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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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(warm == stratified) && (stratified == anoxic) == .true. 

???
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Consider the biological pump ...
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1. Calculate model-data error:
too high Þ emit carbon

‘OK’ Þ do nothing
(too low Þ remove carbon)

13
model d C trajectory

13observed d C 

13d C error

time

MPI: 
Monday

14th Sept 
Geochemical data assimilation in deep time
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2. If emissions required:
Add CO  to atmosphere2

in an Earth system model

CO  2

assume:
13d C signature

of fossil fuels
for emissions
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3. Calculate new atmospheric
13

CO  d C value in model2

<REPEAT>

13
model d C trajectory
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time
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(1) Observationally-rooted and process-based 
understanding of the modern ocean is fundamental to 
applying numerical models (toys) to the past.

(2) Numerical models can be used to assimilate multiple 
lines of ‘secondary’ paleo evidence, and solve for 
‘primary’ marine environmental parameters (turning lead 
into gold?).

(3) PETM warming and ocean acidification was likely 
primarily driven by mantle carbon input (~10,000 PgC) at 
rates only 5% of modern fossil fuel emissions. 
Enhanced marine organic carbon burial (~2000 PgC) 
played a key role in the recovery from the event.
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