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Ionospheric Signatures of  
Magnetospheric  Convection 

•  Features	
  of	
  the	
  ConvecJon	
  PaKern	
  

•  Effects	
  on	
  the	
  Plasma	
  DistribuJon	
  

•  Present	
  Deficiencies	
  in	
  SpecificaJon	
  of	
  the	
  PaKern	
  
•  EvoluJon	
  in	
  Time	
  
•  AddiJon	
  of	
  Meso-­‐Scales	
  

•  CapabiliJes	
  of	
  Expanding/ContracJng	
  Polar	
  Cap	
  Models	
  
	
  



Ionospheric Signatures of  
Magnetospheric  Convection 

Polar	
  cap	
  poten,al	
  drop	
  about	
  60	
  Kv	
  Typical	
  
convec,on	
  speed	
  across	
  the	
  polar	
  cap	
  is	
  ~400m/s	
  
	
  
Polar	
  cap	
  traverse	
  takes	
  ~2	
  hours	
  
	
  
60	
  Kv	
  distributed	
  across	
  2hrs	
  of	
  local	
  ,me	
  produces	
  
convec,on	
  speeds	
  of	
  ~1	
  km/s	
  
	
  
Auroral	
  zone	
  convec,on	
  speeds	
  ~400	
  m/s	
  
	
  
Night	
  to	
  day	
  traverse	
  takes	
  	
  many	
  hours	
  
	
  
	
  



Effects of Convection on 
Ionosphere and Plasmasphere 

Coley	
  and	
  Heelis,	
  1998	
  

•  Plasma	
  convec,ve	
  paths	
  determined	
  by	
  
combina,on	
  of	
  applied	
  convec,on	
  electric	
  field	
  
and	
  atmospheric	
  corota,on.	
  

•  Time	
  to	
  complete	
  one	
  convec,ve	
  path	
  is	
  much	
  
longer	
  than	
  variability	
  ,me	
  scales	
  

	
  
•  Zonal	
  mo,ons	
  determine	
  the	
  ,me	
  in	
  sunlight	
  

(total	
  produc,on)	
  and	
  ,me	
  in	
  darkness	
  (total	
  
loss)	
  

•  Meridional	
  mo,ons	
  	
  determine	
  loss	
  rates	
  

•  In	
  produc,on	
  regions	
  -­‐	
  	
  ,me	
  scales	
  for	
  feature	
  
produc,on	
  are	
  short	
  (10	
  mins).	
  

•  In	
  darkness	
  -­‐	
  	
  features	
  are	
  retained	
  for	
  hours	
  

•  Convec,ve	
  paths	
  are	
  strong	
  func,ons	
  of	
  
universal	
  ,me	
  (longitude)	
  due	
  to	
  offset	
  between	
  
magne,c	
  and	
  geographic	
  poles.	
  

TOI	
  

Plume	
  



Effects of Convection on 
Ionospheric Plasma 

14:00	
  UT	
  

Plasma	
  Density	
  

Courtesy	
  	
  Bob	
  Schunk,	
  USU	
  

Poleward	
  and	
  upward	
  mo,ons	
  in	
  
sunlight	
  produce	
  enhanced	
  densi,es,	
  
that	
  are	
  preserved	
  in	
  darkness.	
  
	
  
Density	
  features	
  are	
  created	
  locally	
  in	
  
sunlight	
  and	
  transported	
  in	
  darkness.	
  
	
  
Enhanced	
  density	
  features	
  such	
  as	
  
patches	
  and	
  ioniza,on	
  tongues	
  are	
  
observed	
  as	
  enhanced	
  airglow	
  
features	
  hopefully	
  not	
  confused	
  with	
  
arcs?	
  

Coley	
  and	
  Heelis,	
  1998	
  

14:00	
  UT	
   18:00	
  UT	
  



•  Convec,on	
  ,mes	
  around	
  closed	
  loops	
  can	
  be	
  many	
  hours	
  
•  No	
  plasma	
  packet	
  describes	
  the	
  loops	
  shown.	
  

•  Modeling	
  ionospheric	
  plasma	
  density	
  gradients	
  requires:	
  
•  Specifica,on	
  of	
  temporal	
  evolu,on	
  of	
  paXern.	
  
•  Specifica,on	
  of	
  meso-­‐scale	
  convec,on	
  features.	
  

	
  
•  How	
  do	
  we	
  represent	
  these	
  convec,on	
  features?	
  

Model Ionospheric Convection 
Pattern 

By	
  PosiJve	
   By	
  NegaJve	
  

Weimer	
  JGR,	
  2005	
  



Ionospheric Convection Pattern 

	
  	
  
	
  Must	
  be	
  consistent	
  with	
  parJcle	
  precipitaJon	
  paKern	
  and	
  conductance.	
  

	
  
	
  Must	
  be	
  known	
  at	
  temporal	
  scales	
  less	
  than	
  30	
  minutes	
  

	
  
	
  Must	
  be	
  consistent	
  with	
  magnetospheric	
  processes	
  

	
  
	
  Presently	
  precipita0on	
  and	
  poten0al	
  distribu0ons	
  are	
  specified	
  independently	
  
	
   	
  Electrodynamic	
  consistency	
  is	
  not	
  considered	
  
	
   	
  Work	
  on	
  boundary	
  alignments	
  is	
  on	
  ongoing	
  

	
  
	
  Poten0al	
  distribu0ons	
  are	
  derived	
  with	
  no	
  magnetospheric	
  constraints.	
  
