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Generic	
  features	
  of	
  geophysical	
  turbulence	
  

  Abrupt	
  qualita-ve	
  changes	
  in	
  these	
  large-­‐scale	
  structures	
  

  Shallow-­‐water	
  flows	
  dominated	
  by	
  rota-on	
  -­‐	
  predominantly	
  two-­‐
dimensional	
  	
  

 Organiza-on	
  into	
  large-­‐scale	
  structures	
  like	
  jets,	
  vor-ces	
  

  Atmospheric	
  blocking	
  (Weeks	
  et	
  al.	
  1997)	
  



  Adding	
  stochas-c	
  forcing	
  and	
  dissipa-on	
  takes	
  the	
  system	
  away	
  from	
  
equilibrium	
  –	
  1st	
  order	
  phase	
  transi-on	
  -­‐	
  bistability	
  

2D	
  NS	
  Equa-ons	
  (Bouchet	
  &	
  Simmonet	
  2009)	
  
  2D	
  Euler	
  equa-ons	
  on	
  a	
  doubly	
  periodic	
  domain 	
  	
  

	
  -­‐	
  Equilibrium	
  sta-s-cal	
  mechanics	
  predicts	
  a	
  2nd	
  order	
  phase	
  
	
  	
  	
  	
  transi-on	
  between	
  unidirec-onal	
  and	
  dipole	
  flows	
  

  2D	
  NS	
  equa-ons	
  are	
  structurally	
  similar	
  to	
  more	
  realis-c	
  models	
  
(quasi-­‐geostrophic)	
  of	
  geophysical	
  flows	
  



Bistability	
  of	
  the	
  Kuroshio	
  Current	
  



Experimental	
  Set-­‐up	
  -­‐	
  Schema-c	
  

Typical	
  Values:	
  	
  

Top	
  View	
   Side	
  View	
  



NO	
  TOPOGRAPHY	
  

 Axi-­‐symmetry	
  broken	
  by	
  a	
  barotropic	
  instability	
  of	
  the	
  jet	
  

 Propaga-ng	
  waves	
  evident	
  in	
  both	
  the	
  scenarios	
  

 What	
  does	
  a	
  sweep	
  over	
  the	
  en-re	
  range	
  of	
  Ωt	
  give	
  ?	
  



NO	
  TOPOGRAPHY	
  -­‐	
  Ωt	
  	
  



ANALYSIS	
  METHOD	
  



NO	
  TOPOGRAPHY	
  –	
  SWEEP	
  OVER	
  Ωt	
  	
  



WITH	
  TOPOGRAPHY	
  –	
  SWEEP	
  OVER	
  Ωt	
  	
  

Ωt	
  increase	
   Ωt	
  decrease	
  

  Transi-ons	
  occur	
  at	
  different	
  points	
  in	
  the	
  two	
  experiments	
  



WITH	
  TOPOGRAPHY	
  –	
  SWEEP	
  OVER	
  Ωt	
  	
  



WITH	
  TOPOGRAPHY	
  –	
  SWEEP	
  OVER	
  Ωt	
  	
  



WITH	
  TOPOGRAPHY	
  –	
  SWEEP	
  OVER	
  Ωt	
  	
  



Ωt	
  =	
  0.51	
  rad/s	
  	
  

  Lower	
  branch	
  exhibits	
  propaga-ng	
  features	
  

  Upper	
  branch	
  characterized	
  by	
  a	
  strong	
  cyclonic	
  vortex	
  downstream	
  
of	
  the	
  topography	
  

  No	
  spontaneous	
  transi-ons	
  observed	
  

Lower	
  Branch	
   Upper	
  Branch	
  



Sweep	
  over	
  Ωt	
  	
  



Sweep	
  over	
  Ωt	
  	
  



Ωt	
  =	
  0.43	
  rad/s	
  	
  



Ωt	
  =	
  0.43	
  rad/s	
  	
  

  Peaks	
  around	
  a	
  specific	
  frequency	
  and	
  sub-­‐harmonics	
  

  Condi-onal	
  probability	
  indicates	
  memorylessness	
  



Conclusions	
  	
  

  First	
  order	
  phase	
  transi-on,	
  and	
  hence	
  bistability,	
  induced	
  by	
  
topography	
  in	
  a	
  geostrophic	
  flow.	
  

  Spontaneous	
  switches	
  not	
  observed	
  in	
  the	
  laboratory	
  experiments.	
  
Comparisons	
  with	
  numerical	
  simula-ons	
  ongoing.	
  

  “Mixed	
  state”	
  observed.	
  Time	
  spent	
  on	
  “blocked”	
  state	
  
memoryless.	
  



Thank	
  you	
  


