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What	
  is	
  a	
  Sudden	
  Stratospheric	
  
Warming	
  (SSW)	
  event?	
  

•  Abrupt	
  disturbance	
  
in	
  the	
  northern	
  
Stratospheric	
  
westerly	
  winds	
  
 Break	
  down	
  and/or	
  
direc@on	
  change	
  of	
  
polar	
  vortex	
  over	
  a	
  
few	
  days	
  

 Increase	
  in	
  
Stratospheric	
  
temperature	
  

 Abnormal	
  condi@ons	
  
in	
  upper	
  atmosphere	
  

Polar	
  vortex	
  reversal	
  

L. Harvey, CEDAR Workshop 2013 



Atmosphere-­‐Ionosphere	
  Coupling	
  
during	
  SSW	
  Events	
  

•  Indirect	
  coupling	
  via	
  the	
  ionospheric	
  E-­‐region	
  
dynamo	
  

http://en.wikipedia.org/wiki/Ionosphere 

D



Atmosphere-­‐Ionosphere	
  Coupling	
  
during	
  SSW	
  Events	
  

•  Indirect	
  coupling	
  via	
  the	
  ionospheric	
  E-­‐region	
  
dynamo	
  

Chau et al. 2011 

Planetary	
  waves:	
  longer-­‐period	
  
global	
  oscilla@ons	
  which	
  are	
  
either	
  sta@onary	
  (fixed	
  to	
  the	
  
Earth)	
  or	
  zonally	
  propaga@ng	
  in	
  
either	
  direc@on	
  
	
  
Upward	
  propaga@ng	
  effects	
  of	
  
planetary	
  waves	
  interact	
  
nonlinearly	
  with	
  zonal	
  
(la@tudinal)	
  winds	
  (Matsuno	
  
1971)	
  



Atmosphere-­‐Ionosphere	
  Coupling	
  
during	
  SSW	
  Events	
  

•  Indirect	
  coupling	
  via	
  the	
  ionospheric	
  E-­‐region	
  
dynamo	
  

Solar	
  atmospheric	
  @des	
  are	
  caused	
  
by	
  the	
  periodic	
  hea@ng	
  of	
  the	
  
atmosphere	
  by	
  the	
  Sun	
  
-­‐ Migra@ng/non-­‐migra@ng	
  do/
don’t	
  propagate	
  with	
  the	
  Sun’s	
  
apparent	
  mo@on	
  
Lunar	
  @des	
  are	
  migra@ng	
  with	
  the	
  
apparent	
  mo@on	
  of	
  the	
  moon	
  
	
  

Chau et al. 2011 



Atmosphere-­‐Ionosphere	
  Coupling	
  
during	
  SSW	
  Events	
  

•  Indirect	
  coupling	
  via	
  the	
  ionospheric	
  E-­‐region	
  
dynamo	
  

Changes	
  in	
  @des	
  perturb	
  
neutral	
  Thermospheric	
  winds	
  
	
  

Chau et al. 2011 



Atmosphere-­‐Ionosphere	
  Coupling	
  
during	
  SSW	
  Events	
  

•  Indirect	
  coupling	
  via	
  the	
  ionospheric	
  E-­‐region	
  
dynamo	
  

Neutral	
  Thermospheric	
  winds	
  
produce	
  E-­‐region	
  electric	
  field,	
  which	
  
yields	
  ionospheric	
  plasma	
  drias.	
  	
  
	
  

Chau et al. 2011 



Atmosphere-­‐Ionosphere	
  Coupling	
  
during	
  SSW	
  Events	
  

•  Indirect	
  coupling	
  via	
  the	
  ionospheric	
  E-­‐region	
  
dynamo	
  

Changes	
  in	
  plasma	
  drias	
  
leads	
  to	
  devia@ons	
  in	
  
primary	
  ionospheric	
  
characteris@cs.	
  
