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The total temperature increase expected at the end of this century will primarily be due to five major factors: (1) the
quantity of CO2 emissions this century (both anthropogenic and natural), (2) the amount of this CO2 that is absorbed by
the oceans and biosphere, (3) the total non-CO2 radiative forcing (which is primarily influenced by the quantity of
anthropogenic and natural methane emissions in the last decade of this century) , (4) how much the albedo changes in
the Arctic region, and (5) how the clouds change in response to global warming (note that the latter two usually included
as components of climate sensitivity). Of these, humans only can affect three: anthropogenic CO2 emissions,
atmospheric aerosols (which are mostly dependent on emissions from the burning of coal), and anthropogenic methane
emissions, as the others represent a natural response to global warming .
In order to prevent a very serious disruption to our civilization, climate scientists would like to the total temperature
increase to be "well under 2° C". Even though such an increase would almost certainly result in catastrophic sea level
rise1, significant additional economic losses from natural disasters and ocean acidification, and significant disruption to
our agricultural system as weather patterns change, the disruptions to our civilization would likely be not be
catastrophic.
For emission scenarios that limit the equilibrium temperature increase in 2100 to between 1.5°C and 2.0°C, an
"anthropogenic carbon budget" can defined as the maximum net anthropogenic CO2 that can be emitted in order to
limit the equilibrium temperature increase in 2100 to that range.
Current climate models can be used to develop a formula which provides a rough estimate of the atmospheric CO2 in
2100 based on CO2 emissions from 2016-21002: "2100 CO2 PPM" = 0.2586 * CO2 Emissions 2016-2100 + 342.87. And
since there is a known relationship between climate sensitivity, equilibrium temperature, and radiative forcing
(Radiative forcing = 5.35 * Ln(1 + Equilibrium Temperature / Climate Sensitivity)), a formula can also be developed
which allows a "CO2 budget" to be estimated for an equilibrium temperature, climate sensitivity, and amount of nonradiative forcing in 21002: CO2 Budget = (278 * e((5.35 * Ln(1 + ET / CS) - NonCO2RF) /5.35) - 342.87)/ 0.2586.
The following tables contain CO2 Emissions budgets (for both anthropogenic and natural emissions) for temperature
increases of 1.5° C and 2.0° C for various climate sensitivities and non-CO2 radiative forcings. Note that N2O and CFCs
have combined RFs of .34, .43, and .52 W/m-2 in RCPs 2.0, 4.5, and 6.0 respectively3, so getting below a non-CO2 RF of
0.3 or 0.4 W/m-2 will not be possible unless aerosols (either from the burning coal or from solar radiation management)
are present in large quantities.
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Yellow cells show combinations of CS and NonCO2 RF for a post 2018 budget of around 190 GTC (roughly that
put forward by the IPCC and National Academy of Science and adjusted for 2016-2019 emissions4).
Orange cells show combinations of CS and NonCO2 RF for a post 2018 anthropogenic budget of around 70 GTC
(assuming natural emissions of roughly 120 GTC5)
Green cells show the total CO2 budget for a value of climate sensitivity slightly below that which was
demonstrated by the models that best capture current conditions6,7
Purple cells show the CO2 budget for the non-CO2 radiative forcing for RCP 4.53
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Many of the emissions from natural feedbacks are temperature-dependent. Given a likely temperature increase of at
least 2° C by 2050 (see http://ccdatacenter.org/documents/TempIncreaseExpectations.pdf) it seems reasonable that
cumulative emissions from natural emissions will likely be in the range of 120-200 GTC by 2100 (not including methane
from methyl hydrates)5,8 . Given that anthropogenic emissions are likely to be over 600GTC between 2019 and 2100 (see
tables below), for all practical purposes there is no anthropogenic budget left.
The following tables show the CO2 emissions from 2019-2100 for various combinations of fossil fuel reductions (without
BECCS, CCS, or CDR)
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http://ccdatacenter.org/documents/SeaLevelRiseExpectations.pdf
http://ccdatacenter.org/documents/CO2UptakeExpectations.pdf

IPCC Physical Basis AR5
NAS 2017 CSSR Budget = 236 GTC (assume the budget is post 2015)
https://science2017.globalchange.gov/downloads/CSSR_Ch14_Mitigation.pdf)
IPCC post 2015 Budget = 220 GTC (for a 66% chance of not exceeding 2.0 °C)
(https://docs.google.com/spreadsheets/d/1odltJu_rxabdVXv_pACMBNIRiFSkc_HqJnV8z0av2w/edit#gid=731498129)
http://ccdatacenter.org/documents/NaturalEmissionsExpectations.pdf
(Footnote #68 in What Lies Beneath (download PDF from https://www.breakthroughonline.org.au/Xu, Y &
Ramanathan, V 2017, ‘Well below 2 °C: Mitigation strategies for avoiding dangerous to catastrophic climate
changes’, Proceedings of the National Academy of Sciences, vol. 114, pp. 10315-10323.
http://ccdatacenter.org/documents/ClimateSensitivityExpectations.pdf
http://ccdatacenter.org/documents/GlobalWarmingFeedbackExpectations.pdf
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