserves leads to 5-6°C
global warming
— Coal emissions (41%) show stabilization / negative trend (-1.8% in 2015)
— QOil emissions (34%) continue to grow (+1.9% in 2015)
— Natural gas emissions (19%) are increasing (+1.7% in 2015)
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