	
  

Chau et al. 2011 



Mo@va@on	
  and	
  Objec@ves	
  

•  Other	
  models	
  have	
  worked	
  to	
  simulate	
  the	
  
ionospheric	
  forcing/response	
  from	
  SSW	
  events,	
  
but	
  it	
  has	
  been	
  difficult	
  to	
  quan@ta@vely	
  
reproduce	
  the	
  observed	
  ionospheric	
  response	
  

•  Inves@gate	
  the	
  ionospheric	
  response	
  to	
  the	
  
observed	
  ExB	
  dria	
  during	
  the	
  January	
  2009	
  SSW	
  
event	
  

•  Evaluate	
  the	
  role	
  of	
  ionosphere-­‐plasmasphere	
  
coupling	
  in	
  the	
  observed	
  ionospheric	
  response	
  



Ionosphere-­‐Plasmasphere	
  
Electrodynamics	
  (IPE)	
  Model	
  

•  Global	
  ionosphere-­‐plasmasphere	
  model	
  recently	
  developed	
  at	
  
NOAA	
  SWPC	
  (Maruyama	
  et	
  al.	
  2013)	
  

•  Based	
  on	
  the	
  Field	
  Line	
  Interhemispheric	
  Plasma	
  Model	
  (FLIP,	
  
Richards	
  and	
  Torr,	
  1996)	
  
–  Ion	
  densi@es	
  	
  and	
  parallel	
  veloci@es	
  from	
  equa@ons	
  of	
  
con@nuity	
  and	
  momentum	
  

–  Electron	
  and	
  ion	
  temperatures	
  from	
  energy	
  equa@ons	
  
•  Global	
  poten@al	
  dynamo	
  solver	
  (Richmond	
  et	
  al.	
  1992)	
  

–  Calculates	
  ionospheric	
  currents	
  
•  	
  APEX	
  magne@c	
  field	
  coordinate	
  system	
  based	
  on	
  the	
  

Interna@onal	
  Geomagne@c	
  Reference	
  Field	
  (IGRF,	
  Richmond	
  
1995)	
  



IPE	
  Model:	
  Key	
  Features	
  
•  Self-­‐consistent	
  coupling	
  
between	
  ionosphere	
  and	
  
plasmasphere	
  

•  Flux	
  tube	
  coordinate	
  system	
  	
  
•  Realis@c	
  model	
  of	
  Earth’s	
  
magne@c	
  field	
  (IGRF)	
  

•  Thermosphere	
  temperature,	
  
composi@on,	
  and	
  wind	
  from	
  
empirical	
  models	
  

•  Self-­‐consistent	
  photoelectron	
  
flux	
  calcula@on	
  

IPE flux tube coordinates 



Ionospheric	
  F-­‐region	
  Dynamics:	
  	
  
2	
  Main	
  Drivers	
  

•  Main	
  drivers	
  of	
  F-­‐region	
  dynamics	
  are	
  electric	
  
field	
  (ExB	
  drias)	
  and	
  neutral	
  wind	
  



Model	
  Comparisons	
  

•  Must	
  first	
  validate	
  IPE	
  before	
  running	
  SSW	
  
events	
  
– TIME-­‐GCM:	
  Thermosphere	
  Ionosphere	
  
Mesosphere	
  Electrodynamics	
  Global	
  Circula@on	
  
Model	
  

–  IRI	
  2012:	
  Interna@onal	
  Reference	
  Ionosphere	
  
– COSMIC	
  data:	
  Constella@on	
  Observing	
  System	
  for	
  
Meteorology,	
  Ionosphere,	
  &	
  Climate	
  



Ionospheric	
  Parameters	
  

NmF2:	
  peak	
  
electron	
  density	
  
in	
  F2	
  region	
  

hmF2:	
  al@tude	
  of	
  
peak	
  electron	
  
density	
  

TEC:	
  integral	
  of	
  
electron	
  density	
  
from	
  satellite	
  to	
  
ground	
  NmF2 

hmF2 

TEC=integrated 
density 

http://www.swpc.noaa.gov/info/Iono.pdf 



IPE	
  	
   TIME-­‐GCM	
  
NmF2	
   	
  

