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Outline of the lecture

• Briefing on Marine Ecosystem Processes

• Biogeochemistry  Carbon Cycle

• Indian Ocean  observation and modeling scenario

• Data analysis of Ocean Carbon Cycle

• Practicals on pCO2 component analysis
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Books for further reading



Marine Biogeochemistry and Ecosystem processes

http://www.geomar.de/



Ecosystem processes.



Why Nitrogen (Nitrate) as convenient master
variable?



Nutrient cycle:



Nutrient limitation



Nitrate vs. Phosphate comparisons in the world
ocean



Nitrogen fixation (Nitrogen to bio-available
nitrogen)

A Natural process, either biological or abiotic, by
which nitrogen (N2) in the atmosphere is converted
into ammonia (NH3).

Microorganisms that fix nitrogen (Diazotrophs)
Cyanobacteria
Azotobacteraceae
Rhizobia
Frankia

Organisms are able to directly modify the total
amount of nitrogen accessible to them for synthesis
of organic mater by nitrogen fixation.
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Phosphate as a limiter.



Iron as a limiter.



Nitrogen cycling.



Nitrogen cycling.

© Sarmiento and Gruber, 2007



Nitrogen cycling.



Eutrophic and Oligotrophic zones



Allocation of Primary Production to
different phytoplankton functional group.

© Sarmiento and Gruber, 2007



Modeling photosynthesis.



Continued …



Continued …



Continued …



Nitrogen uptake vs. Nitrate conc.



Sinking particle flux and bacterial source sink.



N-P Ecosystem models



N-P-Z Ecosystem models



Ecosystem models



Nemuro model
15-component BGC-Model. Yamanaka et al., 2004,



Nemuro model

Yamanaka et al., 2004, J. Oceanography, Vol. 60, 227-241



Topaz- 19 component BGC.



Earth-System-Model @ CCCR, IITM

Atmospheric
General
Circulation model
(GFS)

Terrestrial
ecosystem and
Land processes
model (NOAA).

Aerosole
ECHAM/HAM

MOM4p1 Ocean
General
Circulation Model.

Topaz 19
component ocean
BGC model.

Terrestrial
ecosystem and
Land processes
model (NOAA).

Sea-Ice
Model (SIS)

Coupler



Marine Organic/Inorganic Carbon Cycle

Phytoplankton

(a) Diatom
(b) Coccolithophorid

Zoo-plankton

(a) Foraminifer
(b) Radiolarian
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Present day CO2; Keeling curve.

© http://en.wikipedia.org/wiki/File:Mauna_Loa_Carbon_Dioxide-
en.svg



Atmospheric CO2 from 1700 to 2010



But ~50% of man-made CO2 is absorbed by oceans and land.

50 % 20 %
30 %

Oceans sink ~30% of
anthropogenic CO2

Terrestrial ecosystem
absorbs ~ 20% of
anthropogenic CO2.



Carbon pumps in the ocean



Exchange of CO2 with atmosphere.



Solubility pump: Carbonate Chemistry
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Solubility pump: Carbonate Chemistry



Solubility pump: Carbonate Chemistry







Simplified carbonate chemistry.

Carbonate
alkalinity
Carbonate
alkalinity



Simplified carbonate chemistry.



© Sarmiento and Gruber, 2007.



K0, K1 and K2 is a function of Temperature.

pCO2 as a function of
Temperature and Salinity

K0, K1 and K2 as a function
of temperature.





Seasonal dependency of pCO2 on T, S.



Effect of rainfall on surface ocean
carbonate chemistry.



Normalized DIC and Alk.



Surface ocean pCO2.

Units: ppm
(top) model
(bottom) ship-survey



Seasonal pCO2
amplitude
(uatm).

Temperature
effect of
surface ocean
pCO2.



Biological effect on pCO2
= Seasonal pCO2 – Temperature effect



Air-sea fluxes of CO2.

Units: mole/m2/year
(top) model
(middle) global integral.
(bottom) Eastern Pacific



Seasonal cycle of air-sea CO2 flux.

Unit = PgC/yr.Unit = PgC/yr.
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Carbon pools in the ocean.



Biological Pump: Effects on Carbon cycle.
Soft tissue pump



Biological Pump: Effects on Carbon cycle.
Carbonate pump



Influence of Biological pumps on carbon cycle.



Indian Ocean  observation and scenario



Indian Ocean  observation and scenario



Indian Ocean  observations of pCO2



Indian Ocean  observations of pCO2



 Component form of pCO2 variability in ocean 
Practical session

 Air-sea CO2 fluxes of Indian Ocean; seasonal cycle,
interannual variability.
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