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How Do We Study Upwelling?

M. Jacox Decadal Scale Upwelling Variability in the California Current System July 14, 2014



Model Configuration (1988-2010)
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An Overview of CCS Upwelling

Mean Vertical Velocity (m/day)
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Vertical velocity is calculated at 40m depth

Long-term mean upwelling extends
approximately 200 km offshore

Three distinct regions (Dorman and Winant, 1995):

North
Storm track, variable forcing

Central
Persistent equatorward winds

South
Sheltered from strong winds

M. Jacox Climate Variability and the 3D Structure of Coastal Upwelling October 23, 2014



An Overview of CCS Upwelling

Mean Vertical Velocity (m/day) Mean Upwelling Transport
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Discrepancies in Upwelling Estimates

Mean Upwelling Transport

1. Upwelling Index overestimates Ekman Transport arr
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Capturing Interannual Variability in 2D
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Capturing Interannual Variability in 2D
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Capturing Interannual Variability in 2D
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The Central CCS Response to PDO/NPGO
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The Central CCS Response to PDO/NPGO
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The Central/Northern CCS Response to PDO/NPGO

PDO+/NPGO- (1993-1996) PDO-/NPGO+ (2007-2010)
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The Central/Northern CCS Response to PDO/NPGO
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Upwelling Response to Coastal Wind Profiles
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A Hypothesis on Biological Implications

1993-1996 2007-2010

(PDO+, NPGO-) (PDO-, NPGO+)
NEMURO biogeochemical model

coupled to ROMS:

Two phytoplankton:
Small (nanophytoplankton)
Large (diatoms)

Small Phytoplankton Chl (mg/m?)

Large Phytoplankton Chl (mg/m?)

M. Jacox Climate Variability and the 3D Structure of Coastal Upwelling October 23, 2014



A Hypothesis on Biological Implications

1993-1996 2007-2010

(PDO+, NPGO-) (PDO-, NPGO+)
NEMURO biogeochemical model

coupled to ROMS:

Two phytoplankton:
Small (nanophytoplankton)
Large (diatoms)

Small Phytoplankton Chl (mg/m?)

Hypothesis:
Intense nearshore upwelling (PDO-,
NPGO+) favors large phytoplankton

Widespread weak upwelling (PDO+,
NPGO-) favors small phytoplankton.

(Rykaczewski and Checkley, 2008)

Large Phytoplankton Chl (mg/m?)
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A Hypothesis on Biological Implications

1993-1996 2007-2010
(PDO+, NPGO-) (PDO-, NPGO+) Difference

Small Phytoplankton Chl (mg/m?)

Large Phytoplankton Chl (mg/m?)
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A Hypothesis on Biological Implications

Upwelling PC1 -PDO
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Sardines and Anchovies: A Physical Mechanism?

PDO+ = Sardines, PDO- = Anchovies

Chavez et al. (2003)

Weak upwelling = Sardines, Strong upwelling = Anchovies

PDO+

Widespread weak Intense coastal
upwelling upwelling
Sardines Anchovies

Rykaczewski and Checkley (2008)
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