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Figure1a. CESM-cocco Preindustrial 280ppm simulation
Calcium Carbonate Flux through 110m. Control run that
depicts calcium carbonate �ux before the emission of 
fossil fuels (~1750).

Figure1b. CESM-cocco Present Day 400ppm simulation 
calcium carbonate �ux through 110m. Depicts increased 
�ux in the high latitudes of the Atlantic  and the Japanese 
archipelago.

Figure1c. CESM-cocco End of Century 900ppm simulation
calcium carbonate �ux through 110m. Depicts a continued
high calcium carbonate �ux in the high latitudes of the 
Altlantic and Japanese archipelago with an overall decrease 
in the open ocean.

Figure 1d. Di�erence between 280ppm and 400ppm simulation depicting areas of large
increasing �ux in the high latitudes of the Atlantic Ocean and the Japanese archipelago. 
Decreasing calcium carbonate �ux can predominently be seen along the southern ocean 
with most areas exhibiting small di�erences. 

Figure 1e. Di�erence between 900ppm and 400ppm simulations showing larger variability 
with the increased carbon. There is a much greater decrease in calcium carbonate export 
globaly with increases in the higher latitudes of the Atlantic, the Japanese archipelago, 
and in the southern ocean along the Great Calcite Belt.

Figure 2a. Preindustrial, present day, and end of century simulations are shown 
here with Carbon Flux integrated across CESM-cocco levels that correspond to a 
depth in meters. Note the increase in Carbon �ux from the preindustrial to present 
day and drastic decrease between present day and end of century simulations

CESM-cocco

Krumhardt’s modi�ed version of the Community Earth Syetem Model (CESM) was used to asses 
the change in CaCO3 Flux with 280ppm, 400ppm, and 900ppm atmospheric CO2  simulations to
represent the preindustrial, present day, and end of century atmospheric CO2 predictions. 

CESM-cocco was used in this study due to creation of an explicit phytoplankton functional group
for coccolithophores to represent calcifying plankton.

Figure 5 to the left shows CaCO3 integrated over depth at 400ppm,  our current atmosphere, and shows high areas of export in the higher 
lattitudes, with export happening globally. 

Many thanks to UNAVCO and all of those who make the RESESS
program possible.  

 

The �rst layer in the above �gure represents the atmosphere, the second layer
represents the surface ocean the third represents the ocean interior, and the fourth 
shows the sediments

Figure 4.  The �rst layer describes atmospheric CO2 interacting with the surface ocean to 
dissolve gasious CO2 into the water column. The second layer describes the euphotic zone 
where coccolithophores and all phytoplankton live. The third layer describes the sinking of 
PIC from coccolithophores to the oceans interior, most of which is recycled back to the 
surface ocean, but some of it is sequesterd into the sediments on the sea �oor.  
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Coccolithophore calcium carbonate expot in an acidi�ed ocean
  Adelicia Johnson¹, Nicole S. Lovenduski2, Kristen M. Krumhardt2

CaCO3 Integrated by Depth CESM-cocco

CaCO3  Flux at 110m at 280ppm CaCO3  Flux at 110m at 400ppm CaCO3  Flux at 110m at 900ppm 

 
   BATS Sediment Trap Data Average 

(mmol/day) Percent Error 
    

Depth (m) 

CESM-
cocco 
CaCO3 
Export 

Sarmiento, 
Gruber 

2002 
(0.014) 

Sarmiento, 
Gruber 

2005 (.05) 

Koeve 
2002 

(0.24-0.22) 

Sarmiento, 
Gruber 

2002 
(0.014) 

Sarmiento, 
Gruber 

2005 (.05) 

Koeve 
2002 

(0.24-0.22) 

150 0.76 0.03 0.11 0.52 2287.0 568.4 45.3 
200 0.73 0.02 0.09 0.40 2888.7 736.8 81.9 
300 0.69 0.02 0.06 0.27 4037.0 1058.3 151.8 
400 0.65 0.01 0.05 0.23 4519.2 1193.4 181.2 

Average 0.71 0.02 0.08 0.36 3154.2 811.2 98.1 
 

1. University of California Davis 2. University of Colorado Boulder

Coccolithophores and the Biological Carbon Pump

Under acidi�ed conditions,  the biological carbon pump is 
expected to weaken due to decreased rates of calci�cation

The biological carbon pump explains the the movement of 
dissolved atmospheric carbon in the surface ocean to the
ocean’s interior by way of phytoplankton. 

