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Why measure GPP?
ÅGPP represents total energy available for the ecosystem 

(maximal production)

Åinteresting dynamics in combination with NCP

VERY 
LOW 

Example: Response to melting sea ice

GOP = gross oxygen 
production

From Ji et al., submitted
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How does the method work?
ÅThree isotopes of O: 16O, 17O, 18O

Åwŀǘƛƻ ǎŜǊǾŜǎ ŀǎ ŀ άƳŀŘŜ-ƛƴ ǘŀƎέ

vs.

H. Sosik



GOP from Triple Oxygen Isotopes

Atmosphere

UV Radiation ĄMass Independent Fractionation
more 17O then 18O 

Ocean

Photosynthetic O2ĄMass Dependent Fractionation
derived from H2O            more 18O than 17O

17Dof O2 = 0 per meg

17Dof O2 = 249 per meg

17D= measure of ratio of  16O, 17O, and 18O 
= ln(d17O/1000+1)-0.5179ln(d18O/1000+1)x106

Calculate 
GOP

GPP

GOP = gross oxygen production



Measuring Triple Oxygen Isotopes of O2
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Brief History

from Hendricks et al. 2004from Luz and Barkan, 2000

ÅSeminal papers by Luz et al. in 1999 and 2000 with simple equation

ÅDeveloped further by Michael Bender and Paul Quay in early 
нлллǎΧ



from Nicholson et al., 2014
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Brief History
ÅSeminal papers by Luz et al. in 1999 and 2000 with simple equation

ÅDeveloped further by Michael Bender and Paul Quay in early 
нлллǎΧ

Å2011 to present: equations developed further, 1D and 3D modeling, 
new considerations appear

from Prokopenkoet al., 2011

from Nicholson et al., 2014



Advantages of TOI for GPP
ÅLƴ ǎƛǘǳ ǘŜŎƘƴƛǉǳŜΥ 5ƻŜǎƴΩǘ ŘƛǎǘǳǊō ǘƘŜ ōƛƻƭƻƎȅΗ

Å5ƻƴΩǘ ƴŜŜŘ ŀǎǎǳƳǇǘƛƻƴ ǘƘŀǘ ƭƛƎƘǘ Ґ ŘŀǊƪ ǊŜǎǇƛǊŀǘƛƻƴ

ÅIntegrates over large spatial and temporal scales 

ÅRelatively easy to collect (but hard to measure!) Ą enables 
hundred(s) of GOP rates per cruise

ÅProvides the NCP/GOP ratio: a measure of carbon cycle efficiency

HighExport = 
Leaky

Low Export = 
Efficient Recycling

Onshore

Offshore

Productivity on summer 
New England shelf as 
part of NES-LTER

NCP / GOP


