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Why put “biology” in climate models?  Because 
biogeochemical processes can affect climate: 
 
•  Carbon cycle feedback (<30% reduction in ocean 

uptake by 2100; Gruber, 2011). 

•  Source of aerosols, N2O 

•  Optical properties of sea water (hence absorption 
of shortwave radiation) dependent on 
phytoplankton (small effect?) 

 



Because changes in climate can affect biology: 
•  Changes in mixed layer depth, stratification, and 

upwelling can change light & nutrient availability, 
hence primary productivity, export, community comp. 

•  Many biological/biogeochemical processes are 
temperature-dependent (by 7-30% for 2°C warming, 
Gruber 2011).  Reduction of export? 

•  Changes in wind-driven circulation (upwelling, shifts in 
biomes, connectivity) 

•  Food webs, fisheries, marine resources 

•  Regime shifts 

•  Ventilation and oxygen distribution 

•  Triple whammy:  warming, acidification, deoxygenation 



And because: 

•  changes in biogeochemistry can affect biology, 
and we can only assess the change in relevant 
biogeochemical variables (carbon/pH, nutrients, 
oxygen) if we can assess changes in physics; 

•  including biology can lead to better physical 
models (by highlighting model deficiencies); 

•  society needs guidance to inform decisions about 
human activities and their impact on the ocean 
environment + climate. 



Relevance of CLIVAR science to IMBER 

•  Much of what we do in CLIVAR is directly relevant to 
IMBER science, but a change of focus is needed:  
emphasis on upper ocean; coastal zone; changes in 
ocean currents of less relevance to climate may be 
crucial for biology, … 

•  Same biases that cause problems for climate prevent 
progress on biology (eg eastern boundary upwelling 
zones) 

•  In some cases, IMBER observations (eg tags on 
animals) are filling holes in the physical climate 
observing system. 

•  Biological changes in space and time provide clues 
that something interesting is happening in physics. 



Climate sensitivity of global carbon cycle 

Frank et al., Nature, 2010 



PISCES ocean biogeochemical model 

Aumont et al., (2003) 



Change in primary productivity with warming 

Steinacher et al., 2010 



Change in primary productivity by 2100 

Steinacher et al., 2010 



Oxygen changes (1990-2008 – 1960-1974) 

Stramma et al. 2010 



  Goal: Understanding the processes governing  
           changes in the O2-budget of the OMZs 

Oxygen in 
 200m 

                   What caused the observed trends? 
           How will they respond to future climate change?  



  
   Present	  models	  (UVic,	  Bergen,	  NCAR,	  IPSL,	  

MPI)	  do	  not	  capture	  observed	  O2	  changes!	  	  
	  
	  	  	  	  	  	  	  	  	  Observed	  trend,	  	  
	  	  	  	  	  	  	  	  	  	  past	  50	  years,	  	  
	  	  	  	  	  	  	  	  	  	  z	  =	  300	  dbar	  
	  
	  	  	  	  	  	  	  	  	  	  	  (Stramma,	  Oschlies,	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Schmidtko,	  subm.)	  
	  
	  
	  
	  	  	  	  	  	  	  	  	  Model	  example	  
	  
	  



Zonally averaged O2 change (1960-2010) 

Obs 

Reasons for model failure? 
n  too much mixing in coarse-resolution models? 
n  no realistic wind forcing? 
n  inadequate representation of equatorial dynamic? 
 



0.5°-global grid 

0.1°-Pacific “nest“ 
31° N 

49° S 



Combined effect of warming, acidification, deoxygenation 

Gruber 2011 



Where do surface waters enter the interior? 

Sallée et al, 
JPO, 2010 



Inferred subduction hot-spots consistent  
with distribution of potential vorticity in interior 

γn = 26.9 γn = 27.1 

Sallee, Speer, Rintoul + Wijffels, JPO, 2010 



… and interior distribution of 
anthropogenic carbon dioxide 

Sallée, Matear, Rintoul and Lenton, Nature Geoscience, in press 



Summary 

•  We need biology in climate models because we can’t 
do either the climate or biology problems without them. 

•  Present models vary widely in their projections of 
biological and biogeochemical change, but tend to 
agree in sign (oxygen decrease, productivity and 
export decrease in low-mid latitudes, carbon feedback 
is positive, …). 

•  Less progress to date in including higher trophic 
levels (?). 

•  The change in focus required for bio/bgc problems is 
likely to improve our understanding of key physical 
processes and their representation in models. 



Role of climate models in biology  



Biogeochemical feedbacks 

Based on Arneth et al. (2010) 



Changes in California Current 


