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Photosynthesis

 Primary Productivity is the rate at which light energy or inorganic chemical energy is 
converted to the chemical energy of organic compounds by autotrophs in an ecosystem.

 In the ocean, photosynthesis is performed by phytoplankton in the sunlit or euphotic zone.

 This process takes carbon dioxide and water and combines them with the help of the energy 
contained in sunlight creates a monosaccharide and oxygen
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Upper Ocean Productivity

“Gross primary production” (GPP) refers to the total rate of organic carbon production by 
autotrophs

 “respiration” refers to the energy­yielding oxidation of organic carbon back to carbon dioxide.

 “Net primary production” (NPP) is GPP minus the autotrophs’ own rate of respiration; it is 
thus the rate at which the full metabo­lism of phytoplankton produces biomass.
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Partition of Anthropogenic Carbon Emissions into 
Sinks [2000-2006]

55% were removed by natural sinks
Ocean removes ~ 24% Land removes ~ 30%

45% of all CO2 emissions accumulated 
in the atmosphere
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Primary Productivity Models

 WRM convert absorbed radiation i.e. Photosynthetically Utilizable Radiation (PUR) into net
photosynthesis using a suit of empirical quantum efficiency models based on photosynthesis­
irradiance variables

 WIM eliminated wavelength dependencies and NPP is described as a function of PAR rather
than PUR and calculated by integrating PAR dependent photosynthesis­irradiance function
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Primary Productivity Models

 TIM eliminates time­dependent resolution in solar irradiance. TIM intrinsically integrate a
range of photosynthetic rates into a single productivity value.

 DIM includes all models lacking any explicit description of the vertically resolved component
found in TIM, WRM and WIM.
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Primary Productivity (conti.)How?

1) Light/Dark Bottle Method

• Calculate DO in both bottles at t=t0, t=t1

• GPP = (DOlight
t1 - DOdark

t1)/(t1-t0)

• NPP = (DOlight
t1 - DOlight

t0)/(t1-t0)

• Quick but only an estimation (based on O2 consumption)

2) Nitrogen/Cabron istotop method

• Inoculate C13/C14 (DIC), various light-levels, temp. regulation

• Filter samples, flush excess isotops, POC retained on filter paper

• Measure ratio to C12 with IRMS/Mw-IRMS, highly precise
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PI experiment
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light gradient Incubator

decrease light
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PI experiment
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Photosynthesis – Irradiance parameters
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PP models using PI parameters
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Non-spectral and Spectral equivalent
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PP computation flowchart
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PP modeling
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Lookout

https://www.science.oregonstate.edu/ocean.productivity/
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Satellite application - VGPM
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