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How well can global models 
i l t lsimulate low-oxygen 

regions?regions?
• Large scale oxygen distribution can be 

modeled well

• Low-oxygen regions not so wellLow-oxygen regions not so well. 
Typically suboxic volume 
overestimated Issues: physicsoverestimated. Issues: physics 
(resolution, mixing parameterizations), 
biology (zooplankton vertical migrationbiology (zooplankton vertical migration, 
...)



2. Long-Term Projections
2. Long-term projections

Global Warming
until year 4000 9ºC Warminguntil year 4000 
• Business-as-usual based on 

burning of all readily available

9ºC Warming

Controlburning of all readily available 
fossil fuel reserves (SRES A2, 
linear decrease from 2100-
2300)

Sea Ice Disappears

Control

Sea Ice DisappearsSchmittner et al. (2008) 
GBC

S L l RiSea Level Rises
(only thermal expansion)
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2. Long-term projections
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Impact on O and N Cycles
2. Long-term projections

•Oxygen decreases

•Suboxic water volume increases

•Denitrification increases by 350%

•Nitrogen fixation increases

D i NO i t ll•Decrease in NO3 inventory small

•N2O production increases by 64%  
(estimated from empirical relation by ( p y
Nevison et al., 2003)

•=> atmospheric N2O increases by 
60 ppb (21%)60 ppb (21%)

•=> additional warming by 0.2ºC

Schmittner et al. (2008) 
GBC



2. Long-term projections

Dissolved Oxygen Change (%)

QuickTime™ and aQuickTime  and a
BMP decompressor

are needed to see this picture.
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2. Long-term projections

year 4000

300 m depth



Oxygen on σΘ=27.0 kg/m3 year 2100
Effects of C:N

2. Long-term projections
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Acidification
2. Long-term projections
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Keeling et al. 2010 Annu. Rev. Mar. Sci



3. Long-Term Projections• Dissolved Oxygen is projected toDissolved Oxygen is projected to 
decrease world-wide due to

‣ decreased solubility

‣ increased stratification / slower‣ increased stratification / slower 
circulation

• Low-oxygen regions will expand, 
perhaps dramaticallyperhaps dramatically

‣ increased denitrification

‣ increased N2O production (very small 
positive climate feedback)positive climate feedback)

• Biological effects of acidification may 



Variability: Atlantic
3. Decadal 

variability

Fröhlicher et al., 2009, GBC



Variability: Pacific
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Variability: Pacific
3. Decadal 

variability

Deutsch et al. (2006) GBC



V i bilitVariability

• Much of the observed changes due to• Much of the observed changes due to 
internal variability

• Models capture variability in North 
AtlanticAtlantic

• Models underestimate variability in 
North Pacific



4. Coastal Models
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4. Coastal Models

2002 GLOBEC -
LTOP data

ClimatologyClimatology

Spitz, Batchelder, Koch CIOSS Project



C t l M d lCoastal Models

• Important to predict local occurrence ofImportant to predict local occurrence of 
hypoxia

• Boundary conditions crucial



5. Paleo

De Pol-Holz et al. (2006)

Emmer and 
Thrunell (2000)( )

Altabet et al. (2002)

Ren et al (2009)Ren et al. (2009)

Time



LGM
5. Paleo
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5. Paleo
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P l P tiPaleo Perspective

• Provides information on past episodesProvides information on past episodes 
of ocean deoxygenation and effects on 
biogeochemical cycles (e g N-cycle)biogeochemical cycles (e.g. N-cycle)

• Models including N-isotopes are now 
available and can provide quantitative 
constraints in combination with 
observations



Thanks



Paleo:

Effects of 
Ocean 

Circulation 
Changesg

Shutdown ofShutdown of 
Atlantic 

MeridionalMeridional 
Overturning 
CirculationCirculation

Schmittner et al. (2007) 
Paleoceanography
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Comparison  with 
Ice Core RecordIce Core Record

TimeTime

Time

•Model reproduces N2O amplitude and

Time

•Model reproduces N2O amplitude and 
timescale



Atlantic Pacific

Schmittner (2005) Nature



Productivity Decreases

Schmittner 2005 Nature



Semidiurnal Diurnal

Diurnal



UVic Model
(Weaver et al. 2001)
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Somes et al., 2010 GBC 
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(Schmittner et al 2008 GBC)
εDENI=25‰
εASSIM=5‰ (Schmittner et al. 2008 GBC)

Assumptions:
•Constant Elemental Ratios
•No DOM

εASSIM=5‰
εNFIX=1.5‰
εEXCR=6‰

•No DOM
•No N-Deposition
•No River Input of N

tuned to reproduce global mean 15N

no fractionation 






