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! calculate carbonate alkalinity

loc_ALK_DIC = dum_ALK &    
& - loc_H4BO4 - loc_OH - loc_HPO4 - 2.0*loc_PO4 - loc_H3SiO4 - loc_NH3 - 
loc_HS &            
& + loc_H + loc_HSO4 + loc_HF + loc_H3PO4 

! estimate the partitioning between the aqueous carbonate species             

loc_zed = ( &            
&   (4.0*loc_ALK_DIC + dum_DIC*dum_carbconst(icc_k) - 
loc_ALK_DIC*dum_carbconst(icc_k))**2 + &           
&   4.0*(dum_carbconst(icc_k) - 4.0)*loc_ALK_DIC**2 &            
& )**0.5       loc_conc_HCO3 = (dum_DIC*dum_carbconst(icc_k) - 
loc_zed)/(dum_carbconst(icc_k) - 4.0)       

loc_conc_CO3 = &            
& ( &            
&   loc_ALK_DIC*dum_carbconst(icc_k) - dum_DIC*dum_carbconst(icc_k) - &            
&   4.0*loc_ALK_DIC + loc_zed &            
& ) &            
& /(2.0*(dum_carbconst(icc_k) - 4.0))       

loc_conc_CO2 = dum_DIC - loc_ALK_DIC + &            
& ( &            
&   loc_ALK_DIC*dum_carbconst(icc_k) - dum_DIC*dum_carbconst(icc_k) - &            
&   4.0*loc_ALK_DIC + loc_zed &            
& ) &            
& /(2.0*(dum_carbconst(icc_k) - 4.0))               

loc_H1 = dum_carbconst(icc_k1)*loc_conc_CO2/loc_conc_HCO3       

loc_H2 = dum_carbconst(icc_k2)*loc_conc_HCO3/loc_conc_CO3
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What are the global environmental
consequences of
continued CO  emissions?2



(projected) climatic consequences
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Ocean chemical consequences
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So ... when  dissolves in 
seawater, the complex 
equilibrium distribution of 
dissolved carbon between 

, , and , is 
perturbed.

While there is more total 
dissolved carbon, carbonate 
ion ( ) concentrations do 
not increase because the 
hydrogen ion ( ) equilibrium is 
also perturbed. 

To a first approximation, the 
net outcome can be written:

(However, a small part of the 
- 2-resulting HCO  dissociates into CO  3 3

+and H , which is where the 
‘acidification’ in ocean acidification 
comes from.)

CO2

- 2-
CO HCO CO2(aq) 3 3

2-CO3

+H

2- -
CO  + CO  + H O ® 2HCO2(aq) 3 2 3

From: Barker and Ridgwell [in press] 

CO2

‘DIC’ (dissolved inorganic carbon)
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The nature of pH (and acidity vs. alkalinity)

range of modern ocean surface pH
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From: Barker and Ridgwell [in press] 
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The addition of (fossil fuel)  

to seawater results in a 
decrease in carbonate ion 
( ) concentration and 
‘ ’
ocean acidification . A 
decrease in , in turn, 

suppresses the stability of 
, defined by its 

saturation state:

CO2

2-CO3

2-CO3

CaCO3

2+ 2-  
W = [Ca ]´[CO ]/k3

2-
CaCO [CO ]3 3

Þ The thermodynamic 
efficiency of precipitating 

 is a function of  

(and carbonate ‘saturation’).
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SEM micrographs of coccolithophorids under different CO  conditions2

Riebesell et al. [2000] (Nature 407)

low CO  (high pH)2

high CO  (low pH)2

Ocean biological consequences(?)



Sediments spanning the Palaeocene-Eocene boundary recovered from ODP Leg 208 (Walvis Ridge)
Picture courtesy of Daniela Schmidt (University of Bristol)

The time-machine on the ocean floor
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! calculate carbonate alkalinity

loc_ALK_DIC = dum_ALK &    
& - loc_H4BO4 - loc_OH - loc_HPO4 - 2.0*loc_PO4 - loc_H3SiO4 - loc_NH3 - 
loc_HS &            
& + loc_H + loc_HSO4 + loc_HF + loc_H3PO4 
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& /(2.0*(dum_carbconst(icc_k) - 4.0))               

loc_H1 = dum_carbconst(icc_k1)*loc_conc_CO2/loc_conc_HCO3       

loc_H2 = dum_carbconst(icc_k2)*loc_conc_HCO3/loc_conc_CO3
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The modern carbon cycle
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! calculate carbonate alkalinity

loc_ALK_DIC = dum_ALK &    
& - loc_H4BO4 - loc_OH - loc_HPO4 - 2.0*loc_PO4 - loc_H3SiO4 - loc_NH3 - 
loc_HS &            
& + loc_H + loc_HSO4 + loc_HF + loc_H3PO4 

! estimate the partitioning between the aqueous carbonate species             

loc_zed = ( &            
&   (4.0*loc_ALK_DIC + dum_DIC*dum_carbconst(icc_k) - 
loc_ALK_DIC*dum_carbconst(icc_k))**2 + &           
&   4.0*(dum_carbconst(icc_k) - 4.0)*loc_ALK_DIC**2 &            
& )**0.5       loc_conc_HCO3 = (dum_DIC*dum_carbconst(icc_k) - 
loc_zed)/(dum_carbconst(icc_k) - 4.0)       

loc_conc_CO3 = &            
& ( &            
&   loc_ALK_DIC*dum_carbconst(icc_k) - dum_DIC*dum_carbconst(icc_k) - &            
&   4.0*loc_ALK_DIC + loc_zed &            
& ) &            
& /(2.0*(dum_carbconst(icc_k) - 4.0))       

loc_conc_CO2 = dum_DIC - loc_ALK_DIC + &            
& ( &            
&   loc_ALK_DIC*dum_carbconst(icc_k) - dum_DIC*dum_carbconst(icc_k) - &            
&   4.0*loc_ALK_DIC + loc_zed &            
& ) &            
& /(2.0*(dum_carbconst(icc_k) - 4.0))               

loc_H1 = dum_carbconst(icc_k1)*loc_conc_CO2/loc_conc_HCO3       

loc_H2 = dum_carbconst(icc_k2)*loc_conc_HCO3/loc_conc_CO3
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More complete geological record (more rock!)
(more and better preserved and constrained proxies)

Is there a past ‘analogue’ for the future consequences 
of massive CO  release and ocean acidification?2
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Is there a past ‘analogue’ for the future consequences 
of massive CO  release and ocean acidification?2
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The paleo ocean acidification
app store
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