Coccolithophores, a type of calcifying phytoplankton, are 
crutial in the export of carbon due to their calcium
carbonate plates that act as balasting materials and move
 particles to the ocean interior faster than individual particles
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CESM-cocco and Sediment Trap Veri�cation

This material is based upon work supported by the National
 Science Foundation under Grant No.1261833. Any opinions,
 �ndings, and conclusions or recommendations expressed in 
this material are those of the author(s) and do not necessarily 
re�ect the views of the National Science Foundation.

In order to further verify calcium carbonate �ux at depth,
BATS POC average Particulate Organic Carbon sediment trap
data was used.

These data were then converted to PIC using three di�erent 
rain ratios corresponding to the BATS region. 

Table 2 shows the BATS POC data multiplied with di�erent Rain Ratios. The �rst from Sarimento et al
2002, the second from Sarmiento and Gruber 2005, and the third from Koeve  et al 2002 

Figure 3. The Organic Carbon Average was multiplied by an averaged rain ratio for each Sediment trap 
data point. The PIC from BATS is shown here in orange as the CESM-cocco measurment is shown in blue
 

Increasing Anthropogenic CO2 and  CaCO3 Export
Figure 5

Discussion

With an increase from 280ppm to 400ppm atmospheric CO2 , 

CESM-cocco displays an increase in calcium carbonate �ux . 
This is likely due to the increase of carbon in previous carbon 
limited areas, allowing for more photosynthasis and therfore
a larger biomass and greater calcium carbonate export . 
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Percent of Calcium Carbonate Export Growth and Decline
 Between Preindustrial and End of Century Simulations

Preindustrual Simulation
280ppm

Present Day Simulation
400ppm

Increasing 
Biomass

Ine�ective 
Calci�cation

From 400ppm -900ppm, there is a net decrease in CaCO3  Flux
across the simulation. A greater increase of atmospheric CO2

  leads to ine�ective calci�cation due to ocean acidi�cation 
and therefore a weakening of the biological carbon pump. 

Kristen M. Krumhardt

Figure 2b. The percent di�ernce between the 280ppm=
400ppm simulation is shown on the left with an increase
in CaCO3 export . The percent di�erence on the right  
alternativly shows the a much larger decrease in CaCO3 
export. 

Conclusions

Coccolithophore calcium carbonate export is a�ected by 
increasing atmospheric CO2

Carbon limitation in of photosynthesis cause 
an initial increase in calcium carbonate �ux  from 280-400ppm

With increased atmospheric CO2, calcium carbonate �ux
 will decrease and the biological carbon pump will weaken 
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Simulation Minimum Flux 
(mmol/m2 /day) 

Maximum Flux 
(mmol/m2 /day) 

Average 
(mmol/m2 /day) 

Std of Average 

Preindustrial 
(280ppm) 

0  30.60  0.6393 0.7450 

Present Day 
(400ppm) 

0 0.6672 0.8750 

End of Century 
(900ppm) 

0  19.75  0.5489 0.6943 

Table 1: displays the minimum, maximum, average, and standard deviation of the average of 
each of the simulations. 
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Preindustrial
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Present Day
400ppm

End of Century
900ppm

CO2

Table 1 shows a decreasing trend of  calcium carbonate 
maximum export through the layers . Table 1 also shows 
an increase in calcium carbonate export between the 
preindustrial and present day run as well as a decrease 
between the present day and end of century run. The 
standard deviation of the preindustrial is lower than the
present day sugesting less variability in the CaCO3 �uxes.
The end of century also contains less of a standard 
deviation, simillarly showing less variability. 


