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Topics	  

•  Global	  Ionospheric	  Storms	  are	  exaggerated	  cases	  
of	  the	  current	  seasonal	  pa@ern.	  
-‐-‐-‐	  How	  coherent	  are	  storm	  effects	  at	  Geophysically	  

Equivalent	  Sites	  in	  each	  hemisphere?	  

•  Imaging	  local	  disturbances	  at	  geomagneIc	  
conjugate	  points?	  
-‐-‐-‐	  Do	  ambient	  seasonal	  pa@erns	  affect	  the	  observed	  

perturbaIons?	  	  
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Characteris7cs	  of	  an	  Ionospheric	  Storm	  
—Brief	  (dramaIc)	  PosiIve	  Phase—Long	  (boring?)	  NegaIve	  Phase.	  	  
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Day-‐to-‐day	  Variability	  —	  Seasonal	  Pa@erns	  
—Storm	  Effects	  

4	  1971	  
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Sydney	  Chapman	  and	  The	  Anomalous	  
Ionosphere	  
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Ionospheric	  Storms	  at	  other	  Longitudes	  

7	  



Evidence	  for	  Electrodynamical	  Cause	  of	  
Posi7ve	  Phase	  
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a),	  b)	  Evans	  [1973]	  	  c)	  Testud	  et	  al.	  [1975]	  



Modeling	  Posi7ve	  Phase	  with	  Winds	  vs.	  
E	  x	  B	  DriU	  
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Anderson	  [1976]	  



Linked	  Plasmasphere-‐Ionosphere	  
Electrodynamics	  
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Mendillo	  and	  Klobuchar	  [1975]	  
Chappell	  [1972]	  

Grebowsky	  [1970]	  

Lanzerob	  et	  al.	  [1975]:	  Synthesis	  
“Dusk	  Effect”	  +	  “Plasmaspheric	  Tails”	  



GPS	  and	  IMAGE	  Observa7ons	  

11	  Foster	  et	  al.	  [2002]	  

Goldstein	  et	  al.	  [2003,	  2004,	  2005]	  

—New	  data,	  New	  names.	  



Lessons	  Learned	  
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Complica7on:	  Seasonal	  Anomaly	  is	  
Hemisphere	  Dependent	  
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Summer	  TEC	  <	  Winter	  TEC	  (North)	  
Summer	  TEC	  >	  Winter	  TEC	  (South)	  

[Mechanism?]	  

-‐-‐-‐	  GPS	  TEC	  Maps	  -‐-‐-‐	  2002	  



Summary	  #1	  
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•  There	  is	  a	  dayIme	  Seasonal	  Anomaly:	  Winter	  
(Nmax)	  >	  Summer	  (Nmax)	  .	  

•  The	  Seasonal	  Anomaly	  is	  hemisphere	  dependent.	  
-‐-‐-‐Stronger	  in	  the	  Northern	  Hemisphere.	  

•  Ionospheric	  storms	  are	  exaggerated	  cases	  of	  
ambient	  seasonal	  pa@erns.	  
-‐-‐-‐PosiIve	  Phase	  ∆Nmax(winter)	  >	  ∆	  Nmax(summer)	  
-‐-‐-‐NegaIve	  Phase	  ∆	  Nmax(summer)	  >	  ∆	  Nmax	  (winter)	  

•  How	  do	  ionospheric	  storms	  appear	  in	  Southern	  
Hemisphere?	  
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How	  to	  test	  concepts	  in	  the	  
Southern	  Hemisphere	  

GeomagneIc	  Conjugate	  Points	  

Geophysical	  Equivalent	  Sites	  

Same	  
GeomagneIc	  
LaItudes	  

•  Pairs	  of	  StaIons	  

Same	  Geographic	  
LaItudes	  

Same	  Geographic	  
and	  GeomagneIc	  
LaItudes	  



17	  

96	  geomagne7c	  Storms:	  Solar	  Maximum	  
(2000-‐2002)	  
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96	  geomagne7c	  Storms:	  Solar	  Maximum	  
(2000-‐2002)	  

	  	   Geographic	   	  Geomagne7c	   Geomagne7c	  -‐	  
Geographic	  

Number	  
of	  Storms	  

Sta7on	   LaItude	   Longitude	   LaItude	   Longitude	  

Hobart	  
42.9o	  S	   147.3o	  E	   54.0o	  S	   133.3o	  E	   11.1o	   86	  

Millstone	  Hill	  
42.6o	  N	   71.5o	  W	   52.6o	  N	   6.7o	  W	   10.0o	   80	  

Sofia	  
42.7o	  N	   23.4o	  E	   37.1o	  N	   96.3o	  E	   -‐5.6o	   89	  

Magadan	  
60.0o	  N	   151.0o	  E	   53.8o	  N	   140.5o	  E	   -‐6.2o	   93	  
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Ionospheric	  Storms	  at	  Same	  Geographic	  
La7tude	  as	  Millstone	  Hill	  (43oN)	  

