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An Overview of CCS Upwelling

Vertical	  velocity	  is	  calculated	  at	  40m	  depth	  !
Long-‐term	  mean	  upwelling	  extends	  
approximately	  200	  km	  offshore	  

Three	  distinct	  regions	  (Dorman	  and	  Winant,	  1995):	  !
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Discrepancies in Upwelling Estimates

1.	  Upwelling	  Index	  overestimates	  Ekman	  Transport	  !
Discrepancy	  between	  model	  wind	  and	  upwelling	  index	  wind	  
(data	  issue)

2.	  Ekman	  Transport	  overestimates	  upwelling	  !
Discrepancy	  between	  wind-‐driven	  transport	  and	  vertical	  
transport	  (dynamical	  issue)	  !
Caused	  by	  cross-‐shore	  geostrophic	  flow	  
(Marchesiello	  and	  Estrade,	  2010)
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The Central CCS Response to PDO/NPGO

Year

r	  =	  0.62	  
r	  =	  0.61

Jacox	  et	  al.	  (2014)
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Upwelling Response to Coastal Wind Profiles

Jacox	  and	  Edwards	  (2012)
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A Hypothesis on Biological Implications

1993-‐1996	  
(PDO+,	  NPGO-‐)

2007-‐2010	  
(PDO-‐,	  NPGO+)

Sm
al
l	  P
hy
to
pl
an
kt
on

	  C
hl
	  (m

g/
m

2 )
La
rg
e	  
Ph

yt
op

la
nk
to
n	  
Ch

l	  (
m
g/
m

2 )

NEMURO	  biogeochemical	  model	  
coupled	  to	  ROMS:	  !!
Two	  phytoplankton:	  	  
Small	  (nanophytoplankton)	  
Large	  (diatoms)
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NEMURO	  biogeochemical	  model	  
coupled	  to	  ROMS:	  !!
Two	  phytoplankton:	  	  
Small	  (nanophytoplankton)	  
Large	  (diatoms)

Hypothesis:	  	  
Intense	  nearshore	  upwelling	  (PDO-‐,	  
NPGO+)	  favors	  large	  phytoplankton	  !
Widespread	  weak	  upwelling	  (PDO+,	  
NPGO-‐)	  favors	  small	  phytoplankton.	  	  !
(Rykaczewski	  and	  Checkley,	  2008)
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Sardines and Anchovies: A Physical Mechanism?

Chavez	  et	  al.	  (2003)

Rykaczewski	  and	  Checkley	  (2008)
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Weak	  upwelling	  =	  Sardines,	  Strong	  upwelling	  =	  Anchovies
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