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Ice Core Record of Climate, CO2, CH4, N2O
Ahn & Brook (2008) Science, Flückiger et al. (2004) BGC
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Model Observations

Pacific Pacific

Impact on Nutrient Cycling

Schmittner (2005) Nature
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Impact on Nutrient Cycling

Atlantic

Pacific

model year 1000

Schmittner (2005) Nature
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Impact on Nutrient Cycling and Productivity

Schmittner (2005) Nature
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Schmittner (2005) Nature
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Upper Ocean Oxygen Increases

Schmittner et al. 2007 Paleoceanogr.
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Schmittner & Galbraith 2008 Nature
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Efficiency of the Biological Pump and 
Preformed Nutrient Inventory

Ito & Follows 2005 J. Mar. Res

Ptot

Ppref

Ptot = Ppref + Prem

AOU =O2 −O2
sat (T )

WOA

ΔpCO2 = 312 × ΔPpref / Ptot
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Preformed Nutrients Change

Pacific

Atlantic

Schmittner & Galbraith 2008 Nature
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Impact on Greenhouse Gases
Schmittner & Galbraith 2008 Nature
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Comparison  with 
Ice Core Record

•Model reproduces N2O 
amplitude and timescale
•Model reproduces CO2 

amplitude and timescale
•CO2 decreases too rapidly 
after Greenland warming
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Large reduction in model AMOC leads to

• decreased upwelling of nutrients

• reduced productivity globally

• increased subsurface oxygen in Pacific and Indian ocean

• reduced N2O production, lower atmospheric N2O (centennial)

• reduced efficiency of the biological pump: increased atmospheric 
CO2 (millennial)

• consistent with paleo record

• BUT ...

Conclusions
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Ahn et al. (2012) GRL

BUT: what causes the 
rapid CO2 variations 
recently discovered in 

high resolution 
measurements ?
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THANKS
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Schmittner & Galbraith 2008 Nature
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