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  Features:	  
 Westerly	  winds	  may	  be	  reduced	  or	  switch	  
direc<on	  
  Poten<al	  break	  down	  of	  polar	  vortex	  
 May	  cause	  rise	  in	  stratospheric	  
temperatures	  by	  tens	  of	  degrees	  kelvin	  



 High	  frequency	  (HF)	  radio	  
transmiMer	  
  Sweeps	  variety	  of	  
frequency	  ranges	  (1-‐40	  
MHz)	  
  Range	  is	  usually	  1-‐16	  MHz	  

 Measures	  heights	  from	  
100km	  to	  600km	  
  E	  region	  
  F	  region	  

	  

hMps://en.wikipedia.org/wiki/Ionosonde	  



 Assess	  the	  variability	  of	  Electron	  Density	  
  Primary	  focus	  is	  lower	  atmospheric	  forcing	  

  Specifically	  during	  SSW	  events	  	  
  Compare	  observed	  data	  with	  models	  

  IRI	  model	  and	  IPE	  model	  
	  







  Study	  and	  analyze	  ionosonde	  data	  
  Quality	  scan	  the	  observed	  data	  

	  

Mendillo	  et	  al.	  2002	  



 We	  need	  to	  focus	  on	  a	  specific	  <me	  period	  
  SSW	  events	  emphasize	  lower	  atmospheric	  forcing	  
effects,	  chose	  January	  2009	  

 Download	  and	  plot	  variability	  of	  observed	  data	  
  Compare	  the	  variability	  of	  observed	  data	  with	  
models	  
  Models	  will	  emphasize	  different	  parameters	  

  IPE	  focuses	  on	  lower	  atmospheric	  forcing	  
  These	  par<cular	  IPE	  simula<ons	  

	  



  Empirical	  model	  
 Uses	  kp	  indices	  and	  solar	  flux	  as	  input	  
parameters,	  primarily	  quiet	  <me	  
  These	  parameters	  offer	  liMle	  varia<on	  during	  Jan	  
2009	  

 Does	  not	  take	  into	  account	  lower	  atmospheric	  
forcing	  



 Developed	  in	  collabora<on	  with	  NOAA	  SWPC	  
and	  GSD,	  CU	  Boulder,	  GMU	  	  
  Time	  dependent,	  3D,	  physics	  based	  model	  	  
  Provides	  3D	  plasma	  densi<es	  

  9	  different	  ion	  species	  
 Uses	  a	  global	  grid	  
 Driven	  with	  WAM	  model	  

  Includes	  lower	  atmospheric	  forcing	  
  Neutral	  wind	  



  Based	  on	  Global	  Forecast	  System	  (GFS)	  
  Popular	  forecast	  used	  for	  terrestrial	  weather	  	  

 GFS	  only	  goes	  roughly	  60km	  up	  
 WAM	  extends	  GFS	  to	  nearly	  600km	  



  Space	  Physics	  Interac<ve	  Data	  Resource	  (SPIDR)	  
 Archived	  Ionosonde	  data	  across	  globe	  
  Ionograms	  from	  NGDC,	  now	  called	  NCEI	  
 Measures	  in	  FoF2,	  simple	  conversion	  to	  NmF2	  



 Most	  datasets	  have	  a	  quality	  scan	  func<on	  
  Used	  to	  take	  out	  anomalous	  points	  

 Our	  ionosonde	  observed	  data,	  did	  not	  have	  a	  
quality	  scan	  set	  up	  
  To	  make	  sense	  of	  data,	  we	  had	  to	  quality	  scan	  
the	  data	  manually	  
  Challenging	  without	  using	  a	  program	  or	  code	  
  Can	  be	  fairly	  subjec<ve	  

  Very	  tedious,	  consider	  it	  “necessary	  evil”	  





  Sporadic	  E[region]	  
  Concentrated	  region	  of	  electrons,	  acts	  as	  a	  
scaMered	  cloud	  
  Poten<ally	  blocks	  the	  ionosonde,	  	  refracts	  it	  

  Spread	  F	  
  Causes	  frequency	  to	  deviate	  at	  different	  levels	  	  

 Need	  for	  ionogram	  to	  show	  F/E	  region	  
  Impossible	  increase/decrease	  of	  100+km	  in	  hmF2	  	  
in	  15	  min	  

hMp://www.met.nps.edu/~psguest/EMEO_online/module3/module_3_3.html	  

















  Before	  looking	  at	  any	  dataset,	  it	  must	  be	  quality	  
checked	  
  Avoid	  anomalous	  points	  

  Confirmed	  that	  lower	  la<tudes	  have	  higher	  
NmF2	  values,	  Jicamarca>Boulder	  
  Due	  to	  smaller	  zenith	  angle	  at	  Jicamarca	  

  IPE	  can	  recreate	  past	  ionospheric	  events	  with	  
low	  variability,	  similar	  to	  IRI	  model	  
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