Assessing the Future Carbon Budget through the Lens of Policy-Driven Acidification and Temperature Targets
Sandy Avrutin*1, Philip Goodwin1 ORCID: 0000-0002-2575-8948, 
Thomas H.G. Ezard1 ORCID: 0000-0001-8305-6605
1 School of Ocean and Earth Science, University of Southampton, Southampton SO14 3ZH, UK
*a.l.avrutin@soton.ac.uk
For submission to Climatic Change 

[bookmark: _GoBack]Supplementary 1 – Adjusting Mitigation Pathways Algorithm
This is an in-depth description of the rationale and equations used in the Adjusting Mitigations Pathways (AMP) algorithm to achieve carbon pathways towards a specified acidification target.
Surface ocean pH is closely tied to atmospheric CO2 levels, since there is an approximate annual timescale for CO2 exchanges between the atmosphere and surface ocean mixed layer and seawater pH reduces with ocean CO2 uptake due to carbonate chemistry equations (Zeebe & Wolf-Gladrow, 2001).  Thus, any given minimum surface ocean pH target can be accurately expressed as the maximum atmospheric CO2 level that corresponds to that surface ocean pH level. Because CO2 is easier to measure than ocean pH, the ocean acidification (minimum pH) target in the scenario algorithm is expressed as a maximum atmospheric CO2 level, corresponding to that ocean surface pH value. To do this, we assume that the atmospheric fraction of emitted CO2 (the amount of total emissions that remain in the atmosphere, ΔCO2.atmos/Iem), remains roughly constant over the assessment period (10 years) (Friedlingstein et al., 2006). 
We begin by deriving the historic atmospheric fraction of CO2 from observations of the last three years compared to the 2009 to 2012 reference period:
			(5)

Note  that  this  takes  the  observation  period  to  end  one  year  before  the  time  when  the  emissions  rate is  altered,  to  allow  some  time  for  policy  discussion  and  implementation  (Goodwin  et  al.,  2018).   The remaining allowable carbon emissions, Iremaining, is then given by
		(6)
Where ∆CO2.atmos(target) is the change in CO2 associated with the target ∆pH, and is calculated using the relationship between atmospheric CO2 and surface ocean pH:
			(7)
Which is rearranged so that 
				(8)
This can be substituted into equation 2 to find the remaining emissions budget at the beginning of each time step.
This protocol is followed every 10 years until 2150, whereupon the algorithm changes to remove carbon if the target has been exceeded, and allow carbon emissions if the target has not yet been met. The amount of carbon removal is larger for larger overshoots, and held at a constant rate during times when the target has not been met.
When the AMP algorithm is applied, it runs once for the temperature target as per the algorithm developed by Goodwin et al. (2018) and once for the acidification target as described above, generating two potential emission rates for the next ten years. Depending on what combination of targets we wish to look at, the algorithm can be set to take the most strict (i.e. lowest) emissions rate, the most lenient (highest) emissions rate, or a weighted combination of the two emission rates generated by following the temperature and pH targets. For the purposes of this study, the weighting is assigned as 50:50, but this can be adapted to prioritise acidification or warming as necessary. 
Following the AMP algorithm of Goodwin et al. (2018), the annual global net carbon emission rate is then linearly reduced to zero so that total future cumulative emission after time  is  using
					(9)

References 
Friedlingstein P, Betts R, Bopp L, et al (2006) Climate –carbon cycle feedback analysis, results from the C4MIP model intercomparison. J Clim 19:3337–3353
Goodwin P, Brown S, Haigh ID, et al (2018) Adjusting Mitigation Pathways to stabilize climate at 1 . 5 and 2 . 0 ° C rise in global temperatures to year 2300. 0–3. https://doi.org/10.1002/eft2.310
Zeebe RE, Wolf-Gladrow DA (2001) CO2 in seawater: Equilibrium, Kinerics,Isotopes. Elsevier oceanography series 65:1–341