	
  
	
  

hmF2	
   	
  
	
  
	
  
	
  
	
  
	
  

IPE vs. TIME-GCM:  F10.7=70,  Day=1-19-2009 (beginning of SSW event), UT=0 



IPE	
  vs.	
  COSMIC	
  data	
  	
  
•  Constella@on	
  Observing	
  System	
  for	
  Meteorology,	
  
Ionosphere,	
  &	
  Climate	
  
–  Set	
  of	
  6	
  satellites	
  taking	
  radio	
  signals	
  from	
  GPS	
  as	
  they	
  pass	
  
through	
  Earth's	
  atmosphere	
  

	
  

	
  
	
  
	
  

•  IPE	
  data	
  binned	
  and	
  longitudinally	
  averaged	
  to	
  same	
  
resolu@on	
  as	
  COSMIC	
  data	
  

•  January	
  17-­‐31,	
  2009	
  during	
  SSW	
  event	
  

http://www.cosmic.ucar.edu/index.html 



IPE	
  vs.	
  COSMIC	
  data:	
  Longitudinal	
  
Average	
  

Longitude	
  

Time	
  

Local	
  @me	
  

Time	
  

Local	
  @me	
  

La@tude	
  

Convert	
  longitude	
  
to	
  local	
  @me	
  
LT=long/15	
  +	
  UT	
  

Average	
  over	
  
@me	
  axis	
  



IPE	
   COSMIC	
  data	
  
NmF2	
  

HmF2	
  

IPE vs. COSMIC data:  F10.7=70,  Day=1-25-2009 (during SSW event) 



SSW	
  vs.	
  no	
  SSW	
  IPE	
  runs	
  

•  IPE	
  driven	
  to	
  simulate	
  SSW	
  event	
  and	
  no	
  SSW	
  
event	
  
– Driven	
  with	
  observed	
  ver@cal	
  dria	
  from	
  1-­‐27-­‐2009	
  
for	
  SSW	
  run	
  

– Driven	
  with	
  climatological	
  (normal)	
  dria	
  for	
  no	
  
SSW	
  run	
  

1-27-2009 Vertical Drift (Goncharenko et al 2010b) 



SSW	
  vs.	
  no	
  SSW:	
  TEC	
  	
   75°W 



SSW	
  vs.	
  no	
  SSW:	
  	
  
TEC	
  difference	
  

IPE Observed (Goncharenko et al 2010b) 

75°W 



Why	
  this	
  TEC	
  difference?	
  
Background:	
  equatorial	
  ver@cal	
  dria	
  

•  Thermospheric	
  winds	
  blowing	
  
across	
  the	
  magne@c	
  field	
  generate	
  
E-­‐region	
  electric	
  fields	
  

•  Leads	
  to	
  upward	
  ExB	
  dria	
  
•  Recombina@on	
  is	
  slower	
  at	
  higher	
  
al@tudes-­‐	
  plasma	
  becomes	
  dense	
  

•  Pressure	
  and	
  gravity	
  forces	
  cause	
  
plasma	
  to	
  diffuse	
  down	
  field	
  lines	
  
to	
  form	
  the	
  Equatorial	
  Ioniza@on	
  
Anomaly	
  (EIA)	
  on	
  either	
  side	
  of	
  the	
  
magne@c	
  equator	
  

 Latitude 

 Altitude 



Why	
  this	
  TEC	
  difference?	
  

