Coccolithophore calcium carbonate expot in an acidified ocean
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Coccolithophores and the Biological Carbon Pump

CaCO3 Integrated by Depth CESM-cocco

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.

Krumhardt’s modified 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.

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

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

Increasing Anthropogenic CO2 and CaCO3 Export
CaCO3 Flux at 110m at 280ppm
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CaCO3 Flux at 110m at 400ppm

With an increase from 280ppm to 400ppm atmospheric CO2 ,
CESM-cocco displays an increase in calcium carbonate flux .
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 .
From 400ppm -900ppm, there is a net decrease in CaCO3 Flux
across the simulation. A greater increase of atmospheric CO2
leads to ineffective calcification due to ocean' acidification
and therefore a weakening of the biological carbon pump.
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Figure 4. The first 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 floor.

Under acidified conditions, the biological carbon pump is
expected to weaken due to decreased rates of calcification
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Figure1c. CESM-cocco End of Century 900ppm simulation
calcium carbonate flux through 110m. Depicts a continued
high calcium carbonate flux in the high latitudes of the
Altlantic and Japanese archipelago with an overall decrease
in the open ocean.

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

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

Coccolithophore calcium carbonate export is affected by
increasing atmospheric CO2

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

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

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

With increased atmospheric CO2, calcium carbonate flux
will decrease and the biological carbon pump will weaken
CO2
Figure 1d. Difference between 280ppm and 400ppm simulation depicting areas of large
increasing flux in the high latitudes of the Atlantic Ocean and the Japanese archipelago.
Decreasing calcium carbonate flux can predominently be seen along the southern ocean
with most areas exhibiting small differences.
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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
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Table 2 shows the BATS POC data multiplied with different Rain Ratios. The first from Sarimento et al
2002, the second from Sarmiento and Gruber 2005, and the third from Koeve et al 2002
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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 flux from the preindustrial to present
day and drastic decrease between present day and end of century simulations

Minimum Flux
(mmol/m2 /day)

Maximum Flux
(mmol/m2 /day)

Average
(mmol/m2 /day)

Std of Average

Preindustrial
0
30.60
0.6393
0.7450
(280ppm)
Present Day
0
0.6672
0.8750
29.15
(400ppm)
End of Century
0
19.75
0.5489
0.6943
(900ppm)
Table 1: displays the minimum, maximum, average, and standard deviation of the average of
each of the simulations.

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 fluxes.
The end of century also contains less of a standard
deviation, simillarly showing less variability.
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Figure 1e. Difference 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.
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The first layer in the above figure represents the atmosphere, the second layer
represents the surface ocean the third represents the ocean interior, and the fourth
shows the sediments
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Percent of Calcium Carbonate Export Growth and Decline
Between Preindustrial and End of Century Simulations

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