
A	
  comprehensive	
  survey	
  of	
  atmospheric	
  
quasi	
  3-­‐day	
  planetary-­‐scale	
  waves	
  and	
  

their	
  impacts	
  on	
  the	
  day-­‐to-­‐day	
  
varia9ons	
  of	
  the	
  equatorial	
  ionosphere	
  

	
  
	
  Guiping	
  Liu,	
  Sco-	
  L.	
  England,	
  Thomas	
  J.	
  Immel,	
  Harald	
  U.	
  Frey,	
  UC	
  Berkeley	
  

Anthony	
  J.	
  Mannucci,	
  JPL	
  
and	
  Nicholas	
  J.	
  Mitchell,	
  U.	
  Bath	
  

	
  

Survey	
  of	
  KW	
  and	
  TEC	
   1	
  

This	
  research	
  work	
  was	
  supported	
  by	
  the	
  Na4onal	
  Aeronau4cs	
  and	
  Space	
  
Administra4on	
  (NASA)	
  Heliophysics	
  Research	
  program	
  through	
  Award	
  NNX12AD48G.	
  	
  



Ultra-­‐Fast	
  Kelvin	
  Waves	
  
The	
  Good:	
  

•  Long	
  ver3cal	
  wavelength.	
  
•  High	
  phase-­‐speed.	
  
•  Moderately-­‐high	
  amplitude	
  wind,	
  

temperature	
  perturba3ons.	
  
•  Global-­‐scale	
  –	
  easily	
  sampled	
  

from	
  ground	
  &	
  space.	
  
•  La3tudinal	
  symmetry	
  –	
  efficient	
  

at	
  driving	
  dynamo	
  currents.	
  
•  Interact	
  with	
  3des.	
  
•  Seen	
  to	
  induce	
  ionospheric	
  

perturba3ons	
  –	
  some	
  great	
  case-­‐
studies	
  &	
  simula3ons	
  exist.	
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The	
  Bad:	
  
•  No	
  fixed	
  period	
  (~2.5-­‐4.5	
  days).	
  
•  Not	
  always	
  large	
  amplitude.	
  
•  Sporadic	
  occurrence	
  (last	
  ~10-­‐30	
  

days)	
  –	
  can’t	
  used	
  long	
  averages.	
  
•  More	
  than	
  1	
  wavenumber	
  exists.	
  
•  Do	
  not	
  always	
  produce	
  

ionospheric	
  perturba3ons.	
  



Specific	
  Ques3ons	
  
•  We	
  know	
  we	
  have	
  seen	
  ionospheric	
  perturba3ons	
  that	
  are	
  coincident	
  in	
  3me	
  with	
  large	
  

amplitude	
  UFKWs.	
  	
  Do	
  these	
  occur	
  regularly	
  enough	
  to	
  rule-­‐out	
  a	
  coincidence?	
  
•  What	
  about	
  for	
  smaller/	
  more	
  normal	
  amplitude	
  UFKWs?	
  
•  Are	
  these	
  ionospheric	
  perturba3ons	
  large	
  enough	
  to	
  care	
  about	
  for	
  predic3on	
  /	
  modeling	
  of	
  

the	
  ionosphere?	
  	
  If	
  so,	
  at	
  what	
  level?	
  
•  UFKWs	
  are	
  not	
  all	
  created	
  equal	
  –	
  they	
  vary	
  in	
  wavenumber	
  (1,2,3),	
  wavelength,	
  amplitude,	
  

season	
  –	
  do	
  any	
  of	
  these	
  impact	
  whether	
  or	
  not	
  we	
  see	
  an	
  ionospheric	
  response?	
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•  Develop	
  a	
  database	
  of	
  all	
  of	
  the	
  UKFW	
  seen	
  in	
  the	
  mesosphere	
  and	
  all	
  signatures	
  in	
  the	
  
ionosphere	
  over	
  an	
  extended	
  period	
  of	
  3me	
  (11	
  years	
  of	
  SABER	
  data	
  used	
  here).	
  

•  For	
  each,	
  we	
  will	
  determine	
  its	
  basic	
  proper3es	
  –	
  wavelength,	
  amplitude,	
  dura3on	
  etc.	
  
•  Then	
  do	
  the	
  same	
  for	
  ionospheric	
  signatures	
  –	
  including	
  ones	
  with	
  no	
  apparent	
  ionospheric	
  

counterpart	
  and	
  ionospheric	
  signatures	
  that	
  do	
  not	
  appear	
  to	
  be	
  connected	
  with	
  UFKW	
  –	
  it	
  is	
  
important	
  to	
  know	
  how	
  o`en	
  these	
  occur	
  (11	
  years	
  of	
  TEC	
  data	
  used	
  here	
  as	
  it	
  is	
  the	
  only	
  
global	
  dataset	
  to	
  cover	
  this	
  3me-­‐period).	
  

•  Look	
  for	
  temporal	
  coincidence	
  of	
  these	
  events	
  as	
  a	
  guide	
  to	
  which	
  ones	
  are	
  connected.	
  
•  Note	
  –	
  this	
  approach	
  is	
  incredibly	
  3me-­‐consuming.	
  

General	
  approach	
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•  First	
  we	
  must	
  iden3fy	
  the	
  
periods	
  when	
  UFKW	
  are	
  
present.	
  

