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The processes that govern the 
partitioning of carbon (and alkalinity) 
between the surface ocean (and hence 
atmosphere) and ocean interior, are 
traditionally described in terms of three 
conceptual 'pumps':

(1) The 'solubility' pump.

(2) The 'organic matter' (or 'soft tissue') 
pump. 

(3) The 'carbonate' (or 'counter') pump.

This conceptual framework has more 
recently extended by a fourth 
component:

(4) the microbial carbon pump. ’t
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(1) Interrogating the biological pump 
in silico.

(2) The fundamental importance ... 
or not, of the advent of pelagic 
calcification and mineral ‘ballasting’ 
of particulate organic matter fluxes.

(3) Extinctions as a window onto the 
biological pump components:
The end-K as an example.

(4) The fundamental importance ... 
or not, of physical ocean changes 
and esp. warming.

(5) Thinking outside the box.

Evolution of the Biological Pump: TALK OUTLINE
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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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cGENIE Stanford 2014 version: README

Andy Ridgwell

February 17, 2014

1. To get an exact (read-only) copy of the (’muffin’ devet lborpamncehn) cGENIE source code used

for the Stanford presentation – in linux, (ideally from your home directory) type:

svn co https://svn.ggy.bris.ac.uk/subversion/genie/ta gs/cgenie.Stanford2014

--username=genie-user cgenie.muffin

NOTE: All this must be typed continuously on ONE LINE, with a S P A C E befo-r-eus‘ ername’,

and beforec‘genie’. You will be asked for a passworgd3–n1itei-suser.

2. You need to set a couple of environment variables – the compiler name, netCDF library name,

and netCDF path. These are specified in uthseerfi.mleak (genie-main directory). If the cgenie

code treecg(enie.muffin ) and output directocrgye(nie output) are installed anywhere other

than in your account HOME directory, paths specifyingill thhiasvewto be edited in: user.mak

anduser.sh (genie-main directory). Installing the model code under the defaeuclttodryirname

(cgenie.muffin) in your HOME directory is hence by far lethset asnimdpavoids incurring addi-

tional/unnecessary pain (configuration complexity) ...

You will also need to have installed or linked to an atpeprFoOpRriaTRAN compiler and netCDF

library (built with the same FORTRAN compiler). The GNU FORT RAN compiler (gfort) version

4.4.4 or later is recommended. The netCDF version needs to be4.0 (more recent versions require

a little work-around, not documented here ...).

3. To test the code installation – change direcctgoeryniteo.muffin/genie-main and type:

make testbiogem

This compiles a carbon cycle enabled configuration ofcGENIE and runs a short test, comparing the

results against those of a pre-run experiment (also downloaded alongside the model source code). It

serves to check that you have the software environment correctly configured. If you are unsuccessful

here ... double-check the software and directory environment settings in user.mak (or user.sh)

and for a netCDF error, check the valuNeEoTf CthDeF DIRenvironment variable. (Refer to the

User Manual for addition fault-finding tips.) If environtmvaerniables are changed: before re-trying

the test, you will need to type:

make cleanall

That is is for the basic installation. To run the modiemlpitleismaastter of calling thruen’muffin.sh ’
shell script fromgenie-main and supplying a couple of parameter values, e.g.:

./runmuffin.sh cgenie.eb_go_gs_ac_bg.worjh2.ANTH / EXAMPLE.worjh2.Caoetal2009.SPIN 10000

Refer to thceGENIE User manualfor more information regarding installing, running, aanlydzianng
model output, and cGENIE Examplesfor more information on this specific example.1 Also read the
cGENIE README.
Highly recommended ... is in order to have a working appreciation of theestorfucthtuermodel and
output, plus the format of the model output and how tzoeviitsu–atloi read through:

http://www.seao2.info/cgenie/labs/EC4.2013/GEOGM1110andM1404.2013-14.cGENIE_LAB.0000.pdf

(which serves as a basic introduction to the model and how to use it).

1
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Evolution of the Biological Pump: in silico

tinyurl.com/meqy9pb
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Evolution of the Biological Pump: In the beginning ...
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Evolution of the Biological Pump: In the beginning ...

The stability of CaCO  3

(or thermodynamic favourability of precipitation)
is defined by its ‘saturation state’:

2+ 2-  W = [Ca ]´[CO ] /k3

Precipitation rate 
(proportional to global burial) 
goes as:

where n ~ 1.5-2.0 
for abiotic precipitation

n
r = f ´ (W-1)
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The Mesozoic planktic calcifier revolution
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Evolution of the Biological Pump:
Planktic carbonate production and ‘ballasting’
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fluxes and relationships) and differentiated by basin:
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[Wlison et al., 2012; GBC 26, doi:10.1029/2012GB004398]
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‘Suess Effect’
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Evolution of the Biological Pump:
Planktic carbonate production and ‘ballasting’
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Compilation of sediment trap observations: 
depths >= 2000 m to exclude hydrodynamically distorted 
fluxes and relationships, and differentiated by basin:

, , , .

[Wlison et al., 2012; GBC 26, doi:10.1029/2012GB004398]
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Spatial distribution of carrying capacity (ballasting) coefficients 
calculated using geographically weighted regression

analysis for CaCO .3

Wilson et al. [2012]

Evolution of the Biological Pump:
Planktic carbonate production and ‘ballasting’



Evolution of the Biological Pump:
Ocean Carbon Cycling and Oxygenation in Warm Climates
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(warm == stratified) && (stratified == anoxic) == .true. 

???
( ‘stratified’ || ‘sluggish’ || ‘stagnant’  )
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