Millstone	  Hill	  	  	  	  	  53oN	  	  	  	   	   	  	  80	  storms	  
Sofia	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  37oN	  	  	   	   	  	  80	  storms	  	  	  

Different	  
GeomagneIc	  
LaItudes	  	  
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Ionospheric	  Storms	  at	  Same	  Geomagne7c	  
La7tude	  as	  Hobart	  (54o	  N,S)	  

Hobart	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  43oN	  	   	  	  	  	   	  86	  storms	  
Magadan	  	  	  	  	  	  	  	  	  	  	  	  60oN	   	  	  	   	  93	  storms	  	  	  

Different	  
Geographic	  
LaItudes	  	  



21	  

Ionospheric	  Storms	  at	  Geopysically-‐Equivalent	  
Sites	  

Millstone	  Hill	  	  	  	  	  43oN,	  53oN	  
Hobart	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  43oS,	  54oS	  

Same	  	  GeomagneIc	  	  and	  
Geographic	  LaItudes	  	  

80	  storms	  
86	  storms	  



22	  

Summary	  #	  2	  
•  Ionospheric	  Storms	  test	  our	  understanding	  of	  a	  highly-‐

coupled	  global	  system.	  
Sun	  →	  Solar	  Wind	  →	  Magnetosphere	  →	  Ionosphere	  ←Troposphere

	   	   	  	  	  	  	  	  	  	  
•  Pre-‐event	  condiIons	  -‐-‐-‐Downward	  and	  Upward	  

Coupling-‐-‐-‐	  determine	  the	  characterisIc	  pa@erns	  of	  
perturbaIons	  induced	  by	  “∆	  Downward	  Coupling.”	  	  

•  Pre-‐disturbance	  characterisIcs	  vary	  with	  hemisphere	  
—In	  asymmetric	  ways—	  not	  a	  simple	  reversal	  of	  
seasons.	  

•  Yet	  at	  Geophysically	  Equivalent	  Sites	  -‐-‐-‐PerturbaIons	  
induced	  are	  staIsIcally	  equal-‐-‐-‐Same	  System	  
Response	  FuncIons.	  

Thermosphere	  
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“Seeing”	  Hemispheric	  Effects	  Upon	  
the	  Ionosphere	  at	  GeomagneIc	  

Conjugate	  Points	  
	  
	  

The	  Power	  of	  Photons	  
	  

From	  Light	  in	  a	  Cathedral	  to	  a	  Network	  of	  
All-‐Sky-‐Imagers	  
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Bologna:	  San	  Petronio	  
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N-‐S	  Meridian	  and	  Roof	  Hole	  for	  Sun	  
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A	  Minutes	  Before	  Noon!	  



3. Sub-auroral Ionosphere (latitudes below auroral ovals). Stable auroral red (SAR) arcs  
(magnetic activity effects that transfer magnetospheric ring current energy into the I-T system) 

1. Equatorial and low latitude Ionosphere (from magnetic equator to the crests of the 
Appleton Anomaly). ESF and MSTIDs, effects on trans-ionospheric radio signals using 
GPS and optical diagnosis. 
2. Mid latitude Ionosphere (poleward from Anomaly crests to ~ ± 40 mag lat). Nighttime 
MSTIDs, E and F region coupling. 

existing 
planned BU	  Op7cal	  Network	  



Why	  Conjugate	  Point	  Science?	  
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•  Same	  electro-‐dynamical	  process	  acIng	  

upon	  different	  seasonal	  condiIons	  

simultaneously.	  
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Summary	  
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•  Solar-‐Terrestrial	  Physics	  provokes	  global	  effects	  
-‐-‐-‐	  Not	  just	  where	  most	  of	  the	  diagnosIc	  instruments	  (and	  

people)	  are	  located.	  
•  	  Compara4ve	  Aeronomy	  can	  be	  done	  on	  Planet	  Earth	  

-‐-‐-‐	  with	  leadership	  roles	  for	  NSF	  sponsored	  ground-‐based	  
radio	  and	  opIcal	  diagnosIcs.	  

•  Opportuni4es	  for	  “enabled	  growth”	  in	  Africa	  and	  
within	  exisIng	  southern	  hemisphere	  aeronomy	  
communiIes.	  	  

•  	  With	  NASA’s	  ICON	  and	  GOLD	  	  
-‐-‐-‐	  a	  new	  era	  for	  global	  science	  of	  the	  Earth’s	  coupled	  neutral-‐

plasma	  environment.	  
•  Global	  simula4ons	  and	  validaIon	  studies	  of	  

Geophysically-‐Equivalent	  (and	  non-‐equivalent)	  sites.	  
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Back	  Up	  Slides	  
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Ionospheric	  Storms	  at	  Geophysically-‐
Equivalent	  Sites:	  	  -‐-‐-‐Equinox,	  Summer	  
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Sta7ons	  