•  A	
  simple	
  2D	
  FFT	
  helps	
  to	
  
iden3fy	
  3me-­‐periods	
  when	
  
the	
  amplitude	
  in	
  the	
  3-­‐day	
  
wavenumber	
  1-­‐3	
  is	
  large.	
  

•  We	
  search	
  for	
  2.5-­‐4.5	
  day	
  
periods,	
  wavenumbers	
  1-­‐3.	
  

•  Then	
  we	
  need	
  some	
  criteria	
  
for	
  determining	
  if	
  a	
  clear	
  
UFKW	
  is	
  present.	
  

•  This	
  is	
  done	
  in	
  2-­‐steps.	
  	
  First,	
  
we	
  require	
  the	
  amplitude	
  
found	
  in	
  the	
  2D	
  FFT	
  to	
  be	
  at	
  
least	
  4K.	
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•  For	
  every	
  event	
  iden3fied	
  from	
  2002-­‐2012	
  in	
  the	
  2D	
  FFT,	
  we	
  then	
  look	
  in	
  more	
  detail	
  at	
  
the	
  propaga3on	
  &	
  wavelength	
  of	
  the	
  wave	
  to	
  determine	
  if	
  this	
  is	
  really	
  a	
  wave.	
  

•  This	
  also	
  lets	
  us	
  determine	
  other	
  proper3es	
  like	
  the	
  ver3cal	
  wavelength.	
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•  This	
  is	
  the	
  tally	
  of	
  waves	
  
observed	
  by	
  wavenumber	
  and	
  
year.	
  

•  Generally,	
  we	
  see	
  E1	
  the	
  most	
  
frequently,	
  but	
  we	
  see	
  plenty	
  of	
  
E2	
  and	
  E3	
  as	
  well.	
  

•  This	
  may	
  be	
  an	
  ar3fact	
  of	
  our	
  4K	
  
criterion,	
  but	
  there	
  is	
  a	
  limit	
  to	
  
what	
  we	
  can	
  iden3fy.	
  

•  In	
  total,	
  we	
  see	
  300	
  wave	
  events	
  
–	
  all	
  of	
  which	
  are	
  included	
  in	
  this	
  
study.	
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Clear	
  E1	
  popula3on.	
  
4K	
  cut-­‐off	
  for	
  E2/E3?	
  

Seasonal	
  signal	
  in	
  amplitude,	
  
not	
  occurrence	
  for	
  E1.	
  

Ver3cal	
  wavelengths	
  behave	
  
themselves	
  as	
  per	
  disp.	
  rel.	
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•  We	
  use	
  the	
  same	
  2D	
  FFT	
  to	
  
find	
  wavenumber-­‐1	
  to	
  3,	
  
2.5-­‐4.5	
  day	
  TEC	
  varia3ons.	
  

•  For	
  our	
  threshold,	
  we	
  use	
  2	
  
approaches	
  –	
  either	
  90th	
  
percen3le	
  or	
  4.2%	
  amplitude.	
  

•  We	
  require	
  the	
  signal	
  either	
  
north	
  or	
  south	
  of	
  the	
  mag.	
  eq.	
  



•  The	
  figure	
  &	
  table	
  show	
  the	
  summary	
  of	
  all	
  UFKW	
  and	
  
TEC	
  events	
  seen,	
  and	
  their	
  coincidence,	
  or	
  not.	
  	
  	
  

•  There	
  is	
  some	
  difficulty	
  in	
  linking	
  E2	
  with	
  TEC2,	
  and	
  E3	
  
with	
  TEC3	
  for	
  a	
  couple	
  of	
  reasons:	
  
i.  E1	
  can	
  generate	
  TEC2	
  (at	
  a	
  weaker	
  amplitude).	
  	
  
ii.  We	
  think	
  we	
  are	
  cugng	
  off	
  the	
  E2	
  and	
  E3	
  

spectrum	
  (see	
  histograms).	
  
•  For	
  this	
  reason,	
  we’ll	
  only	
  look	
  further	
  at	
  E1	
  and	
  TEC1.	
  

Survey	
  of	
  KW	
  and	
  TEC	
   9	
  



Survey	
  of	
  KW	
  and	
  TEC	
   10	
  

•  For	
  simplicity,	
  I’m	
  only	
  showing	
  the	
  
4.2%	
  TEC	
  varia3on	
  data.	
  

•  For	
  E1	
  &	
  TEC1,	
  only	
  ~20%	
  of	
  TEC1	
  
appear	
  to	
  have	
  no	
  E1.	
  	
  

•  Here	
  we	
  see	
  the	
  larger	
  amplitude	
  TEC1	
  
events	
  are	
  o`en	
  associated	
  with	
  E1	
  
(about	
  2/3	
  of	
  the	
  3me).	
  	
  

•  The	
  longer	
  wavelengths	
  appear	
  more	
  
efficient	
  at	
  genera3ng	
  TEC1.	
  

•  The	
  larger	
  amplitude	
  UFKW	
  produce	
  
larger	
  amplitude	
  TEC1.	
  

•  No	
  preference	
  is	
  seen	
  with	
  season	
  or	
  
solar	
  cycle	
  –	
  a	
  large	
  UFKW	
  can	
  impact	
  
the	
  ionosphere	
  any3me.	
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