1all

Coherent seasonal, annual, and
quasibiennial variations in ionospheric tidal/

SPW amplitudes

Loren C. Chang, Yan-Yi Sun, Jack C. Wang
Institute of Space Science, National Central University, Taiwan

Jia Yue
Atmospheric and Planetary Science, Hampton University, USA




CheR GEOPHYSICAL RESEARCH LETTERS, VOL. 33, L15108, do1:10.1029/2006GL026161, 2006
ic
Here

Full
Article

Control of equatorial ionospheric morphology by atmospheric tides

T. J. Immel,' E. Sagawa,2 S. L. England,1 S. B. Henderson,” M. E. Hagan,4 S. B. Mende,'
H. U. Frey,' C. M. Swenson,” and L. J. Paxton’

Received 27 February 2005; revised 20 April 2006; accepted 21 June 2006; published 10 August 2006.

0 100 200 300
Brightness, Rayleighs



Solar Irradiance Solar Wind

IONOSPHERE

Photoionization
Breaking

Hreaking
wave
region

Geopotential Height (km) at 10 hPa on 11-Feb-2001

Pacific Ocean

Argentina

0
Lon (deg)

Gravity waves Tides Planetary Waves



FORMOSAT—B/ COSMIC

COSMIC Occultations - Last 10 Hours - Please reload your browser for latest results
C/I\OFS
Swed

' Electron densities from 2007 - 2013
FORMOSAT-3/COSMIC occultations
vertically integrated from 200 - 800 km

% Missing Local time sampling (40 day
LT Sampling integration time) sufficient for
resolution of zonal wavenumber up to
|s| = 4, for diurnal, semidiurnal,
terdiurnal, and stationary planetary
wave (SPW) components in low and
mid magnetic latitudes.

Mag. Lotitude

JFMAMJJASONDJFMAMJJASONDJFMAMJJASONDJFMAMJJASONDJFMAMJJASOND

2007 2008 2009 2010 2011
Doy of Year (2011)




Zonal Mean lonospheric Local Time Variation (Migrating Tides)

Reconstructed TEC Diurnal Variation, Days 45-135 (% Max. Zonal Mean)
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How do these effects vary over seasonal and inter annual time scales?

Latitude / Time amplitude trends decomposed using Multi-dimensional Ensemble
Empirical Mode Decomposition (MEEMD).
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DW1 Amp./Residue

COSMIC DW1

: : : Qj Quasi-Biennial Osccillation
(Phot0|on|zat|on) K present for both in-situ and
k& vertical coupling induced
o ionospheric tides.
=

2007 2008 2009 2010 2011 2012 2013
-0.459 -0.264 -0.070 0.125 0.320 0.514

-0.42 -0.20 0.02 0.24 0.406 0.67
. s e |
| BIMF2/Re51due BIMF4/Residue

60 - 60
o | o
S 30- S 30
50 0 | " ' ’ ’ ” g0
H 1 - 1
é ~30 - & —30-
= ’ g

-60 - -60
2007 2008 2009 2010 2011 2012 2013 2007 2008 2009 2010 2011 2012 2013
Ionosphere QBO
~0.58 -0.30 -0.02  0.26 0.53 0.81 9
. s
BIMF3/Residue BIMF5/Residue

60
; ;
g 30 9
5 A f
o 30 é ~30 -
g s ’

~60 ~60 -

2007 2008 2009 2010 2011 2012 2013
Year

2007 2008 2009 2010 2011 2012 2013
Year




What drives the ionospheric QBO?

Baldwin et al. [1999]

Equatorial Zonal Wind, 948 Month Bandpass .. " F10.7 Wavelet Spectra
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lonosphere QBO Drivers

Filtered QBO Signal / COSMIC IMF5
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Low Solar Activity: GUVI O/N2 (composition).
: F10.7 (solar irradiance) and GUVI O/N2 (composition).




TIE-GCM SenS|t|V|ty Study

Temp DW1l Amp., OBO Westward Phase
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Atmospheric tides specified at 97 km model lower boundary using assimilated 2003 - 2009 TIMED
observations [Wu et al., 2012].

Empirical tidal model constructed using linear fit of TIMED assimilated tidal amplitudes to
stratosphere QBO index.

Weaker migrating tidal amplitudes during stratospheric QBO westward phases, due to reduced
vertical wavelength in westward background winds.



ATEC
Strat. QBO West - Strat. QBO East
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Larger zonal mean and DW1 TEC amplitudes during stratospheric QBO
westward phase (fixed F10.7 = 180).

Difference attributed due to reduced O/N2 due to dissipation of
increased MLT tidal amplitudes.



lonosphere QBO Drivers
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Results confirm drivers postulated from COSMIC / GUVI observational
analysis:

: F10.7 (solar irradiance) and atmospheric tidal dissipation
(composition).
Low Solar Activity: Atmospheric tidal dissipation (composition).



Ongoing Work

Filtered QBO Signal / COSMIC IMF5
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Conclusions

- lonospheric tides formed by both in-situ and vertical
coupling mechanisms. Amplitudes reflect both solar
activity, dynamo coupling, and composition change.

- |dentified ionospheric quasi-biennial osccillation (QBO),
driven both by solar irradiance, as well as composition
changes from eddy mixing by dissipating atmospheric
tides in lower thermosphere.

- Preliminary results from observations and sensitivity study
show that eddy mixing from tides has a larger effect in
driving the ionospheric QBO during low solar activity.
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