
M.	
  Jacox	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  |	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Upwelling	
  Intensity,	
  Stratification,	
  and	
  Nutrient	
  Supply	
  Trends	
  in	
  the	
  California	
  Current	
  System	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  |	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  March	
  21,	
  2015

Upwelling Intensity, Stratification, and Nutrient Supply 
Trends in the California Current System

Mike Jacox
March	
  21,	
  2015

Collaborators 
Steven Bograd, Elliott Hazen (NOAA) 

Jerome Fiechter (UCSC)



M.	
  Jacox	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  |	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Upwelling	
  Intensity,	
  Stratification,	
  and	
  Nutrient	
  Supply	
  Trends	
  in	
  the	
  California	
  Current	
  System	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  |	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  March	
  21,	
  2015

Temperature

Upwelling Nitrate in Source Waters

1950-2012 
(Sydeman et al. 2014)

Projected 
(Wang et al. 2015)

1985-2011 
(Bograd et al. 2015)

Projected 
(Rykaczewski and Dunne 2010)

Projected 
(Rykaczewski and Dunne 2010)

1982-2010 
(Seo et al. 2012)

1950-1999 
(Bograd and Lynn 2003)

Trends in Upwelling Systems



M.	
  Jacox	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  |	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Upwelling	
  Intensity,	
  Stratification,	
  and	
  Nutrient	
  Supply	
  Trends	
  in	
  the	
  California	
  Current	
  System	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  |	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  March	
  21,	
  2015

30 

25 

20 

15 

10 

5 

0

N
itr

at
e 

C
on

ce
nt

ra
tio

n 
(m

g 
m

-3
)

Present Future 
Stronger Wind 

Stronger Stratification 
Increased Nitrate at Depth

Stratification > Wind

Wind > Stratification

[NO3]source > Stratification Rykaczewski and Dunne (2010)

Auad et al. (2006)

Di Lorenzo et al. (2005)

Nitrate Supply

Trends in Upwelling Systems



M.	
  Jacox	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  |	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Upwelling	
  Intensity,	
  Stratification,	
  and	
  Nutrient	
  Supply	
  Trends	
  in	
  the	
  California	
  Current	
  System	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  |	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  March	
  21,	
  2015

 1800 km

Regional Ocean Modeling System (ROMS) 
1/10° horizontal resolution 

42 vertical levels  
ECMWF fluxes 

CCMP wind 

San Francisco Bay

Cape Mendocino

Cape Blanco

Pt. Conception

Monterey Bay

2000 km

Model Configuration



M.	
  Jacox	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  |	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Upwelling	
  Intensity,	
  Stratification,	
  and	
  Nutrient	
  Supply	
  Trends	
  in	
  the	
  California	
  Current	
  System	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  |	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  March	
  21,	
  2015

Model Wind Stress Heat/Freshwater Flux Boundary Conditions
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Modeling Nitrate Concentration in the CCS
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1980-2010:

1950-1999:

Timescales of Variability
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Model Wind Stress Heat/Freshwater Flux Boundary Conditions
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  C NCEP COADS Climatology

  D NCEP COADS CalCOFI

B (cooling) C (cooling) D (warming)

Timescales of Variability

Di  Lorenzo  et  al.  (2005):
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Upwelling intensity and 
local heat flux trends are 
consistent over 60 years 

Upwelling intensity is the 
stronger driver of nitrate 
supply 

Remote forcing is related 
to basin-scale climate 
variability, and is 
decoupled from local heat 
flux
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