•  Increased	
  morning	
  
dria	
  lias	
  plasma	
  to	
  
higher	
  al@tudes	
  where	
  
recombina@on	
  is	
  
slower-­‐	
  increased	
  
plasma	
  density	
  

•  Enhanced	
  downward	
  
dria	
  decreases	
  plasma	
  
density	
  by	
  transport	
  
to	
  lower	
  al@tudes	
  

1-27-2009 Vertical Drift (Goncharenko et al 2010b) 



SSW	
  vs.	
  no	
  SSW:	
  	
  
TEC	
  difference	
  	
  
discrepancies	
  	
  

•  TEC	
  observed	
  devia@on	
  starts	
  
sooner	
  than	
  modeled	
  
devia@on	
  and	
  extends	
  to	
  a	
  bit	
  
larger	
  la@tudinal	
  ranges	
  

•  Limita@ons	
  of	
  dria	
  
observa@ons	
  

•  Neutral	
  wind	
  uncertainty	
  	
  



SSW	
  vs.	
  no	
  SSW:	
  	
  
TEC	
  al@tude	
  bands	
  at	
  10	
  LT	
  and	
  75°W	
  

No SSW SSW 

1-27-2009 Vertical Drift (Goncharenko et al 2010b) 

Plasma is pushed 
up to higher 
altitudes , so the 
percentage of TEC 
below 400 km is 
smaller 



No SSW SSW 

1-27-2009 Vertical Drift (Goncharenko et al 2010b) 

Plasma is pushed 
down to lower 
altitudes , so the 
percentage of TEC 
below 400 km is 
higher 

	
  
SSW	
  vs.	
  no	
  SSW:	
  	
  
TEC	
  al@tude	
  bands	
  at	
  15	
  LT	
  and	
  75°W	
  
	
  



SSW	
  vs.	
  no	
  SSW:	
  Percentage	
  	
  
of	
  TEC	
  below	
  400	
  km	
  	
  

75°W 

SSW No SSW 

Decreased in 
the morning 

Increased in 
the afternoon 



SSW	
  vs.	
  no	
  SSW:	
  Difference	
  in	
  
percentage	
  of	
  TEC	
  below	
  400	
  km	
  	
  
•  Dria	
  is	
  higher	
  in	
  the	
  
morning,	
  so	
  plasma	
  is	
  
pushed	
  up,	
  and	
  there	
  
is	
  less	
  below	
  400	
  km	
  

•  Dria	
  is	
  smaller	
  in	
  the	
  
aaernoon,	
  	
  so	
  plasma	
  
comes	
  down	
  and	
  
there	
  is	
  	
  more	
  below	
  
400	
  km	
  	
  

75°W 



January	
  2009	
  SSW	
  event	
  runs	
  

•  Instead	
  of	
  one	
  event	
  day	
  and	
  one	
  non-­‐event	
  
day,	
  looked	
  at	
  14	
  days	
  during	
  the	
  SSW	
  event	
  

•  IPE	
  driven	
  with	
  observed	
  dria	
  for	
  January	
  
17-­‐31,	
  2009	
  

150 km echoes, Chau et al. 2011 



January	
  2009	
  SSW:	
  TEC	
  differences	
  

TEC diff 
27-Jan-2009 

TEC diff 
27-Jan-2009 

TEC diff 
26-Jan-2009 

TEC diff 
24-Jan-2009 

TEC diff 
19-Jan-2009 

TEC diff 
29-Jan-2009 

TEC diff 
31-Jan-2009 



January	
  2009	
  SSW:	
  TEC	
  differences	
  
•  150	
  km	
  echoes	
  (measure	
  of	
  ExB	
  dria)	
  around	
  SSW	
  	
  

Chau et al. 2011 



Conclusions	
  
•  Reasonable	
  agreement	
  with	
  other	
  physics	
  
based	
  model	
  and	
  observa@on	
  

•  IPE	
  captures	
  day-­‐to-­‐day	
  variability	
  of	
  
ionospheric	
  response	
  during	
  the	
  Jan.	
  2009	
  
SSW	
  event	
  

•  Importance	
  of	
  plasmaspheric	
  coupling	
  during	
  
SSW	
  event	
  



Future	
  Work	
  

•  Inves@gate	
  rela@ve	
  contribu@on	
  between	
  
neutral	
  wind	
  and	
  ExB	
  dria	
  	
  

•  Drive	
  IPE	
  with	
  global	
  dria	
  and	
  wind	
  data	
  
•  Inves@gate	
  other	
  SSW	
  events	
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