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1. Regional pH, aragonite, sea surface temperature, and sea surface salinity change 

 



 

 

 

Figure 1. Simulated change in surface ocean pH between (top, difference between an average of 1850-1859 and an average of 2000-2009) and 
(bottom, difference between an average of 1960-1969 and an average of 2000-2009). Red boxes demarcate the regions whose risk patterns are 
examined in this study. Note the change in pH scale between top and bottom.   

 



 

 

 

 

Figure 2. Simulated change in surface aragonite saturation states between (top, difference between an average of 1850-1859 and an average of 2000-
2009) and (bottom, difference between an average of 1960-1969 and an average of 2000-2009). Red boxes demarcate the regions whose risk patterns 
are examined in this study. Note the change in aragonite saturation state scale between top and bottom.   



 

 

 

Figure 3. Simulated change in sea surface temperature between (top, difference between an average of 1850-1859 and an average of 2000-2009) and 
(bottom, difference between an average of 1960-1969 and an average of 2000-2009).  



 

 

 

Figure 4. Simulated change in sea surface salinity between (top, difference between an average of 1850-1859 and an average of 2000-2009) and 
(bottom, difference between an average of 1960-1969 and an average of 2000-2009).  

 

 

 

 

 

 



 

 

2. Simple climate model sensitivity tests  

 

See Ekwurzel et al., 2017 supplementary information for a description of the carbon cycle energy balance model.  Sensitivity tests were simulated 
using the low through high range of carbon and thermal parameters including equilibrium climate sensitivity and related transient climate response 
(Myhre et al. 2013; Millar et al. 2015; Millar et al., 2016; Millar et al., 2017). The best estimate parameters had the best fit to atmospheric CO2 and 
global mean surface temperature observations.   
 
   

Table 1 Carbon scaling parameters 
 
 
 
 

 
Table 2. Thermal parameters 

Thermal Settings Low High Best 
TCR 1 2.5 1.6 
ECS 1.5 4.5 2.75 
Adjustment to non-GHG forcing -1.1 0.65 0 

 
 

Carbon Settings Low High Best 
Emissions scaling factor 0.86 1.14 1 
Decay time scaling factor 43.8 30.8 35 



 

 

 
Figure 5. Model simulations for the reference case (i.e. no removal of emissions traced to carbon producers) compared with historical observations 
CMIP6 historical CO2 data (Meinshausen et al 2017). Abbreviations: IA1 = full forcing including total historical fossil aerosols; IA0 = full forcing 
minus total historical fossil aerosols; Best, High, Low are parameters that correspond to values in (Ekwurzel et al 2017) ESM tables 1, 2 and 3.  
Given the close relationship to the reference case for global ocean pH in the following year, using equation (1) in Licker et al., 2019, this serves as a 
sensitivity test for global ocean pH.     
 



 

 

3. Largest carbon producers 2010 data and 2015 data comparison 

The following transitions occurred between the database release for 1854 - 2010 (see Heede 2014, Ekwurzel et al 2017) and the database release 
extended through the year 2015 in this contribution. This updated database of emissions attributed to the 88 major carbon producers includes both 
direct operational emissions (scope 1) and indirect product-related emissions (scope 3) for each entity, following the methodology in Heede 2014. 
The update includes mergers and acquisitions (the acquired company’s attributed emissions are shifted to the acquiring entity), updated data on 
production of oil, natural gas, coal, and cement to 2015, acquisition or divestment of producing assets, and routine revisions of activity data for 
previous years. Following the method for the 2010 data, emissions traced to the original 90 largest carbon producers are included in the 2015 data 
release with a slight change in the listing of companies as follows. In cases of acquisitions, the historical emissions from both companies are 
combined into the annual emissions of the company that acquired another company. In the case of entities that no longer exist (e.g. former Soviet 
Union) these are listed and have emissions only for the years over the historical period of existence. Subsequent mergers and acquisitions — such as 
Royal Dutch Shell’s acquisition of BG (British Gas) or HeidelbergCement’s acquisition of Italcementi in 2016 are not reflected in this database. 

• Massey Energy, USA (acquired by Alpha Natural Resources in June 2011) 
• Nexen, Canada (acquired by CNOOC in February 2013) 
• Lafarge merged with Holcim in 2015 (Still listed as separate entity in this contribution) 
• Talisman, Canada (acquired by Repsol May 2015) (Still listed as a separate entity in this contribution) 
• Luminant / TXU, USA now listed as Vistra / Luminant, USA 

 

 

 

 

 

 

 



 

 

 

Figure 6. Highlight of areas of disequilibrium in the 3-D model 

 

 

Figure 7. Simulated annual mean surface pCO2 for 1979 
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