
Conven&onal	
  EOF	
  analysis	
  

	
  
	
  

•  Space-­‐&me	
  data	
  are	
  represented	
  in	
  terms	
  of	
  loading	
  
vectors	
  (LVs)	
  and	
  their	
  principal	
  components	
  (PC).	
  

•  LVs	
  represent	
  spa&al	
  paAerns	
  of	
  variability,	
  PC	
  &me	
  
series	
  represent	
  temporal	
  evolu&on	
  of	
  these	
  paAerns.	
  

CSEOF	
  (Cyclosta&onary	
  EOF)	
  analysis	
  [1,	
  2]	
  

	
  

	
  
	
  

•  CSEOFs,	
  however,	
  have	
  &me-­‐dependent	
  Loading	
  Vectors.	
  

•  The	
  temporal	
  evolu&on	
  of	
  the	
  Cyclosta&onary	
  Loading	
  
Vectors	
  (CSLVs)	
  is	
  constrained	
  to	
  be	
  periodic	
  with	
  d,	
  a	
  
“nested	
  period”.	
  

•  The	
  PC	
  &me	
  series	
  shows	
  the	
  varying	
  strength	
  of	
  the	
  
CSLV	
  spa&al	
  paAern.	
  	
  

•  Useful	
  for	
  extrac&ng	
  spa&o-­‐temporal	
  evolving	
  paAerns	
  

Regression	
  analysis	
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Summary	
  

5.	
  Atmospheric	
  Forcing	
  
CSEOF	
  mode	
  1	
  
•  ~57%	
  of	
  the	
  total	
  (near	
  13-­‐
day)	
  variance	
  

•  in-­‐phase	
  among	
  the	
  sta&ons	
  
•  larger	
  amplitude	
  in	
  the	
  
northeastern	
  region/smaller	
  
amplitude	
  in	
  the	
  
southwestern	
  region	
  

•  amplifies	
  during	
  the	
  winter	
  
&me	
  

CSEOF	
  mode	
  2	
  
•  ~28%	
  of	
  the	
  total	
  (near	
  13-­‐
day)	
  variance	
  

•  similar	
  spa&al	
  paAern	
  as	
  the	
  
CSEOF	
  mode	
  1	
  but	
  with	
  90°	
  
(~3days)	
  offset	
  

T (r, t) = PCn (t)LVn (r)
n
∑

T (r, t) = PCn (t)CSLVn (r, t)
n
∑

CSLVn (r, t) =CSLVn (r, t + d)

•  CPIES	
  measured	
  boAom	
  pressure	
  at	
  15	
  sta&ons	
  
(12	
  hourly)	
  

•  ECMWF	
  Reanalysis	
  Wind	
  
•  Time	
  period:	
  June	
  1,	
  2004-­‐June	
  8,	
  2006	
  (738	
  days)	
  
•  Band	
  pass	
  filter	
  (4th	
  order	
  BuAerworth,	
  11-­‐15	
  
days)	
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•  In	
  the	
  Kuroshio	
  Extension	
  System	
  Study	
  (KESS)	
  
east	
  of	
  Japan,	
  boAom	
  pressures	
  exhibited	
  strong	
  
high-­‐frequency	
  variability	
  near	
  13	
  days.	
  

•  Quinn	
  and	
  Ponte	
  [3]	
  have	
  noted	
  that	
  high	
  
frequency	
  (<	
  60	
  days)	
  boAom	
  pressure	
  variability	
  
is	
  significantly	
  underes&mated	
  in	
  current	
  
modeling	
  approaches,	
  and	
  its	
  understanding	
  is	
  
crucial	
  to	
  minimize	
  aliasing	
  in	
  satellite	
  gravity	
  
missions.	
  

	
  

•  We	
  analyze	
  high	
  frequency	
  ocean	
  boAom	
  
pressure	
  signals	
  using	
  two-­‐year	
  long	
  records.	
  	
  

2.	
  Data	
  

Near	
  13-­‐day	
  ocean	
  boAom	
  pressure	
  variability	
  is	
  spa&ally	
  in-­‐phase	
  in	
  the	
  Northwestern	
  Pacific	
  and	
  amplifies	
  during	
  the	
  winter.	
  	
  	
  Most	
  of	
  the	
  KESS	
  boAom	
  pressure	
  variance	
  (~57%)	
  is	
  driven	
  by	
  the	
  large-­‐scale	
  wind	
  stress	
  curl	
  over	
  a	
  broad	
  region	
  of	
  the	
  North	
  Pacific;	
  	
  
in	
  addi&on	
  ~28%	
  is	
  driven	
  by	
  local	
  wind	
  stress	
  curl.	
  	