	
   	
  Reconnec0on	
  regions	
  are	
  not	
  considered	
  

	
  



Time Varying Convection 
Pattern 

Dayside	
  Flow	
  Channels	
   Skjaveland	
  et	
  al.	
  JGR,	
  2001	
  

•  Dayside	
  merging	
  events	
  signified	
  by	
  poleward	
  moving	
  auroral	
  emissions.	
  

•  Associated	
  with	
  equatorward	
  mo,on	
  of	
  polar	
  cap	
  boundary.	
  	
  

•  Interpreted	
  as	
  open	
  flux	
  added	
  to	
  polar	
  cap.	
  

•  Entrains	
  new	
  plasma	
  into	
  convec,on	
  paXern.	
  	
  	
  
	
  Representa,ve	
  width	
  in	
  local	
  ,me?	
  

	
   	
  Representa,ve	
  ,me	
  dura,on?	
  



Time Varying Convection 
Pattern 

Nightside	
  Flow	
  Channels	
  

23:30	
  22:30	
  21:30	
  
UT	
  
MLT	
  

Zesta	
  et	
  al.	
  JGR	
  2011	
  

•  Eastward	
  Flow	
  bursts	
  with	
  duraJon	
  of	
  about	
  10	
  minutes	
  

•  Flows	
  originate	
  from	
  the	
  polar	
  cap	
  
•  Not	
  closed	
  within	
  the	
  field	
  of	
  view	
  of	
  the	
  measurement.	
  



Time Varying Convection 
Pattern 

Nightside	
  Flow	
  Channels	
  

•  Westward	
  flow	
  bursts	
  expected	
  to	
  be	
  connected	
  to	
  eastward	
  flows	
  from	
  the	
  polar	
  cap	
  

Near	
  0100	
  MLT	
   Lyons	
  et	
  al.	
  JGR	
  2015	
  



Dynamic Convection Pattern –  
Step 1 

Dynamic	
  ConvecJon	
  PaKern	
  based	
  on	
  Expanding/ContracJng	
  Polar	
  Cap	
  Model	
  
Siscoe	
  and	
  Huang	
  (JGR,	
  1985)	
  	
  	
  Cowley	
  and	
  Lockwood	
  (Annales	
  1992)	
  

+	
  
•  What	
  is	
  the	
  local	
  ,me	
  extent	
  of	
  the	
  dayside	
  reconnec,on	
  region?	
  

	
  -­‐	
  The	
  poten,al	
  across	
  this	
  region	
  (red-­‐dashed)	
  =	
  magne,c	
  flux	
  addi,on	
  rate	
  
	
  
•  What	
  is	
  the	
  local	
  ,me	
  extent	
  of	
  the	
  nightside	
  reconnec,on	
  region?	
  

	
  -­‐	
  The	
  poten,al	
  across	
  this	
  region	
  (blue	
  dashed)	
  =	
  magne,c	
  flux	
  removal	
  rate	
  
	
  
•  Almost	
  no	
  flow	
  across	
  the	
  boundary	
  at	
  the	
  dawn	
  and	
  dusk	
  flanks	
  –	
  OK?	
  
	
  
•  What	
  part	
  of	
  the	
  boundary	
  expands/contracts	
  in	
  response	
  to	
  imbalances?	
  

	
  -­‐	
  Boundary	
  mo,on	
  determined	
  by	
  poten,al	
  distribu,on	
  along	
  it.	
  
	
  
•  When	
  I	
  have	
  this	
  figured	
  out	
  can	
  I	
  just	
  add	
  a	
  contribu,on	
  from	
  viscous	
  interac,on?	
  

=	
  



	
  
•  Meso-­‐scale	
  structures	
  added	
  to	
  background.	
  

•  Orienta,on	
  of	
  merging	
  gap	
  determines	
  the	
  direc,on	
  of	
  
flows	
  in	
  the	
  cusp.	
  

•  What	
  is	
  the	
  ini,al	
  spa,al	
  scale	
  of	
  the	
  loop	
  ?	
  	
  	
  
How	
  does	
  it	
  evolve	
  in	
  ,me	
  ?	
  

•  Convec,on	
  paXern	
  evolves	
  in	
  ,me	
  according	
  to	
  the	
  
specified	
  poten,al	
  around	
  	
  the	
  boundary	
  

Moses	
  et	
  al	
  JGR,	
  1988	
  

Dynamic Convection Pattern – 
Step 2 



Ionospheric Signatures of  
Magnetospheric  Convection 

Message	
  
	
  
Ø  IniJal	
  consideraJons	
  only	
  for	
  southward	
  IMF	
  

Ø  Average	
  large-­‐scale	
  convecJon	
  paKern	
  does	
  not	
  describe	
  path	
  of	
  
ionospheric	
  plasma	
  packets.	
  

Ø  Time	
  variaJons	
  in	
  convecJon	
  paKern	
  have	
  smaller	
  spaJal	
  scales	
  than	
  
large-­‐scale	
  circulaJon	
  described	
  in	
  empirical	
  potenJal	
  models	
  

Ø  SpaJal	
  and	
  temporal	
  scales	
  are	
  poorly	
  understood	
  but	
  essenJal	
  to	
  
describing	
  the	
  effects	
  of	
  ion-­‐neutral	
  coupling.	
  

Ø  Need	
  a	
  new	
  approach	
  for	
  specifying	
  and	
  evolving	
  the	
  convecJon	
  paKern	
  
with	
  rules	
  enforced	
  by	
  magnetospheric	
  physics.	
  

	
  


