Planetary waves (PWSs) originating from the stratosphere and
mesosphere induce significant oscillations in the F-region
lonosphere at periods of 2-20 days. PW signatures in the F-
region remain largely unexplored from a global observational
perspective, with most studies relying on model simulations.
Models predict that a key mechanism is the second order non-
linear interaction between tides and PWs below 100 km to
map the PW signal into the E-region, and their coupling to the
lonosphere through dynamo generation of electric fields.
Models also predict electron density (Ne) variability at PW
periods associated with zonally symmetric oscillations (S0)
that cannot be due to E-region dynamo. The mechanism
remains an open question. This work aims to test these
predictions using satellite data. We use electron density
profiles from COSMIC-2 GIS data and temperature profiles
from SABER/TIMED to delineate PW amplitudes in the F- and
E-regions. We also present a wavelet filtering technique to
remove solar and geomagnetic effects, allowing clearer
Identification of Ne oscillations purely due to planetary waves.
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= Our work aims to test these model predictions of F-region
ionosphere oscillation at Planetary Wave (PW) periods
using observational data.

SQ1. What are the sources of PW signatures observed in the
F-region?

SQ2. What causes roughly half of the Ne variability at PW
periods to be associated with Zonally symmetric (S0)
oscillation?

= Minimize solar and geomagnetic sighal contamination in
the F-region PWs using a wavelet filtering technique.
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3. PW-Tide Interactions
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4. Data Sources
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5. Methodology

PW Analysis
Least square fitting method

Where, s =zonal wavenumber
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To minimize solar and geomagnetic contamination,
wavelet filtering is applied to F-region Ne data.
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Wavelet Filtering

STEP 1: Wavelet Transform of Ne, Kp index, and AF10.7_

Wy f(s, T) = f, f FOW —— dt
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STEP 2: Significant Wavelet coefficients in the smoothed wavelet

spectra of the AF10.7

«» the Kp index, are set to zero in the Ne
wavelet spectrum.

STEP 3: The filtered signal is reconstructed from the modified Ne

wavelet spectrum by summing the real part of the wavelet

f(t) =
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transform over all scales.

) J Where, Cg = reconstruction factor,

Cs Yo (0) = sil/2 7 yy(0)= m1/4, s =scales, 5= 0.125
(C. Borries et al., J. Geophys, 2010, Torrence and Compo, 1998)
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6. Results: 1 (Wavelet Filtering)
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7. Results: 2 (Observed PW Spectra)
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8. Conclusions and Future steps

» Model Consistency: The observational results align well with model
predictions.

» ~30-40% of observed Ne variations are linked to planetary wave activity, with
SO oscillations playing a major role.

» Solar Variability: Solar signals contribute to PW oscillations in the ionosphere
to some extent, but they are not the sole driving factor.

» S0 Oscillations: They are possibly due to conductivity, though the exact

mechanisms remain unclear and need further investigation.
é . . .
Future Steps: Better understand the drivers behind zonally symmetric

oscillations and investigate more about the PW-tide interactions.
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