  Modeling	
  results	
  closely	
  follow	
  the	
  observa&ons,	
  and	
  indicate	
  that	
  topographic	
  controls	
  concentrate	
  the	
  barotropic	
  response	
  west	
  of	
  Emperor	
  Seamount	
  Chain.	
  

Near	
  13-­‐day	
  in-­‐phase	
  
boAom	
  pressure	
  

variability	
   Regressed	
  anomalies	
  
targe&ng	
  the	
  boAom	
  

pressure	
  mode	
  2	
  

Regressed	
  anomalies	
  
targe&ng	
  the	
  boAom	
  

pressure	
  mode	
  1	
  

Regression	
  of	
  wind	
  stress	
  curl	
  

•  boAom	
  pressure	
  mode	
  1	
  is	
  
strongly	
  correlated	
  (r2	
  =	
  0.80)	
  to	
  
large-­‐scale	
  wind	
  stress	
  curl	
  forcing	
  

•  boAom	
  pressure	
  mode	
  2	
  is	
  
strongly	
  correlated	
  (r2	
  =	
  0.79)	
  to	
  
local	
  wind	
  stress	
  curl	
  forcing	
  

Mo&va&on	
  
•  Spa&al	
  paAerns	
  of	
  the	
  regressed	
  wind	
  stress	
  curl	
  anomalies	
  targe&ng	
  the	
  first	
  boAom	
  pressure	
  

mode	
  suggest	
  that	
  this	
  boAom	
  pressure	
  response	
  may	
  be	
  widely	
  spread	
  in	
  the	
  North	
  Pacific.	
  
•  To	
  test	
  this,	
  a	
  wind-­‐only-­‐forced	
  barotropic	
  model	
  is	
  applied	
  over	
  the	
  North	
  Pacific.	
  
	
  

North	
  Pacific	
  Barotropic	
  Model	
  
•  ROMS	
  based	
  
•  experiment	
  with	
  real	
  topography	
  
•  experiment	
  with	
  5,000	
  m	
  flat	
  boAom	
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correla&on:	
  0.67	
  

correla&on:	
  0.56	
  

model	
  boAom	
  pressure,	
  CSEOF	
  mode	
  1	
  (34%)	
  

This	
  work	
  was	
  supported	
  by	
  the	
  Na&onal	
  Science	
  Founda&on	
  as	
  part	
  of	
  the	
  Kuroshio	
  Extension	
  System	
  Study	
  (OCE-­‐0221008	
  and	
  0851246).	
  

•  Near	
  13-­‐day	
  boAom	
  pressure	
  variability	
  in	
  the	
  Northwestern	
  Pacific	
  amplifies	
  during	
  the	
  winter	
  &me.	
  
•  The	
  near	
  13-­‐day	
  variability	
  shows	
  spa&ally	
  in-­‐phase	
  characteris&cs,	
  and	
  its	
  amplitude	
  increases	
  to	
  the	
  north.	
  
•  More	
  than	
  half	
  (~60	
  %)	
  of	
  the	
  near	
  13-­‐day	
  boAom	
  pressure	
  signal	
  is	
  driven	
  by	
  large	
  scale	
  wind	
  stress	
  curl	
  in	
  the	
  North	
  

Pacific,	
  which	
  suggests	
  that	
  this	
  boAom	
  pressure	
  signal	
  may	
  extend	
  farther	
  across	
  the	
  North	
  Pacific,	
  moreover...	
  
•  Barotropic	
  model	
  results	
  in	
  the	
  North	
  Pacific	
  reveal	
  that	
  the	
  near	
  13-­‐day	
  boAom	
  pressure	
  variability	
  is	
  controlled	
  by	
  

the	
  boAom	
  topography	
  and	
  concentrated	
  west	
  of	
  the	
  Emperor	
  Seamount	
  Chain.	
  5,000	
  m	
  flat	
  boAom	
  real	
  topography	
  

Nega&ve	
  correla&on	
  between	
  
wind	
  stress	
  curl	
  and	
  boAom	
  pressure	
  
consistent	
  with	
  Ekman	
  divergence	
  

	
  

posi&ve	
  wind	
  stress	
  curl	
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mass	
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nega&ve	
  boAom	
  pressure	
  
	
  
	
  

Wind	
  Stress	
  Curl	
  over	
  the	
  
North	
  Pacific	
  

3.	
  Methods	
  

model	
  boAom	
  pressure,	
  CSEOF	
  mode	
  1	
  (31%)	
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